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ABSTRACT

The idea of the project is suggested to design and build an air bubbles

detection unit by using new technique by electric capacitor.

The motivation for making the project is based on the desire to deepen
the understand of the principles for monitored detection units, the
hemodialysis machine is chosen because it is widely spread and important

in our country.

The project includes complete information, schematic design circuit and

conclusion for applying the capacitance detection method.

The idea depends on the property of capacitance that relates directly with
relative permittivity of the dielectric material. The project passes by

several stages arranged as follows:

First stage: building the capacitor manually to sense the changes of
voltage, during the experiments we indicated that the capacitor detect

""10pF" during pass air bubble.

Second stage: building a bridge circuit which sensed about 0.1v during air

bubble passes between the plates.

Third stage: building the differential amplifier circuit that amplify the
voltage difference by voltage gain 1000, and become 1v when air bubble

passes.

Fourth stage: building the comparator amplifier circuit that compares the

voltage difference with reference voltage to operate the alarm circuit.
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1.1 Project Overview

Medical safety routines are considered nowadays as top priorities and most important
parts of medical devices, and they are still the most focused point in designing and

implementing any successful medical system.

Not only the electrical safety of the designed device is taken into consideration in
medical devices as most people think, but it also goes beyond that to include all the
services, connecting parts and therapies which are supplied by the medical devise to
the patient body.

Starting from the above mentioned point, | decide on the project idea, the Air Bubble
Detection Unit which is based simply on checking and testing the passing and
occurring of an air bubbles and embolisms in a full running blood line that must

return only blood to the patient body.

The designed system must keep working as long as the blood cycle in tubes are
running, if a fault of air bubble exists in blood line, an alarm system will start and the
blood cycle must stop immediately, waiting for the clinician to be awaked and
remove the foam of the air. A general block diagram of the system is shown in

Figure 1-1.

e Hemodialysis
EINT Milachine “H.M”

PATI

system

Figure 1-1: Project General Block Diagram



Air bubbles detection unit is necessary in any medical procedures that deal with
human blood, and it makes a serious problem if it enters the blood stream, so the
implemented system in general should be compatible with different medical devices
that deal with cycling the blood out of the patient body and returns it back to the
patient body, such as the Heart Lung machines, open heart surgery devices and the
Hemodialysis machines.

In this project I've chosen the Hemodialysis machine for many different reasons, first
this machine is widely spread in many markets and environments. Second, many
hemodialysis centers have specialists whose experience is not enough, which causes
risk and threatens the patient's life through dealing with air bubbles detection unit.

So the unit requires from us to understand its work in all cases. Third; the machine is
available in our local markets and hospitals widely, helping me conduct my search
by making contact with engineers and those who have experience in this field. Figure
1-2 shows a typical form of Hemodialysis machine.

Figure 1-2: Hemodialysis Machine



The returning blood line to the patient’s body "after ending the therapy process" must
have some standards and considerations before it goes directly to the patient's
vessels, because any tiny unusual errors and unwanted effects may cause a seriously

damage to the patient and may be fatalist in some cases.

One of these dangerous cases happens when there is an air bubble or embolism in the
blood line allowing these bubbles to enter the patient body.

Air bubbles detection units are grown field nowadays for companies and researchers
from many points of view, that may include the best detection method for bubbles
through blood line stream, and the sensitivity for air bubble size plays an important
role in choosing them, simplicity, working life of that system, efficiency of the hole
system and the total cost of the implemented system.

These are also taken into account to get perfect systems and attract different

customers and hospital managers to supply their hospitals with this product.

The project highlights the most important characteristics and properties of a
transducer that enables to build and design a system that works efficiently and
sufficiently to detect serious and danger air bubbles before entering the patient body.
Thus, | focus on the ability to build the transducer manually, and to be less affected
for surrounding environment. The total building cost, simplicity and efficiency for

the system are also important here to get the required specifications, see Figure 1-3.

Perfect Detector System
depend on

detectionmethod

senSTTy~
WOorKing 1ife
STMpIECTty
efficiency

totaIToSt

Figure 1-3: Perfect Detector System



Figure 1-4, shows a simplified flow chart of the working cycle of the system, at first
the blood cycle comes out of the patient body entering the Hemodialysis machine for

dialyzing process.

Then the circulating blood comes out of Hemodialysis machine and it must pass by

air bubbles detection unit.

heermodialy S5

Blood run through

dir Bebiples Jutedine

Chnech| Fesmone the
Bir and reERT Oy le

Return to
the patient

Figure 1-4: Flow Chart System

The transducer will begin to work after the blood starts flowing through blood tube
and start sensing the occurrence for any air bubbles. If there are no embolisms

detected, the blood will continue flowing and return to the patient body safely.



On the other hand, if any faults happen of air embolisms occurrence inside blood
line, the blood will stop flowing immediately to prevent the air bubbles passing to the
patient and alarm system will operate.

The clinician must remove the dangerous air bubbles and reset the blood cycle to
work normally waiting for the next detection alarm. Finally the blood will return
safely without any dangerous on the patient.

1.2 Project Objectives:

e Design and build manually parallel plate’s capacitor that can detect the
change of capacitances when air bubble passes in test tube.

e Design and construct deriving circuit of alternating (ac) bridge consists of

resistors and capacitors.

e Test the condition of the bridge circuit and make sure that there is a

difference voltage when air bubble moves between the plates.

e Design and built differential amplifier circuit that can amplify the difference

between bridge arms.

e Design and built comparator amplifier circuit that can compare the output

voltage from the differential amplifier circuit with reference voltage.
e Build an alarm system that contains light and audible alarm to aware.

e Ensure that the whole system unit is working probably.



1.3 Time Scheduling

The time scheduling shows the stages of developing work and the progress of project
growth, the time schedule includes a lot of events during one year studying.

The first semester includes the project introduction clarified in six events. The
second semester covers all of requirements that guarantee to complete the entire

project in twelve weeks, the project actions summarized in ten events shown below.

T1: Project Preparation: the first stage of project is basically important, it includes
work plan, determining contents, discussing initial information, and evaluation the

project levels and priorities of work.

T2: Data Collection: data collection includes researching for references, books, and
papers from internet and library as well as studying all the possible options of the

project.

T3: Analysis project and Transducers: project analysis includes a wide studying and
analysis of the available transducers in hemodialysis machine. After all, the

capacitive transducer is chosen in my project.

T4: Conceptual Design: conceptual design includes determining project objectives,
designing the expected block diagram, putting schematic diagram for each block and

discussing the principles of operation.

T5: Studying Project Component and Schematic Analysis: it is necessary to review
the data sheet for amplifiers and other components, and to investigate that they are

available.

T6: Documentation: the documentations of the project include weekly writing down
the information, modification the notes, editing and ordering the project pages and

the documentation process start and finish within the progress of the project work.



T7: Review and Modify the Project: the stage includes viewing the design, analyzing
the circuits that represent the system and subsystem of the project.

T8: Design each Circuits of Project theoretically: includes assumptions and

determining the values of components, calculations and wanted equations.

T9: Build and Implement the Project Circuits: includes repairing the components and
measuring the variables, it was started by building the parallel capacitor plates.

T10: Testing the Circuits of Each Block Diagram: during the testing stage, | made
the experiments in the projects lab, recording the output values and comparing the
values with theoretical design.

T11: Overall System Testing: | made tests and connect stages with each other like
bridge output with amplification to get real and correct output.

T12: Final Documentation: final documentation includes collecting each chapter of
the project and reviewing precisely the information and equations as well as printing

out the final sheets.

Table 1-1: Time Schedule in First Semester

Task/week | 1 | 2 | 3|4 | 5|6 |7 |8|9|10|11|12|13 14|15 16

T1

T2

T3

T4

T5

T6




Table 1-2: Time Schedule in Second Semester

Task/week | 1 | 2 |3 |4 |56 (7|89 (1011|1213 |14|15|16

T7

T8

T9

T10

T11

T12

1.4 The Aim of the Project

e What’s the importance of the air bubbles detection unit?

e What are the most important parts that should be kept safe in a hemodialysis

machine?

e What are the common errors that appear in an hemodialysis machine? And

how are these errors detected?

e What are the methods of detection air bubbles? And what is the advantage of

each one?
e What are the risks of air bubbles in human body if they enter with blood?

e How could the air bubbles detection unit be improved?

This project presents answers of all the above questions and much more; it

demonstrates designing hardware of an “external unit" to hemodialysis machine.



The designed external unit will be able to detect errors in the in blood line before
these errors cause any risks; it will have alarm to the unit to switch it off when
necessary.

1.5 Actual Cost

This section lists the overall cost of the implemented project, Table 1-2 shows all the
equipment units and components that are used in the project and the price on each

item.

Table 1-3: Project Components Cost

Items Price "'$"

Capacitor Components 10
Resistors & Capacitors 10
Power Supply Unit 20
IC’s & Bread Boards 40
Housing & Alarm 20
Voltmeter & Electronics 60

Total 160

The approximated total cost for the project is 160$.

-10 -



1.6 Project Challenges

The project challenges summarized in three important points:

e During the project implementation, | have faced difficulties to bring the
capacitor sensor as | wanted to detect air bubbles, and | have faced challenges
of designing the capacitor and obtained the correct data from the bridge
because the quantity of capacitance is very small in pF, and the available

measurement tools measure minimum 2-nF.

e Another difficulty is the high sensitivity of the bridge. The errors
continuously appear; they are represented by the alternating signals that need
processing in each step of the project, and they also need accurate devices to
deal with small change of parameters.

e Another major problem during the project is that the experiments and tests
can only be done when the lab is available, which delays completion each

stage on time.

1.7 Human Development Resources

The project owner is an undergraduate student at Biomedical Engineering

Department in Palestine Polytechnic University.
Prepared by: Raja'i Raja Mosa

Supervised by: Eng. Abdullah Arman

-11 -



1.8 Project Scope

This project document consists of six chapters arranged as follows:
Chapter One: Introduction

This chapter presents: overview for the total project, objectives, time schedule, actual

cost, the main challenges and human development resources.
Chapter Two: Background

This chapter discussed the; physiology and anatomy of human kidney, blood
overview, dialysis procedure, hemodialysis machine, major risks during
hemodialysis, how does air bubbles get into the blood, danger of air bubbles on the
patient life.

Chapter Three: Air Bubbles Detection Methods

This chapter explains the basic information of photoelectric, ultrasonic, and
capacitive transducers, and the relevant considerations to adopt the suitable

transducer.
Chapter Four: Technical Details of Project Design

This chapter contains: introduction, overall block diagram, capacitor design bridge

design, differential amplifier circuit, comparator amplifier circuit.
Chapter Five: System Implementation and Testing

This chapter describes the experiments results to design desired capacitor, schematic

circuit for stages of projects, and entire project schematic.
Chapter Six: Conclusion and Future Work

This chapter includes the conclusion, results and future work.

-12 -



Chapter Two

BACKGROUND

2. Background:

2.1 Physiology of Human Kidney and Blood
2.2 Blood Overview

2.3 Dialysis Procedure

2.4 Hemodialysis Machine

2.5 Major Risks during Hemodialysis

2.6 How Air Bubbles get into the Blood?

2.7 Danger of Air Bubbles on the Patient Life

-13 -



2.1 Physiology of Human Kidney and Blood

This section provides an overview of human kidney and blood to recognize the
constructions and illustrate the major functions for them and their characteristics.

