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Abstract:

To protect the environment fom pollition the solar energy will be used as alternative source of
aneray. Solar snergy is considerad clean, economic and sustainable source of energy. In this project
it will be hired in building biomedical antoclave by using phote-voltaie call 1o accomplizh
sterilization process under 2 bar steam pressure at temperature of 120 °C within 15 minutes. The
output of the PV-cell 13 # constant current, this currsnt will be used to chargs a two senes 12Vdc
batteries. Charper-comtroller 15 utilized o0 contral the charging and dischargng cycles of the series
batteries. Autoclave is importunt device used to sterilize medical tools to prevent infection.
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Chapter one

Introduction

1.1, Over view:

Sterilization is & recommended method for processing insruments and other items that
will come in contact with the blood stream or tissues under skin. Instruments and other item can
¢ sterilized by steam under presaure {Autoclaving or moist heat},

Stenihizatian - eliminates all microcrganisms (Bacteria, Viruses, Fungi and Parasites). Including
sacterial End speres .One method of sterilization is autoclave which a device that maintains
samurated steam for peried of tme at gh temp & under pressure.

The proposed technigue is 1o design an autoclave working on solar svstem instead of
slecmicity, Our aim 15 10 utilize solar eperpy for soiar thermal converzion. The produced heaat can
be used for different purposes such as operating medical devices and devices in many felds
nstead of cperating them using electnenty

A solar autoclave is an autoclave working on solar system that uses sun's radiations o

speraie the devies | by using photo-veltaic c2ll which used to convert solar ensrgy to electrical
energy {de). Several control parameters are needed for designing the biomedical selar autoclave:

pressure conmol circuit, temperature controller. For Pressure circuit  the pressure will not excesd
Xhar




1.2, Literature view:

I- USE OF THE SOLAR PANEL COOKER FORMEDICAL PRESSURE STEAM
STERILIZATION.

Ms, Barbara Prosser Kerr& Mr. James Scott Kerr-Cole Sustainable Living Center.
USA.

This paper describes the adaptarion of a large, simple, low cost panel cooker to greatly
raduce the reliance oo conventicnal heat sources. The hybrid apparatus integrates propane for
Sackup in case the available sunlight i3 insufficient. In gond suniight, sterilizarion mins can be
completed on solar power dlone. The efficient design also reduces fuel use even when no
sumlight 19 available. The concept and operatng suidelines for practical clinical use draw on the
rrncipal author’'s experisace as a surmcal nurse Described are the principles of operarion,
Zesign, constructon and expenmental results for & prototype unit— including verification of
sieriiization. The apparatus is also lnghly effective for general cooking, pressure-cooking and
prassurs food preservaticn (“canning™). The wind and ranproef desigm allows efficient and

reiiable operation under all weather condinons.

2-PORTABLE SOLAR-PFOWERED ALTOCLAYE
Adapted from the entry by: Rhys Hardwick Jones, [ain Brown, Joshua Przybylke,
Sandry Fisher, James Tracey, and Nicholas Russell = Sydney University, Australia.

This design depend on degigwing prototypes and it's concepr is a completelv solur-
powered autoclave-style stenlizer, which provides cheap. non-burm, portable stenlization to mral
=rzas, and operates in both sunny and cloudy conditions. Prototypes using this design have been
successfully built and 1ested by research teams at Sydney Universuty. One prototype is much
larger, with a capacity of [4 litars per batch. The other version 18 more portable, and has 2
capacity of just 1.5 liters per batch, Both prototypes utihze the same technolomy




*-Solar Cooker for Evening / Night Cooking Using Salar Heat Storage Materials
Someshwer Dutt Sharma,CSEM - UAE Innovation Center, Energy & Water Sector,
Ras AlKhaimah, UAE,

In this paper, Use of Phase Change Materials (PCMs) for evening / night
cooking 18 discussed. The use of a solar cooker is limited because cooking of food 15
nat possible due to frequent clouds in the day orin the evening [f storage of solar
provided m a solar cooker, then there is & posaibility of cooking food energy an be
during clouds or in the evening. and the storage will increase the unlity and reliabiliny
of the solar cookears. Hence, PCM i3 the best option to store the solar energy during sun
utilized for cocking i late evenmg/might tme Phase Change shine howrs and is
Materials (PCM) are latent heart storaps matenals, As the source temperaturs rises, the
chemical bonds within the PCM break up as the material changes phase from solid o
solid-liquid PCMs, which are of particular mterest here). The ligud (as 15 the case for
phase change is a heat-sceldng (endothermic) process and therefore, the PUM absarhs
heat. Upon stonng hear in the storage marerial, the material begins to melt when the
is reached. The remperature then stayvs constant unal the phase change temperature
meltng process 15 fnished, The heat stored during the phase change process (melting
process) of the material is called latent hear [ atent heat storage has rwo main
\arge amoums of heat with onty small smperature advantages: (1) 1t 1s possible 1o swors
changes and therefore to have a mgh storage density; (i) because the change of phase
at a canstant temperature takes some ime to complete, 1t becomas possible to smocth

comparizon between larent and sensikle heat storage shows lemperature vanations, The

thut using laient heat storage, storage densities typically 5 to 10 omes hgher can be
reached.




1.3.Project Objectives:

1 Use alrernative energy source which is solar energy i operating biomedical autoclave

2 Toreduce pollution and reducs electricity consunnption.

3 Apply this design in medical field by designing biomedical auteclayve.

4 Achieve sterilized medical tools and equipments.

L4.Project importance:

This project is providing a new tield of employment of solar energy in medical application. Solar
energy source 15 considered an scomomical and sustainable source. The proposed design is more
mmportant for use and ambulatory dental clinic or ambulances or when electricity 15 interrupted.
The sterilization is a vital factor in health care sactors and insututions (laboratories, operating
rooms and cthers hospital departments) as the humans heaith is the primary goal.




1.5.Report content:

Our project is divided mto four chapters; these chapters could be described as follow:
Chapter 1: Introduction

This chapter presenis overview, project objectives, project scheduling, estimated
cest, and report contents,

Chapter 2: Sclar Energy

This chapter discuss types of energy sources and storage of energy and solar energy and it's
Chapter 3: Sterilizanon

This chapter discusses the sterilization and sterilization techniques . types of sterilization,
autcciave n details.

Chapter 4: Project Design

I'his chapter talks about the block diagram calculations, circut, sumulation of the circuit
Chapter 5: Testing Implementarion and (esting

This chapter discuss the system implemenration and the results of testing

Chapter 6: Conclusion and recommendations

This chapter talks about conclusion of the system and recommendations




| G.estimuted cost :

Component | Cost Rotes
Stainless steel box 400 NIS
Water tank 30 NIS
Temperature Sensor & JIONIS
Temperaturs controller

Pressure guage 30 KIS
Heater 450NIS
chamber & refinery S5ONIS
Valves (3) 150NIS
Timer (2} | 130 NIS
Switch ON/OFT (2) 70 NIS
Micros witch 25NIS
buzzer 35 NIS
Baftery (2) 500 NIS
Charger Coneroller 700 NIS
Prmting and mternet 300NIS
Transportation 300NIS
Photovoitaic ¢sll costs 3500 Available in the university
Working of team 0
Turnung ¢ost I2ONIS
Tatal: T8OUNIS




|.7.scheduling table :
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Chapter Two
Solar Energy

Introduction

First human discovers many resources of energy such as fire by friction of stones for
cooking, heating and lighting . Then he discovers coal as potenual source of beat energy . Also be
urilize wind power to drive ships. With the development of human beings petrol was discovered and
scientists discover the power of nuclear marerials resulted from fusion of atoms and they benefit
from conversion of this power to produce useful energy, such as electricity.

