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ABSTRACT

T8¢ idea of the project is suggested to design and build an air bubbles

detection unit by using unutilized 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
bemodialysis machine is chosen because it is spread widely and important

in our country.

First stage: The first stage of 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 that

passes through.

Second stage: is to build a system and model that simulates the clinician

task of removing the air bubble manually after detecting that Air bubble,

And to insure that implemented model is achieving all the objectives of

the project.
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1. Introduction:
1.1 Project Overview,
1.2 Project Objectives.
1.3 Time Scheduling.
1.4 The Idea of the Project and where it comes from.
1.5 Aim of Projeet.
1.6 Cost of the Project.
1.7 Project Risks.

1.8 Human Development Resources.

1.9 Scope of Project.




L1 Project Overview

Afer Snishing the first part of the project. and implementing all its parts on
= goend and building the desired design, we get the goals and objectives done as
memiet 8 was extremely necessary now to accomplish the second goal of ihe project
i peesent the project as complete operating unit.

This part of the project presents and provides a reasonable and simple way to
s=ve some human effort, this effort which is applied in the hemodialyvsis machine to
complete the therapy process for dialysis patients and guarantee the save operstion of
the machine, A suitable designed mechanism will simulate the clinician job, this

mechanism what we presents in this part of the project.

HEMODIALYSIS

Figure 1-1: Clinician Observation
Before stant prasenting the designed mechanism of this project, we must explain
m brief way what are clinicians work accompanying the hemodialysis machine for
connected patients. After visiting the department of dialysis ar random hospitals “that
mclude the Palestinian and the Kingdom of Saudi Arsbia areas” and making a field
questionnaire for random clinician who works in those departments and due to some
specialized references we can categorize the clinician supervision and jobs into three

SUCUESSIVE Processcs:
® Pre- Dialysis Process.
»  During Dialysis Process.

* Post Dialysis Process.




L.LI Fre- Dialysis Process and Post -Dialysis Process;

These w0 processes are specialized in all the procedure that concern in
PESesme S patient 10 start the dialysis process and finishing it in the correct WEY

W mmeesses are not our field research and we will skip explaining them,

1.1.2 During Dialysis Process:

Ihis process includes the jobs that the clinician must provide while the dialvsis
Process is running and continued, Start from observing the whole operation. ending
with safely insurance johs that he must supply for the system. One of (hoss
responsibilities is the Manual Air Bubble Remaval for any air emboli that may

interfere the operation “this job will be cxplained later in a bricf way”, From this info

we realize that, clinician must he aware and awake during the whole time for the
therapy, since as we explain before a smgle dialysis process may take up to four
hours. Focusing on this issue, we build our search and information gathering to {ind a

way that facilitate the therapy process and solve the waste of energy and time.

I.1.3 Manual Air Bubble Remaoving

In this process, the clinician has to remove the air emboli and dangers hubbles
thist are formed in the final blood tube that supplying the patient body with dialvzed
blood. Those bubbles kave formed in the blood stream because of some autside
[actors and randum errors as we explained in previeus chapters. Clinician job’s in
this stage realized in, knocking repeatedly in a sentle way and shaking the blood fube
1o separate the air emboli from blood and make sure to deliver it back “where it has
to be™ in the airblood container. See Figure 1-2 thar shows a clinician whose trying

to s¢parate between air bubbles and some solution.




Figure 1-2: Clinician Knocking Tube to separate blood and bubhbles.
The processes of knocking and shacking take place when the blood cycle is off
and the air bubbles are detected. So it has some dizadvantages, which allects in

general, the whole therapy process in a negative way. Those nagative points can be s

summarized in:

* Iiis subject to human error and mistake, since the clinician is responsible for

it

* Itdelays the dialysis time, Since the blood cyele is off

¢ This process need from the clinician to be alarmed for the whole therapy time
and ready to lake action, which is can't be achieved in real ground.

¢ [t endangers the lives of the patient.

To avoid the previous mistakes, we need 1o provide a large number of technician

and train them well, which is could be hard in some cases.

Based on the previous data and information, we can state the idea for the project.

This iden is to find a way that we can by it simulate the clinician job and convert the

manual way to self automstic way that based on the feedback from our sensor.




he Siow ciar for this part of the project is similar to the previous one in the first
Ssaptes smtene some changes for some additional fmction that added to the system.

S 15 shows the flowing of this project
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Figure 1-3: Flow of This Projeet.

The chvious changa in the project is by adding a mechanism that simulates
the clinician task. This manual task will be converted into simple avtomared
mechanism that will be presanted in the next chapter. We should let vou know that

the cycle in the system is assumed to be stopped.




! 2 Project Objectives:

= D= end build a mechanism that simulate the clinician task automatically.

e task s 10 remove the air bubble from the final hload hase of air bubhble.

= 1o build a mode! that simulates the final blood cycle in the machine and

presents on that model how our system work.

*= To make test on different subject that simulale the blond properties and

cxamine svstem efficiency with them.,

* 1o ensure that cur mechanism will be save, and the vibrastion hzs na side

affeet on patient or clinician.

* To build & delay circuit, that will simulate the time neaded 0 accomplish the

task of completely gir bubble removal.

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 this semester.

This semester is a compressed semester, because it includes two parts
theoretical part and practical part. Based on that we must divide the time carsfully 1o
cover all objectives and finishing all the tasks. The semester must cover all of
requirements that guarantee to complete the entire project in sixteen weeks, The

project actions are summarized in ten events,

T1: Project Preparaiion and Data Collection: the first stage of project includes work

plan, determining lasks, discussing mitial information, and evaluation the project




et and seeemes of work. And to start data collection that are required for the

.

'n.* Froject and fubricate praject idea: project analvsis includes a wide
1 = analysis of the available mechanism and to find the best mechanism (o
e tack,

B2 Comceprual Design: conceptual design includes determining project ohjectives.
Sesiming the expected block diagram, putting schematic diagram for each block and
Sscussing the principles of operation.

T4 Studving Prajecr Component and Schematic Analysis: it Is necessary 1o revisw
the data sheet for amplifiers and other components, snd to investigate that they are
 available.

T5: Documentation: the documentaticns 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.

T6: Lesign each Circuiis of Projecr theoretically: includes assumptions and

determining the values of companents, calculations and wanted equations.

T7: Build and Implement the Project Civensts: includes repairing the components and
measuring the variables,

T8: Tesring the Circuits of Eack Biock Diagram: during the testing stage. [ made the
experiments in the projects lab, recording the output values and comparing the values
with theoretical desien.

TY: Overall Sysrem Testing: 1 made tests and connect stages with each other like
delay circuit and power sapply.,




R S Becemeniation: final documentation includes collecting each chapter of

sERewing precisely the information and cquations as well as printing

Time Schedule in This Semester.

o o &
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1.4 The ldea of the Project

When [ took officially this part of the pruject to solve it and présenling a
mechunism to simulate the clinician task. 1 start secking around in all neighbored
sngincering majors” mechanical, civil, communication...”, and if there is any idea
that can be helpful in my case. And by studying and analyzing the project major
objective. [ conclude that, i 1 apply a controlled mechamical vibration on the ares
which could be endanger of forming air bubble. and with help of natural factor thar
based on differences between Air Emboli end Blood density, where air emboli are
less density than blood, that makes them ascend o the top. Unless there are some
barriers in their ways, Which are the blood and its component in our study, These
barriers will be removed by the mechanical mechanism that we will present in the
next chapter.




