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ABSTRACT

Ihe "Design & lmplementation of a Top Table Auleclive” project will be
used to sterilize medical tonls; it uses steam under pressure as sterilizing asen! 1o kil

the microorganisms on un-srerilized medical toals.

Steam under pressure is including production of steam in closed chamber to

praduce satorated staam which has miore heat contepls,

The motivation for this project based on the desire 1o pain experience and
greater depth of understanding the sterilization instrumentation, and implementing

thie design to achieve sterilization process.

This report contains the design for this project which was implemented.
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Chapter one

Introduction

1.1 Overview

Il is obviouy that Biomedical Engineering Technolozy has a zreat impartance
an the health-care ficld which makes our life safe by designing biomedical devices to
achieve better diagnostic and tregtment of disepses, Some ol these devices #re used
a5 precaulionary devices 1o decrease the ability of infection by killing the causes of

diseaces such as bacteria and viruses.

Cr project "Design and Implementation of a Table Top Autoclave” that will

bu used as precaulionary device to kill the microorganisms an medical instruments,

Steam under pressure at specified temperature for specific perind of time iz

the process of killing the microorzanisms.

The main aims are Designing and Implementation of a Table Top Autoclave;

the device will be microcontroller based which controls the whole processes

procedurss and errors' teedback.




1.2 Project Objectives

PIC microcontroller 1o
1. Kill the mieroorganisms on the medical Leols.
Contral whole pracesses in rhe svstem using PIC microcontraller.

3. Use this desipn in medical field.

1.3 Scheduling Table

The timing mansgement will divide the system hicrarchy according o the

actions:

T1: Preparing 1o the praject: this stase of the project primarily aims to identify the
centents of it discuss the initial information, and evaluate the project tasks and

lewvels,

12: the profect anafvsis the analysis process includes extensive study for all

possibie design options of the project.

T3: Comeeprual Design: project objectives, design block diazram that will be done

and we will shoaw how our system will wark.




T4: Stuaving preject componan ad sehemonic analveis: it is ngcessary o study the

specifications of project components Lo meet the reguirements of the project.

T3: Preparing project parts: determining e approprigte eleetrical and mechanicel

components tht are suitable for our design

T6: Pragramming microconiroller: writing subprograms from project, and testing

them on subsystem circuits in erder to buill whole svstem program.

T7: Hardware implementation: melude building electranie cireuits. mechanical

subsystems, and finally combining them togerher,

T8: Tesiing the svsten: 12sting the system. caliheation, discovering the prohlems, and

solve them.

T9: Wrriing the documentation: writing the documentation of preject.




Task ) Week | 1

Table 1.1: The Tazk Duration
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1.4 Estimated Cost

This section lists the overall cost of the components that are considerad in

implementing the system.

There gre many electrical and meachamcal parts with expected cosr as follow.

Table 1.3: Hardware Cost

Camponent Coat

| Chamber E130.00
Flectrical parts €200.00 |
Temnperature sensor Eiﬂ.ﬁr
Mechanizal parts €300.00
[lectronic compaonents E500.00
Total €1200.00

1.5 Project Risk Management

There are a Int of risks thar occur and we have to declare them in the early

time of the project designing and manipulation, when we nd a problem we should )

try to solve it without affecting on the whole project.




1.5.1 Ilardware Rigks

The maost imporiant hardware parts in pur prajecr are the PIC microcontroller,

valves, level sensor. and temperature sensor. The predicted risks arg:

* The temperaiure sensor, valves and level sensor does not respond,

o Wrang connection of mierocontroller,

o Temperaiure SCnsor acCUracy.

1.5.2 Group Hisks

& [llness of ane or more of group members.

s (iroup meeting difficultics.

1.5.} Project Risks

# Inaccurate schedula.

« Latency of devices arrival.

Hecovery

e Demand device at earlier time,

s Srart working on the implementation earlier.

+ Llse aliernate devices with the same functionality and less cost.




1.6 Report Contents

Our project is divided into seven chapters: these chaprers could be deseribed

g follow:

Chapler 1: Introduction

This chapler presents overvicw, project objectives. project scheduling.

estimated cost, and report coments.

Chapter 2: Theoretical Background

This chapler discusses the sterilization; tvpes ol sterilization, hardware related

to the project, and theorerical hackeground ahout project components.

Chapter 3: Project Conceptual Design

This chaprer explains the project ohjectives, and project desien block

dingram.

Chapter 4: Detailed Technical Project Design

This chaprer includes project phases. and subsystem detailed design.




Chapter 5: Software

This chapter includes software of the project and flowehart of the process.

Chapter 6: System Implementation and Testing

This chapter includes implementation and testing O vur desivn,

Chapter 7: Conclusion and Future Work

This chaprer includes conclusion and suggestions tor development,




Theoretical Background

Betore we starl in project design, we musl bave strong theoretical background

ahaut the project and its companents, so this chapter will discuss these fopics:

2.1 Sterilization
1.1.1 Sterilization Definition
2.1.2 Types of Sterilization
1.1.3 Monitoring ol Sterilization
2.2 Antoelave
2.2.1 Autoclave Definition
1,1.2 History of Autoclaves
2.2.3 Theory of Operation
224 Types of Autvclaves
2.3 Project Theory
2.3.1: Main Idea
1.3.2 How docs Killing Occur
2.4 Preparation for Sterilization

2.5 Project Compoenents

10




Chapter Two

Theoretical Backeground

2.1 Sterilization

2.1.1 Sterilizarion Defimition

Sterilization is a process that clleclively destroys or eliminates 2ll living
microorganisms (such us bacteria. fungal spores, and viruses) from a medium
equipment, [oods. medications, or biological culture medium. It is commonly used o
mreserve vod products in the food and dairy industries. Sterilization 2ain be achicved

through application of heal, chemicals, irradiation, or filtration [9].

2.1.2 Types of Sierilization

Sterilization is classificd inte four categories according to nature of sicrilizing
= =

agent, and these are the types of sterilization [5];

]
]

[leat Sterilization.

2, Chemical Sterilization.

i

lfonizing Radiation Sterilization.

4. Starile filtration,




Table 2.1: Sterilization Standards (2]

i:S_teri]izﬂiiﬁn Method

Standurd(s)

' |lear Sterilization

150 20857

Steaim Sterilization

(50 11134, ISO/DIS 17665-1.150/5 17665-2

Eihyiene Oxide

[SO/DIS TT135-1. ISO/DIS 11133-2, 180 10993-7

| (Residuals)Radistion | ISODIS 11137-1. 1SO/DIS 11137-2, ISODIS 11137-3

ihers

IS 10993 (1-181. ASTM E1766-05, F2347-02, F2103-1, F2064-00

2.1.2.1 Heat Sterilization

eat sterilization can be either applied in many techniques depending on the

rvpe of what will be steriliced. These forms include Dry Heat, Moist 11eat, Flaming,

Incineration. and boiling in water Tor 15 minute.

I. Dy Heat

This technique of sterilization depends on hested air lo inactivate and/or kill

the microorganisms, It is used [or instruments that can withstand high temperatures

or that cannot be sterilized vsing other lechniques, it is often used for glassware as it

sterilizes and dries in one operation. In this technique the heat tabes much longer to

be transferred 10 organisms therefore, it usually requires higher temperatures and

lunger exposure times: which can be decreased using ventilation system to move the

heated air inside the sterilizer [9].




The microbial death occurs due to destruction and cosgulation of nucleic

acids and proteins, alsu the reduction of water contants in haclerial spores.

[he application of dry heal sterilization utilizes a dry oven-like environment.
The air inside the chamber is heated and allowed to equilibrate tn a constam
wmperature. The duration of the procedure is a factor of the applicd wmpersture, The
rime and temperature may also vary depending on the nature of the material being

steriliced. Tuble 2.2 provides guidelings for the sterilization of medical devices using

dry heat | 5].
Talile 1.2 Temperatures and Uime of dry srerilization [§]
[_ Temperature Sterilization | : Time
: I G-min {unwrapp-;:dj W
‘ 190°C{rapid heat) :
12 min (wrapped)
17072 6l) min
160°C 120 min
150°C 150 min
1407C [ &l min
121°%C Overnight
Advantages

e Betier for some products. e.g. Powder.
*  Dues nol erode glass.
«  Minimal rusting effeer,

s Reaches some parts of instruments by conduction.