With the passage of time this sources of energy starts to pollute environment ; air water and soil
As a result scientists start 1o this about alternanive energy sources reduce harm done to the
mosphere. soms of these seurces are renswable such as solar energy. wind energy hyvdrological
POWET .

in Palestine, for example , solar energy has been uzed m providmg domestic heating means Lo heat
water Tt 15 estimated that more than 73% of households are equipped with selar hot warer heating
Fvatens .

Secause the weather n Palesting is so encouraging for using solar snerzy a3 altemnahive scurce of
=ergy becanse it is sunny in most days of the vear even in winler there is days the sun rise

There 15 five months of the year in Palestine has a strong sun from May to August and the rest of
e months thers is poor sun .
Therz are twa tvpes of energy sources  conventional energy svurces and renewable energy sources




2.1, Conventional cnergy sources !
2..1.1.fossil fuel

fosutl fuel was formed millions of vears ago from organic substances bured under ground subjected
to high temperature and prassure Fossil fuel consist of the following sources:

a-Perroleum and namral resource:

The first petrnl well discovered in 1839 in USA. [n 1860 one million barrel of perral, were extractad
w the USA After only ten years.more than 4.2 million barrels were extracrad.

b-Coal Fesources:

43 another fossil sources coalnmnes can be estimated with moderate accuracy because they are

found in Earth's layers.that are easily mapped Before discovenng coal Wood was the first sourcss of
eneryy used to produce heat The discovering of petroleum.

c-Narural Gas

At first natural gas was burnt (o reducs prassure exerted at 1op of the well were petroleum
stored. Storing natural gas is cos of the most importanl disadvaniages w utilizing this source of
energy Ancther disadvantage is the liquefying processes which sull not feasible . Today gas i3
(Karosene, Banzene,  etc).

Natural gas processed was used in producing the tollowing commercial gas products:
Prepane

Ethylene.

Ethang

Methane




2.2, Renewable energy sources:

These are sources that are not going to dwell in the foresesn firture such as Hydrology power,wind
energy and sclar energy.

The major types of renewable ¢nergies are:

- 11 Hydropower energy’

"he impact of mags of water,driven by the level defersnce{Head),on a vane of a rotor will produce
mechanical torque. The mechanical energy produced can be converted to another types of snerges.
¢ = electrical energy. The energy produced depands on the available head and the fluid kanetic
sergy generated, Tow types of hydraulic machines(urbines) can be uniized in hydropower

snerzv the reaction type trbines such as Francis and the impulsive A, Hydropower need large

smount of warer sources which not foond in Polestine or it 15 out of reach .

Fig2. 1; Hydropower energy[11]




Wind has been used for centuries to pravide power for various tasks,such as pumping water and
milling grain. The principle used to convert wind energy into other type of energy is the use of
mmpalsive achon.

Differant type of wind turbines are available: two blades type,darius type and other commercial
wpe. The operation principles are the same. This type of energy has disadvantages,it 1s 0Cisy
hecause of the sound of motors used needs large area,costly and it is ot safe for using large and
heavy equipments

Fip2 2: Wind energyv[12]

2 23 Tidal energy:

The gravitational farces exarted on the earth by the sun and macn cause a displacement of the ccean
water of the earth.as the earth rotates. the surface of the ocean warer alternately rses and falls at a
narticalar location, during the rise of the warer, the tide is designated as the flocd tide, and during

the food of the water




The variation in the watar leval betwaen high and low tide will depend upon the relative positions
of the sun and the moon, when the moon is pew or full, the tidal range is unusually high. and when

the moon is at the first or third quarter, the ddal range 1s unusually low,

:F_Z.Hi'T Ll T

B T )

ig2.3; Tidal energy[13]

=2.4.50lar snerzy.

The 3un 15 the source of all foremg and anergies over the earth and within Milky Way.

Solar radiation consist of photons of heat energy. When full over surface radiation energy is
=ansferred inte heat caerzy, Heat eneryy can be converted into many other types of energy There
w2 several applicaticns thar can be used with local technology to utilize solar radiauon such as:

ssanng of water for domestic, commereral and mdusmal usage, space hearing solar ponds,

waTTIHng up WaLer il swiunming pools, warter desalination and many other applicaton,




Flgl 4 Solar energy|14]

2.3.Energy Storage
There are several types technology used 1c store energy.

23.1.Stonng of Mechanical Energy

“hvwheel 15 the device usad to stors mechanical energy Rotational motion or mechanical energy
=an be stored in welphing dise. This method 1= used in internal combustion engines to store energy

sroducad from expansion stroke.

2.3 .2 Storing of Hydropower Energy

Pumped hydro storage is an impormant possibility for solar elecmical power system located in terrain
switable for wtenmy lurge smounts of water al elevations differing by at least 303 m,

-

2.3.3 Zuwmng Chemical Energy

~uel tank (storage) in vehicles i3 considered 4 gpood example for chemical energy storage. Another
=xample is the chemical energy stored in batteries where twa poles are presented: cathodel(neganve

oole}, and ancde (positive pole).

15




2.24.5toring Thermal Eneray

The thermal storing medium can be fluid or non-flud as o the case of thermal baked brick The
passive solar energy application are good examples for this type of storage. An example of these
application is the domestic hot water heating systems,

1.4.50lar Energy

In the last three decades large number of programs and projects have been mibated for
examining the feasibility of solar energy for heating,air conditiening, and producton of slacwic
POWET.

The availability of solar radiation depends mainly on the geographical location (longimde-lautudes)
of the site, the season and time of the day within sunrise-sunset span and also the condition of the
sk,

Cvery second, the sun zenerares immense amounts of energy called solar radianon. The snergy i
radiated in to space as sunlight (47%). ultraviclet ray's (7% and infrared radiation or heati 46%)
Cmly smal! portion of emitted radiation intercepts the sarth, Although this portion 15 very small
comparsd to the emitred energy, bur it is enormous in terms of helding the atmospheric physical
layer.ie the biosphere, in its shape as sale heaven for the Uving craatures,

There ara still a few major constraints that limit the nse of renewable source of clean energy. First
the availability of solar energy that should be considerad in building any utilizable system. And

second: the storing of solar caergy either as heat (thermal storage) or cther types of energy {(a.g
electrical).




1.5 Salar Power

l\\
There are several advantages that make the use of solar power (energy) feasible.

The two major advantages are; =
2-Economics

The price of a solar heaning system can range from a few bundred dollars for a simple home-buile
system for heating water at a summer cottage to several thousand dollars for a commercial package
designed to heat half the hot water used by a family. In some cases the cost of the equipment is far
grearer than the cost of the snergy saved. Experience has shown that, in Manitoba, solar energy i3
20t cpst —effectve for hot water or space heaning system where low- cost elecoricity or natural gas is
avatlable. Usmg sclar energy for heating a swimming pool or heating water at remote cottage,
without electricity , can be considersd when the other possibility, such as

o-Environmental Consideranons
Solar heating systems are clean. non-polluting and can help reduce dependence on nan-renewahle

epergy rascurces. Care must be taken to ensurc that the heat mansfer liquid is non-toxic and thy
svstems conform to all lacal and provincial building codes.

2.6.5olar Henting System
Solar heating svstems can be divided into two groupies these are.
|-Passive Solar Heating

Passive solar heating systems collect and store solar energy prumarily by using navural beat flow

processes. These systems are relatively maintenance-free becanse they do not use any conmols,
17




purnps, fans, sengors or other mechanical parts. Because of their simplicity, passive svstems tend to
Be very reliable and can also cost very little 1o mstall

2-Actve Solar Heatng Systems

A solar heating system rthat moves heatad air with a fan or 2 heated hquid using a pump is known as
an active solar heating system.