'S Aim of Project

The maior aim of this PTOject is 1o speed up the therapy process of dialysis
S9ie By seving the wasted time when the cyele is off waiting for the clinician to take
W smoe. and by developing the project idea we save human efforts and awarencss
il S cvele is running and this project may be usafil in case of wars, where the
Ssemes hand may be unavailable,

1.6 Cost of the Project

In this section we will present the project cost that spent on this part of the
project, table 1-2 shows all unirs, compunents and mechanical parts thal are used ang
the price for each item,

Table 1-2: Table of Cosis.

Blood tubes set 1 10
- ELWires 10 T e
| T e R 5 "J
I'—Reéi';{t'hés_r"ﬁ‘a;p?m'_n? PR i
220-9V AC Transformer 1 10 = &
~ IC's/Bridges/Diodes  3/1/4 3
~ DEMstor 3 Y L
 Mechanicalparts = 5 BT
| Bascmentand Housing 11 % 20
 testSolutions 5§ 10
I = _Tl;tai MRS - e - ) B 40




1.7 Preject Risks

Wisbs oF #55s part of the project summarized in:

= % Bnd a mechanism that simulates the clinician task in short tme and to
 Seee the ability to build that mechanism on real ground before the semester
end

* Another risk that | need post mechanical leaming base such as information

and references and due to my specialist of clecirical major, T spent some
effort to arrange that.

* The working alone was another risk. since there is no supporting partners thet

can cover you in case of any fault happen.

Project Scope

This part of the project document consists of five chapters “1. 2, 3 4 and 57

arranged as [vllow to cover all documentation and information that conclude from

this project, those chapters arranged as engineering depariment demand to agree for

the gradation permeation. Chapters’ titles and whai thev cover are:

Chapter one: Inwroduction:

This chapter presents an overview for project idea and how we develop it.

aim of the project, objectives, time schedule, implemented project cost and the main
risks that we faced.




Ohapes Twee Background

T ehepeer discussed the; physiclogy and amatomy of human kidney, blood
seesvem.  dialysis  procedure, hemodialysis machine. mejor risks during
Bemodalyeis, haw does air bubbles get into the blood. danger of air bubbles on the
pament fife.

Chapter three: Project Design

This chapter presents the principle of operation for the project. And presents
project overall block diagram, the design for each black as single unil and how it
works. For some blocks there is some theories have presented 1o let you understand

the hasic ideas.
Chapter four: Implementation for the Project and Tests

In this chapter we transfer our blocks, ecircuit designs and ideas imo
implemented model that simulate the last stage of the hemodialysis machine and
operatz it. then we run some oxperiments and test o examine our project

performance.
Chapter five: Conclusion and Future Work

This chapter includes the conclusion and future work that we get from this

part of the praject.




Chapter Two

Background

2. Background:

2.1 Physiology of Human Kidnev and Blood
2.1 Blood Overview

2.3 Dialysis Procedure

2.4 HHemodialysis Machine

2.5 Major Risks during Hemodialysis

2.6 How Air Bubbles get into the Blood?

2.7 Danger of Air Buhbles on the Patient Life




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 fimetions for them and their characteristics.

2.1.1 Kidney Structure and Functions

The kidneys are the main excretion organs in the body: they are two organs, cach
about the size of the fist, approximately |1 centimeters in length and 6 centimeters
wide. They arc located in the back, above the waist. one on each side just beneath the
lower ribs. They are protected from mjury by the ribs and by several muscles at the
back, which overlic them. Two healthy kidnevs excrete between 1.5 and 2.5 liters of
urine daily.

Figure 2-1: Human Kidney and Nephron
Each kidney is surrounded by membrane known as the renal capsule, sach
kidney is made up of approximately a million nephrons, ench nephron consists of a
filtering component called the glomerulus and a tibule which reabsorbs essential

water and chemicals into the blood stream and wransporis urine from the slomerulus
1o the ureter,




The kidneys perform a2 number of important functions, They are:
[. Remove waste praduces from the bady.
Cantrol the amount of fluid in the body.
Control the chemical composition of the bods.
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 whules, all the
essenlial chemicals and fluid that we need are resbsorbed ine the circulation, Jeaving
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 uretzrs (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 bady via a tube called the urethrs.

2.1.2 Kidney Failure

As mentioned in previous section the kidneys perform a number of important
functions, Kidney failure oceurs when the kidneys no longer function adequately 1o
remave waste products and excess fluids from the body. Frequently, kidnev failure is

also associsted with a lack of ervthropoietin (which stimulates red blood cell

production). Other terms commonly vsed imerchangeably to deseribe Kidney failure

include Chronic Renzl Failure, Uremia and Fnd-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




o severe kidney disease. Uremin is said to be present when kidney function has

deteriorated to such an exrent as 1o he causing medical side effects.

End-stage renal failure descrihes the point at which artificial renal replacement
therapy needs to be started in arder to @void the serious consequences of Uremia.
End-stage renal failure is said to be present when the kidnevs 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 mesd to stant artificial kidney
replacement therapy (dialvsis).

When kidney failure progresses to the point where the kidneys do not function
well enough lo keep 2 person healihy, replacement of kidney function with dialvsis
or a kidnev transplant is necessary o maintain good health.

Dialysig is used to replace some of the functions of the kidnevs, particularly
removal of waste products, substances toxic to the body and excess fluids. Dialvsis
can he 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.

Hormal kidaey Ridiney diveans

3

« granular surface

« healthy function + decreased function
» proper size « smaller size
o |ow wing protein + high urine grotein

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

Blood consists of 40 to 45 percent formed clements. 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 phagoeytosis and mmune
responses. Platelets are involved in blood cloning.

Red biooa [ . Pilbats ol

X D
—

]

Figure 2-3: Blood Cells

In addition to the formed elements in bloud, 55 to 60 percent of bloed by volume
consists of plasma, Plasma is the transparent, amber-colored liquid in which the
cellular compements of blood are suspended. Blood accounts for 6 to 8 percent of
body weight in normal, healthy humans.

2.2.1 Blood properties

Subszction 22,1 presents the smdy of hlood properties, especially the propertics
associated with the deformation and flow of blood. To study the behavier of
matcrials that act as fuids, it is uselul W define a number of important {Tuid
praperties, which melude density, specific weight, specifie gravity, and viscosity.

The denmsity of blood is slightly greater than the densitv of water at
approximately 1060 kg/m3. The increased density comes from the increased density

17




of a red blood cell compared with the density of waler 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 2 substance. Specific
gravity is the ratio of the wetght of a liquid 21 a standard reference temperature ta the

weight of water.

Viscosily is defined by the slope of the curve on a shear stress versus shearing
rate diagram. Yiscosity of the blood is one of the characteristics of blood that 2ffects
the work required 10 cause the blood 1w flow through the anteries.

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 selulion are transported through @ membrane.

The process is facilitated by different concentrations on both sides of the
membrane, aiming to achieve eguilibrium by diffusion.

When chronic renal failure progresses to the point where the kidneys do not
function well enough 0 keep a person healthy. replacement of kidney function with
dialysis (renal replacement therapy) or a kidney transplant is necessary to maintain
geod health. Dialysis replaces some of the functions of the kidneys, particularly the

removal of waste products and excess {luids.

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.




Figure 2-4: Hemodialysis and Peritoneal Dialysis
The dialyzer is a canister connected to the hemodialvsis machine, During
treatment, the blood travels through tubes into the dialyzer, which filters out wastes,
extra salt, and exira water. Then the cleaned blood flows through another set of tubes
back into the body. The hemodialysis machine monitore blood flow and removes
wastes from the dizlyzer. Hemadialysis is usually performed at a dialysis center three
limes per week for 3 1o 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 tluid is nearly saturated with wastes, the fluid is druined through a catheter, Then,
4 fresh bag of fluid is dripped into the shdomen 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 bloed.