2.1.1 Kidney Structure and Functions

nephron

Figure 2-1: Human Kidney and Nephron

The kidneys are the main excretion organs in the body; they are two organs, each
about the size of the fist, approximately 11 centimeters in length and 6 centimeters
wide. They are located in the back, above the waist, one on each side just beneath the
lower ribs. They are protected from injury by the ribs and by several muscles at the
back, which overlie them. Two healthy kidneys excrete between 1.5 and 2.5 liters of

urine daily.

Each kidney is surrounded by membrane known as the renal capsule, each kidney is
made up of approximately a million nephrons, each nephron consists of a filtering
component called the glomerulus and a tubule which reabsorbs essential water and
chemicals into the blood stream and transports urine from the glomerulus to the

ureter.

-14 -



The kidneys perform a number of important functions. They are:
1. Remove waste products from the body.
2. Control the amount of fluid in the body.
3. Control the chemical composition of the body.
4. Produce certain important hormones and chemicals.

Each day approximately 180 liter of filtrate is formed by the glomeruli; it contains
fluid and some chemicals, which the body needs, as well as waste and toxins. This
filtrate then passes down tiny tubules. As the filtrate travels down the tubules, all the
essential chemicals and fluid that we need are reabsorbed into the circulation, leaving
behind the waste products and excess fluid that we don’t need (urine). This

remaining fluid is the urine.

The purified blood returns from the kidneys to the rest of the body through blood
vessels called the renal veins. The urine passes down the ureters (usually one from
each kidney) to be stored in the bladder, where it is stored until such time as it is

ready for elimination from the body via a tube called the urethra.

2.1.2 Kidney Failure

As mentioned in previous section the kidneys perform a number of important
functions, Kidney failure occurs when the kidneys no longer function adequately to
remove waste products and excess fluids from the body. Frequently, kidney failure is
also associated with a lack of erythropoietin (which stimulates red blood cell
production). Other terms commonly used interchangeably to describe kidney failure

include Chronic Renal Failure, Uremia and End-Stage Renal Failure.

Strictly speaking, Chronic Renal Failure is any reduction in kidney function below

normal levels, and this term describes a broad spectrum of disease from mild to

- 15 -



severe kidney disease. Uremia is said to be present when kidney function has
deteriorated to such an extent as to be causing medical side effects.

End-stage renal failure describes the point at which artificial renal replacement
therapy needs to be started in order to avoid the serious consequences of Uremia.
End-stage renal failure is said to be present when the kidneys are working at less than
10% of normal.

Medical intervention can slow the rate of progression of kidney failure and prevent
the development of many of the symptoms that can result from renal failure. It can
also delay or even perhaps prevent the need to start artificial kidney replacement
therapy (dialysis).

When kidney failure progresses to the point where the kidneys do not function well
enough to keep a person healthy, replacement of kidney function with dialysis or a

kidney transplant is necessary to maintain good health.

Dialysis is used to replace some of the functions of the kidneys, particularly removal
of waste products, substances toxic to the body and excess fluids. Dialysis can be
performed using an artificial kidney Hemodialysis Machine, usually for five hours
three times per week. Figure 2-2 shows a healthy kidney on the left and disease one

on the right.

Normal kidney Kidney disease

« granular surface

« healthy function « decreased function
 proper size « smaller size
« low urine protein « high urine protein

Figure 2-2: Healthy Kidney vs. Disease Kidney
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2.2 Blood Overview

Blood consists of 40 to 45 percent formed elements. See Figure 2-3 below. Those
formed elements include red blood cells, white blood cells and platelets. Red blood
cells are those cells involved primarily in the transport of oxygen and carbon dioxide.
White blood cells are cells involved primarily in phagocytosis and immune
responses. Platelets are involved in blood clotting.

Red blcod Platelets White blood
cells cell
A%
N FT
‘? =
ﬁ‘\_}
Blood /

vessel
Figure 2-3: Blood Cells

In addition to the formed elements in blood, 55 to 60 percent of blood by volume

consists of plasma. Plasma is the transparent, amber-colored liquid in which the

cellular components of blood are suspended. Blood accounts for 6 to 8 percent of

body weight in normal, healthy humans.

2.2.1 Blood Properties

Subsection 2.2.1 presents the study of blood properties, especially the properties
associated with the deformation and flow of blood. To study the behavior of
materials that act as fluids, it is useful to define a number of important fluid

properties, which include density, specific weight, specific gravity, and viscosity.

The density of blood is slightly greater than the density of water at approximately

1060 kg/m3. The increased density comes from the increased density of a red blood

-17 -



cell compared with the density of water or plasma. The density of water is 1000
kg/m3. Most people have between 4.5 and 6.0 L of blood.

Specific weight is defined as the weight per unit volume of a substance. Specific
gravity is the ratio of the weight of a liquid at a standard reference temperature to the
weight of water.

Viscosity is defined by the slope of the curve on a shear stress versus shearing rate
diagram. Viscosity of the blood is one of the characteristics of blood that affects the

work required to cause the blood to flow through the arteries.

2.3 Dialysis Procedure

The word “dialysis” comes from the Greek words, “dia” that means through, and
“lysis” which means to dissolve. Dialysis is a physical process whereby particles in a

solution are transported through a membrane.

The process is facilitated by different concentrations on both sides of the membrane,

aiming to achieve equilibrium by diffusion.

When chronic renal failure progresses to the point where the kidneys do not function
well enough to keep a person healthy, replacement of kidney function with dialysis
(renal replacement therapy) or a kidney transplant is necessary to maintain good
health. Dialysis replaces some of the functions of the kidneys, particularly the

removal of waste products and excess fluids.

The two major forms of dialysis are hemodialysis and peritoneal dialysis.
Hemodialysis, see Figure 2-4, uses a special filter called a dialyzer that functions as

an artificial kidney to clean a person’s blood.

-18 -
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Figure 2-4: Hemodialysis and Peritoneal Dialysis

The dialyzer is a canister connected to the hemodialysis machine. During treatment,
the blood travels through tubes into the dialyzer, which filters out wastes, extra salt,
and extra water. Then the cleaned blood flows through another set of tubes back into
the body. The hemodialysis machine monitors blood flow and removes wastes from
the dialyzer. Hemodialysis is usually performed at a dialysis center three times per

week for 3 to 4 hours.

In peritoneal dialysis a fluid called dialysis solution is put into the abdomen. This
fluid captures the waste products from a person’s blood. After a few hours when the
fluid is nearly saturated with wastes, the fluid is drained through a catheter. Then, a
fresh bag of fluid is dripped into the abdomen to continue the cleaning process.

Patients can perform peritoneal dialysis themselves.

2.4 Hemodialysis Machine

Hemodialysis machine is one of the most important medical devices that perform
renal replacement therapy when someone has end-stage renal failure; the machine

removes waste products and metabolism from the blood.

This task is normally performed by the natural kidneys. In the safety side, any

medical device must be classified according to the protection system, The
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hemodialysis machine classified as class (1), that contains two lines connections;
neutral, phase plus earth line.

The hemodialysis machine could not replace the natural kidney that our God give it
to us, and it is classified just as supporting or helping machine, while it performs of
60-70% from filtration of natural kidney.

In hemodialysis machine, there are two basic parts that simulate the natural organs in
the human body, the blood pump or peristaltic pump simulate the heart pump, it is
used to pull the blood from the artery. The second part is the dialyzer that performs
filtering operation which simulates the nephrons in natural kidney.

Hemodialysis machine regulates the amount of water in human body, where as the
percent of water in the human body estimated 45%-75% from the body weight, and
the water is important for transferring the oxygen and food from blood to tissues,
transfer the carbon oxide and metabolism from body tissues to blood and other

metabolic reactions, so the amount of water must be equilibrium in human body.

If we make comparison between natural kidney and the artificial kidney, we find the

following differences in Table 2-1:

Table 2-1: Natural Kidney vs. Artificial Kidney

Natural Kidney Artificial Kidney
Pumps Heart Blood pump
Filter Nephrons Dialyzer
Weights 30 grams 110 kilograms
Number of One millions nephrons per 12000-17000
filters Kidney fiber
Number of
dialysis 36 per day 3 per week
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2.4.1 Molecular Transport Mechanisms

e Diffusion: The movement of solutes from a higher to a lower solute concentration

"Very efficient for removing small molecules™.

e Osmosis: The movement of water through a membrane from a higher to a lower

concentration area.

e Ultra-filtration: The movement of fluid across a membrane caused by a pressure
gradient.

e Convection: The movement of solutes with a water flow, "solvent drag”, e.g.

movement of membrane permeable solutes with ultra-filtered water.

2.4.2 Dialyzer

The dialyzer is a disposable component in which solute exchange, or clearance, takes
place. There are three basic design configurations: coil, parallel plate, and hollow
fiber. In all three, electrolytes, waste products, and water pass across a semi

permeable membrane into a flowing stream of dialysate solution.

By diffusion, osmosis, and Ultra-filtration (UF), water and metabolites are
exchanged between the blood and the dialysate. Concentration gradients cause waste
products, such as urea and creatinine, to diffuse across the membrane from the blood

to the dialysate. Electrolytes move in both directions to maintain equilibrium.

Red and white blood cells and proteins are too large to pass through the pores in the
membrane. Figure 2-5 shows a comparison between natural kidney and artificial one

“Dialyzer”.
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Figure 2-5: Dialyzer

2.4.3 Blood Circulation in the Hemodialysis Machine

The external blood-delivery system (extracorporeal blood circuit) circulates a portion
of the patient’s blood through the dialyzer and returns it to the patient. Usually, an
artery and a vein in the patient’s arm are surgically joined for circulatory access; this

junction is called an arterio-venous (AV) fistula.

In Figure 2-6, blood pump moves blood through the external tubing and dialyzer. As
the pump draws blood into the extracorporeal circuit, it creates a partial vacuum that

will draw air into the tubing if connections are not absolutely tight.

As a safety feature, air/foam detectors are employed to detect air in the blood line
and prevent it from being pumped into the patient. External blood pressures are
monitored on both venous and arterial lines; high- and low-pressure alarms turn off

the blood pump if necessary.
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Figure 2-6: Blood Circulation

Because blood tends to clot when it comes into contact with foreign surfaces such as
those in the tubing and dialyzer, heparin, an anticoagulant, is infused through a
syringe pump aseptically connected to an infusion line in the arterial side of the
blood circuit. The infusion pump can be set to deliver heparin at a predetermined
rate. A drip chamber on the venous side of the blood circuit contains a clot-trapping

filter to help prevent upstream clots and other debris from reaching the patient.

2.5 Major Risks during Hemodialysis

Even though the safety of the Hemodialysis procedure has improved greatly over the

years, the dialyzing procedure is not without risks.

There are many risks that maybe occur during the dialysis, we mention here the
major serious problems and how companies and developers were able deal with it
and solve it, since there is a recirculation for blood through different parts of the

machine using different tubes, a blood leaks have a big probability to occur, it is
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discovered by blood leak detecting unit. This unit uses photoelectric technique that
sends and receives specific wave length ‘A’ of infrared light.