One form of active solar heating system uscs a fan to move air from the collecrors (where itis
Sented by the sun ) to a storage unit (usually an enciased bin full of racks ) untl it is needed .
Secause active systems use a number of high performance components such as pumps, fine,
mmermostats, automatic valves and other deviess, they tend to requirs mors maintenance and be
mars expensive to ingtall than passive systems.

2.7.50lar Water Heaters:

“hese system utilize solar snargy by absorbing the available solar radiation and useitheat upa
working fluid The system consists mainly from a collecting surface which collects solar rays and
pass if [0 an absorber. The larger collector area the energy collected is large It 1salse  obvious
large heat absorption ars means large heat ganed.

Solar heating svstem have been used in many countries for provide in hot water for domestic and
commercial needs. Solar water heater aveid the harmful gresnhouse gas emissions associated of
cleciricity production,

18




28.Direct Conversion Of Solur Energy (phatuvoltaic cell):

“notaveltaie cell or solar cell is the direct mansform of sunlight o electricity. Siicon is a
semiconductor that {3 neither a good nor 4 bad conductor of elzctricnty.

4 pure crvatal of silicon can be doped with a few atoms of anather substance 1o make sither p-tipe
o n-type silicon. P-type s a doped with acceptor atoms and n-tvpe is a doped with donor atoms

Sach donor atom has an extra electron 1o donate that becomes {ree to move around in the
=vstal.each accepior atom has an emply space thal would accept an electron if one where availabie,
s space 15 called hole, hik= electrons, are free 1o move around in cryvstal of silicea, a hole moves

& m acceptor atom grabs an electron from neighboring silicon atom.

“ow it is the silicon atom thar has the hale and it can pess the hole a long by garbing and electron

Zom snother silicon atom, silicon can have four ands of charged parncles in it

W here the p-region meat the n-region we have p-n-junction . In the area around the p-n-juncton
Sere is a strong, permanent electnic field that is vital to the operation, because of the natural slecmic
Szid near the p-n-junction, the slecoron and the hole ars forced a part, and an slectron potental is

creared.




1.9.8ome Application Of Solar Energy:

Sular energy can be transformed into uzeful forms of snergy Solar energy can be applied in space
beating of buildings. Solar space heating will reduce the world's dependence on supplies of a1l and
coal that are inherently lmited

L= Concentrating Collector:

Comcentrating solar collector are light to heat energy transformers, The best wavs to generate high
temperaturss from sunlight is to concentrate the light; that is to use a lens or mirror to focus a large
area of sunlight into a small receiving surface. The ratio of concantranion 15 measured of how large
srea of collected sunlight is in ralation to arez of small receiver, We have some basic types of
concentrating collecters. The circular concenirator 18 used to generate extremely high temperature,
A parabolic curve mives the most pracise focus, but many orther shapes can be used.

2Solar Trough Systems:

These system provide large scals power generanen from the sun. rough svstems predomimate
ameng today's commercial solar power plants. These plants have a combined capacity of 343
megaw atts (MW) and today generate enough slectmncaty to mest the nesds of approximately 500,000
people. Trough system is converted the heat from the sun into electricity Because of parabolic shupe
Jrough can focus the sun ar 30 to 60 times its normal intensity on 3 recerver pipe located a long the
focal line of the rough.

2.10.T raditional Applications:

For vear solar energy has been used o heat water and e cook and dry food. perhaps the most
widely used allernative application of solar technolegy is domestic water heating, which 15 semunar
1o space heating in concept and has become al least as popular,

1+ Solar water heating;




Solar water heating svstem usually resemble small liquid rype space heaning systems in hoth
sppesrance and performance, In passive.thermosiphone types natural ceavecton provides
crculation, and 1 active tvpe a pump circulate the water Both passive and active heating svstems
must provide some hot water storage.

A Thermosiphone water heaters:

The most common type of solar water heater is Thermosiphone water heater The water in the
sollectar heats it becomes less dense and risss. Cold water from the bottem of the storage unit enters
the bottom of the collector and hented water from the top returns to the storage tank. If it is
smpossible to place the storage tank above the top of the collector, a check valve may be nstalled to
srevent reverse thermo siphoniag.

S -Actve Water Heater:

The active hot water circulates water through the collestor and bas two storage tanks connected in
series. The frst larper ank preheats the warter.the hot test of which enters the second tank,which is
2 conventional water heater. if the solar heated water is not encugh to use, the hackup water heater
= the proper temperatare hears it

- Swimming Pool heating:

Swimming pool is raducing the heat road. For swimmimg poal the heat [cad depends on the hicat loss
of the pool. Conduction to ground, radiauon to the skv, convection and evaporation of the water
lose heat.




2.11.8alar Cooker

The closest model to the solar autoclave iz the selar cooker two basic methods for cooking with
solar energy comesponds to cooking with a conventicnal stove and oven. The solar often is an
insulated box with a window top and side reflectars, Their position has to be rsadusted every 13-
20 min. to follow the sun. Most solar ovens are basically well insulated boxas with glass or plastic-

wp that admits sclar radiation.

T W T T e
- s -y e

Fig2.5: Solar cooksr[16]

In this project solar energy will be utilized for providing an biomedical autoclave using solar energy
for supplying the heater to hear water for sterilizarion process mstead of using conventional source

(electricity) for supplying the heater.

2.12.Description Of Solar Thermal System

The solar heating system consists of collectors storage umit .circulation system and conirol
mechanism, The most important one (s the collector.it is used to absorb the maximum incoming
solar enerzy and transfer it inte to heat transfer medium with least loss due 1o raflection,

conduction, and re-radiation.
210




The sclar collectar is the heart of most zalar eneryy gystems. It absorbs the sun’s light energy and
converts it to many forms like electncity heat and thermal energy. Other solar collectors generate
slecirical energy for buildings through the use of photovoltaicl PV )systems.

<1l types of solar heating systams have a citculation system 1o keep the heat-transfer medium
continually meving from collector to storage wmit, This flow iz done by namral convechion, or a fan
or pump is needed to force the heat —transfor medfum on its way. The fm or the pump is furned on
or off by a control unit with a temperature sensor to maintain the needed temperaure in the svstem.




Sterilization

3.1 Sterilization

3.1.1 Seerilization Definition.

5.1.2 Types of Sterilization.

3.1.2.a Dry heat sterilization (electric oven).

3.1.2.b Steam srerilize (Autoclave),

3.1.2.c Radiarion sterilization.

3.1.2.4 Liquid chemicals. '
3.1.2,¢ Gaseous sterilization,

2.1.3, Filtration with srerilization.

3. 1.4. Vionitoring of sterilization.

3.2 Autoclave
3.2.1. Antociave Definition.
3.1.1. History of Auraclave.

3.2.3. Theory of Operation.
3.2.4. T'ypes of Autoclave,




Chapter three

Sterilization

3.1 Sterilization

1.1.1 Sterilization Definition

Fliminares all microerganisms (Bacteria, Viruses, Fungi and Parasires)by physical (ex:heat) or
chemical (ex: paracetic acid ) means. Tt is the recommended merhod for processing mstruments
snd other items that will come in contact with the dlocd stream or tissues under skin,

3.1.2 Types of Sterilization

3 1.2.a Dry heat sterilization (electric oven)

The method of sterilization thar requires heat for specific period of ime. Fer dry heat to be
schieved a constant supply af electmeity (s necessary. Omly plass or metal objects can be
serlized by this method, because high temperanuss is nscessary.

20 =300 C Use for drying and sterilizing

Lable 3.1:stander nme with temperature.

Temp. Tume
170°C (340 °F) | Hour
160°C (320 °F) 2 Hours
150°C (300 °°F) 242 Hours
140°C (285 °T) 3 Hours




Advantages
« Berter for some products (Powdar).
* [oss not erode glass

s Minimal rusnong effect.