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




hemodialysis machine classified as class (1), that contains two lines connections:
neutral, phase plos earth line.

The hemadialysis 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 er perisialiic pump simulate the heart
pump, it is used to pull the blood from the artery. The second part is the dialyzer that
performs fillering operation which simulates the nephrons in natural kidney.

Hemodialysis machine regulates the amount of water in human body, where
as the percent of waler in the human body estimated 45%-75% from the body weight,
and the water 1s important for transferring the oxygen and food from blood 1o tissues,
tramsfer the carbon oxide and metsbolism 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 m Table 2-1:

Table 2-1: Natural Kidney vs. Artificial Kidney

Natueal Kidney Artificial Kidney
Pumps Heart Blood pump
Filter Mephrons Diglyeer
Weights 10 grams 110 kilograms
Number of fillers Cine millions nephrons per kidney 12000-17000 fiber
Number of dialvsis 0 per day 3 par week




2.41 Molecular Transport Mechanisms

» Diffusion: The movement of solutes fram 2 higher o a lower solule concentration

"Very efficient for removing small molecules”™.

» Osmosis: The movement of waler through 2 membrane from 2 higher to a lower

concentration area.

» Ultra-filtration; lhe movement of fluid across @ membrane caused by a pressure
rradient.

¢ Convection: The movement of solutes with a water flow, "solvent drag”, e.z.
movement of membrane pﬂrﬂrablc solutes with ulira-fikered water,

2.4.2 Dialyzer

The dialvzer is a disposable component in which solute exchangs, or clearance,
takes place, There arg three basic design configurations: coil, parallel plate, and
hallew fiber. In all three, electrolytes, waste products. and waler pass across a semi

permeable membrane into a flowing stream of dialvsate solution.

By diffusion, vsmosis, and Ultra-filtratien (UF), water and metabolites are
exchanged between the blood and the dialysate. Concentration gradients cause wasle
products, such as urea and creatinine, 1o diffuse across the membrane [rom the blood

1o the dialysate, Electrolvtes move in both directions to maintain equilibrium.

Red and white blood cells and proteins are oo 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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The dialyzer performs some of
the functions of a normal kidney.

Figure 2-5: Dialvzer

2.4.3 Blood Circulation in the Hemodialvsis Machine

The external blood-delivery svstem (extracorporeal blood circuit) circulates a
portion of the patient’s bloed through the dialyzer and retums 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 extemnal mbing and
dialyzer. As the pump draws blood inlo 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/fvam deteclors are employed o detect ait in the blood
line and prevent il from being pumpexd imto the patient. External hlood pressures are
monitored on both venous and arterial lines; high- and low-pressure alarms fum off
the blood pump if necessary,
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Figure 2-6: Blood Circulation
Because hlond tends to clot when it comes into contact with foreign surfaces such
as those m the tubing and dialyzer, heparin, sn anticoagulant, is infused through a
syringe pump aseptically connected to an infusion line i the arterial side of the
blood circuil. 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 elots and other debris from reaching the patient.

2.5 Major Risks during Hemodialysis

Even though the safety of the Hemodialysis procedure has impraved greatly

vver the years, the dialyzing procedure is not without risks.

There are many risks that maybe oceur during the dialysis, we mention here
the major serious problems and how companics and developers were able deal with it
and solve it. since there is a recircularion for hlood through differsnt paris of the
machine using different mbes, a blood leaks have a big probability to occur, it is

discovered by blood leak detecting unit. This unit uses photoelectric technigue that
sends and receives specilic 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 difTerent ways ta
detect the dir bubbles, an pider method of dstection is by using a photoclectric
method, another detection method for air bubbles i= by detection using ultrasonic

technique before returning blood 1o the patient body.

Since the sntire system of hemodialysis machine involves wel components.
direct blapd stream connection and elecirically operated devices. So thers is a risk o
leakage some deadly currents to the patient and nurse, 2 good grounding technique

should be used 1o avoid this issue.

2.6 How Air Bubbles get into the Blood?

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

dilferent 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 sream line. The causes of air entrv to the artificial
blood stream through Figure 2-6 include:

¢ [alling out of the needle and the vutllow needle.
» [eaks around anv joint between the outflow needle and the blood pump.

e Air coiry [rom an emply intravenous glass fluid centainer infusion swvstem

before the blood pump.

[ L




* Formation of gas bubbles as the resalt of pressure gradients and (urbulent

flow in the rabes and access.
*  Airentry from damage syringes and tubes
* Air entry from the heparin infusion sysiem placed before the blood pump.

* Daring the dialysic operation by dialysste solution in the dialyzer "artilicial
kidney".

2.7 Danger of Air Bubbles on the Patient Life

First let us define the following terms.

Embalism: is defined as the transfer of abnormal materizl by the blood stream and
its subsequenl 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.

Figure 2-7: Mulmonary Embolism

Alr embolism: a large bubblc 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 hubbles of =ir enter the pulmonary veins (¢.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 capillanies, at that time the bubble will suspense in
the channel and prevent the blood o 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 o
dearth of tissues, and the organ become cannol perform of its job.

The most dangervus elolting occurs when zir bubble reach to the crucial
organs like the heart or lungs or brain. So it's essential Lo supply the hemodialysis
machines with air bubbles derector 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 cireuit of

devices which detect air and prevent it to reaching the paticnt.




Chapter three

Design and implementation

3. Project Design and implementation
3.1 Block Diagram of the Project.
3.2 Power Supply.
3.3 Circuit of Delay Timer.
3.4 DC Vibration Motors.
3.5 Motor Speed Control and Protection.

3.6 Implementation of the Project.




In this chapter, we will present the project’s general block diagram as one single
unit, then we will divide the overall block diagram into sub hlocks, and explain the
circuit design for each hlock as individual unit and the mechanical design “even
thearies” in case of some blocks. After that we will assemble the project again as
single unit and illustrate it by racing the signal of the blocks.

3.1 Block Diagram of the Project

O suppy

Power

Timing

Circuit

supply

Figure 3-1: General Block Diagram
Figure 3-1, shows general design block diagram for the project, which
consists of four sub stages. Begin with DC power supply circuit that [eed all other
circuits with energy. After that there is a Uiming circuit 1o operate the next stage for
desired time. Then comes the final two blocks of DC motor and its speed controlling

circuit.
3.2 Power Supply

This block diagram referred to the electrical eiveuit’s design that feed the
systern with the desired DC input voltage. The designed system need to he operated
with § Volt DC input. This voltage is supplied from the circuit shown in figure 3-2.
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Figure 3-1: power Supply Design.
Before start desigming and implementing this part, | tniad i the first 1o use the
previous power supply circuit existed i previous project, that my partner

et

implemented in the past semester, but the outpul voltage for that circuit doesn’t
match this part of the project requiremenis, thus come the need to implement this
circuit and specify it with this part requirements.

The designed power supply circuil can be divided into five stages:
transformation, rectification, filtering, regulation and protection.

* Transformation.

Transformation is accomplished by the transformer (T1) steps down the 220 volts
to 9 volt AC. the mms value of the output transformer is 91v that means we used the

step down transformer with ratio 24:1.
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Figure 3-3: The Compensation of the Transformer




¢ Rectification.
Rectification is accomplished by the diode bridge configuration D1, the bridge
coaverts the AC voltage to DC voltage.

s Smoothing “Filter™.

Filtering is provided by capacitors C1 which level the rectified signal to provide a
flat de voltage equal to the peak of the un-rectified signal. Some ripple occurs an the
signal and this is & function of the load and the sizs of the capacitor.

* Regulation.

The function of the regulator 7805 is to provide a conszant output voliage. The
mput voltage required to maintain desired output of the regulator must be greater
than line regulation of the regulator, regulator output equal to SVolt pure DC,

» Protection.