Another problem taken into account, is the existence of air bubbles and foam inside
transported blood lines to the patient, where there are several different ways to detect
the air bubbles, an older method of detection is by using a photoelectric method,
another detection method for air bubbles is by detection using ultrasonic technique
before returning blood to the patient body.

Since the entire system of hemodialysis machine involves wet components, direct
blood stream connection and electrically operated devices. So there is a risk to
leakage some deadly currents to the patient and nurse, a good grounding technique
should be used to avoid this issue.

2.6 How Air Bubbles get into the Blood?

Air bubbles have been detected in human circulation of end-stage renal disease
patients who are treated by hemodialysis machine. In hemodialysis machine, the
blood circulation line is exposed to entrance of air bubbles at any time from different

parts of the machine.

This interference may result in serious morbidity and death; many studies have

shown that rapid infusion of air bubbles may be fatal.

The safety condition requires being aware from reaching this critical stage to keep us
on the safe side. This fault can happen in many parts that have a serious risk to
produce foam in the blood stream line. The causes of air entry to the artificial blood

stream through Figure 2-6 include:
e Falling out of the needle and the outflow needle.

e Leaks around any joint between the outflow needle and the blood pump.
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e Air entry from an empty intravenous glass fluid container infusion system
before the blood pump.

e Formation of gas bubbles as the result of pressure gradients and turbulent
flow in the tubes and access.

e Air entry from damage syringes and tubes.
e Air entry from the heparin infusion system placed before the blood pump.

e During the dialysis operation by dialysate solution in the dialyzer "artificial
kidney".

2.7 Danger of Air Bubbles on the Patient Life

First let us define the following terms.

Embolism: is defined as the transfer of abnormal material by the blood stream and
its subsequent impaction in the vascular system. Usually it could be solid or
insoluble material.

In studying them, the gravity of embolism depends on the position of it in the human

body, the diameter of the embolus and the diameter of blood vessels in the stream.

Left Lung

Right Lung

Inferior Vena Cava Heart Embolism
Blood Clot

Figure 2-7: Pulmonary Embolism
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Air embolism: a large bubble of air admitted into a vessel does not dissolve quickly

and may cause obstruction.

Gas which enters the bloodstream acts as solid physical mass unless it is small
enough such that it can dissolve quickly. If the volume of air is large enough (>100
ml of gas), the pumping action of the heart causes severe foaming or frothiness,
impeding the circulation leading to loss of cardiac output and possible death. Smaller
bubbles of air are dissolved and eliminated through the lungs. The risks are even
greater with open heart surgery or if bubbles of air enter the pulmonary veins (e.g.
with dialysis machine).

Air bubble be fatal and serious because if it enter with blood, it will maintain inside
the vessels until enter to the capillaries, at that time the bubble will suspense in the
channel and prevent the blood to enter from or to tissues of organs, by means, the
tissues of organs cannot exchange the oxygen, carbon oxide and food because there
is a block in the capillaries, then this bubble will make up a clot in the path lead to

death of tissues, and the organ become cannot perform of its job.

The most dangerous clotting occurs when air bubble reach to the crucial organs like
the heart or lungs or brain. So it’s essential to supply the hemodialysis machines with

air bubbles detector to avoid any clotting in human body, see Figure 2-8.

Figure 2-8: Blood Clotting

Prevention of air bubbles to entry the blood line depends partly on better design of
equipment and partly on the incorporation in the hemodialysis circuit of devices

which detect air and prevent it to reaching the patient.
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Chapter Three

AIR BUBBLES DETECTION
METHODS

3. Air Bubble Detection Methods

3.1 Introduction
3.2 Photoelectric Detection Method
3.3 Ultrasonic Detection Method

3.4 Capacitive Detection Method
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3.1 Introduction

The researchers of medical devices field’s and companies developers are
continuously search and seek to improve their air bubble detection units in the
hemodialysis machines, for better performance and higher patient safety.

In the liquid detection applications, There are different transducers that are usually
used, that might be depends on the principle of the transmitted light waves through
that liquid, each have different quality of detection the abnormity events in that
liquid.

The purpose of this chapter is to help us to understand the most used detection
methods and its principle of operation, and to clarify each method advantages and

disadvantages to compare it with our transducer.

3.2 Photoelectric Detection Method

This method considered as first technique that has been used to detect air bubble in
the hemodialysis machine, it was used in the ancient generation of hemodialysis
machine like (Gambro-AK200).

The method based on convert the electrical signal to the light and convert the light
back to electrical signal, while the light pass through the blood line with specific
wave length”A0”, it pass through the blood line with losing amount of energy that
proportionally fixed with full blood line, this amount is measured by sensing element
and keep the system in the safe work, the amount of energy varies when air bubble
passes through the blood line, At that time the alarm system begin work and stop the

blood stream. See Figure 3-1.
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Figure 3-1: Optical Sensor

For the full blood line detection, there are many semiconductors elements that are
used, like light diodes and light transistors, the kind of light spectrum that uses for

detection air bubbles in the blood line are infrared(IR) rays.

3.2.1 Definition of Infrared Light Technique

Figure 3-2 shows the electromagnetic spectrum which is divided into a number of
wavelength regions called bands. Light at frequencies less than red, which is at the

low frequency edge of the visible portion of the spectrum, are called infrared (IR).
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Figure 3-2: Waves Spectrums

It is not visible to the human eye, the IR band of the spectrum covers wavelengths
between 724 to 1000 nm, and the energy of infrared light travels like light in all
directions, radiations striking a surface are reflected, absorbed and/or transmitted

through that surface.
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3.2.2 Infrared Transducer

Infrared transducers play an important role in the development of highly sensitive
and selective methods for detection faults. The fundamental principle employed is
based on the change in optical properties of a biological or physical medium; the
change produced can be the result of intrinsic changes in absorbance, reflectance,
scattering or refractive index of the biological medium.

Infrared transducers have very rapid response times (milliseconds) and they do not
require contact with an object or surface (avoid contamination) and their principle is
simple to be used.*

3.2.3 Basic Components

1) Light Source:

Most photoelectric sensors use a light emitting diode (LED) as the light source. The
LED is a solid-state semiconductor that emits light when current is applied; LEDs are
made to emit specific wavelengths or colors, of light. Infrared, visible red, green, and
blue LEDs are used as the light source in most photoelectric sensors; the Infrared
LEDs are the most efficient, generating the most light and the least heat of any LED

color.

2) Light Detector:

The light detector is the component that is used to detect the light from the light
source after passing through the tested material; usually light detector is composed of
a photodiode or phototransistor. It is a solid-state component that provides a change
in conducted current depending on the amount of light detected. The spectral

response of a light detector determines its sensitivity. See Figure 3-3.

Allen Bradley, Fundamental of Sensing, 1999. !
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Figure 3-3: Opt-Coupler

3) Conditioning Circuit:

The sensor logic circuit provides the necessary electronics to amplify the signal from
the detector, and determine whether the output should be activated or not.

4) Air Detector Alarm:
In normal state without air bubbles detected the circuit of alarm are not active, in the
alarm circuit, the LM555 timer are usually suitable to give flashing and audible

sound as trigger pulse and make reset to alarm.

3.2.4 Block Diagram for Optical Bubble Detector

A simple block diagram is illustrated in Figure 3-4, which shows the basic

components of photoelectric detection unit.

conditioning configuration
circuit alarm

infrared

power supply transducer

Figure 3-4: Optical Block Diagram
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A transducer combines LED and photodiode, when the current passes through the
LED, it will emits light and hits the photodiode, the energy of light produce electron
hole fairs to form a current, the output voltage on receiver differentiate and compare
with reference voltage.

When the air bubbles passes in tube the amount of light will change, leads to change
the current and change voltage produced, the conditioning circuit amplify the signal
and activate the alarm.

3.2.5 Advantage/Disadvantage of Optical Method

Advantage:

e Easy to use and Can respond simultaneously to different reactants.

e Can be very accurate, especially when more wavelengths are used.

e Can use optical fibers for efficient "photon transport™.
Disadvantage:

e Depend on availability of reactant that changes optical properties.

e Response time may be slow "analytic diffusion ".

e Insensitive and could not react if the light path was obstructed by fibrin

deposits on the inner wall of the bubble trap.
e Difficult to miniaturize.

e Ambient light could reach the photocell and cause false alarm.
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3.3 Ultrasonic Detection Method

A modern technique of detection method for the air bubbles became available in
markets nowadays which use ultrasound property, most of hospitals and healing
centers in our country start using (Gambro or Fresenius products), those companies
use the ultrasonic transducer. This method showed the ability to detect smaller air
bubbles, it’s principle similar to that one used in photoelectric method disperse exist

transmitter and receiver.

3.3.1 Definition of Ultrasonic Waves

The ultrasonic waves generated by transmitter piezoelectric crystal converts the
electrical energy to mechanical energy. While the receiver piezoelectric crystal
converts back the ultrasonic energy that is transmitted across the tube into electrical

energy.

Ultrasonic sound waves are mechanical vibrations that exhibit all of the same
characteristics as audible sound waves, only they operate at higher frequencies.
Audible sound wave frequencies range anywhere from 20 Hz to 20 kHz, whereas
ultrasonic waves are sound waves with frequencies from 20 kHz to 20 MHz, The
velocity of ultrasound in blood (1560-1590 m/sec).

3.3.2 Ultrasonic Transducer

Ultrasonic sensors emit a sound pulse that reflected off of any objects entering the
wave field. The reflected sound, or “echo” is then received by the sensor. Ultrasonic
sensing technology is based on the principle that sound has a relatively constant

velocity.

Allen Bradley, Fundamental of Sensing, 1999 2
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The time for an ultrasonic sensor’s beam to strike the target and return is directly
proportional to the distance to the object, a typical unit of Ultrasonic Transducer

shown in Figure 3-5.

Doppler ultrasonic made it possible to detect air bubbles, but the main disadvantage
of the ultrasonic method is the fact that bubbles are seen in the circulation without
the capability of preventing the event and ultrasonic sending and receiving
transducers are positioned on same sides of blood tube that need a reflection angel
constant which is hard to build.

|

Figure 3-5: Typical Unit of Ultrasonic Transducer

3.3.3 Basic Components

1) Transmitter / Receiver
The ultrasonic transmitter sends sound waves outward from the crystal and the

receiver crystal receives echoes of those waves as reflected off an object.

2) Conditioning Circuit
This block usually contains differential amplifier that check the difference of the

output voltage and its output goes to next stage where it runs alarming.
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3.3.4 Advantage / Disadvantage of Ultrasonic Method

Advantage:
e Ultrasonic sensor’s response is not dependent upon the surface color or optical

reflectivity of the object.
e Ultrasonic sensors outputs have excellent repeat sensing accuracy.
e Higher sensitivity to the small air bubbles.

Disadvantage:
e Ultrasonic sensors must view a surface to receive ample sound echo or the

wave will not reflect.

e Although ultrasonic sensors have immunity to noise, but are still to falsely

respond to some loud noises.

e Sensor response times are typically slower than other technologies at about 0.1

second.
e Ultrasonic method cannot prevent occurrence air bubbles in line.

e In building the transducer we must fix our transmitter and receiver at constant-

angel which is hard to build and affected rabidly by surrounding accidents.

e Any moving for the machine could affect the transducer.