» Reaches some parts of instruments by conduction,




Disadvantage

s | ong exposure Lmes.
s  Heat penetrates slowly and unevenly.
o Damages some rubber goods and bums fabnc or, paper packages.

% 1.2.b Steam sterilize (Autoclave)

The method ol sterilization thal requires moist heat under pressure. For steam to be produced there
must be sources of both water and heat. A heat scurce in necessary to maintain the required
=mperaturs and pressurs,

eat can be provided by electricity or any other fuel source.

* The temperatures required for steam sterihzation is lower than thase for heat sterflization are
secause moist heat under pressure allows for more efficient destruction of microcrganisms.

“dvantages

»  Vary effective because saturated steam carries seven times as much available heat
as air at the same temperature,

» Least expensive method of sterlization.

* Relatively low temperature requirements (compared to dry heat stenlization),

« Speed. process simplicity.

e Lack of oxic residues when compared to methods such as ethvlese cxide
sterilization.

e Since moist heat stedlization is performed in & pressurized environment, it
can aiso be used to sterilize hguids.




Dnsadvantages
s The disadvantage of moist hear stenilization comes from the presence of water
and the usa of ¢levared temperatures.
e [msuitable for plastes with low melting points, powders. labiletunstable)
materials, anhvdrous oils {oils free of water) or synthetic and natural
pohymers thar arc readily degraded by hydrolysis.

2] 2.¢ Radiabon Sterilization

Many types of radiation are used for sterilization like electromagnetic radiation {e.g. gamma rays
=d UV light), particulate radiation (e g accelerated elecrons),
The major target for these radiation is microbial DNA. Gamma rays and clectrons cause ionmization
md free radical production while UV Light causes sxcitation.
Zadiation sterilization with high energy gamma rays or accelerated electrons has proven to be a
wefitl method for the industrial stenlization of heat sensitive products.
%t some undasirable changes occur im frradiated products, an example is aqueous
wianon whers radiclysis of water ccours,
Sadiation sterilization {5 generally applied to articles in the dry state; including surgical instruments,
sures, prostheses, unit dose ointments, plastic syringes
=4 drv pharmaceutical products. UV light, with its much lower energy, and poor
penetrability finds uses in the stenilization of air, for surface sterilization of aseptic
work areas. for reatment of manufacturing grade water, but is not suitable for stenlizabon of
memaceutical dosage forms.
& Gamma ray Sterilizer; Gamma rays for sterilization are usually derived from cobalt-60 source,
S 1sotope is held as pellets packed in metal rods, cach rod
sr=tully amanged within the source and containing 20 KCi of activity. This source
« sousad within a reinforced concrete building with 2 m thick walls. Articles being
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sterilized are passed through the irradiation chamber on a conveyor belt and move
around the raised source,

5 Ultravioler Trradiation: The optimum wavelength for UV sterilization is 260 nm. A mercury lamp
ving peak emission at 254 nm is the surtable source of LIV light

in this region

ddvantages

s useful method for the industial sterilizanon of heat sensitive product

Disadvantages
e Indesirable changes oceur in irradiated producrs ,an examiple is aqueous

salution where radiolysis of water occurs

3 1.2.d Liguid Chemicals

several FDA-cleared Tiquid chemical stertlant include indications for sterilization of medical devices
\Tables 4 and §)°°. The indicated contact times range from 3 hours w0 12 hours. However, except for
= few of the products, the contact rime is based only on the conditions to pass the ADAC Sparicidal
Test as a stecilant and not on simulated use testing with deviees. These solutions are commonly used
as high-leve! disinfectants when a shorrer processing kme is raquired, Generally, chemical hiqud
starilant cannot be monitored using 2 biclogical indicator to verify sterility™™ ™.

The survival kinetics for thermal sterilization methods, such ag stéam and dry heat, have been
sudied and characterized extensively, whereas the kinetics for sterilization with liquid stertiant are
‘=5 well inderstood”". The information that 15 available in the lierature suggests that sterilization

srocesses based on liguid chemical stemjant, in general, may not convey e same sterility assurance
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‘=vel as sterilization achieved using thermal or physical methods™ The data indicate that the
survival curves for liquid chemieal sterilant may not exhibit log-linear kinetics and the shape of the
survivor cwrve may vary depending of the formulation, chemical nature and stability of the liquid
chemieal sterilant. In addition, the design of the AOAC Sporicidal Test dogs not provide
suantification of the microbial challenge. Therefore, sterilization with a liquid chemvical sterilant
mav not convey the same sterility assurance as other sterilization methods

Ore of the differences berween thermal and liquid chemical progesses for stenhzanon of devices is
e accessibility of microorganisms o the sterilant. Heat can penetrate barriers, such as biofilm,
2ssue, and blood, w attain organism kill, whersas liquids cannor adequately penetrate these harriers.
I addition, the viscosity of some liguid chemical sterilant impedes their access o organisiis in the
zarrow lumens and mared surfaces of devicss. Another himtagen to sterilizaden of devices with
“quid chemical germicides is the post-processing environment of the dewice. Devices cannot be
srapped or adequately contained during processimg m a Hguid chemical sterilant (o maintain sterility
Silowing pracessing and during storege. Furthermors, devices may require rinsing following
=xpasure to the liqud chermical sterilant with water that typically is not sterile. Therefore. due w the
=herent limitations of using liquid chemical sterilant, their use should be restricted to Teprocessing

ncal devices that are hear-sensitive and incempatible with other sterilization methods.
Advantages

+ FEffecrive for heat sensitive instraments,
“=zadvantages

» Long immersicn lime,

« Difficulty in determining effectiveness,

e TFresh solutions may be needed for zach load.
» Health risks to those handlmg the solution.

« High toxicity for biologic materials,
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3.1.2.a Gasequs Sterilization

The chemucally reactive gases such as formaldehyde, (methancl, H.CHO) and ethylene cade
{CH2)20 possess biocide activity. Ethylene oxide is a colorless, odorless, and flammable gas.

The mechanism of anumicrobial action of the two 2Zases 15 assumed to be through alkylation's of
sulphydeyl, amine, hvdroxyl and carboxyl groups on proteins and aming

groups of nuclsic acids.

The concentration ranges (weight of gas per unit chamber volume) are usnally in range of 800-1200
me/L for ethyleng oxide and 13-100 mgT. for formaldehyde with operating temperatures of 43-63°C
and T0-753°C raspectively.

Both of these gases being alky| ting agents are potentdally mutagenic and carcinggenic They also
produce acute toxicity including wniation of the skin. conjuncriva and nasal Mucosa.

2 Fthylene oxide sterilizer: An ethylene oxide stenlizer consists of a chamber of 100-300 Lirer
capacity and surrounded by a water jacket. Air 1z removed from sterilizer by evacuation,
qumidification and conditioning of the load is done by passing sub-aunospheric pressure steam, then
svacuation is done again and preheated vaporized cthylene oxide is passed After reatment, the
zases are evacuated erther directly (o the cutside atmmaosphers or througzh a special exhanst ystem.
Zshylene oxide eas has been used widely to process heat-sensitive deviees, bul the aeration times
szeded ar the end of the cvele to eliminate the gas made thus method slow.

b Low temperatare steam formaldehyde (LTSF) sterilizer: An LTSF sterilizer operates with sub
smospheric pressurs steam. At firse, ar is removed by evacuation and steam is admitted to the
csamber,

“dvantagss

» Penetrating ability of gases.