This part consists o D2 and D32 diedes. D2 function is to protect from reversed
back currents, while D3 function is 1 insure the output will be =3 velt in the output

node,

Figure 3-4 shows the output waveform from each stage of the designed power
supply, where the first wave represents the 220V 30z source line and the second
wave stated lor the output of the step-down transformer, the third wave is the output
of the {ull wave rectifier, the forth come afler using smoothing capacitor and the final

stage comes aller the regulators.

i - |
| 1 1 ‘ ";"

Figure 0-4; Qutput waveform for each stage.




The ratio between primary and secondary is:

Turn ratic between primary and secondary is about 2451

;220
Vo= H_q']v""’“

Wepeak = VV2 =911 x VZ=128V
Voo = Vipaax —14 =128 —14 =114V

But we need the DC Valtage 5V

RF = —— Eq. 2-2

VE[4TRE—1]

: Vi el —
Vor = Vipear — 4,':R.':‘ Eg. 33

Vszeak LB
RE= e = = 0082
£F Vipeak— Yool 4x50012.8-5)
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B —————
VxS IR D0B2=1])

=.011%

Np: primary turns Ns: secondary tums

R.T.: Ripple Factor RC: Resistor and Capacitor

[ Frequency




3.3 Delay Timer Circuit

This block contain the circuit used 10 get the system DC motors operate for
the desired time, bur first what is the desired time and why we use this circuit?

When air bubbles formed in the blood line, the system siopped by blood flow cutting
circuit, the clinician must chick the machine cycle and removes the air bubble by
hind shaking and knocking manual method Since this process whal we need to
simulate in this project, so we need a timing circuit that operate the motors for
desired calculated time. This time after field research and clinician observation found
to be about 10-15 seconds. Figure 3-5 show timing circuit that will satisfy our need.
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Figure 3-5 Timing Circuit

We use LMS555 TC timer in monostable operation made to get the output 5 Volt DC
for 10 seeond time delay as shown in Ggure §-6.
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Figure 3-6: Output from Timer.
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The time delay T in seconds is:
r=11 €1 x[(R1+VR) Eqg. 34
T=11x10uF x(10K+VR) =115

Switch SW1 for simulating the triggenng signal that comes from the sensor, since |
cauldn’t get a signal from the [irst air bubble detector part of the project. SW2 stated
for rest the signal in case of any fault.

3.4 DC Vibration Motor

Figure 3-7 IHC Motor with Unbalanced Load,

Figure 3-7; represents a permanent magnetic field DC motor. We need to review
spme theoretical basics about the used DC motor and the analvsis for the mechanism
used in a brief way. Then we will move illustrate how this mechanism will ba useful

In Our case,
34,1 The Permanent Magnet DC Motor

since this type of motor uses a permanant magnet o generate the magnelic ield
in which the armature rotates, the motor can be modeled by the elecirical circuit in

the armature alone. If we further simplify the circuit by ignoring the inductance of




the armature coil, draw the following circuit disgram for a simple motor. See figure
3=8.

Figure 3-8 Equivalent Electrical Circuit
¥ is the valuaze supplied by the power source (usually a bamery). and R is the
resistance of the motor's armature coil. This resistance cannot be measured at rest,
since it changes as spead incresses towards the stzady state spead. Kirchoff's voltage
lew leads to the following equation:

v=IR+E Eq. 3-5

By examining the effect of the magnetic field in the motor. and realizing that
magnetic ux is constant. we can arrive al the following two equations relating the

woraue and speed cutpul ol the metor to the supplied current and voltage:
E=1,xw Eg. 3-6
T = H-m_ = I E'q 3'?

These are ofien known as the lransducer cquations [or a molor, since & motor
is really an eleciro-mechanical transducer, The constants Kv and Km are dependent
on the particular motor, bul i they arc expressed in SI UNITS, their values are

always ¢qual, thus

¥ [

W= (ST Sea

It is important to remember that, in this equation, T is the total lorque acting on

the moter. and is generally non-zero even with no applied load, due to the internal

T T .




loss in the motor. This equation implies that the speed of the motor is equal to some

comstant, which is a function of the applied voltage and the motar constant, minus

another constant times the applied torque This is an important relation, since it
reveals that for this motor model, Torque is a linear function of speed,

34.2 Vibration Fundamental Theory

This section covers fundamental theory and useful equations.
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Figure 3-10 3d illustration 3-11 2d illustration

In illustration shove figure 3-10, 3-11the motor is orientated (o vibrate in the

X and ¥ planes, As the eccentric mass rofates, it expetiences a centripelal foree,
which in turn exerts a centrifugal force on the sled. The diagram to the riphl shows
the simplified 1-dimensional (DOF) rotating unbalance spring-damper model which
approximates an chject exciled by a vibration motor. The formulas below deseribe
the motion and generated force based on this model:
ME + Cx + Kx = (mrw?). sinwt Eq.3-9

F

O=nirw? Eg. 3-10




Where:

% :Is the sled acceleralion,

& ils the sled velocity,

x :Is the sled displacement from eguilibrium

M :Is the non-ececntric mass including the sled and motor.

C s the linear damping constant.

K :Is the stiffness equivalent of the svsiem.

Fy Is the force magnitude gencrated by the rotating unhalance

m 15 the mass of the cocentric weight

7 i1s the eccentricity (centre of gravity offset from motor shaft axie)
w :Is the rotational angular frequency of the cocentriec mass in radie

And the motor [requency is:
f= 5“; Eg. 8-8

The vibration response of an object being driven by an oscillating force using
this general vibration model is significantly affected by the mass, damping and
spring rate characteristic for cvery application. For a steady-state condition: after the
system vibration has settled to a constant vibration, the displacement amplitude of
the vibrating body can be approximated with the following formula:

-"-'ﬂht'r“ﬂ'

1
T e




Where:
wy, s the angular frequency at resenance of the system

¢ is the damping ratio of the system (<1 for underdamped. >1 for overdamped).

The figure 3-11 below shows graph for the relation between motor paramerers.
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Figure 3-11 The Relation Between Motor Purameters
Based on the previous information and some appraximation from previous
two sections, we found our objective could be accomplished, if use this vibrated DO

motor with its unbalanced mechanism to generate desired vibration.

3.5 Motor Speed control and protection |

After deciding to use this motar, it's necessary now to build a driving circuit
for this motor to control it and avoid burning this moter, or burning previoes circuit
it the motor consume maximum current than allowed.




Since we choose permanent magnetic DC molor, which is have fixaed
magnetized Geld and the flux is fixed, therefore, it"s not possible to control the speed
by varying the ficld current or flux. The only methods of speed contral available for
motor are armature voltage control “this method will not be used" or armature
resistance control. The second method will be wsed. This method is achieved by
adding a variable resistance that has & good value in series with motor armanire
Tesistance, S0 we can control the armature cumrent by adding varishle resistance,
which control the speed of motor, see figure 3-12. That shows if we change the valus
af | K ohm we can control the spesed of this motor.
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Figure 3-12. Speed control circuit

Thiz variable resistance also used to prevent the motor form sucking more un
allowed current from the source that may be danger on other part of the project, so
il's considered as protection circuit too.