13




Disadvantages

e Long exposure times,
o  Heat penetrates slowly and uncevenly,

*  Damages some rubber goods and burns fabric or. paper packages.

2. Steam Stertlzation

This technique uses steam under pressure 1 kill microorganisms, Heating of
mstruments accurs by bath steam penetration and heat conduction. The sterilization
is dependent on the lemperature. pressure, the duratinon of exposure to stcam.
packaging of the material and size of the lead. It is important that the autoclave

chamber be loaded corvectly so that steam ean circulate and penctrate [97,

The mechanism by which moist heat sterilization kills microbes is similar 1o
that of dry heal sterilization. Proteins and nucleic acids coagulation oscur quickly
unce & critical temperature is reached. For the same reasons that protein and nucleic
acids destruction Inhibit the abilily of bacteria o replicale or continue metabaolic

processes [27.

Steam sterilizarion has temperature-time standards, these standards will be

shown in the following table, Table 2.3

14




Table 2.3: Steam Sterilization Standirds

l'emperature o7 Time Minute)
121 15
|34 1.5 |

Advantases

= Very effective. because saturated steam carries seven times as much available
hicat as air al the same temperature

» Least expensive method of sterilization.

= Relarively low temperature requircments (compared to dry heat sterilization).

= Speed, process simplicily,

o Lack of toxic residues when comparzd to methods such s ethylene ovide
sterilization,

o Smce moist hest sterilization is performed in a pressurized environment. #

can also be usad to sterilize liquids.

Disadvantages

The disadvartage of moist heal sterilization comes from the prescnce of water

and the use ol ¢levated temperarores,

» Unsuitable for plastics with low melting points, powders. labilejunstahle)

materials, anhwdrous cils (oils free of warer) or synthetic and matural

pulymers that are readily degraded by hydrolsis,




3. Flaming

ftis done to loops and straight-wires in micrebiclngy lahs. Leaving the loop
in the flame of a Bunsen burner or aleohol famip until it glows red ensures that any
infections agent gets inactivated [2].

Advantages

» Ellective for small metal and glass abjects,

Disadvantages

s  Can't be used for large objects.

»  Destroy sharp edees of madizal 1ools.

4, Incineration

This lechnique will alsa burm any orzanism to ash., It s used Lo sanitize

medical and other bio-hazardous waste belore it is discarded with non-hazardous

waste [9].




Advantages

»  Hichefficiency in destroving the medical wastes.

Thisatdvantases

¢ Lsed only for destroving the medicsl wastes,

5. Boiling in water for 15 minutes

This will Kill most vegetative bacteria and vituses™: therefore hoiling is
unsuitable for sterilization. However, since boiling kills mast hacteria and viruses. il
1 useful for reducing microbe levels if no hemer methad is availsble. Boiling is
simple process, and is an option available o most anvone most anvwhere, requiring

only water, enough heal, and a container thet can wilhstand the hear [™.

Advantages

» Cheap method,

s Availability.

Disadvantages

s Lnrelishle method.



2.1.2.2 Chemical Sterilization

Uther type of sterilization i Chemical sterilization. Heat sterilization
provides the most reliahle way of sterilization. but it is not always apprapriate,
because it will damage heat-sensitive materials such as hiclogical materials, fiber
optics, cleetronics, and many plastics, chemical sterilization implies use of chemical
fiquids and gases. There are many of chemical substances used in sterilization such

as Ethylene oxide (formalin gas) and Chlorine bleach [5].

1. Gas Sterilization

It uses formalin. or more communly. efhvlene oxide gas (ETO). Now we
want to explain cthylene oxide ETO gas method, ETO is an unstable ring structure
capable of reacting via alkaline with functional groups found in nucleic acids and

proteing in microorganism. this reaction destrovs microorganism |5 ).

Advantages

o Relatively low lemperaturs requirements (compared (o heat sterilization),
¢ High degree of penetrarion of the E10 eas into the tareet device.
* Temperature and maisture sensitive materials are more readily sterilized via

LT than by heal sterilization methads,

13




Disadvantages

o The wxeiy of the residual byvproduets.

*  lhis material may reacl with Uhe lunétional groups of birmaterials,

2. Liyopid chemical

Another form of sterilization and a part of chemical sterilization. haowewver,
sterilization is achieved by a perind of immersion in g hiph level disinfeetant. this

mcithod i rarcly used.

Well known and home usable method is Chlorine bleach as liquid sterilizing
apent. Tlouseheld bleach consists of 5.25% sadium hypochlorie. Bleack will kill
many erganisms immediately, but for full sterilization it should be allowed to react
for 20 minutes. Bleach will Kill many; but not all spores. 1t is highly corrosive and

may corrode even stainless steel surgical instruments [3].

Advantages

= Elfeclive lor heat sensitive mslrumenls.

Ihisadvantages

+ High toxicity for biologic matcrials.

(B




¢  Longz immersion time.
+  Difficully in determining effectivencss,
»  Fresh salutions may be needed for cach Toad.

s Health risks to those handling the solution.

2.1.2.3 Radiation Sterilization

Radiation sterilization ig the most commanly used technigque lo sterilize

biological material at present time.

The purpose of radiation sterilization is 1o destroy living  organisms.
Irradiation may also cause changes in the physical propertics of items especially

plastics, film. and electronic media.

The radiation syvstems have four forms;
* Gamma irradiators.

o Flecrron beam.,

s Xoray,

»  Uliraviolet light irradiation.

Gamma rays use 2 high energy cobal or cesium source which is radioactive
all the time but decays over lime and reguires periodic replacement. They are very
penetrating and are commonly used for sterilization of disposable medical

equipment, such as syringes, and needles. Gamma radiation reguires bullky shielding
quip : M q




for the safety of the operators; they also require storase of the radicisotope; which

continuously emits gamma rays [$].

E-Beam irradiation involves the generation of a beam of ¢lectrons. The beam
of elecirons can be manipulated to achieve the desired dose by varving power and the
exposure time. The sterilizing effect of e-beam irradiation on pelymeric materials is
similar to that of gamma irradiation excepr for less penetrabil ity of the beam into
target materials. The main effect of ¢-beam irradiation comes Fom the IO nZIng
clectrans that resull in the dsstruction of nucieic acids and proteins required for
cellular processes. Ong primary ditference betweer eamma radiation and c-beam is

that the ¢lectron beam can be focused on the targer [9).

Xerays are less penetrating than pamma rays and tend o require langer
Cxpusure times, but require less shielding, and are sencrated by an X-ray maching, s-
ray sysiems convert elecrsicity into elestromagnetic radiation. These svstems do not

cmil any radiation when wurned off,

lrraviolet light irradiation is useful only for sterilization of surfaces and
some lransparent objects. Many objects thal are transparent (o visible light absorb
UV, UV irradiation is routinely used to sterilize the interiors of bivlogicul safery
cabinets between uses, but is inelfective in shaded areas, including areas under dirt
(which may become polymerized afier prolonged irradiation, so that it is VEry

difficult to remoye). It also damages many plastics, such as polystwrene foam 9]

Irradiation with particles may make materials radivactive, depending upun

the type of particles and their energy, and the ope of taneel material: neutrons and




very high-energy particles can make malerials radioactive, but have good
penctration, whereas lower encigy particles (other than neutrons) cannot make

materials radivactive, but have poorer penetration.

Advantazes

¢ Suitahle for surface sterilization.

Dizadvantapes

» Expunsive.
» CAffect on hinlogical materials,

»  Need shielding,

2.01.2.4 Sterilization with Tiltration

Certain media components are sensitive to hear: it is going to be damaged it it
i3 heated, alse some liquids would be damaged by heal, irradiation, and chemical
sterilization: so they can be sterilized using mechanical filtration, 2 filter with pore
sice 0.2 um will effectively remove bacteria. If viruses must also he removed. a
much smaller pore size around 20 nm is needed. Nermally liltration of media is used
instead of sterilized media with an autoclave, To filter sterilized media, liller the
water using 3 (L45um pore size filter, befors using 4 0.22um pore size filter for final

sterilization, T'his method is commoenly used for sensitive pharmaceuticals and

protein snlutions in biological research [9].