Disadvantages

s (rases being alkyl tng agents are potenuallv mutagenic and carcinogen

3.1.3 Filtration with sterilizaton:

Certain media components are sensitive 10 eat; it 18 gomge w be damaged if it 1s heated. also some
Aquids would be damaged by heat, irradiation, and chemical sterilization; so they can be sterilized
csing mechanical Gltation, a filter with poresize C2 pm will effectively remove hacteria. Tf
wruses must also be removed. & much smaller pors size around 20 nm s needed. Normally Slration
»f media is used instead of sterilized media with an autoelove. To filter sterilized media. filter the
sater psing 8 0,45um pare size flter, hefores using a 0.22um pore size filter for final sterthization, This

=sthod 15 commenly used for sensibve pharmaceuticals and protein soluticns in biological




3.1.4 Maonitoring of sterilization:
The following two methods are used to monitor the effecuveness of srerilizanion:.

| Chemical indicators

internal and external, nse sensitive chernicals Lo assess physical condinions such as

semperature during the sterilization procsss. Chemical indicators such s heat sensitive tape

thange color rapidly when a given parameter 1s reached. An internal chemical indicator

sould be placed in every sterilization package o ensurc the stenlization matenal and

scmally reached the instruments inside. An external indicator should be used when the internal indicator

- canmol be seen from outside the package.

il -4 i 23 LAl st '-:-:" Pt A
it e

Ll

= gure 3.2 Color Change of Sterilization Indicarars [18]
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2 Biological indicators (RT)

Biological indicators are used to demonsmare that sterilization has occurred, Biological momitors consist
of rubes or paper strips contaming "known'" amaunts of bactaral sporss; these spares are
deactivated during a sucesssiul sterilization process.

3.2 Autoclave

3.2.1 Steam sterilize (Autoclave)

Hhe method of sterilizadion that requires maist heat under pressure. For steam to be

produced there must be sources of both water and heat. A heat source in necessary to
maintain the reguired temperanire and pressure.

" Heat can be provided by elecrricity or any ather filel source.

* The temperatures required for steam sterilization is lower than those for heat sterilization

are because moist hear under pressure allows for more eficient destruction of microorganisms,
Used to sterlize lab squipment mnd materials by destioying potentially infectious agents.

History of Autoclave

uteclave passed through several stages of development, side by side with the develepment
medical feld. the following tzble summenzes attoclave
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I'abie 3.2: Historical background about amtoclaves

Development Year
Hippocrates poured boiling water onto surgical |
Fﬂiﬂ'lllIlEI]lS to clean them. 460-377 B.CE |
I.'Dmis Papen's, invented the early version of awtoclave called

the steam pressura cooker 1681
Lazzaro Spallanzani discoversd that it took 30 mutes lo

kall bacteria by heating them in sealed glass flasks 1768
Pasteur sterilized using boiling warer at 15 pounds pressure

tor 15 mmutes {commenly called “15 pounds for 15 1RE7
Charles Chamber land finalized The current desien of the B30
The first commercial steam sterilization system imtended for

use on medical products 1839

3.2.3  Theary of Operation

After the instuments and toels are packaged and inserted inside the chamber and close the ]
Zoor, the chamber will be filled with warer to determined level. and then heaters will
@art heating 1l the sterilization temperature, this remperature will be fixed for specific
penod of time depend oo that temperature. after that the steam will be expellec out the
chamber and finally drying will begin. The felicwing graph shows the stages of sterilization
process.
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Figure 3 3; Sterilization Phases[19]

Filling phase:

Sufficient air should be remaved from the chamber and load to permit the anainment of sterilizing
cooditions.

Heating phase:

Steam is admirted 1o the chamber unti] the sterilizing ternperature is arained through out the load
Exposure phase:

Sterilizing tfemperature must be maintained through the chamber and load.




Exhaust phase:
Steam is remaved from the chamber and the pressurs reduced sufficiently to permit the
svaporation of condensate from the load.

Drying phase:
Afris admitted to the chamber through bacteria retentive filter until the chamber reach
atmmospheric pressure.

\ 3.2.4 Types of Antoclaves
There are many differemt types of autoclaves, and they vary in detals how they are

constructed, heated and conmrolled

I. Front Loading {Table-Top) Autoclave




2. Swove Top Autaclave

Figure 3.5 Stove Top Autoclave [20]
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project design

4.1, Mock diagram

4.2.Project calculations
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Chapter four

Project design
4. L. Bock disgram of the project:
Sofar
gEnerator
—xam | | Hcharger + N
B L coiater- 4 Autoclave (—{ Water tank
gt

Temperature

[ batterys controller

*PV panel receives sun shine and converts ts DC voltage.
*The DL voltage 15 transfer through charge controller chargs batteries.
* After charging process 13 completed, the batteries supply de voliags to the heater.

Batteries:

Haltery is a device used to store electrical energy 1o use it later when needed.

They are many type of banteries depending on voliage, current per hour, lune for charping and
Sischarging, he physical component, and the size and weipght Batteries can he divided into two
parts, liquid batteries and dry batterics, In this project we need special bareries to do work
eftechvely with PY,

Tow batteries i series will be used edeh 12V _40 A
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Fig 4. |: hattery 12V DC

("harger controller:

The charger controller is used to organize charging operation and to protect the battery from aver
charging and discharging.

There are two main types of charge controller:

|- Serics charpe controller or sevies regulator disables funther current flow into baneries when
they are full,

2. Shunt charge controller: shunl charpe controller or shunt regulator diverts excess electmicity to

suxiliary or " shunt" lade, such as an electric water heater, when batieries are full,

Fig 4. 2:charger contraller 24V DC
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Photovoltaic cell:

Pliotavoltaie systems are salar system that produce electricity divecrly from sonlight The term
‘photo" comes from the Greek "phos” meaning light. "Volaic” is named for Alessando Volta, a
pioneer in the study of electricity for whom the term "volt” was named. Photoveltgic then means
light electricity”. Photovoltaic systems praduce clean, reliable elactricity withoul consuming
any lussil fuels. They are heing used in a wide vanely of applications, from providing power for

walches, highway sipms, and space stations, o providing for 2 motor pump needs.

e difference between "solar energy” and photovaoleaic

Photavoltaic 15 one form of solar energy “The term solar energy can reter to something as simple
the energy pathered in your parked, sealed car (your solar collector) and converted inlo heat,
Salar energy 15 often nsed 1o hear houses dircetty throngh passive mcans (sun enters window,
T0om warms). Solar energy 1s also often used (o heal waler Ca solar collector is mounted in dircer
suntight, which wanms a heal transfer Ouid, which in turn heats the water in vour hot warer tank),
Fhotovoltaic refers specifically to the practice of converting suns eneigy directly inta electricity

ssing phatovollaic cells, Photovoltaic cells are often referred ro as PV eells or solar cells.

Fip4.3 Photo voltaic panel
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Fig 4.4: Different IV Curves. The current (A ) chonges with the
irradiance, and the vollags (V) changes with the temperature

Heater

The heater is the source of heat used during the sterilization process to heat the water
arad fransform it to steam, it is steam- water heater and placed owside the chamber so

that to complele the drying phase and the stenlizalion process
MVDC, B0OW.




Functional block diagram of autoelave :

Pressure Gauge

Instrument for displaying the pressure inside the chamber in P S I or Bar

used for measuring the condition of a fluid (liquid or gas) that is specified by the
force the fluid would apply, when at rest to a unit arza, such as pounds per square
inch (p.s.i) or Pascals (Pa).