After finishing each block function and design, now we need to assemble the
project again and briefly trace the flowing of the it

First, a signal is gencrated from the sensor 1o indicate the occurrence of air
emboli, this signal we but instead for it 2 bush bumon rigeering switelh that will
simulate the on trigger from scnsor when we need, this signal activate a delay timer
circuit that simulate the necessary lime (o remove the air bubble as tested, the output
of the timer circuit is active high DC pulse. thet will mm DC vibration motor for

about 1355, the speed of the motor can be controllad by & potentiometer as it requires,




Chapter four

Implementation for the Project
and Tests

4. System Implementation and Testing
4.1 Power Supply Build.
4.2 Delay Timer circuit build.,
4.3 Assemble the Project,

4.4 Experiments on Project.
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In this chapter we are going to transfir 2l designed circuils and models on resl
ground. The implementing for each uait will be scparated, and after resting that hlock
and insure it get its function as needed. it will assemblad with other parts to build the
model as onc unit. After gathering the project parts, some tests and experiments will
be dome to increase the project cfficiency and geting the final conclusion and

recommendations of the project.

4.1 Power Supply Build

Based on the previous calculation we start building this circuit, | used a
transformer with the transforming ratio 24:1. so the AC voltage stepped down 1o §
volt AC, the maximum current for this transformer is 500mA. so it supplies our
motors with the desired inputl, after transformer choosing, other parts are simple and
doesn’t affect the flow of the project. Figure 4-1 and figure 4-2 shows the power
supply and its output voltage,
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4.2 Delay Timer circuit build

By gathering all final stage requirements, which include the working delay
time for the motor circuit and by calculating the flowed maximum currents for the
motor, which doesn't exceed |60mA and the casy build for this circuit, we conclude

that the IC LM355 precision timer, “see figure -3 fir leg configuration” is suitable
for our desigm.

—_——
GND | ! m B vee
TRIGGER | 2 7 | DISCHARGE
oUTPUT| 3 m & | THRESHOLD

4 Ul 5 | CONTROL VOLTAGE
Figure 4-3: LM555

The delay time for this cireut can be driven easily by the potentiometer. See figure
3-5 form previous chapter. Figure 4-4 below shows the circuit on real ground.

RESET

Figure 4-4: Delay Circuit




PARTS LIST USED IN THIS CIRCUIT

RI 1KQ -
Ry | 1KQ
Ra | 1KQ
i
CVRL MO =7 f
C3  wF
€3 0.01uF L
E T LMsss

SWL  PUSHTO ON SWITCH (FOR START)

SW2  PUSH TO ON SWITCH (FOR RESET)

4.3 Assembling the Project

In this part we assemble all paris of the project together as a single unir to
start operating it and making testing with ir. See figure 4-3 that shows the averall
system schematic design. Afier finishing this part, the project is ready now to wark,
but befere that we need to make some experiments ta it to see its performance, and

12 add some mechanism 1o increase performance of the mechanism.




Figure 4-5: System schematic diagram




44 Experiments on Project

In this section we will test the implemented model with different experiments,

each one of them has its goals, which will give us a go0d feedback sbout the ystem.

4.4.1 Experiment »1.a: test the maximum consumed current for

single moitor:

In this experiment we subject a single motor to our < volt DC power supply. The
maximum ¢urrent passes through this motor found to be §2mA.

We do this Ex. Without protection resistance o guarantes max current will pass. The
goal of this Ex: to see if the motor burned with the supplied 5 volt ar maximum

carrent.

From this Ex. We canclude that the motor in our system operate safely, since the
max. start current for this motor is 170mA at rated voltaze 5Volt.

4.4.2 Experiment #1.b: test the maximum consumed current for

double motor:

In this experiment we subject double mators to our 5 volt DC power supply. The
maximum current passes through those motors found to be 16 1mA.

The goal of this Ex. 1o see il the 355 timer burned if a max current pass through it o

feed the two motars.

There is no danger from using double DC motors, since the max eurrént could be 200

mA a1 normal aperating.

44 b




4.43 Experiment #2: speed control of the motor at fixed load:

In this Ex. we use the controlling circwit that consiste of 1K ohm variable

resistance.

The goal of this Ex. is to see the relation between current, resistances and when
motors start to rotate. After making the Ex. we genersie the following table:

Resistance / ohm Current / mA ratating
1000 0 No
S0 10 No
60 33 Begin rotating
55 39 Slow rotating
0 83 Full speed rotating

‘We found thar the motor start to rotate at 35 mA.

4.44 Experiment #3: load increase affects:

In this Ex. we increase the load here to test what the hest stretching point for the
motors that will help removing the bubbles in best smoothest way.

From this Ex. we Ond that if the molor énd the load were stretched to each other
Rigidity, we will have the best ability to remove the air bubbles.

4.4.5 Experiment #4: testing a foaming material:

In this Ex. we make a test on sosping material “washing soap” to chick of the
vibrated mechanism will have disadvantage of foaming bubbles.

After finishing this Ex. we lound that no side bubbles have formed.




4.4.6 Experiment #5: testing the bubble size and the position for
that bubble:

I this Ex, we subject our madel to different bubbles size for different material, and
we will test the bubble position and how 1t will affected by the distance between it
and the center of the mator vibration for

The resulted tahle {rom this Ex. is shown below-

Y Y N N

Y Y N Y

T 7 Y N ]

Y Y Y N

Y Y N N

Y Y Y N

T N N N
| J Y N N YES ]

We conclude that our system passes for most liquid material with different density.

We are not able o test blood because the sample is not available,




Chapter Five

Conclusion and Future Work

5. Conclusion and Future Work
5.1 Conclusion.

5.2 Recommendations and Future Work.
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5.1 Conclusion

According o my study and work design through this praject, there are many
important conelusion become clear and significant 2nd must be mentioned. those
concliusion are:

* We build a modsl which has a mechanism thar simulates the humian job
performed with this part of the machine.

* Afier making Experiments end test an this model part of the machine. we can
say that our project is achieve its objective and goal by a good percent.

* This project and any other simulating project can't ever replace the clinician
observation for the operated machine and patient, and the presence of
specizlist is highlv recommended even if his job only observation.

* To increase the model performance we can design it with manufacturing
ebility that give us a design for this purpose,

* Ws can increase the air bubble removing by adding a third motor, but this

step consume extra power which could be danger an other eireuit.
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5.2 Recommendations and 'Fum Work

After finishing this part of the project and studying the previous part conclusion,
wie recommend the follow:

» This project can be much better and have more powerful side and logic if it's

designed with programmable Integrated computer “PIC™, which I couldn’t do
because of shortage of time,

* The Hemodialysis Machine is & device with a wide range of development,
since a lot of its process basad on human effort to complete the therapies.

o If any group need to work with this filed, I recommend them to work in
cooperation with hospital, where they can run their machine in real ground
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Appendix :A

Definitions




Hemodialysis A medical procedure that uses to filter waste products from the
blood and to restore normal constituents 1o it

Kidney One of a pair of organe located in the right and Ieft side of the
abdomen which clear poisons from the blood. regulate acid
concentration and maintain weter balanes in the hody by excreting

urine,
- Nephrons A tiny sinicure in the kidney responsibic on Fler fhe blood in
kidney

e

Blaod A fluid in the body that contains red and white Gl ac sl m
platelets. proteins, plasma and other elements, It is transported
throughout the body by the circulatory system,

“Blood Viscosity Tt is the Iriction fores of the blood on the veis and arteries. are
meinly based on proteins found in plasma,

----------------------------------------------------------------------------------------------------------------

N negalive side, measured in Hz,
~ Amplitude(X)  The mximam valte of voltage, measured by wolt, T '
fﬁﬂ-p&ﬂk ................................................ i R e
The voltage from peak to pegk in the alternating signals,
voltage (Vpp)
""" rms Value  Raot Mean Square, is & statist ical measure of the magnitide of

-----------------------------------------------------------------------------------------------------------------

.................................................................................................................