22




Fil__'urc 2.1: Filters

2.1.2 Monitoring of Sterilization

The fallowing two methods are wsed 0 monitor the cffectiveness of

sterilization,

L. Chemicul Monitoring

Chemical indicators are used to provide visual confinmation (hat instruments
huve been exposed to adequate temperatures, however. they do not puarantcc
sterilization. These indicators are usually paper or tape sirips which are impregnated
with a dye. The dye changes color once the desired temparature is reached, Chemical

mdicators are to be used with each load.

ek
|




- ERN :
Figure 2.2: Calor Change of Slerilimfion Indicators

2. Biological Monitoring

Biolegical indicators are used o demonstrate that sterilization has occurred.
Biclogical monitors consist of tubes or paper sirips containing "known™ amounts of
bacterial spores: these spores are deactivated during a successiul sterilization

PrewCess.

2.2 Auloelave

Medical instruments and fools that are used in medical lield especiallv in
operation rooms and clinics such as Scissors, Forceps, Neadle Hoiders, Retractors,

Scalpels. and Towel Clamps must be cleancd and  disinfected from  any

microurganisms so that it will he safe when they are used.




Therefore a device must be used 1o perform required disinfection to those

instruments and tools: this device is called an autoclave or sterilizer.
2.2.1 Auteclave Definition

An autoclave is o device that increases the boiling point of liquids by
increasing the pressure, and it is used to sterilizce medical wol. It was invented by

Charles Chamberland m 1879,

It is called an avtoclave bocause it is a device that awromatically locks when
the pressure rises (1o avoid steam spraving out il you open it by aceident), The word
is T'rench, 2nd comes from the Gresk “auto™ for automatic and the Latin “civis” for

key (as in lock and key),
|
|
1.2.1 llistory of Autoclaves ‘
I

Auteclave passed through several stages of development. side by sides with

the developmenl in medical field. the fllowing table summarics autoclave

developmenl higrarchy.




Table 2,4: Historical huukgruund swhboul suioclhyves

Yiar

[ 4a60-377 B.CE

f)éﬁrclnpm ent

Hippocrates poured hoiling water ontu sursical instruments 1w |

¢lean them.

et Denis Papin's, Invented the carly wersion of autoclave called the |
steant pressure cooker

vois Lazzara Spallanzani discovered that il ook 30 minutes w kill
bacteria by heating them in sealed glass flasks

dRae Pasteur sicrilized using boiling water at 13 pounds pressure for 15

N minutes (commonly called “15 pounds for 15 minutes™).
1880 harles Chamberland finalized The currenl desizn af the autnclave |
{550 The first commercial steam sterilization ssstem inlended for use

on medical products

2.2.3 Theory of Operation

An autoclave is 4 pressure cooker; il operales by using steam under pressure

as the sterilizing agent.

After the insrruments and toole are packaged and inserted inside the chamber

and close the door, the chamber will be Olled with water o determined level, and

then hearers will start heating (il the sterilization wmperature, this temperature will

be fixed for specific petiad of time depend on that temperature, after that the steam

will be expelled out the chamber and finally drving will hegin, The following graph

shows the stages of sterilization process.
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Figure 2.3: Swerilization Mhases

The sterilization hins the following phases:

|. Filling phase: in this phase. the chamber will be filled with water to &

determined level.

L

Heating phase: this phase includes heating the waler, tools and the chamber
until the temperatuse reaches sterilization temperature, also it expels air from
the chamber.

Fxposure phase: this is the Killing phase where the steam temperature

Lk

maintained constant for period of time inversely dependent on the stears
lemperature,

4. FExhaust phase: after the exposure phase is completed, the steam inside the
chamber will be exhausted owm the chamber zllowing pressure balance

Between atmosphere and chamber.

L

Drying phase: phase where the tools will be dried, it may be performed by

chuamber heat or external heaters,




2.2.4 Types of Autvclaves

There are many dillerent tvpes of autnclaves. and they vary in details how
they are constructed, heated and controlled. Inspite of these differences, they provide

sterilization to medical equipments [117, und these are the types of autoclaves:

. Front Loading (Table-Top) Autockave

Fizure 248 Tabile Top Antoclave




2. Stove Top Antoclave

Figure 2.5; Stove Top Autockive

2.3 Project Theory

2.3.1 Main Idea

O design depends on the idea of killing microorganisms using steam under

pressure as sterilizing agent.

High pressures increase the temperature of steam s0 the heat contents and
killing power of steam will be increased. Most of the heating power af steam comes
from its latent hear of vaporization. This is the amount of heat required fo convert

boiling waler o steam. This amount of heat 1s Jarge compared 1o that required 1o

make water boil,




Steam at |06°C has almost seven times more heat than boiling water.  Steam
i5 able 1o peneirate objects with cooler temperatures when iU conlacls a cooler
surface; it immedialely condenses 1o waler causing heat transfer 1o object and
producing a decrease in steam volume contomitant with decrease in pressure al the

pomt of ¢condensulion and draws more steam o the area.

Condenzations conlinue so long as the lemperature of the condensing surface
is less than that of stcam: onec temperatures equilibrale. g salurated steam

envircnment 5 formed.

2.3.2 How does Killing Oceor

Muoist heat s thought (o kill microorpanisms by cansing coagulation of
essential prorzins, When beef arc cocked at home. for example, it can become tough
when roasied in a covered pan in the oven. But an addition of a little water in the

bottom of the pan will make the beel tender.

Ancther way to explain this is that when heat is used as a sterilizing agent.
the vibratory motion of every molecule of & microorganisin is incregsod to levels that
induce the cleavage of intermolecular hvdrogen bonds belween proleins.  Daath is
therefore caused by an accumulation of irreversible damage w all metabolic

[unctivos of the organism.

a0




2.4 Preparation for Sterilization

The ohjects being sterilized are wrapped in 4 double thizkness of linen or
other suitable material thal is porous to pressurized steam, a special tape is applied to
the wrapped packs. and spetial indicator strips are placed inside the pack to give the
user an indication of whether the sterilization process was completed. there are marks

on these indicatars that become visible or change eolor when sterilized.

Fignre 2.6: Wrapped Ohjocts

2.5 Project Components

In this section we will explain theoretical background and properties of some

preject parts and components.

The design consists of the [ollowing components:




1. Power Supply

A power supply s a system that supplies clecirical energy 1o all project parts.
It converts one form of electrical current and valtaze to another desired form, T his
typically involves converting 220 volt AC to a well-regulated lower DC volage for
electronic devices. 11 s #lso used 10 convert 220 volt AC 1o lower desired AC vollage

(for example 12 valrs AC),

The power supply unit contains the ollowing:

* Transformer: To trunsform high AC voltage to lower AC voliage.
*  Rectilier: To convert the AC voltage 1o non-regulated DO voltage,
¢ Filter: To reduce the variations ol oulpul voltape of rectifier,

*  Regulator: 1o produce well-regulated DC voltage.

1. PIC Microcontroller

A micrecontroller is a computer control system on a single chip. It hes many
electronic circuils built inte i, which can decade wrillen instructions and convert

them Lo elecrrical sisnals.

They have a high concentration of on-chip facilitics such as serfal port,

paralicl inputoutput ports, timers. counters, inicrrupt control. analoe-ro-digital

COMVETIETS, rand oI aeoessy memory. read only memory, ete. these vn-chip peripherals




of a microcontroller make it powerful digital processors. the degree of contrul and
programmability they provide significantly enhances the effectiveness of the

application [8].

CPU ﬁ{\{: ROM
— RAM
;
: uta Bus
FPROM
1Y s = or EEPROM (:::>
VO contrat (:::)
and status
registers | Dam buffer Address Bus
= Adiresslae ‘—>
\ |

Fignre 2.7 Microcontroller Genvral Block Diagram

Features of PIC18F452;

e 12kBytes Program Flash Memoty.