3.4 Capacitive Detection Method

In the air bubble detection units, the capacitive method is rarely used in the
hemodialysis machine. The principle of varying the capacitive of the sensor based on
changing different factors affect the building and operation the capacitor, here I am

going to take the advantage of one of these factors to build the detector unit, the
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capacitive transducer consists of two metallic parallel plates separated by a variable

dielectric material.

3.4.1 Parallel Plate Capacitance Theory

A parallel plate capacitor consists of two parallel plates with area A and separated by
a small distance d. Those two plates are filled with dielectric or insulating material as
shown in Figure 3-6.

Metal
A \@:

Dielectric

Figure 3-6: Regular Capacitor

Basic
capacitance

=¥

If the separated space is vacuumed and o is the magnitude of the surface charge
density on other plate, there is an electric field magnitude (E) between the plates the

two plates:
=% _Q Eq. (3-1)
80 80

Where:
€o. permittivity of free space.

Q: is the total charge on each plate.

If we consider the electric field between the plates to be uniform, the potential

difference between the plates is:

v-gd- Eq. (3-2)
80
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Therefore, the capacitance of a parallel plate capacitor in vacuum can be written as:

A
C - % _ ST Eq. (3-3)

Putting a dielectric material between the plates causes an increase in capacitance,
proportional to the dielectric constant (also known as the relative permittivity). The
relative permittivity is basically a measurement of how good a material is at the
production of electric flux. It can be written as the ratio of the absolute permittivity

of'a material € to the absolute permittivity of a vacuum &,

The relative permittivity of a vacuum is 1, it is taken as reference. For any other
material, the constant is greater than 1 depending on how much electric flux would
be produced if the material were used as a path between the plates instead of a free

space.
The final equation becomes:

e A

d

C=

Eq. (3-5)

Where:

A: The area of the plates.

d: The distance between the plates.

&r: The relative permittivity of the material between the plates.

£, =8.854188x107" F/m

The plate’s area and plate’s separation distance can be considered in the design as
fixed value, and the variation in the capacitance is based only on changing the

permittivity of the dielectric material (in our case a solution sample).
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The capacitance between parallel plates will change according to the difference
between the dielectric permittivity of solution sample and the dielectric permittivity
of the air bubbles, and change in capacitance lead to change output voltage.

3.4.2 Frequency Effect of Capacitance Circuit

Electrical reactance can be defined as the opposition to AC current flow due to
capacitive reactance. Capacitive reactance (Xc) is the ratio of the of capacitor voltage
to current, the capacitive reactance is inversely proportional to both the frequency
and the capacitance.

Figure 3-7a represents capacitance circuit. Note how in Figure 3-7b the magnitude of
Xc vary with frequency.

XC

“ QO L

-

f
Figure 3-7: (a) Capacitance Circuit Diagram, (b) Reactance vs. Frequency Plot

Where the equation used to calculate capacitive reactance XC is given by:

1 1

X . = =
© jwC j(2xf)C

Eq. (3-6)

Where:

Xc: Capacitance Reactance.
o: angular velocity.

f: frequency (Hz).

C: Capacitance (F)
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3.4.3 Approximation of Capacitances:

In the capacitive sensor design, it is needed to make some approximations that help
to calculate the total capacitances in the normal condition and in the faults condition,
and helping the reader to figure what’s happened when enter air bubbles the
capacitor.

Since we are dealing with isotonic water mixed with little ink to simulate the real
blood and to facilitate seeing air bubbles, the dielectric material will be approximated
to isotonic water only, this solution have specific relative permittivity ~ 80 and will
be taken as a reference point to make the capacitance between two plates fixed at full
blood line which leads no output voltage.

After obtain the fixed capacitance between the two plates, we inject the air bubbles in
the test tube which cause different relative permittivity, the result of outcomes
capacitance differ from the original capacitance, this air bubble divides the original

capacitance into two capacitances in series as in Figure 3-8.

s ———Cair

water ()} ¢ —— Cwater

Figure 3-8: Approximated Capacitance
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Where in general;

g&EA

d

C=

Where;

Cw and C;: Capacitance of water and air respectively.
&ra: Relative permittivity of air nearly equal 1.
erw- Relative permittivity of water and approximately 80.

Assuming the diameter of air bubbles equal the distance between plates, therefore:
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3.5 Transducers Analysis

According to the study of properties for each detection method, A simple comparison

made between the detection methods to evaluate which one of detection methods will

adopt.

Table 3-1: Transducer Analysis

Infrared sensor

Ultrasonic Sensor

Capacitive Sensor

Cost Low High Low
Background Noise High Medium Medium
Availability Yes Hard to Get Yes

Life Time Low Medium Medium

Sensitivity Low High Medium

Response Time High Medium Medium
Complexity Low High Low

Based on those comparison in Table 3-1, | am relies that the capacitive transducer is

a good component to design and build air bubbles detection unit.
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Chapter Four

TECHNICAL DETAILS OF
PROJECT DESIGN

4. Technical Details of Project Design
4.1 Overall Block Diagram of the Project
4.2 Power Supply Circuit
4.3Capacitor Design
4.4 Capacitive Bridge Design
4.5 Differential Amplifier Circuit

4.6 Comparator Amplifier Circuit
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This chapter explains the design details of the overall system, and its major parts that
used in the air bubbles detection unit. Also it clarify the main characteristics that
makes this project operate as planted after viewing the theoretical background and
flow charts that explain how the system works in previous chapter.

4.1 Overall Block Diagram of the Project

.C Supply

| -
Ll
.C Supply
Capacitor Sensor
Differential Comparator

Capacitor with { Bridge Circuit L+: { amplifier U, Creuit |_+ Alarm Circuit

Power Supply _+
Circuit

L

Figure 4-1: Overall Block Diagram

Figure 4-1 shows the block diagram of the air bubbles detection unit; first block of
diagram is power supply that feeds the project components with fixed or alternating

power, followed by the capacitive sensor and its bridge.

The voltage signal output of ac bridge needs to amplify the difference voltage
between bridge arms by differential amplifier, and then a comparator uses to
compare the voltages on the capacitor sensor with reference voltage, and it is need
(+Vcc) for bubble occurring and (-Vcc) for safe operation, this +Vcc voltage will

operate the final stage of the unit that include light alarm.
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4.2 Power Supply Circuit

To make Air Bubbles Detection Unit self sufficient, AC (alternating current) supply
and DC (direct current) positive and negative supply voltage is necessary from

power-supply for the electronic components.

The AC supply is needed to operate the capacitive sensor and its bridge in the
transducer circuit and it take from function generator with specific frequency, where
the dc power is needed to operate comparator circuit.

This section shows and explain the schematics, characteristics, features, and the

specifications of each component.

The circuit in Figure 4-2 converts the input of 220V AC / 50Hz to + 15V DC to

supply the amplifier circuits.

Vs L : D1
220 Vrm U1
500 Hz H‘ 4 1 WEEL 15

0 SiTaee
C1 C3
4 —1mF —1mF
|
<
2 (o |
=|:1mF —1mF
! VILTAEE g -15

uz
Figure 4-2: DC Power Supply Circuit

The power supply circuit can be divided into four stages: transformation,

rectification, filtering, and regulation.

1. Transformation is accomplished by the transformer (T1) steps down the voltage

source 220V to desired ac output voltage 24V.
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2. Rectification is accomplished by the diode bridge configuration B1; the type of
full wave bridge LM.BR31, the bridge converts the AC voltage to pulsating DC
voltage.

3. Filtering is provided by capacitors C1, C2, C3 and C4 which level the rectified
signal to provide smoothing dc voltage.

4. Regulation is provided by Ul and U2 to get a constant output voltage. type
number of regulator 7815 and 7915 to give +15 Volt.

Figure 4-3 shows the output waveform from each stage of the designed power
supply, where the first wave represents the 220V/50Hz source line and the second
wave stated for the output of the center taped transformer.

The third wave represent the pulsated DC that out from the full wave bridge, the
fourth wave represent the filtered DC signal after applying it on the smoothing
capacitor and on the final wave we get the desired constant output voltage from the

regulator.

1 2 3 5
4
v v vV v VA
t e
! t t t

Figure 4-3: Power Supply Waveform Stages

According to the ratio between primary and secondary:

Ve _Np Eq. (4-1)
VS NS
Ve (220 4,

24

Turn ratio between primary and secondary is about 9:1.

Vgp) =220x+/2 =311.1V

(
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Vg = 2442 =339V

V.. =V,-14=339-14=325V

V, =1-— 1 Eq. (4-2)
& 2fR.C '

V. ooty Eq. (4-3)
r(p—p) f RLC rect.
: Vie-n)

Ripple Factor = VI x100% Eq. (4-4)

dc

The value of capacitor that used is "1000uF, 35V" by assuming, and the frequency
after full wave bridge rectifier is 100Hz and R will be nearly 1005Q.

Ve = 32.33V.

Vripp|e = 0.32 V.

4.3 Capacitor Design

Generally, the capacitor design establish the road that determine the success rate of
the design, the capacitor consider the back bone of the project because all of the
following stages depend on its response when air bubbles enter with sample test, so a

lot of considerations were taken to obtain acceptable results.

The parallel plates made from copper material that distinguished by good
conductivity to electrical current and can be formed easily. The cupper plates must
be parallel to obtain uniform electric field, start up from this point the tube that

contain sample test must be rectangular or square shape with small thickness to be
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able fixe the plates on it easily, the tube is made from plastic, and the sample consist
of water mixed with sodium chloride (saline), this capacitor is manually made to

obtain the best result.

Assuming the capacitor have:
A =(8x2.5)x10"m* =20x10"*m?

d=0.5x10"m

The values of relative permittivity of the water, air and plastic is known, arranged as

follows to calculate the capacitance for each of them.

&, =80
gr,a = 1
¢ =4

£ =8.85x10"2F/m

Where &w , &a and &, is the relative permittivity of water, air and plastic

respectively.

wEA  80x8.85x1077x20x10™

C, = - =283.2x10F = 283.2pF
d 0.5x10
A -12 -4
- & a€. :l><8.85><10 ><7220><10 —3.54x1072F = 3.54pF
d 0.5x10
A -12 -4
c. - &6 A _ 4x8.85x10 >i220><1o —14.16x10"2F =14.16 pF
d 0.5x10

In the case of no existence of air bubbles in the tube, the net capacitance

approximately like two capacitors in series such that:
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_CuxC, _(2832x10"%)x(14.16x10 ")

Cou= 2 —135x10 2F=13.5pF
C,+C, (283.2+14.16)x10

In the case of existence the air bubbles in the tube, the net capacitance approximately
equal:
_C

xC, (13.5x10?)x(3.54x107%)
net2 — -
C

netl a

2 —29x102F=2.9pF
+C, (13.5+3.54)x10

C

netl

~.AC=C,,—C,,,=10.6pF

Figure 4-4 shows the design of manually made capacitor that has rectangular shape
with specific dimensions, all of the dimensions taken in millimeter.
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Figure 4-4: Design of Manually Made Capacitor
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4.4 Capacitive Bridge Design

This section illustrate the final design of bridge circuit that consists of both resistors
and capacitors and supplied with alternating sinusoidal voltage source to get two
outputs from A and B, since the output A depend on the frequency, and output B
depend on the value of potentiometer, these outputs has peak voltage monitored by
oscilloscope, see Figure 4-5.