The reading on the gauge, called the gauge prassure, is alwayvs the difference betwesn

“WO pressures. When the lower of the pressures is that of the atmosphere, the toral (or
thsolute) pressure is the sum of the gange and atmospheric pressures,

0 our design it will display | Bar nside the chamber plus the armospheric pressure which




13 | Bar 5o this will give the desired pressure which is 2 Bar [8)

Fig 4.5 : pressure gauge

Timer

The time of stenlization process and the amount of water Alling in the chamber will be
centrolled using two tmers. The frst tmer used for calibrating the |3 minutes the sterilization
process time . the second timer used to calibrats the time to fill the chamber with 23ml water
irom the tank . by trials we found that 1t 1s nead 12 sec to fill this quanaty of water

Principle of operation:

The time delay pericd begins when power i3 applied to the inpul terminals of the relay. When the
ume delay has completed, the contacts of the relay will swirch to the snergized positon. The
relay contacls will remain in the energzed position until power is removed, The contacts of the
relay ransfer to the uncnergized position upon removal of power. The wme delay of the relay
will reset iF power is temoved hefore the delay has completed.




Fig4.6; timer

Contactor

contactars are designed ta be directly connected to high-current load devices. Tt 15 used hers
because the ampere passing through temperature coutroller is low so the contactor will InCIesse
current that going to the hearer

prirciple of aperarion :

When current passes through the slectromagnet, a magnetic field is produced, which arracts the
moving core of the contactor, The elecrromagnet coul draws mors current initially, unnl

13 inductance increases when the metal core enters the coil. The moving contact is propelled by
the moving core: the forcs developed by the slectromagnet Tioids the moving and fixed contacts
tagether. When the contacror coil 1s de-energized, gravity or 2 spring return: the elecromagnet

care o 1ts imital position and opens the contacts,

Fig.4.7.contactor




Temperature controller

[t15 a temperarure clock which is used for reading the average of temperaturs in side the
autcelave maching by using sensor which is joined to PT 100,

Fringiple of operation:

We mensure a set value for the temperamrs with the value of max 120C, and the PT100 will read
the temperature inside the awtoclave. When it reachas 1o 120C there will a sgparation from the
circle and the eircle will be opened .this mean become "mormal open”.By this way we can control
the temperature with 120C This clock will be programmed handily by using 2 button which is
found in the font of the clock.

Fig 4.8: Temperamrs controiler

Solenoid Valves

A splenoid valve is an electromechanical valve operated by 2 built-in acuator

i the form of an elecmical cotl (or sclenoid) and a plunger. This controls the flow of
liquids, gases, and steam. This valve is controlled by the passags of electnic current
m the solenoid (which i3 a coil of wire), when elactrically energized they either open

r close causing the flow of liquids or not

4 solenoid valve has two main parts: the solenoid and the valve, The solenoid

consists of a coul of wire of eylindrical shape around the bobbin, When it is coergized
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by an electrical signal. a magnetic field builds up which attracts the movable plunger
to the pole piece, against the tension of the main plunger spring

When de-enereized, the magnetic field dissipates and the plunger returns to

its ariginal position, undsr the action of the main plunger spring. So the solenoid
converts electrical energy into mechanical energy using magnetc effect which opens
ar closes the valve mechanically

Solenoid valves are produced in two modes narmally open or normally closed

ireferring to the state when the solenoid is not energized),

Outlet valve: [ 1isused to allow the steam po outside the chamber.
It 13 used to conmrol the passage of steam from the chamber to the reservoir tank afler completing
the sterilization.

Inlet valve: Tt is used to allow the water 1o flow inside the chamber,

Chamber
The enclosed bex whers the medical toois ars placed. and provide the switable enviranment for

sterilizadion It is made from aluminum, The chamber edges must be curved so that effect of high
pressure is reduced Tt 15 cylindrical shaped of approximarsty 25¢n diamerer and 3%cm depth,

Safety valve

It will work if the pressure increuses to the maximum pressure; it opens allowing steam ger onr
D& chamber




Temperature Sensor

Temperature sensor is used to convert the temperature (o elecoic current.

18 a PT100 temperature sensor

water tank

- It reserves water to be used in sterilization to produce needed stearn.
- It is used to condensa the steam after completion of stenlizaton process,

<1 2% Liter water volume,

Selector

nsfrument used to connect the mler and cutler valves to the chamber Tt has two ways one for leming the
water to come inside the chamber and the other to let the steam go cutside

The chamber .

Platinum resistance thermometers (PT 100):

Fxcsllent accuracy over a wide temperature from (<200 1o 800C) Standard sensors are available
fom many manufacnuras with various accuracy specificarion and numerous packagpng options o
sult most applicatien.

The principle of operaticn is to measure the resistancs of 4 platuwm slement . The most comimen
ope (PT1007 has a resistance of | 00chms ar 0C and 138.4 ohms at 100C

Figd S remperarare sensor PT100 s S, bsald AiSAda) Jaalz

3 % palssilne Folyrachniv Usiversily
4 {PFU}_

48 M The LiErary ekl ——




4.2.Pruject circuit und calculations:

Heater:

Some general guidelines. Here are some recommended fimas for autoclaving liquids of

thefollowing volume per container:

75. 200 ml 20 minures  [26]
200- 500 ml 25 minutes

$00- 1000 ml 30 mimutes

1000~ 1500 ml 33 minutes
1300~ 2000 ml 40 minutes

]' * Q] = --Mra; = C;. NI e nmmiane s b e (4.] )[8]

Q, =

amount of heat requitad to convert 272 of waler Lo vapor

M ., = total mass of water
', => speufic heat

AT = Temperatue ( T 2

Where: £ = densitv of water

V' = volume of water

M., = (97 =% )




= 0249 kg

Cy oy @25 ¢ =418 Wik

7 gy & 120 ¢ = 422 &I/ kg X

C _418+4322

b = =42 kil /keg k

=M. >C.*aT
=(0249)(4.2)(120-25)
=99.351d

0. Qf m,oAh................(4.2)[8]
'Ef?!-t o }i;r+}l_r}

How to calculate x =
1, => mass of Vapor
M, = mass of ligud
: I
B i o S W N & - - |
-J-Mf;# m;:.imf

B
m,~ -

il

.*-.-.MTH'

"

24024
= =#0,249
3




= 0166 kg

x=_ Mg _ 0 156 =
M. 025
Tocalculate f =

0.66

o By

he- ﬁf

b= X( h=h)= h

Frem table A 4 from thermo dynamic appendix
= at 120 sat higuid

ki = heat at saturated liquid = 503 81 kJ/ kg
h. = heat at samirated vaper =2706.0 kI / kg

b, = latent heat of evaporation = 2202.1 kJ / ko

o, = 0.66(2202:19 )+ 50381
= 1957.23

Qz =.m3 *Ah

=10.166) (f,~h, )

=(0.166) (1957.25 - 50381
= 24127 kJ




Amount of heat required to raise the temp of the por bedy [rom 25 ¢ to 120 ¢ can be estimated as

follows .
O, =AU

= MAu
= pvC AT

Where :
Q =The amount of heat that is needed to raise the temp of the pot (k).

ﬁU = Total internal energy change (kI

M = maﬂ;% of the pat (ke).

AU = internal energy change of the pot per unit mass (&J / kg).
@ = Density of Aluminum (kg / 7 )

= 2771 (kg/ m1 )
V' = yolume of the pot (mJ]

:
(', = Spesilic heat of Aluminum sy
kge

QT = Temperature rise ( [20p'=2547)

Qs -AU

= MAU




‘='.‘MCPM

M= pv
Viezi-pirn-am i w

= TO(0248H0245) )026+2 7 () 248°)0.003)
= 0.0025 gy

‘_. t.Mtf_P;-fa.T
= pve, AT

) Kg o m3 ki . -
=(27717 7 )(0.0025 ) (1.005 s (1200 =254 )
m kg-c (120 ¢ c

=404 &I

0.-0.0,.¢

= (99.35) +(241.27)) —(404)

=T44.62 KT

0O, = 1460

= For heating time of 0,25 L
£= (025) (80) (60 ) =00 sec




o

17 '_,t_fc_iimI““"“",.,,....(4.3‘}[3]

A 744 625

000sec Tehty

** Calculation for PV

Vs = Battery voitage.
I3 = Battery current
'} 5 = Battery charging efficiency.
SOC == State of charge.

e = Dissirging st
TCD => Discharging energy(sneray capacilance).