= 1536 Bytes RAM Memaory,

= 256 Bytes EEPROM Memary.

= & channels 10-bit analeg 1o digital converter,

®  One 16-bit Timer and Four 8-kt 'imers,

o dMHz max aperating frequeney.
s 5 mputioutput ports (RAD-5, RBO-7. RCO-7, RDO-7, and REO-23.




« 40U pin chip.

Pins of PIC1SF452
Table 2.5: Pins Duescription [10)
Pin Description ~Pin Deseription
' | Highwckape ICSP rrogramming
RAG-3 Input/Qutput port AL Ypp snatic pin
a THY High voltage test mode
RE0-7 Input'Ourput port B, = g
contral.
RE0-7 Input/Cratput port C. VREF+/- L REoNRE VoRagh
RDO-7 | InputOutpur port 1, 85 S5 THERGRRLERD
REU-2 | InputiOutput port E, TOCKI Clack input o Timer0.
AND-7 Amalog input port. THOSO Timer! oscillator mutput.
USART As wehronous
TX _ : T1O8] Timerl oscillator mput,
Iransmit.
: Swnchronous serial clock ~ TrerliTmars exerna clock
SCk TICK] gl 8
NI

Syrchroncus seral clock
mputtouput for programming dats

SCL | 125 mose PGD pin

programming clock

DT synchronous Data, PGC iy
y Luw Yellage ISR pfoﬁ'inm'h'rg_
CR Synchronous Clack PGM anabie pin
SDO | SPI Dara Out ('SPl mede ). INT External intcrrupt,

-




Read control lor the

S0l SP1 Data In { SP1mode ). RD
paralle! slave port.
Wrile contral forthe
SDa Mata O ( 12C mode ). WER
paraliel slave port.
Capture In/Comparc _ Select contrel for the
CCPL2 L
Out/PWM Our. parallel slave.
16108 Dseillator In/External YR P Tl S
PSPO-7 \
CLKIN Cloek In.
OsCYy
Positive supply [or legic
CLKO | Osecillator Out'Clock Out. VD '
and 1/4) pins:
Ll
S Master {_'.Jﬂar il s Gireund reference [or logic
[Active low Reset). and /0 pins.
[ T
WeliNy —=1 s 50— sB7PaD
FAWARTD == T 2 3m ] =——s SESPGC
SAUENY ———T 3 38 [J =—e RESPCH
FAZANZ A RES +—eT 4 37 [] =—= E2
RALANIVEEFT w— e 5 me ] =— REICCEE
REALSTOCH] e [ 2 35 ] =—= SBIANTZ
RASANSESLNOIN «—=DO 7T 32 ] = SEANTY
SECFDANG =—e[ 2 2 .:4';" 35 [] =—— RBLINTD
RE ARANE =— {1 2 * i ®ehe—w
HAEZLSANT =——=[ 0 @ @ 31 0=—\Ves
VED - T E E a0 ] =—= RO7PEPT
RS _.__E 13 E E by 2 : - ROEFERS
OEC1CLKl — = [7 43 75 [] =— ELSPERS
USCZCLEURAS » [ 14 57 [] =— ROAIPSFA
ROGTIOSDITICK! —T] 15 28 [] =—» RCT/IRNIOT
RCUTICEICORE «—=[] 18 25 [ w—= ROBITAICK
RE2COP) w47 20 [] =—a RECH/SCH
RCFECKIELL =[] 6 73 [] =—= RO4/SDIEDA
ROOFSPT «—= [] 14 zz [] — RDIPEPS
ROVPIPT =—[| 20 21 []=-—= ROZPEFZ

Figure 2.8: Pins of PIC 18F452 Mivrocant roller
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Figure 2.9: PIC 181 452 Block Diagram




3. Solenoid Valves

A salencid valve is an clectromechanica! valve operated by a built-in actuator
in Lhe lorm of an electrizal eoil (or solenoid) and 8 plunger. This controls the flow of
liquids, gases, und steum. This valve is controlled by the passace of electric current
in the selenoid (which is a coil of wire), when electrically energized they either open
or close vausing the flow of liguids or not [4].

A solenoid valve has two main parts; the solennid and the valve, The solenoid
consists of a enil of wire of evlindrical shape around the bebbin. When it is energized
hy an electrical signal, u magnetic field builds up which afiracts the movable plunger

i the pele piece, against the tension of the main plunger spring [4].

When de-energized. the magnetic ficld dissipates and the plunger retumns ta
its origimal pesition. under the action of the main plunger spring. St the solenaid
converts electrical energy into mechanical energy using maenstic effect which apens

of loses the valve mechanically [4].

Sulenoid valves are produced in twa mades normally apen ar nommally closed
{referring to the stale when the solenuid is nol énergized). The salenoid itsclf may be

operated by DC ar AC, [XC voltage valves operate at a lower maximum pressure than

AC counterparts [4].




INLET

ENERGIZED DE-ENERGIZED
OPEN CLOSED

Figure 2.10: Energized and De-caergiad Sulenoid Valve

Advantages of Solenoid Valves

¢ Speed nf operation: The response time of solenuid valves is measured from
the moment of electrical energizing to the point when # Bzure of 90% of the
pressure raling is attained at the valve outler, Most valves hiave g responss
lime range from 20 ta 80 milliseconds,

v A fuil-szfe (rormally clased or normally open).

*  Plysical size and weizhl.

& Lower cosl,

General Specifications for Solenaid Valves

s Temperature Considerations: includes the Tuid maximum temperature and an

ambiznt temperaturs range.

s Pressure Range: includes the maximum operuting pressure.




4. Level Switch

Level sensors are defined as a transducer that give sigral about the level of

the material "liguid or =olid" in a cantainer,

I'wo dillerent tasks can be distinouished, continuous level messurements
"level indication” and level switcheés o deteel whether the level of 3 container has

reached u predatermined point [2].

These level switches can be used as an alarm device or as control switches,
turing something on or offl such as a pump, or sending a signal 10 a valve. What
makes a level switch special is that they have & switched output and can be vither

electromechanical or salid swate, cither normally open or normally closed [2].

Among the technologies for maasuring level is capacitive or RF admitlance,
differential pressure. elecirical conductivity or resistivity. miechanical or magnetic
floats. oprical units, pressure membrane, radar Gr microwave. radio frequency,
rotation paddie, ultrasonic or sanic and vibration or tuning fork technelogy, Anulog

autputs from level switches can be current or voltage signals. Also possible is a pulse

or [requency. Camputer signal outpws that are possible are usually serial or paraliel

[21]-




5. Tempernture Sensor{ Thermocouple)

Temperature-measuring  imstrument eonsisting of two  wires of dillerent
metals jomed at cach end. One junction is placed where the temperature is to be
measured, and the athier is Kept at a constapt lower (reference) temperature. The
temperature dilference causes the development of an clectromative force that is
approximately proportional lo the difference berween the temperatres of the two
Junctions. Thermocouples measure the temperature differenee bebween bwa pevints

121.

Principle of Operation

When any conductor 1= subjected o & thermal gradieat. it will generate a
voltage. This is known as the thermoelectric effect. Any atlempl Lo measure this
voltage necessarily imvolves connecting another conductor o the "hot™ end, Lhis
additional canductor will then alse expericnce the temperature gradient and develop

a voltage of its own which will oppose the original [2].

The magnitude of the effect depends on the metal in use. Using a dissimilar
metal to complete the circnit will have a different voltage generated. leaving a small
difference voltage availzhle for measurement, which incresses with temperature.
This dillerenee can lypically be between | and about 70 micra volts per deprse
Celsius for the modern range of available metal combinations. Certain combinations
have become popular as industry standards. driven by cost, availability. melting
point, chemical properties, siability. and outpul. The potential difference hetween the

Juncrions, known as the '| homson effect, and is deseribed by

an




The Seebeck Vollage can be given in equation (2.1),

Where ¢ is the e.m.f. generated and T is the absolute lemperarure.