The goal of this bridge is to make suitable calibration in each output, by assume a
fixed voltage on the output B, let us take for example 4 voltage peak, at specific
frequency the output A in case of no bubbles nearly 3.9 voltage peak, if we push the
air bubble in the capacitor the voltage will increased to reach above 4 voltage peak,
this change can be more signifies if we measure the voltage as DC not as AC voltage.

X XscC1
Vs=12.5Vp xfflg J_Cl ;fﬂ % Ext Trig
=50 Hz do ¢ == 100pF N§Key_ 5 50% \
= —
12! E +©_— +@_—
T
50% C2
283.2pF | | ex R4
Key=A =X _|_ 100pF §1kQ

Figure 4-5: Bridge Circuit
The capacitors in the bridge circuit have impedances at specific frequency, but in
case of DC the impedance will be very large and approach to infinity lead to infinity
voltage at a capacitor, by means the capacitor become open circuit, hence the rule
that capacitors pass AC but block DC.

To make a calculation for the voltages in the bridge circuit let us uniform the

reactance for resistances and capacitors.
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Assume that:

C, =C, =100pF

R, =1kQ

By take a proper frequency according to experiments in the following chapter:
f =50Hz

Cw = 283.2pF by calculation.

Converting the values of capacitors and resistors to the reactance, we obtain:

C,=(C,|IC,)=C,+C, =383.2pF

X=X, == L =~ L — = —J31800KQ
j(27rf)Cl j(27z'><50)><100><10
c3 = L =- L =D =—Jj8300KQ
j(27z'f)C3 j(27z'><50)><383.2 x10
XR4 = R4 = 1kQ.

Xgr2 = Ry = Variable resistor to adjust the voltage on Vga.

Convert the reactance of the capacitors and resistors to the impedances in the polar
coordinate to analyze the circuit:

Z, =0-J31800 = 31800 £ —90°

Z> is variable.
Z,=0-J8300=8300« —-90°
Z,=1+j0=1x0°
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Redraw the bridge circuit with impedance quantity as in Figure 4-6.

Y

1Y i
'I-J b 'I-J a El

Vs
5 Vpk

50 Hz
u-\.'l

Figure 4-6: Impedances Bridge Circuit

The balanced bridge is important and easy to build in case of DC bridge, even if
there is a small changes of sensing quantity, the AC bridge make the calibration
more complicated specially there is a phase shift between the current and voltage in

bridge element “capacitor and resistor".

4.5 Differential Amplifier Circuit

A differential amplifier featured by have two input, it is amplify the difference
between the terminal input, the design of differential circuit measures the small
voltage differences that exists between the two arms of the bridge circuit. The

differential amplifier circuit shown in Figure 4-7 is used for that purpose.

_T_
R3 vVCC
&
vaplf g Y1 -
>-l~—-v::|ut
Vh O —anin, L=
b R vz 7],
~VEE
AN
I R4

Figure 4-7: Differential Amplifier
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To find the Vout sy We can use the super position technique where we eliminate one
source as short and calculate the output for the other, then eliminate the first one and
calculate Voyt (), total Vou: output will be the summation of them.

| :Va_vl | :Vb_VZ I zvl_(_vout)
a R1 ' 'b R2 v U R3
Summing point V1 =V,
If Vp =0, then:
Vout(a) = _Va R3 = _Va &
R;+R; R,
If V, =0, then:
R R
\Qmw)=\g{R 4 }x{l+—i}
4 + RZ Rl
Vout :Vout(a) +Vout(b)

SV, =-V, Ry +V, Re |, 1+&
R, R,+R, R,

When resistors R; = R, and Rz = Ry the output voltage for the differential amplifier

can be simplified to the following expression:

Vout = (%j x (Va o Vb) Eq (4'5)

1

Where: % = A, is the knowing by differential gain of amplifier.
1

Common Mode Rejection Ratio (CMMR):

The CMRR is a measure of how well the device rejects a common-mode signal; it’s

simply the ratio of the differential gain A, over the common-mode gain Acm

CMRR = : , measured by decibels.

cm
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CMRR = Vout . Vout (cm)
M.-V%) V.

cm

Since V,, =V, =V,

CMRR = Iogm@:‘v J Eq. (4-6)

cml

4.6 Comparator Amplifier Circuit

A comparator is a circuit that compares the input voltage with some reference

voltage, See Figure 4-8 it is a simply schematic for comparator.

Usually one of the terminals uses for input signal voltage and the other is used to set
the reference voltage, when the non-inverting input voltage V¢ is higher than the
inverting input Ve, the high gain of the op-amp causes the output saturates at the

highest positive voltage.

R . .

aut
rafr—t—

o
Figure 4-8: Comparator Amplifier Symbol

When the inverting input voltage Vs is higher than the non-inverting input, the
output saturates at the most negative voltage, the op-amp's output voltage is limited

by the supply voltage, and it is the principle of operation for the comparator.
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The output waveform after stage of comparison must looks like steady voltage signal
an in Figure 4-9, this signal of +15-Volt feed the alarm such that led and buzzer to
operate continuously if detect air bubble, and the alarm not active if there is no
bubble in the capacitor sensor while the output of comparator negative (open circuit).

Vout

Air Bubble Detected
+15

-15

Safe
Figure 4-9: Comparator Output Signal
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Chapter Five

SYSTEM
IMPLEMENTATION AND
TESTING

5. System Implementation and Testing
5.1 Capacitor Building
5.2 Bridge Implementation
5.3 Differential Amplifier Circuit
5.4 Comparator and Alarm Circuit

5.5 Schematic Circuit for Entire Project
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Introduction

This chapter concern on the application of the theoretical concepts that studied in last
chapters, the implementation depend basically on the practical experiments and tests
that will describes many of ambiguity between the designed circuits.

First and foremost we must know the application on the ground take many efforts
and time during construct and comparing the results, the chapter contains the reality
quantity of variables that will be close from the theoretical calculations, and contains
figures that show the relationships between variables and parameters.

5.1 Capacitor Building

The section show the experiments that needed to get the desired results that able to
meet what we need in the following bridge circuit, in fact the most important thing

lies in the ability of the bridge to sense two different quantities during two cases.

First case the voltage is constant without air bubble, and second case the voltage
change clearly with longer period of time to guarantee the following stage operate

correctly.

5.1.1Experiment No. One: Capacitance Dependency on Dielectric Material

Choose five samples to test the change of capacitance for each sample with fixed

area, distance and the test tube, look at picture in Figure 5-1.
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7 Figure 5-1: Capacitance Readings

The resulting reading during use different dielectric materials by capacitancemeter
appears as seen in the Table 5-1.

Table 5-1: Capacitance vs. Dielectric Material

Sample Number | 1 2 3 4 5 6 7
. - . Ink with Inked water
Sample air | water | juice | perfume | saline water with juice
Capacitance (pF) | 4 95 107 93 100 101 101
REEE 11| 268 | 302 | 262 | 282 | 285 28.5
Permittivity(g,)

According to general capacitance law we calculate the relative permittivity for the

samples as the following:

Known data:

A=20x10"m? d =0.5x107m

£ =8.85x10%F /m

Where: ¢, = cd

g A
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~cd (05x107%)x(4x10)

= = — ~—=0.011x10* =1.1
e A (8.85x107%)x(20x107)

_cd  (0.5x107%)x(95x107%)
& A (8.85x107%)x(20x107")
cd (0.5x107?)x(107x107*

T AT ((8.85><1022)(><(20><104)) -030210° =302
_cd _ (05x107)x(93x107)

& A (8.85x107%)x(20x10™)

cd (05x107)x(100x107)
& A (8.85x10 )% (20x10™)

0.5x1072)x(101x107*
fro = gc i ) £8.85x1022)5<(20x1042 ~0:285x10° =265
~cd (05x107%)x(101x107?)
51T AT (8.85x10 P)x(20x10°Y)

=0.268x10° = 26.8

=0.282x10° = 26.2

=0.282x10* =28.2

=0.285x10° =28.5

We conclude that the highest value of capacitance €.; for the juice liquid, the

selected sample that I will use the saline sample for many reasons summarized by:

1. Easy moving the water and air bubble inside the tube.
2. Non-clotting liquid inside the tube with the passage of time.

3. The saline don’t affect with environment.

4. Can be notice the bubble through the test tube.
So (&, =¢,, =28.5)

Where ¢, the reference relative permittivity for sample, that will use for testing air

bubble in the tube.

The volume of sample is 25mL and the mass of sample is 0.030 kg.
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_0030 1.2(gm/cm?® ), Where “D” is the density of the sample.

p="
V. 25

5.1.2Experiment No. Two: Capacitor Sensitivity to the Diameter of Air
Bubble.

In this experiment air bubbles injected by syringe pump in the test tube to change the
radius of air bubble inside the tube and measure the diameter.

The resulting reading in the Table 5-2 shows the minimum diameter that can the
capacitor notice the change when air bubbles pass, the diameter measures by caliper

meter.

The capacitor sensitivity of air bubble must have radius at least 0.85cm, minimum

this radius “0.85cm” the sensor could not sense.

Table 5-2: Capacitor Sensitivity vs. Air Bubble Diameter

Diameter (cm) 2.8 2.4 2.1 1.7
Capacitance
Difference (pF) 0.017 0.008 0.004 0.001

We conclude that the relationship between the sensitivity and diameter of air bubble

is nearly linear as you see in Figure 5-2.
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0.018
0.016 /

0.014 7~

0.012 /
0.01

0.008 — /
0.006
0.004 /

/'
0,002 ——

Capacitance (pF)

1.7 2 2.3 2.6 2.9

Diameter (cm)

Figure 5-2: Relationship between Capacitance and Air Bubble Diameter

Relationship between the Capacitance and Distance between the Plates

By assuming the parameters A and & s are constant to the test sample and the distance
between the plates is variable, we obtain by calculation of capacitance the following
readings as in Table 5-3.

&, =8.85x10"F/m

Table 5-3: Capacitance vs. Distance

2 - Relative .
Area (m?) Distance (m) permittivity (z:5) Capacitance (pF)
(82.5).10™ 0.5x107 28.2 99.83
(8% 2.5).10™ 1x1072 28.2 49.91
(8% 2.5).10™ 2x107 28.2 24.96

g & A 28.2><(8.85><10712)><(8>< 2.5)x10™
d 0.5x1072

C, = =99.83pF
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gc A 28.2x(8.85x10")x(8x2.5)x10"
d, 1x107

= 49.91pF

g e A 282x(8.85x10)x(8x25)x10"*

C. =
’ d, 2x107?

= 24.96pF

It is worth noting that the sensitivity of a parallel plate capacitance sensor is a
function of the distance between the conducting plates. The sensitivity of air bubble
can be considered as the change in capacitance with the change in plate distance:

Coc1
d

_ -12
Sensitivity AS= AC (99.83-49.91)10
Ad (1-05)

=9.984(nF/cm)

Figure 5-3 illustrates that a smaller separation distance leads to an increase in the
sensitivity of the capacitive sensor (that is a small value of d leads to a larger slope
on the curve).