Yoom = Controller efficiency .

? eunny = Total sunny hour.

TCH=830w * 1 h =830 whr




VB =24y
] 830whr .
24y = 3458 Ahr
),
= Q.98
S50C =08
B sor: " Gogsos "ML |

TCD =TCH * operating time
=830 whr*0.25
=207 5whr

Conductor [oxsey = 39

Voltage drop (Discharge )|  ————gp-10 %
|

faie =1 voltage drop




T

}.'o.:rs I'S- } ais

TCT=

Z207.5
T 0.98%0.9

=235261w

TCTr

Toral PV power =

235261
T 0.96*0.84

—27848 wir
}c.'uui
=10.96

Valtage drop = 12 %

P;r.u}- y TotalPV _ 278 48w .hr _

}m.{l— a P.J

1 sy

852w

4hr

I sumny =4 hours/ January (cloudy weather)

69.62

Number of PV = 110w

=(.633 = | Pannel



System Implementation and Testing

This chapter demonstrates the parts used to implement, test, and examine the
system operafion and behavior. System testing is an important step in
implementing whaole system,




Mechanical system implementation

The mechanical system ‘mplementation includes combining the chamber with wate
tank, safety valve, solenoid valves, Pressure gauge. temperature controller, tmer, switch,
buzzer, selector, contactor. The heater is placed outside the chamber. The following

picoure shows mechanical system implementation,

Water tank
"L15 used to reserve water 1o be used in sisnilizarion to produce needed steam,




\

Pressure Gauge

[nstrument for displaving the pressure inside the chamber o Bar

Temperature controller
It is a remperature clock  which is used for readmg the average of temperature inside the

autoclave machine by using sensor which is joined to PT100,
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Solenoid valves
Outlet valve: -1t is used o allow the steam  go outside the chamber

- It is uged to comirol the passage of steam [om the chamber to e reservoir tank
after

complating the srerilization

Inletwalve: Tt is used to allow the water to low ingide the chamber

Selector
Instrument used 1o connect the inlet and cutlet valves Lo the chamber, It hag two wayvs one
for letting the water to come inside the chamber and the other to let the steam go outside

The chamber

6]




Timer

Two timers are used The first tmer used For calibrating the 15 munwutes the sterilization process

time . the second timer nsad to calibrate the time o fill the chamber with 25ml water from the
[0k .

b trials wa found that it is need 12 see to fill this quantity of water

Safety valve

irwill work if the pressurs increases to the maximum pressure; it

opens allowing steam get out the chamber




Switch
Tow switches are usad the first start the device and the operation of sternihization, 1l 13

connected to the tme Gmer, The other switch starting the filling of warer it iz connectad to
the second tmer.

Buzzer

Ingtrument used to give & sign when the process comnlere.




Testing

the system tested several times and the results was near the desired one .
the first reading is 1.8 bar and 115 (7

The second reading is 1.4 barand 100 C°
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6

Conclusion and Recommendations

6.1 Conclusions

6.2 Recommendations




Chapter Sex

Conclusion and Recommendarions

6.1 Conclusions

L. Our project use solar snergy to achicve the sterilization process instead of electrical
energy.

2. This project will sterilize the medical tools using steam under pressure as sterilizing
agent,

3. This device will be sutable for ambulatory denral clinic or ambulances or when

electricity is mlerrupted and operation room, emergency room, and clinics.

6.2 Recommendations

Future modifications can be carried out 30 system performance and efficiency 18
mproved. these modifications include:
1. Use the stainless box that can withstand high temperature and high pressurz such as old anroaclaves

2. Rebuild the system by adding a system to open and close door automatically
for safety).
3 Adding printer to prinf a repert about steritizanon.

4. avoid usiig pressure cooker W mmplement the device |
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Platinum rasistanca tharmometers (PRTs) offar excalert sceurscy over 3 wide
tamperature ranga {(from -200 to +850 2. Stanmare Sensors ars avajlable fram many
manufacturers with varous acsuracy speciflcetions @nd numersus sackaging ootions to
suit most spolicetions. Unliks thermiocouples, It is net necessary o Jsa special cables to
cannect to the saasar,

Tha principle of operation is to messure the resisiance of a platinum elemert. The most
common bype (PT10Q) has a resistance of 100 ohms 8t 0 °C and 1384 onms-at 100 *C.
THara are alse FTL000 sensors that have a resstanca of 1000 ohms at 0 20,

The relationship between temperature and rssistznce Is apgroximataly lingar over a smail
temperature range: for example, It you assume that It s linear over the 9 o 100 °C range,
thaerrarat 50 °C Is C.4 20, For precisian messurement, [ i5 nezgssany o lireanss the
resisERMCE T give an accurate temperature. The most recent definition of the relatonship
netween regictanre and temperature s Ingermationa! Tempearatura Standard 90 (172

s
===l

This linearizaton s done automatically, In softwere, wher using Pice sianal conditioners.
The nearization egquation 5.

Rt =RO *[0i + A%+ B2 + C¥e-100)* (3]
Where:

Ar |& tha ragistancs at temoerature £, 20 = the resistanceat 0 °C and
A= 3 9083 E-3

8=-5775 -7

C=-4,183 E -12 [bglow T °C), or

C =0 (above 0 °C)

Fora FTL100 sansor, & 1 2L Lempereture chiznge will cause a 0,384 ohim change in
rasistance, so aven a small error in meassurement of the resistanca (for axampie, 2
resistance of the wiras lesding Lo the sansor) can cause 3 [arge error in the measuremeant
of the teamperature. For precision work, sensors have four wirss- Dwa ta carny the sense
current, and two to maasure tha voltage across the senspr aivmaent. 10 € 2182 possitia (o
ootain thres-wire sensors, although these operate on the [not necessaridly valid)
assumption that the reslstance of each of she three wirds is the sams.




Tha cur-ant through Lhe senser will caise some heaking: fgr exampls, 3 sanse current of L
mA taraugh 2 100 chm ~esistor w il generats 100 pW of neat, If tha sansor 2iement s
unacle to dissigate this heat, i will report an artificially high temperatura. This affact can
oe reducac oy aithe- using @ large senser 2iament, or by making surs that it s In gocd
shermal contact with ts envirenmant.

Using @ 1 ma serse current will give @ signal of only 100 mY., Secause the chance in
recistance for 2 degree Ceisius s very sMall, evan 2 small error i1 tne measurement of the
wosege across the semsar wiil praguce & ‘arge grror 1A he TemperatLrs massurarment. For
examola, a 100 4 voltage measuremant amer will give a 0.4 =C arror o0 the temperacure
reading. Similarly, 3 L pA arrcr in the sense current will give 0.4 °C temperalurs errcr.

Because of the low signal levels, it is impartant £2 keeo any cabies away from eectric
canles, meokars, switchgear and other devicss that may emit elecrriza: naise. Using
screenad cable, with the screen groundad st ane end, may hep Lo reducs intarferencs.
Whan using long cabies, It 's nacessary o chisck Lhat the measuring eguipment s cagable
of handling tha rasistanca of the cables. Most ecuinment can cope with op to 1C0 ohms per
cars.

The type of probe anc cabie should be chasen cargfuily 1o suit the applicetion. The main
issuas ara the Temperaturs range and exposure to fiuics (comesive or conductive) or
metals. Claarly, normal sgider junctions on cables shodld not be Jsec 3L lempersiures
abave abaut 170 °C.