Impedance (Z) Is a measure of the overall apposition of a circuit to current. it show




Phase Shift

g
Gain{Av)

“Impedance

“Amplification

how much the circuit impedesthe flow of current. It s like
resistanee, but it also effeets of capacitance and inductance.

——— T p—— - m—— — e

“Means Thal the current and voltage A out of phase. in
charging & capaciter when the voltage across the capacitor is zero,
the carrent is a1 2 maximum. when the capacitor has charged and the
valiage is at @ maximum, the corrent is 2t 2 minimum.

current, reaclance varies with the frequency of the electrical signal.

e e - e e B e

power or voltage ar current
expressed as the ratio of output to input .

The amount of increase in siznel

——————— e S e e - gy

"1 a comprehensive expression of opposition 1o electron fiow,
including both resistance and reactance, impedance is the general
name that give o the ratio of voltage to current,

"The amount of increase in signal power. voliage or cament

expressed as the ratio of output to input .

..........................................................................................

consisting in peneral of two metallic plates seperated and insulated

fram each other by a dielectric, also called condenser.
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« Microsoft Office Word 2007
« Adobe Reader 8.0

« Multism 10.1

- Paint

» Google Chrome

» Microsoft Office PowerPoint 2007

o Circuit Maker 2000
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324-102

| 2,

24mm Vibration halor- 12mm Type
Shown on Gmm [Ecmalic Erid

PRECISION

=

MICRODRIVES

Product Data Sheet

Uni Vibe™

24mm Vibration Motor

12Zmm Type

Model:

324-102

Ordering Information

The modal nember 324- 302 ully defines the madel, vanant 200 S3I0NE SSmes OF e
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Physical Specification

SPFECIFICATION
CONDITIONS
VALUE TCLERANCE
Eody Diemetar Max body dizmeter or max fecs demension whare 244 mm - 2.2 mm
nan-clircular
Bady Length Excl shafts, leads and terminais 124 mm I +5H 01 mm
Unit Waight 2889 g
Counlerwveight Radius Radius frem shafl for non-Cylindncal weighis 5 mm + 0.2 mm
Counteraeighl Length 8.5 mm 41 0.2 =

Construction Specification

SPECIFICATI Dﬂ_ -
WALLE TOLERANCE -

| Meter Construstion lren Care
| Commutation Fracious Matal Bnsh
[No. of Poles | 3
i Bearing Typa | SBintered Bronze

No. of Cutput Shafis 1

Shaft Orientation Inline

Leads & Connectors Specification

SFECIFICATION

PARAMETER . CONDITIONS

VALUE TOLERANCE

fLmd Length Lead lengths detined as total length or betwesn B0 -mm 2 mm

motor and sernneciar
| Leed Strip Length ' 2.5mm +1= 0.5 mm
Lead Wire Gauge l 10 AWG ==
| Lead Configusation | Straight

Conformity Limits Specification

S SPECIFICATION :

PARANETER 1720 s CONDITIONS LA SR

! Rated Voltage . : - . 5Y
lnertial Test Load Maas of standerd test sled 1000
Maz. Start Curreni At rated valtage 170 &
Mzx, Oparating Voltage R
Certified Start VYoitage I1||'||"||:1 the inestial teat wad 1Y
Fated Spesd | At ratad voleage using the Inartlal teet laad 2800 rom «l. 550 rom
Min. Vibration Amplituda i F'aaif-m-pead: valua at rated valtage using the 0.4G
[ Inertial test Iy
Maz, Cperating Current | &t rated voltage using the inertial lest load Gl mA

RO 2L 22012 Preciicn Micsadrivas Limitad
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Typical Packing Conditions

SPECEICATION
PARAMETER CONDITIONS
VALDE TOLERAMCE

Carton Type

RSO0 407 & 2072 Precision MicToanves Limied
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Product Dimensional Specification
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Vibration Fundamental Theory

£ mare in-dagth. pUidance can Be found on our wabsils www gmcsionmicdrives oo This section covers fundamantal thsory 2nd
Jesfyl asiations

STRMLAST I
WMASS BT
WMOTCS UHLER TEZT |
LY
.
ACCE SRTAETES T P TR FE T
/ \m (LR L i
£ ]

In ibusration above, the Mok is orentalad o vibralte i e X end ¥ plemes As s eccarite mass motsles i BApeEnCas &
corlrpetsl fonza, whish in tum exers @ centifugel lorce o0 0% med. The diagram 13 The fonl shows the Smplisc
1dimensional (DGR ratzting unbalssce sprirp-damper model wisch apcroomsise 5 SlRas dxoited by 4 vibvabon molor

The farmulas below dagcribe e motias an:I.;,u'u,waqer-" lopeg basas am emje —ona)

M +torrhe={mruilsn et and Fo=mral

wherg .
F |z the siad accelzration £ = tha fome magnitude gererst=d By the rotating untalamce
= |s tha glac weiocity ™. B e mEss of e scoentno weight
T 5the gled dispacement ‘ram szulibrm T 18 \ne sccartricity (centre of gravity cffsst rom malor shafl =xis)
Af iz the non-accantic mass incliding fhe sled and motor | (0 15 the rotsthonal anpulét frequencw of the scceninic-mass is radls
¢ is the lirmar camping carstant el e mtar boguency =2 f= R

E s the adfrees scunalent of e system

T vibrabon responge-of @n cbject belrs orbean by an se=iiating feres using this garel vibestior model (5 s grifeanty aected by
tha mass. damping 20d sanng mite sharzctedsds for every asplicadan. Sor a sisady-stale condiliom; after the svsiem vioreton fas
satiad to -3 consmant vibeation, the disclcement amalitude of the vibrating Dody can ba approsirslad with tha falizwing ol

wihars )
Wy, 12 e angulEe fraquancy at reschanoe of tha systen

£l e dampling fataa’ e system (<7 for undendamped, =1 for owerdamped)

The chast on e gkl shows the vibraton maazsnss [

from the model with diffarart Samping caios and ] = - o ———
aw=osd the fFequency range: The responss 3
irfigenced greatly 3l resonarcas whisrs the frequeney " '
ratiz is 1 S \
| = I}

Tha sxciafion racursc o dhive the wibration &l T E ! | I|||
=teady-stats 5 balancad by tne energy koa: ram e - “f |I
Syetam frough dampimg. Witk denping sresent, ha 3 ’ ‘_,_, Fs W AT
farcs-disziacement relatorship will reprasent a n’"r' " S e D
ysteresis loop prapodioral iz the snangy kost per 2
m E a i NP R Mgy
Based 0n an daalifzd viseous damping mode e -
energy dissipaied par cycle can be simplfiec o he i
following formula:

W p=tprkd- a : - - _ :
e co 0 1:0 18 mn 18 30

1 18 the equivaient damping o3 facior NI i i) ]

W, the ‘enzngy dissipaled per cyole sk

ard .n. Sowear 2! =5 B

RO001 - 3 &20% 3 Brassinn Microdives Limited
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Typical Approximate Values

The formules. om the previcas page & besed on e simpified | Matedal Approzimaie Loss Facior
tasreticel moded of the behaviewr of a disoresl objeel under T
influarzs of an osciiebing force umisr © a vibodon mor, Tne | Mewds P0G
praclical wsa of theze forumiss i ==fimate the performance of our vikesson kES ootz
mictars muires key unique charadtenshios from your appkoatorn. :
FA B3
Tha abe on Iha Bghl shews & lew typhoal velues for the loss Sacles
far wBrous mElSrEls 8 2 pucanca for mawaraie  which @rs | Meecprens Qi1
ranamitting the vibrmastior from the Wiomtise molor Damping rafies & = Sy o4
vibration (eslatad systams tynically vary fom 005 o Q8 depending on e |7 0 oo

spplication; The siffiness of the sysiem & e Torce per anil dispiasement
(M) &l thevilwrsbng system.