100

90 \
80 \

70
60

50 \
40 \

20 |
0.005 0.0075 0.01 0.0125 0.015 0.0175 0.02 0.0225

Capacitance (pF)

Distance (m)

Figure 5-3: Capacitance vs. Distance
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5.1.3Experiment No. Three: Frequency Effect on Output Voltage

The voltage on a capacitor depends on the amount of frequency, the following
experiment shows what is the relationship between the frequency and the output
voltage, by assuming that the test sample that used is saline with fixed value of
capacitance Cs = 100pF, the circuit of resistor and capacitor in series shown in Figure
5-4.

Let take by assuming Ry = 2kQ, Vs = 12.5Vp.

R1 Xscl
N
N =]=]=!
% ooo
7 07 Vrms Cs 000
— 100pF
820kHZ P 1234 T
@ 9999 %
TTT ]
Flgure 5-4: Resistor Capacitor Circuit
1 1
At Xs = 2kQ = f= = =820KHz

27 X Cq 27zx(2x103)><(97><10*12)

With take more different values of reading of frequency, we obtain the output

voltage from oscilloscope as in Figure 5-5.
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Figure 5-5: Voltage vs. Frequency

Capacitive Reactance calculations at different frequencies:

1
s = ortc,
5 = L =2.7kQ
27r><(600><103)><(97 ><10_12)
5 = L =4.2kQ
27r><(400><103)><(97 xlO_lz)
1
Ko = 27zx(200x103)x(97 xlO_lz) =83k
1 =16.4kQ

S4

- 27T X (100><103 ) X (97 x107* )
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=32.9kQ

S5

B 27x(50x10°)x (9710 )

Table 5-4 shows the relation between frequency, reactance, and voltage and Figure
5-6 shows an approximated inversely relation between voltage and frequency.

Table 5-4: Frequency vs. Reactance and Voltage
Frequency
(KH2) 820 600 400 200 100 50
Capacit
S sl 2 2.7 4.2 8.3 16.4 32.9
(KQ)
12
[ o
10 SN
z
> 8
S T~
e
4

50 150 250 350 450 550 650 750 850 950
Frequency (KHz)

Figure 5-6: Voltage vs. Frequency

5.2 Capacitive Bridge Driven Circuit

The capacitive bridge as mentioned in the last chapter must detect the change in

potential difference on the capacitor, the final practical design shown in Figure 5-7.
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XFG1
Vs=12.5V 3 1 R EX T
S=I&0Vp ek C1 5kQ e
— 0, —
f=5 KHz do ¢ 100pF \gKey 5 50% % L
—O | E +©__ +Q_—
]
50% C2
100pF ] ox R4
97-87 pF
L

Figure 5-7: Capacitive Bridge Circuit
The simulation for this circuit appear in Figure 5-8 & 5-9, where signal (A) show the

output voltage signal when there is no bubble in test tube, the DC value on the
capacitor sensor as shown in figure at time 17.341pus equal 2.180 volt.

% Dscilloscope-X5C1

DC Voltage (without bubble)=2.180 v

< >
| Time Channel_ﬂ/{nel_ﬁ
E A 73410 2,180V 1,079V
4| roooms  7ssS1epy -LO0BBpV
T2-T1 982,659 us 2160 ¥ -1.079¥ Save Ext, Trigger
Timebase Channel & Channel B Trigger
Scale 100 us{Div Scale |2 ViDiv Scale 2 ViDiv Edge --m
¥ position Y piosition ] ¥ position U] Lewvel ]
m-@m (ac])CoJed) (ac)CeJlec)(E] Type (Sna ) (er. ) Acks ) (tene

Figure 5-8: Output Voltage Signal without Air Bubble
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In Figure 5-9, the output voltage signal at time 17.341us signal increases to reach
2.256 volt.

We conclude that the change in voltage signal when the capacitance change from
97pF (no air bubble) to 87pF (passing air bubble) is very small and difficult to notice
that, but it is clear when we measure by DC quantity.

%" Oscilloscope-XSC1

DC Voltage (with bubble)=2.256 v

4 »
E T

b fed IR A83p 96,847 FY
T2-T1 952,659 us -2.256 Y -1.079v Ext. Trigger
Timebase Channel & Channel B Trigger
Scale 100 us{Div Seale 2 Y[Div Scale 2 Y[Div Edge | £ ﬂ e )(et
¥ position 0 ¥ position 0 ¥ position 0 Level 0 Y
(ac (o J(oc) (ac)CoJlec]-] 7ype (Sina.] (hor. )(auto ] (Hone ]

Figure 5-9: Output Voltage Signal with Air Bubble

AV =2.256-2.180=0.076 V

In the practical work we can notice the change in DC voltage even 0.13 volt, this
small change need to amplification by differential amplifier circuit with specific

voltage gain to obtain and notice the difference clearly.
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5.3 Differential Amplifier Circuit

Figure 5-10 show the circuit of differential amplifier that built to amplify the voltage

signal from the bridge circuit.

T
Rin 15V
1kQ 5
Var—AM——=IN_u1
>-L—-—-Vout
Vbe ANV oA
1kQ i
R6
—L—VEE
-15V
NV
1MQ
Rf

Figure 5-10: Differential Amplifier Circuit

Let voltage gain “Av” = 1000, by take Rs = Rg = 1kQ and R¢ = Rj, = IMQ.

R
Vout = R_:(Va - Vb)

_IMQ 51100V
KO

out

The output voltage relates with Ve that feed the amplifier circuit and don’t exceed
this value. Figure 5-11 show the waveform voltage signal before and after the
amplification when take the output voltage directly between the bridge arms when

there is no air bubble in the test tube.
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DC Voltage after Amplification (without bubble)=13.222 v DC Voltage before Amplification (without bubble)=0.043 v

p Time Channel_a Channel_B
g W3 o006 3227 005 mv/
| 2000ms 14182y -241.009fv

T2-T1 1.921ms  -27.405Y  -43.825mV Ext. Trigger

Timebase Channel A Channel B Trigger
Scale | 200 us{Div Scale | 10 V/Div Scale | SO mV/Div Edge [F t|(aJ(E)(Ext)
¥ position | 0 Y position | 0 Y position | 0 level |0 | ¥

(ac)(aJ(oc) (adJ(o)loc)(-] * Type
Figure 5-11: Signal Waveform with/without Amplification (without bubble).

% Dscilloscope-XSC1

DC Voltage after Amplification (with bubble)=14.355 v DC Voltage before Amplification (with bubble)=0.047 v

Time Channel_a Channel_B
g ﬂﬂ 79.09 us\Am,ass v 47.765 m'n'/

2,000 ms -15.431 ¥ 30.762 pV
< - - Save
T2-T1 1.921 ms 29.786 ¥ 47.765 my SO
Timebase Channel A Channel B Trigger
Scale | 200 us{Div Scale | 10 ¥iDiv Scale | 50 mV/Div Edge [F % |[a](B](Ext)

X position | 0 ¥ position 0 ¥ position | O Level |0 |V

(ac)(oJ(oc] B - Tyve Bl
Figure 5-12: Signal Waveform with/without Amplification (with bubble)

- 69 -



5.4 Comparator and Alarm Circuit

The circuit in the Figure 5-13 represent an comparator circuit and alarming led, the
led must be on if V larger than V., by mean when there is a bubble in test sample,

and led be off when there is no bubble in the test sample.

15V
R9 vee BUZZER
5kQ 50% 200 Hz
KeyzA\é us
15v
R7 —1— VCC
220Q °
V1iI—"\VW\ [~
Vrefe 4
2

o —L—VEE
1kQ 15V |
=+ =

Figure 5-13: Comparator with Alarm Circuit

Using voltage divider rule to compute R9; Take Vref. (13.2V-14.3V) = 13.7V

assumeV, =Vcc =15V, Ry =1KQ

Vref = \/in' R8 =13.7 =15ﬂ:> 13.7 :15ﬂ:> R9 =94.9Q
R;+R 1000 +R, 1000 +R,

8 9

The LED work as forward (short circuit) bias if there is a positive voltage signal on
output amplifier (Vcc), and work reverse bias when there is negative voltage signal

outs from the comparator circuit (open circuit).
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5.5 Schematic Circuit for Entire Project

Vs
220 Vrm
50 Hz
Oo

Vg=12.5Vp
=5 KHz

:

: U3
3 1 Toime 1 "15
! | ca o R
i FimF Z_K, —imF
| | |
7 L
c5 c7
% ImF - %_goz |_| ImF
h VOLTAGE h
VREG LINE ’ |“_.m
U4
i} 15V
= 2V vee
XFGL | R9
ﬁ R2 . 5kQ 50%
18 Ld 50 Rin 15V \ ¢ 517;%
—0 m - ”_.OO_Q_H I/PM_AQV\HB, _Nm :SD “_.m<
o1 & 1kQ ] /m R7 ]
AN + Ul 2200 5
50% 4 W
0 -
AN\ —4—-4
100pF C2] | C3 Ra 1kQ “1
Key=A |_| 100pF 1kQ R6
97-87 pF _ ——VEE R8
L, -15V 1kQ
AN
= 1MQ

— VCC

BUZZER
200 Hz
uUs

Figure 5-14: Entire Project Schematic Circuit
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Table 5-5: Part List

Description Quantity Reference ID
Power Line 1 Vs
Step Down Transformer 2 T1
Full Wave Rectifier 3 D1
Capacitor 4 C1,C3,C5,C6
Regulator 2 u3,u4
Function Generator 1 Vg
Capacitor 2 Cx1,C2
Variable Capacitor (Sensor) 1 Cs
Variable Resistor 1 R3
Resistor 8 R1,Rinl,Rin2,Rf1,Rf2,R4,R5,R6
Amplifiers 2 LM 741
LED 1 LED1
Common Ground 1 GND
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Chapter Six

CONCLUSION AND FUTURE
WORK

6. Conclusion and Future Work

6.1 Conclusion
6.2 Results

6.3 Recommendations and Future Work
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6.1 Conclusion

According to my study and work design through this project, there are many
important conclusion become clear and significant and must be mentioned, it is
focused mainly about the capacitor deign to get perfect operate of air bubbles
detection unit.

1) The capacitor device has the ability to change the potential difference when air
bubbles get into the test sample.

2) The main advantages of this capacitor device are its reliability, and it is very
cheap when compared with the other devices.

3) The main disadvantage of the ac driven bridge circuit is affect by external
artifacts and signals, this is prevent to make a balance condition to the bridge.

4) The unit can be applying to detect anything else air bubble like gas bubbles or

oil bubbles in specific solution.

6.2 Results

1. The capacitor sensitivity depend on the distance between the plates, with
decrease of distance the sensitivity will be increase, by mean the inversely

relationship between distance and sensitivity.

2. The relationship between the capacitance relative permittivity is linear through

Appling capacitance law on different sample of dielectric material.

3. The relationship between the capacitance and reactance, voltage is inverse

relationship.
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Recommendations and Future Work

a)

b)

My project was for saline sample instead of blood; in the future projects the
students can develop it to a sample that simulates the standard specification of
blood.

The air bubble detection unit can improve by make some modification on the

capacitive sensor represented by make inlet and outlet to the test tube.