This is clearly nen-lingar, which is inconvenient for measurement

applications. Fortunately, for eertain pairs of materials, the tarms Involving squared
and higher powers of T (.77 + a0 1 .+ @, T") are approsimately zera and the

e.m.f—temperature relationship is approximatcly linear according to; ¢ = @7

o ey

T ./ i \:. Ty

o
w

L% B
— e
E=f(T)-T2)

Figure 2.15: Ihermocouple

Types of Thermocouples

Varieties ol thermocouples are available. suitable for differemt measuring

applications (industrial, scientific, food Lemperature. medical research, ete). They are

usually selected based on the remperature range and sensitivily needed,




Table 2.6: Tvpes of Thermocouples |2]

Type Range Typicalemf. mV | Commun Name

B 870 1700 0.7% Pi30Rh. Pi6Rh

E 2200 to §70 200 Chromel-constantan
Ei (0—760 22.0 Tron—constantan
(6 200te 1260 | 16.4 Chromel-alume!]

N 01260 13.0 = Nisinicrosil

R 0-11180 3.4 PtI3RH, Pt

S ~ 0-1480 3.3 PLORN, Pt

r 20.8

=200 10 370

| Copper—constantan

Figure 2,124 'I_hl.:rm.m-nuplf Curyes




6. Pressure Gauge

Figure 2.13: Pressure Gruge

Instrument for messuring the condition of a fluid (liquid or gas) that is
specified by the force the fluid would apply, when at rest, toa unil area, such as

pounds por square inch (p.s.i) or Pascals (Ta).

The reading on the gauge. called the giuge pressurz. s abaays the-difference
hetween twa pressures. When the lower of the pressures is that of the atmoasphere.

the tatal (or absolute) pressure 15 the suim of the gauge and atmospheric pressurcs,

Principle of Operation

The mechanical pressure indiciling instrument. or zauge, consists of an
clastic pressure element; o threaded connection mesns called the "spcket™ a sector
and pmion gear mechanism called the "movement™; and the protective case, dial, and
viewing lens assembly. The elastic pressure element is the member that actually
displaces or moves due 1o the influence of pressure. When properly designed. this
pressure element is both highly accurate and repentable. The pressure element =

connected to the seared "movement” mechanism. which in turn rotatss a pointer

43




throughout a graduated dial. It is the poinmer's pusition relative to the graduations thas

the viewer nses to d=termine the pressure indication.
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Project Conceptual Design

After completing the theoretical backgraund about the project and its
components, we will cxplain conceptual design of the proiect, this include the

following ponts:

3.1 Detailed Project Ohjectives
1.2 Design Options !

3.3 Block Diagram

3.4 Deseriprion of Block Diagram Components




Chapter Three

Project Conceptual Design

3.1 Detailed Project Objectives

In this praject we want to achieve many objeclives. these ohjectives are listed

as following:

. Kill the micrporganisms such gs bacteria and siruses that are existad on un-

sterilized medical fools and cause diseaseés o hinnan.

=

Uise the PIC microcontroller. to conttol whole processes in the system
including (temperatore, time). and to use specizl sensors to perform the

sierilization process.

e

Uise thiz design in medical field especially in clinies and operation rooms 1o

sterilize medical instruments and tools

3.2 Design Options

Now we will show the options of preject design including contrel unit

ophions, femperature sensofs options and programming language options.

48




3.2.1 Comntrol Unit Options

We can contral the processes of this project using:

*  Microprocessor

o PIC microcontraller,

In eur project we used PIC Microvonmoller; hecause it has all necessary [arts
(CPL. ROM. RAM, and limers) intepraled inside one 10, while Microprocessor
needs other 1Cs around i (like ROM, RAM and timers) o work and a fot of wire

connection.

122 Temperature Sensor Options

There are many lemperalure sensors Lhat can be used:

*  Thermacouples.

o Thermistors,

We used thermocouple as a temperature sensor: it has abilitv to withstand
with high temperamres and approximately linear direet relation between temperaturs
and output veltage. in contrary with thermistors, mversely non-linsar output respect

0 lemperature variation, also it has long term stability,

a7




3.1.3 Programming Langnage Options

o program the microzontroller we can ge:

»  Aswembly language.

o O luanguape.

PIC microcontroller can be programmed using C-languspe or assembly. We

programmed the PIC microcontroller using C-language bocause it is easiar,

3.2 Block Diagram

Here an overview of the project as o hlock dizgram, the block diagram shows

briefly the projeet parts of the system.

ik
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3.4 Deseription of Block Diagram Componcnts

The block diagram of our project consists of major parts. which work

together 10 achieve sterilization amd Lhese parts are:

1. Power Sapply

« 220V=10%, 50Hz

¢ Supplies DC voltage o feed the cleetrical cirenits such as 5V, 12V, and 24V

for 1C"s, relays, and valves

z, PIHC Microcontroller

» |t controls the whole parameters of sterilization.

e |tis 180132 PIC Micracontroller.

3. Chamber

I'he enclosed box where the medical tools are placed, and provide the suitablz

enviraonment for sterilization,

e It is made from stainless steal which resists rusting effect produced from
existence of temperatre and water.

» The chamber edges must be curved so that effect of hieh pressure is reduced.

» ltiseylindrical shaped of approximately 25cm diameter and 3%cm depth,

a0




Ieaters

* The source of heat.

s There are two types of heaters arc used, the first is used during the
sterilization process to heat the water and tfransform il o steam. it is steam-
water heater and placed inside the chamber.

¢ lhe second heater is used during sterilization and drying processes. it is
externally placed.

e 220V AC, 50z and approximately 14K W.

Reseryvoir Tank

& It recerves water 1o be used in sterilization Lo produce needed steam,

* It is used to condense the steam aller completion of sierilization process.

o 3 Lilerwater volome:

Swilches

¢ It allows us externally contrel the parameters of sterilization and select the

mnde of operation,

Display

= Display is the interface part thar shows us the staic and a1l maching variables

(temperature and lime). which sives us feedhack about the setting values,




B. Valves

o [1isused as.control (inlet and cutlet) and safery.

a  Safery valve will work 17 the pressure increasas ro the maximum pressure; i
vpens allewing steam get oul the chamber.

* [nlet valve is used to conirel the passage of water to the chamber from the
rescrvodr Lank,

o  Outlet valvel is used wosllow the air geing cul the chamber before 95°C,

o Dutlet valve2 is used to control the passage of steam from the chamber 1o the

rescrviedr lank after compleling the sterilization.
. Level Switch
o Magnctic float switch is used to give feedback signal to microcontroller that
waler reaches the determined level.
* i 15 alsn nsed o feedback signal ahout water in the reservoir tank.
1. Temperature Sensor
o  Temperature sensor is used o converl the lemperalure o electric current,

& [tisathermneouple iemperature sensor

11. Pressure Giauge

= [nstrument for displayinge the pressure inside the chamber in P.8.1 or Bar.

&
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Detailed Technical Project Design

Alter completing the project theory and block diagram, we want o explain
the design of this project in specific way, so these wopics will be discussed i this
chapter:

4.1 Detailed Description of the Project Phases
4.2 Subsystem Detailed Design
4.12.1 Power Supply
4.2.2 Valve Control Circuit
4.2.3 Temperatnore Conditioning Circuit
4.2.4 Heater Control Circuit
4.2.5 Warning Alarms

4.3 User System Interface

4.4 Over All System Design




Chapter Four
Detailed Technical Project Design

4.1 Detailed Deseription of the Project Phases

]

The sterilization has the following phascs:

Filling phase: the inlet valve is enerpized allowinz water to enter the chamber
until it reaches a determmed leve! (level of 150M] in the chamber). then this

selenoid valve will be de-cnerpized,

Heating phase: the heating clements are cnergized o heat the water, tools and
chamhber, The production of steam will expel the air outside the chamber through
outlet valvel, when the temperatre reaches nearly 93°C, the outlet valvel will be
closed, The process continues healing, production of steam and increasing the

pressure until the temperature reaches the sterilization one.