Understanding Vibration Specifications

The-tegtng sied shown or ha pravicus paos shows A simpifisd view o ors OF oo =Sorsted vibeation tagt-shad that wa usa t=
produce [ha bypical fgurss pimed In thls datasheet The viaraton meior is sscorsd 0 2 'si=d of mown welght ard a circult board
confalning a salbrated accsleromesr and preemplifis:, feace et sismak irss one of o0 compulsr conirollac festing suites, Our
sofiware-and Q6 precass check these figures sgainst the conformily s, a5 well a8 protuong tyoical velues,

In _grder W cherecense the diferent vibralon moles Wil
meprasaniaive peformenca velues, the tzaling platdzem & designec

with a ‘ary low rasonance fraqoency and damping The low
resonance. frequency alows: e motors 10 ba fesied  withous
tigrifizant impact from the resonance resgonse of the System

o

F
\

Trie aras showr ar the chadt on the right indicates fhe jdeai 2at aras
for characadaing the moter. The test frequency shouls ba graater
tran couble e-systam fFaguancy.

TR

Ty

Using this se: up, the govarning modal zan oa simoifac lor he tast
ronditicn s foilowemr

whera
A mibelolal syslamrags (eccenthic mess o< okl mass)
& i ie vcrsbon accalmration (pRak-tn-peak| in 'E's
L= motoe soacifin constant (mass of 1ne accerttie waight & actantrait, |
ui ks the mator sased in radés
gy Is the stendard graviey (3,807}
Procucls ara OA passed i they meat the confamity limits (bath slacrical and
macharizall shawe an page 2 of iBls datzshess Tyoical valose, shown an page 3 of
fnls catashest can vary betesen “;ﬂ.lu._'raclurng pelenzs end operatng condibiors,
ard shoulc anly be useC o5 QUItanca.

Thea minkmurm level of vibeation wrich most nealthy humans cer percalea or naked
e2im 2 0.04 G . Since e force that ths vikeaics mator censrstes &t 3 ghvean apead =
fad, increasing e mass of the vibrated obvect will daor=ase (he et acoelestion,
and reducd he chance of il bengg parcaived. Erge, largsr disvices feguire largs:
vibration modors. Adcitonally, the vibration erasgy dizsicatas T he vbradng bacy
i& nalanced by the axciafion anergy from the mater. Consider that & motor whiss is
Echtly clamped b2 2 hard sufans =g @ desk wil draw sess cumeant than 3 matar
izt is reld by hang, in te latler, the vieation enargy dissipeied fa highes then the
desk and 2 cufrerl graw for the dask-dampas molor wouls be bpically hall ar s
trire that of the hand heid mator.

Tha typecal valies presented include mo constarits faken for the vibeation motor i
start and stop. These gan be ussiul to consicer, 83 8 puising WorEhor i3 ganeraily
purcaivad la bs mora afaciiva at aitrasfirg shentiss ihan sonstart viosbon, Thass
tma consiants oatamuire B2 coactszl imits of the puising Tequsncy. Some
applications can also borefit from madulstzd vioraiion whers ora vares te drive
spnal (b g, oulse-widdsrrodilsbion ) nsuch 8 way 1o create an amplitude-rmcdulated
yibration, 83 shown right. This azcliiozcopes pict waz-tacen Fom 8 massager which
we deaigned; 2nd the 20 signa’ vas gensrated fram 2 sink look-us tahie Insids 2
micsasoninlles. The aive circuit eeed by e apobeabicn Is pical and shown aght. &
sonsksts of 8 high-side MOSFET diiven by & macantiollsr ard @ Schottky cipds
arresd the matar la'cfer protaction from the molor's inoucive: slemem:

(A
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LMS555

Single Timer

Features Description

« High Carrent Drive Cepebility (200maA) The LAL5535 15 a highly smble controller capable of produc-
o Adiustable Duty Tycle ing accurate tming palses, With 2 monostable operation, the
« Temperature Stability of 0.0055%0°C tme deley  comirolled by on: ¢xremal resistor and one
+ Timing From 1522 10 Hours cEpaciion. WHE a0 astble operation, the freguency and dury
+ Tirn off Time Less Than 2iSec cytle ars sccurstely controlled by two external resistors and

Oh& SEpASTEW

Applications
pp g-Dim
* Precision Trming

+ Pulse Generation ’
+ Tims Delay Generation 1
= Sequentizl Timing |

Internal Block Diagram

Comp; Discharsing Tr. _/l\_
e ™~ 1 Discharge

Output(3— % :1;:: F/F ‘—:—I:D’l'h reshold

Control
Reset (1) s
H‘i"' 6 T {) VDH age
—t

Rev. 104

2911 Falrchild Semiconducter Corparetian
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Absolute Maximum Ratings (Ta = 25°C)

| Paramater Symbaol Value Unit

| Sl__ng_'_.-'_ II..f.:nl’t_ag»a Voo 18 Vv

| Lead Temperature (Soidering 10sec) TLEAD 300 c

i Powar Dissipation Fo ECO W

| Operating Temperaturs Range (LM555] ToPR 0~ +70 =
Starage Tamparstiurs Range Ts1C £5 ~ +150 ™
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Electrical Characteristics

(Ta = 25°C, Ve = & ~ 15V, unless otherwise specified)

| Parameter Symbol | Cenditions ‘Min, | Typ. | Max. | Unit |
Supply Voltage veo - 45 | - | 18 v
Vo =8V, RL== - a & mA |
Supply Current (Low Stable) (Notad) Ic '
s : i © [Voc=15v Riz= NEaEA S
Timing Error (Monostable)
Inftial Accurasy (Motal) . = .
Crift with Temperatura (Notad) Afﬂ.:_ﬂ RA = 1k 191000 2 5’;" =0 pp:.:.m
ith Supp; : : =0 4uF o
_ Drift with Supply Voltage (Noted) AVAVES £ T 0.1 0z a0
Timing Error (Astable)
Intial Accuracy (MWots2) ACCUR | RA =1kl to 100K A 2.25 . %
Drft with Temperature (Note4) AUAT C=01yF 156 ppmitc
DA with Supply Velags (Noted) AlAV e~ 0.3 aeny
. | Ve =15V E 10.0 .0
Control Voitage Ve o s ey o
! | Veg=5v | 28 | 333 | 40 W
Vee =15V | - 0.0 - v
Threshold Voltage A ' -
5 ™ ooV | - [ 333 - v
Tareshold Current [Nota3) ITH - l- 0.1 | 6.25 oA
Triacer Voltage yve | VOC=SV | 11 | 187 | 22 v
- > e ™ [Vec=15v 45 | 5 | =58 v
Trigger Current ITR VIR=0V | oo >0 wh
Rasat Voltage VesT - | 04 T 1.0 W
Fessat Currant IRET - .1 C4 mA |
Yoo =15V
IsiNg = 10mA - 8b8 | 0.25 W
Low Output Valtage VoL I3inK = 50mA, 6.3 | 075 W
Ve =5 - :
R - | 0os | 038 v
Voo =15V
Isource = 200mA, 12.5 - v
High Qutput Voltage VoH | IsoURcE=100mA | 1275 | 122 v
vee =5V 7 1 g
' IscuAcE = 100mA i) S &
Risa Time of Output (Noted) | R - . 100 s
Fall Time of Qutput (Noted) I - - [ 108 | - ns
Cischarge Leakags Curram E ILa | - - 20 100 i,

MNotas:

1. Wihen the sutput is hign, e supply curent Is typically 1mA less than at Voo = 5V
2. Tested at Voo = 50V and Wi = 18y,

3 This will determine the maximur value of Ra + Ba for 15Y operation, the max. total R = 20M0, anc for 5V operation, the max

toral B =&, TMiL

4 Thess parameters, alfficugh guarantaed, ara ok 100% t=sted In produstion
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Application Information

Table 1 below is the basic operating labls of 55 timer:

Table 1. Basic Operating Table

Thresheld Voltage Trigger Volage Dischargina Tr.
Vi (PIN &) VoXPIN 2) Reset{PIN4) | OutputiPIN 3) s
Don't care Don't care Low Low ON
g Vith > 2Vee ! 3 Nin > 2v5G / 3 High | Cow ON
Vec /3 <WVine2Vee! 3| Mee /3 «Vith =2 Ves /'3 Hiah l - =
Vih<Vec ! 3 Vin < Vec/ 3 High ™ High OFF

When the low signel inpat is applied w0 the reset tormingl, the Hmer outpus remains low regandless of this thresheld voliage or
tae trigger voltage. Only when the high signal Is applied to the resst terminal, the fimer's cutput changes sscording o
thrashold voltdss and Idager voltsue,
When the threshald voliage exceeds 23 of the supply valtage whils the timer output is high the dmer's internal dischargs Tr.
turns on. lowerine the thresheld voltags to below 13 of the supply voltage  During this nmez. the timer sutput {s maintained
low  Later, IFa low iigﬁﬂ] is upp[i::_{ i the :rigg::r 'I.H.'Il[:';Et g0 that itheromae 175 of the ;up]'t]:.r NI!I“Z-LEI.‘.. the limers inlernsl
discharze Tr. tums off, increasing the threshald voltaze snd ériving the timeér autput asain at hish.

1. Monestable Operation

o
Pt
a0 £ A
RESET .
Trgoes mscH, T ——

o—"—{ 2, TRIG

L

Figure 1. Monoatablo Circuit

T e, Bl din

,,/"i"\-nr-ml

e

17

jI/ill ba

ml“ RS E1 (R L

L
|

Bt T ] i, i Vi 20

Figure 1. Waveforms of

Monasiakle Operation

i

Capaslinnce(ul

Tl Lol i s

Figure 2. Resistancs and Capacitance vs.
Timea delayitd)
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Figure | illustrates a monostable ciecuit In this mode, the timer generatss a fised pulse whenever the trigzer voltage &lls
below Vez/3. When the mizger pulse voltage applisd to the #2 pin falls below Veo'3 while the timer ourput is low, the timers
imcernal flip=flop turns the discharging Tr. o and cases the Himer output 1o became high by charzing the exiemal capscitor 1
and s=tting the flip-flop output at the same time.

The voltage across the external capacitor C1, Ve increasss exponentially with the lime constant t=Ra " C and reaches 2Vee 3
ated=1.IRA*C. Hence, capacitor Cl is chatged through resistor By The grestes the tims constant RaC, the longer it takes
for the V| o reach 2Veo'3, In ather waords, the time constant AT contrals the output pulse width,

When the applied volage to the capucitor C| reaches ZVCo/E, the comparator on the ingger terminal resels the flig-flop,
turning the discharging Tr. on. At this time, C1 begins to discharge and the timer sutput converts to Jow.

In this way, the timer operating in the monosable rzpeats the ahove pracess. Figure 2 shows the time coastant refationship
based on RA and C. Figure J shows the general weveforms during the monosssie operstion,

It 10zt be noted that, for 3 normal eperation, the trigger pulse voltage necds 1o maintain & minimum of Voo befoee the timer
output tarns low. That is, aithough the output remains unaffected even i a differens tmgger pulse is appliad while the sutput is
high, it may be affected and the wavefiorm does not operate property if the tngger pulse volase at the end of the ouTpLt pulse
remaine at below Veo'3. Figure 4 shows such & timer outpur abnommaliy

TV alirr, S

=
L[] Hmﬁ |

i i

3

it - ;

Fe :
7Hﬂ'ﬂTw-:?-dr":r'§,,f““i' P
H;’f | a0 |_..f_‘

B =ikl B =1kl C1=8,01ufF, Vic=sv
Figure 4, Waveforme of Monostable Operation (abnarmal)

2. Astable Operation

= Mg
. | -
L f_ 34
A —
REBET Ve L | R
SiseH. 7 i 5
e N b z
,."i" TPRs =
T THRES| 8 ) . i
L ]' [«
=y | EHT e e 1
k GhD RENR S
Reg L e T es
I ()
i
Figurz 6. Astable Circuit Figure €, Capacltance and Resistanze vs. Frequsarncy
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< f
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Ro=Ihin R o= 1kil, B =1kW, CI=jgF, Vis=sy

Figure 7. Waveforms of Astable Opsration

An astable timer operation is achieved by adding resistor Ra to Figure | and configuring as shown on Figure 5. In the astabie
eperation, the trigger terminal and the threshold t2rmingl sre connectsd & that 2 self-migzer is formed, operating a5 a muki
vibrater. When the Umer output is high, it intemal discharging T turns off znd the Vo[ increases by exponential

functicn wih the time constant (RA~RER1*C.

Whan the V1, or the threshold voltaze, reaches 2Vew's. the com parator eutpul on the trigger tarminal bezomes high,
rzsamung the FF sand causing the timer output to become low. This in mrm turss on the discharging Tr. and the C! discharges
through the discharging chsnnel farmed by Rp and the dischazging T When the Vo1 falls below V'3, the com paralir
gutput on the trigger terminal beeomes high and the timer output becomes bughsgain, The discharging Tr. tums off and the
Vil rises again.

In the above process, the scetien whers the Umer cutput is high is the time it takes for the Nl o rise fom Vo3 t 2Veo 3,
and the section whers the timer output is low is the time it lakes for the VTl todrop from 2% 3 1o Veo'3, Whensmer autput
5 high, the equivalent ircuit for charging capacitar C1 is as Tollows:

R, R
AWV VY

+
Vo Cl =7 Vel =Vee?

dw’m 5 UGC—‘."I;'})

“TH TR,

'w'c.liﬂl*-} = ".r"I::.'E {2

[ .'r_-—|.'—l.:~l

: 2.:-. VAR TRgIGTe -,

Vgt = Vg 1-3e (3)
L%

Since the duration of the timer output high statet) ie the amount of time it tekeos for the Viooft) to reach MVee/s,
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Ordering Information

Product Number Packa ge i Cperating Temperature |
LMESSCN 3-DIF 3
o= : 0~+70°C
LMESSCM B-301C
CISCLAIMER

SAIRCHILD SEMICONDUSTOR RESERVES THE RIGHT TC MAKE CrANGES WITHOUT SURTHER NOTICE TO ANY
SRODUGCTS KEBEIN TO IMPROVE RELIASILITY. FUNCTION OR DESISN. FAIRCHILD DOES NGT ASSUME ANY
LIABILITY ARISING OUT GF THE APPLICATION OR USE OF ANY PRGDUCT CR CIRGUIT DESCRIBED HEREIN: NEITHER
DOES [T CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS,

LIFE SUPPORT POLICY
FAIRCHILE'S PRODUCTS ARE NOT AUTHCRIZED FOR USE AS CRITICAL CTCMPONENTS IN LIFE EUFPPORT DEVICES

OR SYETEME WIT=OUT THE EXFRESE WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCEILD SEMICCHMDUCTOR
CORPORATICM, Az ussd harain:

1 Lifesupoor devicas or systems 8re devices of Sysiams 2 A crfdcal componend in any componant of alife sepoort
which, (2) ara intanded for surmzal mplart inta the tody Savica or systam whosa faluns e parform can oe
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