The air bubble detection unit becomes more powerful if it sophisticates by

makes removal system that can eliminate the air bubbles.
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19/4/2011 — 11:15 PM.
http://www.allaboutcircuits.com/vol_2/chpt_4/2.html, Thursday —
19/4/2011 — 12:40 PM.
http://www.electronics-tutorials.ws/opamp/opamp_5.html, Wednesday —
20/4/2011 — 1:15 PM.
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http://www.dialysis-patient-care.com/
http://www.ehow.com/how_6245975_calculate-voltage-drop-across-capacitor.html
http://www.ehow.com/how_6245975_calculate-voltage-drop-across-capacitor.html
http://www.nist.gov/calibrations/upload/sp250-52-2.pdf
https://wiki.brown.edu/confluence/download/attachments/29055/Wheatstone+Bridge.pdf?version=1
https://wiki.brown.edu/confluence/download/attachments/29055/Wheatstone+Bridge.pdf?version=1
http://www.associatedcontent.com/article/2686266/electrical_theory_understanding_the.html
http://www.associatedcontent.com/article/2686266/electrical_theory_understanding_the.html
http://www.bcae1.com/compleximpedance.htm
http://www.kpsec.freeuk.com/imped.htm
http://www.play-hookey.com/ac_theory/
http://www.animations.physics.unsw.edu.au/jw/AC.html
http://www.allaboutcircuits.com/vol_2/chpt_4/2.html
http://www.electronics-tutorials.ws/opamp/opamp_5.html

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Pictures:

http://www.allaboutcircuits.com/vol_2/chpt_4/2.html, Friday — 22/4/2011
—9:10 AM.
http://www.electronics-tutorials.ws/opamp/opamp_5.html, Saturday -
23/4/2011 — 11:00 AM.
http://www.bristolwatch.com/ele/vc.htm, Monday — 25/4/2011 — 3:05
PM.
http://lwww.ecelab.com/circuit-window-comp.htm, Wednesday —
27/4/2011 - 11:10 AM.
http://lwww.technologystudent.com/elecl/opamp3.htm, Friday —
29/4/2011 — 10:36 AM.
http://www.electronics-tutorials.ws/filter/filter_1.html, Monday —
2/5/2011 - 10:10 PM.
http://lwww.tpub.com/neets/book2/4c.htm, Tuesday — 3/5/2011 — 8:15
PM.
http://www.bcael.com/opamp.htm, Friday — 6/5/2011 — 9:43 AM.
http://www.lh-electric.4t.com/vtpsupply.htm, Saturday — 21/5/2011 —
6:25 PM.
http://nptel.iitm.ac.in/courses/Webcoursecontents/l11 T%20Kharagpur/Ind
ustrial%20Automation%20control/pdf/LO9(SS)(IA&C)%20((EE)NPTEL
).pdf, Thursday — 24/5/2011 — 12:30 AM.
http://www.maelabs.ucsd.edu/mael70/Experimental%20Tech%20Lab%2
OManual%20Jim%20Rohr/Chapter%204%20Lab%20Manual%200P%?2
0AmMp%20Wheatstone.pdf, Friday — 27/5/2011 — 1:40 PM.
http://www.allaboutcircuits.com/vol_3/chpt_3/11.html, Monday —
6/6/2011 — 12:50 PM.

Figure 1-2:

http://www.hellotrade.com/gambro-usa/product.html.
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http://www.electronics-tutorials.ws/opamp/opamp_5.html
http://www.bristolwatch.com/ele/vc.htm
http://www.ecelab.com/circuit-window-comp.htm
http://www.technologystudent.com/elec1/opamp3.htm
http://www.electronics-tutorials.ws/filter/filter_1.html
http://www.tpub.com/neets/book2/4c.htm
http://www.bcae1.com/opamp.htm
http://www.lh-electric.4t.com/vtpsupply.htm
http://nptel.iitm.ac.in/courses/Webcoursecontents/IIT%20Kharagpur/Industrial%20Automation%20control/pdf/L09(SS)(IA&C)%20((EE)NPTEL).pdf,
http://nptel.iitm.ac.in/courses/Webcoursecontents/IIT%20Kharagpur/Industrial%20Automation%20control/pdf/L09(SS)(IA&C)%20((EE)NPTEL).pdf,
http://nptel.iitm.ac.in/courses/Webcoursecontents/IIT%20Kharagpur/Industrial%20Automation%20control/pdf/L09(SS)(IA&C)%20((EE)NPTEL).pdf,
http://www.maelabs.ucsd.edu/mae170/Experimental%20Tech%20Lab%20Manual%20Jim%20Rohr/Chapter%204%20Lab%20Manual%20OP%20Amp%20Wheatstone.pdf
http://www.maelabs.ucsd.edu/mae170/Experimental%20Tech%20Lab%20Manual%20Jim%20Rohr/Chapter%204%20Lab%20Manual%20OP%20Amp%20Wheatstone.pdf
http://www.maelabs.ucsd.edu/mae170/Experimental%20Tech%20Lab%20Manual%20Jim%20Rohr/Chapter%204%20Lab%20Manual%20OP%20Amp%20Wheatstone.pdf
http://www.allaboutcircuits.com/vol_3/chpt_3/11.html
http://www.hellotrade.com/gambro-usa/product.html

10.

11.

12.

Figure 2-1:

http://biologysnippets.blogspot.com/2011/05/approximately-how-many-
nephrons-are-in.html

Figure 2-2:
http://blog.find-healthy-food.com/kidney-stones/long-term-high-protein-
diet-hurt-kidneys.html/attachment/kidney-disease.

Figure 2-3:
http://www.mountnittany.org/wellnesslibrary/healthsheets/documents?
ID=11849.

Figure 2-4:
http://withfriendship.com/user/mithunss/hemodialysis.php.

Figure 2-5:
http://angelicamystic.co.za/store/admin/orders/hemodialysis-
procedure.

Figure 2-6:

http://usmlelinks.com/?tag=anemia.

Figure 2-7:
http://transportinanimalsandplants.blogspot.com/2008/12/embolism-
definition-embolism-is.html.

Figure 2-8:
http://cikgunaza.blogspot.com/2009/05/biology-form-5-clotting-
helps.html

Figure 3-1:
http://www.directindustry.com/prod/moog/air-bubble-detectors-222-
449828.html

Figure 3-2:

http://www.ledflowergrowlights.eu/illuminate.html

Figure 3-5:

http://www.future-mag.com/0703/images/070308-4.jpg
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Hemodialysis | A medical procedure that uses to filter waste products from the
blood and to restore normal constituents to it.

Kidney One of a pair of organs located in the right and left side of the
abdomen which clear poisons from the blood, regulate acid
concentration and maintain water balance in the body by excreting
urine.

Nephron A tiny structure in the kidney responsible on filter the blood in
Kidney

Blood A fluid in the body that contains red and white cells as well as

platelets, proteins, plasma and other elements, It is transported
throughout the body by the circulatory system.

Blood Viscosity

It is the friction force of the blood on the veins and arteries, are

mainly based on proteins found in plasma.

Frequency Number of cycles per second, the cycle include positive and
U] negative side, measured in Hz.
Amplitude(A) | The maximum value of voltage, measured by volt.
Peak-peak The voltage from peak to peak in the alternating signals.
voltage (Vpp)
rms Value Root. Mean Sguare, it is a statistical measure of the magnitude of
varying quantity
Dc Current The current that pass in the same direction without increasing or
decreasing in its magnitude.
Ac Current An electric current in which the flow reverses periodically.
Impedance (2) Is a measure of the overall opposition of a circuit to current, it show

how much the circuit impedes the flow of current, It is like

resistance, but it also effects of capacitance and inductance.

Reactance (X)

Is a measure of the opposition of capacitance and inductance to

current, reactance varies with the frequency of the electrical signal.
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http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Magnitude_(mathematics)

Voltage The amount of increase in signal power or voltage or current

Gain(Av) expressed as the ratio of output to input .

Impedance Is a comprehensive expression of opposition to electron flow,
including both resistance and reactance, impedance is the general
name that give to the ratio of voltage to current.

Amplification The amount of increase in signal power, voltage or current
expressed as the ratio of output to input .

Capacitor An electric circuit element used to store charge temporarily,
consisting in general of two metallic plates separated and insulated
from each other by a dielectric, also called condenser.

Phase Shift Means that the current and voltage are out of phase, in

charging a capacitor when the voltage across the capacitor is zero,
the current is at a maximum, when the capacitor has charged and the
voltage is at a maximum, the current is at a minimum.
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Appendix: B

Programs
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Microsoft Office Word 2007

Adobe Reader 8.0

Multism 10.1

Paint

« Catia V5
» Google Chrome
« Microsoft Office PowerPoint 2007

« Circuit Maker 2000
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CODI Semiconductor, Inc.

LINEAR
LOGIC SYMBOLS AND CONNECTION DIAGRAMS

COMMON
our [ N
g COMM m
31
w our
n ) COMM oul
C)MM ] \ Ll
12) IN
€]
JEDEC T0-220 Outline
Plastic Power Package
e INCHES MILLIMETERS
|« OM.[ MIN. __TYP. MAX. MIN. _TYP. __ MAX.
D —n—L ,,Z:I A .395 410 1003 10.41
bl L \l ] 365 385 9.27 9.77
TT 71 ] e AN c .300 .320 7.62 813
AB C r" D .100 120 2.54 3.05
i L === M E 040 060 1.02 1.62
l | L 1 :r:—ﬁrtl F 141 145 358 388
G 575 .600 14.6 15.24
F/ . B H 235 .265 5.97 6.73
H 1 160 190 4.06 4.83
r J 020 055 .508 1.40
K a— X K 500 12.70
[, x L .250 6.35
SO SECTION X - X M 190 210 4.83 5.33
J P N 045 055 1.05 1.40
}—_/\ ] 095 .105 2.41 2.66
~+a P 016 030 .381 .762
Q 020 045 .508 1.43
NOTES: See 1able for dimensions in inches and millimeters Package weight is 2.1 grams
Cenler lead is elactrical contact with the mounting 1ab
— A — JEDEC TO-92 Outline
I Plastic Package
8
INCHES MILLIMETERS
| came oM. | TMIN. _ TYP. MAX. MIN, _TVP._MAX.
T J J J PUANE A 175 205 335 §.20
c 3 LEADS B8 170 .210 432 6.33
o c .500 12.70
- L___] ] ]/- [ 018 019 0.406 0.483
— E — E 136 .343
F F 100 2,64
G 050 1.27
11 6 H 126 166 3.18 4.19
' 080 105 2.03 2.67
| J 080 106 203 267
H 7T
] E NOTES: See |able for dimensions in inches and millimeters
l ] Package malerial is transfer molded thermoselting plastic
Package weight is 0.25 grams
- J -]

(201) 298-0400 |

" TOLL-FREE: 1-800-232-CODI TELEX: 844-796 FAX NUMBER: 201-298-0477



CODI Semiconductor, Inc.