Fxpasure phase: this is the killing phase where the steam remperature maintained

constant for period of time imversely dependent oin the stezm temperature,

Fxhaust phase: afier the exposure phass is completed, the heating clements will
be de-cnergized and J2t the steam going out the chamber through outlet valve2,

therefore decreasing (he pressure nside the chamber until it equilibrates with

atmospheric pressire.




5. Drying phase: this evele is performed in bwo ways. the first one if the user selects
dry maode the objects will be dried using energized external heater for 15 minutes
(45 seponds ON. 2 minutes OFF), the nther one without selecting dey mode, the

ubjects will be dried using the heat of the chamber but 1 will take longer time [7].

The lollowing figure (4.1 shows the phases ol the project.
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Figure 4.1: Seerilization Phiases

From tha graph we see thar the pressure inerease with the temparature, the

firllewing table shows the relation between the prossure and temperature,




Tabled.1: Temperalure Privsure relationship |7

Temperalure Pressure (P.S.I)
100 0 '
108.5 5
1152 10
121 13 .
126 ' 20
130.5 23
1345 | 1]

The following figure illustrates the water, heated water, steam. and vented

steami/water flow threughout the sterilizer during a excle.

Fizure 4.2: Detailed Sterilization Mhases | 7]
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4.2 Subsystem Detailed Design

Now we will express the specification and schematics ol subsvstems of the
project:

4.2.1 Power Supply

A power supply is & mean of providing electrical power t the project paris: it

consisis ol many stages. s shown in fisure (4.3].

Trarmsformar
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Figure 4.3; Power Supply Circuit [§]

From the previous fipure, power supply contains four stases 10 convert 220V
AC 50Hz to lower DC voltage. these stapes s fullows:

I. A tansformer is the starting point, step down main AC voltage to a lewer

required AC voltage,




The oulput voliage at the secondary coil of the ransformer depends on the

N, P

turn's ratio. which is given using this formula: » =T = [— ............... 4.1y
+ il 3

b

Full wave rectifier changes an aliernating current 1o noneregulated direer
currenl.

The peak input voltage to the rectifier is: F({ peak) =1, (RMS1# 2, (4.3)
The output of the rectifier is: Flow) = F{peak] =1 4o, (4.3)

3. The filter (C1) will smeath the voltape signal more and more.

As mentinned the filer will smooth the voltage, but there is a ripple. The

vitlue of the capacitar and the resistor determine the limits of the ripple.

f I
Foe=:1- T e o 4.4
2RI
Vrlp— )| e WF(ost) (4:3)
A g — ) = 00 e rssnsnie s o
S ERA,
.r.l L .li
RippleFocior = ﬁT’J—p .................................... (4.6)
ol

:I'i

Regulator gives well-regulated DC voltags positive or negative according 1o
the regulator number. Such as 7812 and 7912 for 12V and -12V respectively,

5, T'he capaciter C2 wus used lo enhance stability of regulator.

The praject needs 24.12,3 DC voltages. Maximum DC voltage needed = 22V

50 Lhe mput of repulator must be greater than 24V, 220V ac to 24Vac transtormer

must be used.

¥ 220 =5 ; : :
% = _lT =81 — Turn ratio berween primary and secondary is about 9:1,
e

Vs (pp)= 24242 =3300

Vout {rectifier) = 33.9-1.4=32.3V.
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If C1 equal 1060uF by assumption. T is frequency equal 100Hz since full
wave rectification. RT. from caleulation will be 100352,

Vde= 132 33V,

Yripple= 032

Vin regulator [31,98, 32.62]

Reetifier should be not less than 33V,

Cl valee is 10O0pF, 35V,

The valves are supplied with 24V DO woltape, three valves are used in the
project, and every valve neads nearly 100mA. so the approximated load at 24V is
LA, 12V de is used to energize the relavs and 10 supply the amplifier; the load at 12V
is mearly 1.3A, 3V TIC is used to supply the digital intcgrated ecircuits, the
approximated total load is 3A. The total load of all DC voltages needed is GA. There

“are twa heaters with 1.4KW so the approximated load of heaters is 144
The turn's ratic of the transformer is 9.1 so the approximated input current of

the transformer is 0.7A ac so the maximum ac load is 134




4.2.2 Valve Control Circuit

The valves control the flow of water and steam in and our the chamber,
solenoid valves are emergized with 24V DC, so these valves cant be eonnecred
dirsctly to the microcontroller,

To contral them we will use the fallowing circuit as contral:
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Figure 4.4: Valve Contiral Circuit

From the previous Bigure, valve control circuil contains lweo stages (o energize

and conmal the valve

The epto-coupler is the first stage end it is used 1o iselate the microcontroller
from the other parls ol the eireuit.
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The transistor is the second stage, it is used as switch and amplifies the
current that comes rom the emitter of the photviransistor of the opio=-zoupler, when

current passes threugh the base. and then the current through the collector enerpizes

the relav.

Relay is magnetic switch that contains a coil and a metal when currenl passes
through it magnetic lield produced, this will contact the wo metal and the next
circuit will he activated, It is used to switch the valve on/off according 1o the current
passage in Lhe collector of the fransisior, The divds is a free wheeling diode proteets

the ransistor,

The following equations will be used to design the previous circuit.

A0 =
A S TN [4.7)
RJ:".F
=i==43umI
C 2800
e L (4.8
i'r ~
I L R
B 100
W i s e {4.9)
.
G ST g = S Wi L | 1.10
" (4.10)
b 8 = 10KQ
. 3

Bl




4.2.3 Temperature Conditioning Circnit

The temperature sensoer feedback the lemperature to PIC microcontroller, the

output ot this sensor is small; it must be amplificd W be used,

To amplifv the voltage from the temperature sensor, we used Lhe [ollowing
cireuit:

Ve
|'-_.."E:|'L[|ﬂ*'¢ Lo

2 B

Fipure 4.5 Temperaiure Sensar Circnit

The output of temperature sensor 18 cotnectad to non-inverting input of
amplifier TLOSJACN.

The gain of eircuit: 4. —Me 1 +%{4l L)
1 |

I'he relerence voltage of the analog digital converter is SV oand it iz 1 0bit
analog digital convarter so the number of levels is 2'"-1024 level. The voltage of
cach level =5/1024= 4 88mV. The sensitivity of the temperature sensor is 23V C
s the gain of the amplifier will be 4.BR/00230=195. We use Ry=1200, then

R-=104%]20 » Ro=23K1,




Supply voltage for TLOS4ACN Op-Amp up to 18V, it has four operational
amplifiers on single chip: the following table shows the Pins configuration of
TLOSAACN Operational Amplifier.

Table 4. 2: Pinz confizoration of TINR4ACN amplifier |

Pin Number : Funétion ||‘
26913 Inverting inputs
33,1012 Nan-inverting inputs | '
[, 7814 Chutpirs
4 Ver
- e -

4.2.4 Heater Control Circuin

The heaters are controlled by PIC microcontroller and it is AC energized, so
there maust be eirewit used W control the vperation of the heaters depending on the

signal firom the PIC microcontraller.

Here we will shaw the cirenit thar performs the previous operation;




12N Z23/E0 Hr
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el Slals
From=Is T Femny ]j
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Veog—0 == : ;_-[,lk
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R b PNPZISA
o
c160

Figure 4.6; Henler Comtral Cleenit

This eirenit works as the cireuil of valve contral with solid state relav instead

of mechanical relay.

solid Stale Relay is an electronic switch, which unlike an electromechanical
relay, contains no moving parts, [t can be made as phete-coupled SSR. transformer-
covpled S5R. and hybrid SSR. SSR's are Faster (han electromechanical relavs and it

provide an isolation barrier between the control logic and a high voltage load,

+.2.5 Wamine Alarms

To enhance the cfficiency and the safety of this project. alarm system must be

used ro feedback the errors and control the system when some errers occurrad.

I'he project mcludes the following alerms:
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1. Power Alarm

Power alarm indicates that the device isn't connected to the main power

supply.
main switch
Pl L
RE I:
1EVErnT

s eV
Pt supphy o—

i

V2
5y

[
O
Il—

1*‘ig1|re 4.7 Power Alarm Cirenil

2. Iigh Temperuture Alarm

I'he high temperature alarm indicares an excess of 3°C difference between the
&t temperatire and the temperature messured inside the chaumber. The high
temperalure alarm sounds when the temperature is 3°C shove the set temperatura

setting and finishes the process.

When the huzzer alarm, this indicaies that the temperature increased duc to
incorrectly centralled heaters, so the process must be finished to reduce the effect of

temperature on tools and to avoid destruction of internal heater when all amount of

waler are evaporated,




3. Reservoir 'ank Empty Alarm

Reservair tank cmply alarm indicates that there is no water in it; the process

will stop until the aperatar fills the fank.

4. Long Filling Period Alarm

Long filling period alarm indicates thar the filling stage take longer tinte than
sel time: s this s because of clog in the nlet svstem or in the inlet valve, This alarm

stops the system and demands maintenance for the inlet system.

3. Door Open Alarm

Door open alarm indiciaies that the door isn't strangly clased: the process will
not begin until the deor closed.
IT the doar is opened during the process the program will be interruptad and

the process will be linished.

4.2.0 Sterilization Modes

There are diffcrem iypes of wools that can be sterilized using autoclaves, these

lypes varying in the ability to withstand with temperalure, so autoclaves must be

suitable tor these types ol ools.




Autoclaves have many modes of sterilization depending or the type of ol and

instrument; here we will show the modes of operation ol this project,

Tuble 4.3: Sterilizdion Modes

Sterilization | Sterilization | Deving
Temperature Time Time
[C] |min] | min|
H;&Es, u::m.he:.te-lr; antl mibher material -
121 20 14
in general '
Surgical instruments. empry ﬁasswar& 134 3 o |
mﬁwfﬂm material in general,
cmpty glassware and anvhow all things 134 7 14
thatt are temperature-proot. |
Wrapped Instrumenrs, i 121 ; 20 15

4.3 Lser-Svstem Interface

llser system interface is the communication between the user and the device:
through it the user can control the parameters of sterilization and mede selection.
And it also gives information about the parameters during the process. It contains

keypad and display,
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4.3.1 Swiltches

Swilches will enable the user W do the following,
I Select the mode of aperation,
2. Control the deyice during alarms.

3, Starting and stopping the process

4.3.2 Display

Display shows the sterilization parameters and staues cle. we used 7-seament,
and thesa devices can show the following:
l. Temperature.

20 Timegs

Lizght Emvitting [hede (LED) will be used ta display the following:
|. The process stages such as filling water, heating. eic.
2. Power indication.
3, Warning alarms such ac over heating, door open, erc.

4. Mode indicalion.
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4.4 Over All Control System Design

Owver all control svstem  design  conlain the  connections of PIC

microcontroller and all other electronic parts, which is in appendisA,

(3




Software

To contral the previous deseribed project we must used & programmed PIC

microcentroller, so this chapter will exprass the fallowing

5.1 Flow Charts
3.L.1 Program Flowchart
5.1.2 Liser Flowchart

5.1 Software needed for the project
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Chapter Five '
Software

5.1 Flow Charts

A flow chart illustrates the steps of the process by visualizing the processes.

5.1.1 Program Flow Chart

Peor Spen Alarm
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v

Figure 5.11-Progeam Flowe hart
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5.1.2 User Flow Chart
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£.2 Software Needed for the Project

In our project described carlier we will use C-language to program the PIC

microcentroller so that it controls the whale system of autoclave.

This 18 the program code

Rinciudesp I SES2ie
rinciudesdeliprs i
rincludeadc.h=

Fprani confe WD = OFF

fpranma canip LY =00
oragnzecon e ORC = Hs

T'Ipr'.tn_z.lr'.u Ellltrl'l..IlL i
et g ey

it diounls

FRE=] =0tk
FHRI=L=:
POR T Rirs R1D] =1: SOl el valvie | ON
PORTRGIRDZ=1: S Uanler valve 200N

PORTADIL AL 1:

MORTALILLRAZ=T,

POR TR BT /! Hester extemal
IO i =0 i Hepter internzl
oot

+ 25 manand delay
while (deount<==33)

|

Dty [OKTCY %0 230 3

= tdenumt:

| 1
PORTE= 0B TT:
goeopmi=100¢

M5 sceond deley
while (deourn=r=13)

!

DelaylOKTCY (2500

Frdenunt:

]




PORTE O]
PORTDhis R =0 foatder 1T open
while 4 1h;

Ao code hlah vector={n08
wiid high vector (void)

1 _same gotn B endasm |
#PraSma G
word fund (vl

[raEakdnsxa] yanlyeqiinoe® Fdrwoh § o

Imputs
Boor switch BB
leve] tasihie switicli misl
chumper Tevel swilch RE2
made sclect ®133
sk RhE4
Read timerl 5 155
Read timers R
s selael BT
Chitparts
Tl vilye g
autl R d ] |
Critlet valwe 2 ROD2
Heater external =0
Hester internal R
dight 3 temp RDé
Sat Thimer RDT
Phase decoider Al o
Phise deumber RAZ
Phase dedinler
[H ] Fillin gl
a1 | leating
Lo sterttizalion
8] exhoust
Uxizaliny lemp ROD-RE7
PORTE Frror eode
R Tormal
] water fonk e
i clase door
il high temp
100 Drying Ll
1 compleie
I elog
I sarmir

38 W R

inL teng. . gy s Soount! |
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[Toal &0, o

vord mm void]

Ll

1

Spors (B0 DUE) declirition

TESR OxFF; A Inpeut

TRISTY= (0 4 Crulpat
TRINE=-Al; & LTIV

RIS C=100 £ kil
PORTE= 00 SENormal syt fed

PORTL= DO
POKTC=0d);
tan (e
while (POR TRhits RB4=1)
1
£ Mode seledl
iFPORTRY S REZ==0)
| el B
elae
=154

Ry Sl
it (PORTE-s.RBT=0)
drv=£i,

-."I?-\.'

dry=11

Hicheck wpter in (nnke
wille (PORTBhmRB =0
PORTE=OD0] ! i fil sester o tank
PORTE=C0bi0d; Siorenl status

Sehivek, et clomer

wintle IO U s LA ==1 )

PR = O Ihglosgdoor
PORTE=bOn: fimdnrenel status
FORTDhisRDU=E; friniet valve ol water

A1 mihute delaw
deaunt=100:
while tdeount<=$&)
i
(M) Abits oA =
POR T Abe, A=
Relevl DETEY R 250

FeFdCmint;

r

i
PORTDhits. R R0=(0; I Stop flling water
THTOOM = ORI D0 G000 7 Erable intérrum
[ R TS W R T /i Forvhle inlerri

while (1)
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Tl SIS Funieticn
i {lemp=3)

i

PORTAbRAT=I;
PORTAb L RAZ 0L
PORTDR RIDI=1:

PORTABNISRA2=1;
IT{FORTEBRICRRS: )

! o
whils (POR TR L RBS=0)
i
funl (h:
POR TR RT=1!
if (remprast)
i

ﬁﬂﬂmba.s,ﬂnj'-l-;
Preley ] OTCWRL SO0 32
y

else if (iempei et 3

78

N Omenautiel vabee |

BFORTbms Hia= 1 /¢ Tisternal heater ON
PORTDbs RO Hmiernal heater ON
i
i
elue
freik:
|
PURTDbitz RI=0; # Close outlel valud |
PORTDRis.RDE=0; A Farnimg dnlerml hi;ulw-a!’f
while( 1)
i
fued {0
i (lempist=30)
i
l."UR Ibits: RO 3= {Paernal Heater O
J
else
hreak;
whil=( 1)
i
fun! (1
P remprst)
FOR TS RD3=1: HTaernal haater (0
Dlay HITEY 060 ); i ;
PORTDLESRDS0;  /laternal heater QLY
Thelas |GTEY 40 )
1
ale
Dreak
o
PORTARIRAT-D

# Hliser axtermal G

'




i

PORTDEIS RS-0 /t Heater external OFF
Drglaw | TC Yl 300 )

]

e

wiile (PORTRRIsRBS=

FORTDOIAEDT 1;
[T
it Lemipsl)
¥
L}
PO Mhits R1I3=1: o steennl heaer OB
T B s T B

elae if (temp={ s1+31)
i
L}
PORTREIEREA 0 M Externul hewter OFF
Dl EOTCY 2 500 &

POR TAbits A=
Pt TAbERAZ=1.