LINEAR INTEGRATED CIRCUITS
3 - TERMINAL VOLTAGE REGULATORS

L AMP Pos. | 1 AMP Neg. | .5A Pos. _1A Pos.
7805-7824" | 7905-7924 |78Mos-7snzl. 78L0S-78L24

Thermal resistance

Rj-c 5%c/w 7°%/w
Rj-a 70°¢/w 100°c/w
Power
Dissipation 20W 10W 500MH
Temperature range
Operating Ambient -20 to + 80°C ~20 to + 75°C
Operating Junction -20 to + 125°C -20 to + 125°C
Storage -55 to + 125°C =40 to + 125°C
‘Line Regulation (MV)
Vo/vi (%) 2.0 1.0 2.0
Load Regulation (MV)
Vo/Io (Z) 2.0 1.0
Logic/Connection
diagram L-CD 1 L-CD 2 L-CD 1 L-¢D 3
Package
TO-220 TO0-92
OUTPUT
Hominal Voltage
OUTPUT OUTPUT INPUT Quiescent Ripple OUTPUT Drift
Voltage Voltage Voltage Current Rejection (dB) Noise (TYP)
TYPE No. Range (V) Range (V) Range (V) (MA) HIN Voltage (uv) Hv/°C
1 AMP POSITIVE
7805 5.0 4,8-5.2 _2.0-35.0 5.1 62 an n.4
7806 6.0 5.75-6.25 8.0-35.0 4.7 59 4S 0.4
| 7808 B.0 7.7-8.3 10.5-35.0 b7 S6 50 04
7812 12.0 11.5=-12.5 14.5-35.0 4.7 55 20 0.8
2815 15.0 14.4-15.6 17.5-35.0 A7 54 85 1.0
2818 18.0 17.3-18.7 21.0-35.0 5.0 s3 qs 1.2
2824 24.0 23.0-25.0 22.0=40.0 5.0 S0 120 1.4
1 AMP REGATIVE
7905 =5.0 =4,8-5.2 =7.0=35.0 1.0 LYA 100 =0.4
7906 -6.0 =5.75-6.25 -8.0-35.0 1.0 34 150 =0.5
7908 -8.0 -7.7-8.3 =10.5-35.0 1.0 54 200 =0.6
7912 -12.0 -11.5-12.5 ~14,5-35.0 1.5 54 300 0.8
7915 =15.0 ~14.4-15,6 =17.5-35,0 1.5 54 3175 =1.0
7918 ~18.0 ~17.3-18.7 -21,0-35.0 1.5 54 450 1.0
2924 ~24.0 -23.0-25.0 =27.0-40.0 1.5 L3 | A00 =1.0
.5A (500ma) POSITIVE
| 78MO5 5.0 4.8-5.2 7.0-35.0 4.5 A2 40 =1.0
78M06 6.0 5.75-6,25 8.0-35.0 4.6 59 45. =1.0
78408 8.0 7,2-8.3 10.5-35.0 4of 56 52 -1.0
78M12 12.0 11.5-12,5 14,5-35.0 1% 55 15 =1.0
78M15 15.0 14,4-15.6 17.5-35.0 4R 54 90 =1.0
78M18 18.0 17.3-18.2 21.0-35.0 4.R 53 100 =1.0
78M24 24.0 23,0-25.0 22.0-40.0 5.0 50. 170 =1.0
—
.1A (100ma) POSITIVE
28105 5.0 4,75-5,25 7.0-30.0 6.0* 40 40 -1.0
t  78LOG 6.0 5.95-6.45 8.0-30.0 6.0* 39 50 ~-1.0
78108 8.0 7.6-8.4 10.5-30.0 6.0% 39 60 -1.0
78L12 12.0 11,4-12.6 14.5-35.0 6.5% 317 80 -1.5
| 78L1S 15.0 14,3-15.7 17.5-35.0 6.5% 34 90 -1.5
| 78118 18.0 }7.1-18.9 21.0-40.0 6.5% 33 120 -2.0
78124 24,0 22,.8-25,2 27.0-40.0 7.0% 32 200 =2.0

TOLL-FREE: 1-800-232-CODI TELEX: 844-796 FAX NUMBER: 201-298-0477
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LESHAN RADIO COMPANY, LTD

3.0A B\ &R
3.0A BRIDGE RECTIFIERS

BR305 - BR310

KBPC1005 - KBPC110

I RAEA . HiE MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Ratings at 25°C ambient temperature unless otherwise specified. Single phase,half wave,
60Hz,resistive or inductive load. For capacitive load,derate current by 20%.

}

BARE| RAFY | RXER BALER BARM .
g E | EFARR [ ORERR g1 ¥ FE B &% & SN R
Maximum hﬂ%‘gg? . Maxw;llim ‘ Maximum DC Maximum DC Opera.tmg Package
= Peak Forward Son/var ea Forward Voltage Reverse Current Junction Dimensions
Output urge Current d I t at rated DC Temperature
TYPE Reverse Current @ 8.3ms rop per elemen Blocking Voltage
Voltage | @Ta=40°C |Superimposed atl-=3.0ADC per element
PRV Io Irw(Surge) Ve Ir T,
Ve Anv A Vi 25°CTA | 125°CTA oc
paDC | pabc
BR305 KBPC1005 |50
BR31 KBPC101 |100
BR32 KBPC102 |200
30 50 11 10 500 125 BR-3
BR34 KBPC104 |400
BR36 KBPC106 |600
BR38 KBPC108 |800
BR310 KBPC110 |1000
445(11.31
150(381) ‘.405(1029) |
©140(3.56)
F8
] s
GB gl
.032(.81)_b| |
1028(.71) TN
(19)
I : .270(6.86)
| 230(5.84)
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@LRC A A O oA L1,

BR305-BR310 KBPC1005-KBPC110
FREREFEESSERZ
BRIDGE RECTIFIERS RATING & CHARACTERISTIC CURVES

FIG. 1- TYPICAL FORWARD CURRENT

DERATING CURVE FIG. 2 - PEAK FORWARD CURRENT
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FIG. 3- TYPICAL REVERSE CHARACTERISTICS FIG. 4 - TYPICAL FORWARD CHARACTERISTICS
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This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.
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LM741

Single Operational Amplifier

Features

Short circuit protection
Excellent temperature stability
Internal frequency compensation
High Input voltage range

Null of offset

Description

The LM741 series are general purpose operational amplifi-
ers. It is intended for a wide range of analog applications.
The high gain and wide range of operating voltage provide
superior performance in intergrator, summing amplifier, and

general feedback applications.

8-DIP

Internal Block Diagram

NUL (8) e
iN (=) ‘ o Vece
IN (+) o OUTPUT
Ve o OFFSET
NULL

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation



LM741

Schematic Diagram
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Absolute Maximum Ratings (TA = 25°C)

Parameter Symbol Value Unit
Supply Voltage Vcc +18 Vv
Differential Input Voltage VI(DIFF) 30 \
Input Voltage Vi +15 Y,
Output Short Circuit Duration - Indefinite -
Power Dissipation PD 500 mw
Operating Temperature Range
LM741C TOPR 0~+70 °C
LM741l -40 ~ +85
Storage Temperature Range TSTG -65 ~ + 150 °C




LM741

Electrical Characteristics

(Vcc =15V, VEE = - 15V. TA = 25 °C, unless otherwise specified)

L LM741C/LM741l )
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Rs<10KQ - 2.0 6.0
Input Offset Voltage VIO mV
Rs<50Q - - -
Input Offset Voltage _
Adjustment Range VioR) | Vee =20V B i mv
Input Offset Current llo - - 20 200 nA
Input Bias Current IBIAS - - 80 500 nA
Input Resistance (Notel) RI Vcc =20V 0.3 2.0 - MQ
Input Voltage Range VI(R) - +12 | +13 - Vv
Vcc =+20V,
_ , RLz2KQ VO(P-P) =£15V
Large Signal Voltage Gain Gv VimV
vec=t13V, | 20 | 200 | -
VO(P-P) =£10V
Output Short Circuit Current Isc - - 25 - mA
Vce =20V | RL=210KQ - - -
Output Voltage Swi V RL2ZKO ; _ - Vv
utput Voltage Swin o(P-P
P g g (P-P) Vce = #15V | RL=210KQ 12 | 14 -
RL=2KQ +10 | +13 -
o ) Rs<10KQ, Vcm = £12V 70 90 -
Common Mode Rejection Ratio CMRR dB
Rs<50Q, Vcm = £12V - - -
Vcc = #15Vto Vce = £15V i i )
N . Rs<50Q
Power Supply Rejection Ratio PSRR dB
Vcc =15V to Vce = 15V 77 9% )
Rs<10KQ
Transient Rise Time TR . . - 0.3 - Us
Unity Gain
Response Overshoot oS - 10 - %
Bandwidth BW - - - - MHz
Slew Rate SR Unity Gain - 0.5 - V/us
Supply Current Icc RL= ©Q - 15 2.8 mA
. Vce = £20V - - -
Power Consumption Pc mw
Vce = #15V - 50 85

Note:
1. Guaranteed by design.




LM741

Electrical Characteristics

(0°C <TaA<70°C Vcc = +15V, unless otherwise specified)
The following specification apply over the range of 0°C < Ta < +70 °C for the LM741C; and the -40°C < TA < +85°C
for the LM741l

. LM741C/LM7411 )
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Rs<50Q - - -
Input Offset Voltage VIO mV
Rs<10KQ - - 7.5
Input Offset Voltage Dirift AVI0/AT - - - T\
Input Offset Current llo - - - 300 nA
Input Offset Current Drift AlLO/AT - - - nA/°C
Input Bias Current IBIAS - - - 0.8 MA
Input Resistance (Notel) Ri Vce = £20V - - - MQ
Input Voltage Range VI(R) - +12 | %13 - \Y
Rs=>10KQ - - -
Vcc =x20V
Output Voltage Swi vV RS22KE _ _ - Vv
utput Voltage Swin o(P-P
P g g (P-P) Rs=>10KQ 12 | 14 -
Vcc =x15V
Rs=2KQ +10 | %13 -
Output Short Circuit Current Isc - 10 - 40 mA
L ) Rs<10KQ, Vcm = 12V 70 90 -
Common Mode Rejection Ratio CMRR dB
Rs<50Q, Vcm = #12V - - -
_— . = Rs<50Q - - -
Power Supply Rejection Ratio PSRR vec =£20V dB
to £5V Rs<10KQ 77 96 -
Vce = £20V, i ) i
VO(P-P) = £15V
. . Vcc = £15V,
Large Signal Voltage Gain Gv Rs=>2KQ VOP.P) = £10V 15 V/imV
Vcc = £15V, i ) i
VO(P-P) = ¥2V
Note :

1. Guaranteed by design.




LM741

Typical Performance Characteristics

&

Vee= 15V

Ta=25°C
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Figure 1. Output Resistance vs Frequency
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Figure 3. Input Bias Current vs Ambient Temperature
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Figure 5. Input Offset Current vs Ambient Temperature
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Capacitance vs Frequency
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Figure 4. Power Consumption vs Ambient Temperature
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued)
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Mechanical Dimensions

Package
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Mechanical Dimensions (continued)
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Ordering Information

Product Number Package Operating Temperature
LM741CN 8-DIP
0~ +70°C
LM741CM 8-SOP
LM741IN 8-DIP -40 ~ + 85°C
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

6/1/01 0.0m 001
Stock#D SXXXXXXXX
0 2001 Fairchild Semiconductor Corporation
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