PORTDLs RO, i Roset tioer

POR IO =0B0000R00H, A Teimpy neded
PORTDb s RDE=0: ! Tomp Lhipil 3ol
MO TR SR =1 S Outler velve 1 ON
PO DR s Hi=1 i Inlet vaboe O

deosuni=E:
J Dralay for 10 seconds
whila (deaunt-==%)
F
L
Echy IOKTOY =l 230 1;
Fdhiouni;

POR T dts R mad):
POR D5 s RD2=1: i Cutlet valve 2 0N
coouni=il;
I Dglay for two minitis

wehiile (dopunt==84]

P

(]

Plataw ORI S 250 )

I fonont;

]

]
EMFL0 = OB ! isable intemrrpt
INTCON =001 1 100; +# Disablé inleript
sl 1ICRT Bhite R B S&Ed )

¥

PORTE = Ml 5k




PORTD e BDT=1:
POR TR D=1 ¢! Eacermal heater OM
i a1 1l |
45 econd delay
while Ldeomi= 335
|

1
Dielav KN o 250«
o iunt;
PORTRh I RD-0; o Eaternal hepter LIFF

decmi- G0
A el T Lo mriciutes
while (dooun= 8§41

Dl ap b b TEY %230 )

digiing:

i

I
PORTTIhiLs RN T=0: /¢ Pozser timar
PO T Lo s 4 L3310 W Extamal Heater 11
PORTDb s RIDE=() W Treterna! Hedter QFF

FORTE=11R111:
depuni=tite,
1S seennd deliy

whiile (deount==12]

I

]

el O TEY % 230 12

I bdemmi;

PORTE= Ub101;
PORTDERDI=]: SO 1o b 2 O
PORTOLIERIZ=]: SCdet v 20N

whilz{1n
1 el proes

void funl {vaid)

i

i

CpenADCIADC FOST R & aDC RIGHT JUST & AL SARA DREE ADT OHI &
ADC BT QFF: ) o ADT configumsion

SothanADCIADT CHGY

e s ATOY S ),

Comar AT 1 i St conversion
wehilel ThasvATICE 1 Sowan for AT monversiom
temps Read 410 i/ Baad result and put in lemn

LlaseAlC

A Binary Do 1ecimil Conversion
[ bempel O
i remn= )
PORTDhizsRDG—1;
else

POW N Db DE0:

RO







System Implementation and Testing

This chapter demonstrates the methods and procedurss used to implament.

tesl, and examine the svstem vperation and behavior. System testing is an important

step in implementing whole system.




Chapter Six

System Implementation and Testing

Svatem implememation and testing are performed on subsvstems and all

syatem, These subsystems are:

.1 Mechanical system implementation and testing

The mechanical svstem implementalion and Lesting includes combining the
chamber with water tank. safety valve. electrical valves, pressure gange, and water
level sensor. The heaters are placed to the chamber one inside the chamber and the
other wutside: the chamber. The following picture shows mechanical svstem

implementation.

a3




Fizure 6.1: Mechanieal system

Aler building the mechanical system we tested It manually, by adding 130ml

of water in chamber and start heating until the pressure reached 2 bar,

6.2 Elcetrical and cleetronic subsystems implementation and testing

1. Display

Display compesed [rom seven segments 1o show temperature and time they

are buoild on a single board 1© be placed on the front of the device; this board is

connected to PIC board using connectors and data cable.




Display board test was perfornied by commecting it with PIC lpaded with
subprogram to display lime and temperature, Figure (6.2) shows the implementation
of display board.

L

=

Figure 6.2: Display board
2. Heaters and valves control circuits

Heaters are controlied using solid state relay and valves arc conrrolied using

mechanical relay.
I'he implementation of heaters and valves control cireuits was performed by

combining opto-couplers with ransistors (o relays finally.




Lleaters and valves control circuit were tested by applving an external signal
W energize and de-snergize the heaters and valves. The follewing figure shows the

unplementation of heaters and valves control cirouits,

Fipure 6.2 Heanters and valves control oand

3. Poweralarm,

Pawer alarm circuit implemented in simple way using relay encrgized by

supply vollage, and buzzer as indicator. Tt was tested and working properly.
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Figure 6.4 Power alarm hoord

4. PIC microcontroller nnd its circuits,

Fignre 6.5 Main (P1C) board

PIC misrocontroller is the main circuit and conlain

o PIC microcontroller,
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Conneet PIC microcontroller 1C with board and commect needed supply

vultage

e lemperature amplification cireuit,

Implemented using close loop non-inverting amplifier thal amplifies the
putput voltage of the thermocoupls. to be processed in the PIC. Was huild and
connected to PIC loaded with sub program that read temperature and display it. then

affected by known temperature conditions and give righl results.

+ Timscr.

This circuit was build using 553 timer and counter. this timer starl working
by signal from PIC and send signal o PIC when the time is fnished, It was build and

tesred that wave rieht resulls.

s  Frror driver.

To digplay the errors ol and atarms, It is implemunled using 3XE decader. the

input of the decoder [rom the PIC.
It was implemeriad and tested successfully.




7"

Conclusion and Recommendations |

7.1 Conclusinns

7.2 Recommendations
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Chapter Seven

Concluzion and Recommendations

7.1 Conclusions

&

Fuet

Our project will sterilize the medical toals using steam under pressuss
as sterilizing agent

I'his project is microcontreller based, which contral the whole
processes inthe device,

This deévice will be anitable lor operation room, emergency room.

dental ¢linic. and clinics.

7.2 Recommendations

Futire modifications can be carried out so svstem performance and efficiency

15 improved. these medifications inchide:

2

Lid

Implementation the svstem by using other types of sensors.

Imiprove the svstem by adding LCD w display the temperature, time,
Errurs, and messages i the uscr.

Rebuild the system by adding a system to open and close door
automatically (for safty).

Adding printer to print @ report about sterilization.

Develon washing system to reduce the effect of calcification.

o
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A

Over All Control System Design
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MICROCHIP

PIC18FXX2
Data Sheet

High-Performance. Enhanced Flash
Microcontrollers with 10-Bit A/D

02006 Microchip Technology it= [RiEEle e




PIC18FXX2

E

Pin Diagrams (Cont d)
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PIC18FXX2

1.0

DEVICE OVERVIEW

Ths domimeant conlaing device ssect i inlormalion for

1he “allovang dances:

r PIGIBF 242
v PICIHT 292 L

v 2IG18Fe42
PG IBFaSR

Thaoss dovioes coma in 28-omn ond 40044-pin packagse.

fha 28-pin devices do not have a Pasalle! Slave Torl
{PSR) implamenied and: he nombas of Anang-io-
Crigyital ¢4/D) convoior input charnels s reducas 8 L,
A owarvee g [eatures s shawr m Table 1-1.

Tha Inllowirg two figurae are dendse block dingmmre
sonad by pie eunt 28-pin dor Figure 1-1 and 20044 -pin
for Figure 1-2 The 28-pin gnd 3044-pin pinouts are
ligtadl in Takle 1-2 and Toble 1-3, recpeciively,

TABLE 1-1 DEVICE FEATURES
Fealures PlCT8F242 FlCiaF2s2 PICIaF442 PIC1BF452
Dperalirg Freguency DG =40 MHz [HE = g Mz 05 20 M-z DI - 45 Mz
Program Memory (Dytes) 18K 22K 18K ok
Frogram Mamary (Iestristions) B8R 1E304 Big2 16384
Distis Memony (Byles) B4 1535 758 1536
Data CCPROM Mamaory (Sytes) 56 258 258 258
IMfermupt Sovreee 17 17 1a 1B
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