Sansor manufacturers affer 3 wide rangs of sensors thet comply with BS1904 class B (DIN
43760} these sensars offer an accuracy of =0.3 °C at J °C. For increased accuragy.
B51304 class A (£0.15 2C) or tenth-DIN sensors (=0.03 °C), Companias ji<2 Blotech can
provige standards with 2,001 ®C accuracy. Flease nois that these acturasy specifications
relata ta the SENSQOR ONLY: [t is necessary to ada on any arror in the measdring system
as weall,

Relasted stardards are IEC751 and JISC1604-1988 [ECTS1 alsa ¢efings tha coiour coding
=5r FRT s=rsar cables: the ons or bwo wires atsschad to cne enc of the sensor 2re ra2d, and
the oneor two wirss ak Lna cihar and e white.
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3 1
Tarminal 1

. Type | Cantact Mocel
| farm Singls contect Bifurcalad contect
| Standerd Upper Smanderd Uppar
brackal micamnling bracsat mounting

maunting Bracket mounting | brackst
-t Plug-infzaldaer SFDT LYIis — = -
I DROT L34 — LY2ZI2 -
(3paT RET] - — -
[aPDT L4 - = 1=
mnatorand | |Flug-niesldar " OFOT LYZdM - L¥anan —_
0 et Duron ARDT TLorian —r = i

1. Tppes wih speciilations sthar (ran those listes ar availabla. Conlact

&,
-

To order 2eenectng sockels and Mounting racks, 288 "ACCESSCrES. Sanlinn,

\ccessories

anecting Sockets

wilt Dmran Salas s aniative.

et Eabent the eppropiale pa numbars o sackels, oling, ano ountieg tracks (I requirad from iha falliwing chas

‘% Maunted Sockets

Relay Sockei” Azlay hold-down clip Mounfing lrack
Bl aird RC eiroul
PTFOAA-E -4 YoIH-3 | PRP-100MIPFR-G0M &
fy | PFP-M ar PFP=-100M2
{PTR11A PFP-5 {Cptlan =pacer)
1 FTF14&-E
¢ mounted aockel can 0@ -5 35 2 front sonnaming soceel
% Connecting Sockels
ay Solder  Wire wrap Felay noid-dewn clio | Socket Mounling Plate
termd nad terminal — e T —
socket et Standard | Push-iodest | RC cincuit  hig. piets 1 i0 12 18
BEC [PTOBGN  |PYGF  |BYC-P2 PYC-1 PYC-S PYRE - PYP-18
] |
}
BT AT11GN PTR:-3 = | FTP12 |-
T PT14 PTi40M FTP-1 PTP-13 |= =
Typee *¥P 8 FTR-12 ang FTP-10 may by cul 1o any desired shgth.
Felay PE larminal sackst B Feley noid-down =llp
| Standard Pushele-leal AL sireuit
ATOZ-0 PYG-P PYC-PZ PYC
] PT110 - |
PT 40

Genaral Purposa Relay LY



Specifications

OmRCN

B Contact Data

Load Single conlact Blfurcated contact
EPDT DPDT, 3PCT, 2PDT OPDT
Rezictiva load Indu.-,'ﬂ“- load Rogistive load Inductive load Rasistha (oad inductive load
pi=1 ip.. =0.4) far=1] lpf = 0.4) fpl =1y gt =043
(LB =T mea) (LR =7 ms} (LA =7 ma)
Rated load TEARL 1OVAC |10 Aalii0YAC [10Aaar0Ved (75 4at113VAC [SAs110VaC 3 Aaz 110 VAC
18 &2t 2 VDo 7 Aat2d4 Wiz 108 st 2d VDT g A ar BNDET |S Aa1 24 VDT 34 3t 24 VDG
Contact materfal | An-dioy -
Carry current 15 4 faa |7 a
War. cparating | 250 VAC
voliage 125 WOG
Max. operating 15A 1A TA
|currant
Max. switching | 1.700 VA =100 VA 1,100 Wik 525 WA 550 YA 240 v, l
capacity gsa W TN 240 W 50 W 120 W 160 W
Min permiesibie | 103 mA. & vDG 18 mA. 5 VDC
joad |
M Coil Data
1- and 2-pole Types — AC
Ratad Bated =urrent (ma) Cuil Coil Inductance Bick-up Cropoul Masimum Power
yaitaga (V] sAnlstanca {ref. walie){H] voltage valtage valtage | =ensumption
" saHr 81 Hz L Armature | Armaiure (% al rated valinge) A, W
oE= oM |
a Bid.i0 133 12,20 o4 0. B0 mEs A 1A | Aaprns,
12 108.50 a1 25 R 333 | I"Eéﬂl 1; b=t
24 Rl i5 184 .59 .30 '
=3 35 70 23 780 e |5 .46
1367170 LrafZed 1A 2,750 1454 2480 Anpros.
62D |ao0inE0 _|B4BEZD (2430 19.20 Be.10 Al
200220 g.2mE.E0 |sE0sEl  |2osg 54,78 8407 o
2ggrad 4mus5) |4ooeEd 13790 83,30 19E 40 |
1- and 2-pole Types — DC
[ Ratee | - Rated currant [md) el Coil inductanca Pick=up | Dropout | Maximum FOWET
yoltaga [V} resislance {raf. vaiue] (H) valtogs vollxge veilags | ccnsumptian
I . (i Armalure | Armaturs 4 of rated vollage) (¥, W)
OFF ON
& 150 |4 018 (23 B max 108 min. e | Boprra
12 75 = ED a7 1aT =
=k {3850 580 ER=l) 572 |
T 1820 2830 =060 2 .
10110 [9.10/1% 11,800 4550 83 |

Mota: 1. The =zted cumsrl adc cailb fessifanca 2rs Teasusad 318 cof temperiure ol 23°C (T3°F) with wlam@ncas of =15%, -20% 100 AL rdled
sarmant, arg =15% for DT eted coll msslance.
Tha A7 sall sesistareeard Fdociarcs e TefrBnos WAges A 50 HI

. Tha perfcrmance charmcieristizs 2re massursd 20 = sol emperatusa of 227G (73°F)

Clesa B coll insulation is availakle

i &y
"

oo

LY
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OMRCN
«ale Type — AC

Sled Aated current ima) Cail Zail inducianca Pick-up Omoout VETE Piyiapis
uga (V) rasistance (raf. vaiue) (H) woltage woitage voltags cansumptian
[ 83] [\A, WY
50 Hz 6 Hzx Armalure i Armature (% of raled wvoltage)
QOFF oM
30 70 BT E3 |2.05 80% max, 3, iy 1% AP,
154 Wi 2% 0,12 B2 .60 1o 2.00
- 180 =z)
a1 |a7 1 .44 579
F— P —
3 |33 jdin azd 147 [
it 15.9048,30 (12851560 [ 2500 10.50 "5.5‘.‘_
: 17340 1.8 PR 11.50 Z0.60
23] TOSIMTED (RO FESD 3L B0 B350
a0 B A0 360 T4.80
ole Type - 0C
lated Fated currant (ma) Gl Coil Inductance Plck-up Dropout Maximum Pawer
Ilag | resistanca {raf. vare] (H] valtnge wilfange valiags Consumption
\d | 1 Armaturs | Armatura (" ol raled volluge] (VA W)
OFF OH |
234 2570 2.4 0.21 | B0 ma. 10 min. |1'|.'-“-1'u ADTroK;
31 ] 107 PR Q.35 L4
{380 &0 1.88 387
(2820 1,70 353 1820
1 Ta2Wa B.500 25,60 52,30 [ l
ole Type - AC
smed Ratad curranl {mA) Cail | Collinductanca Plck-up Dropaut Maxirmum Powr
agd (V) resistance (ret. valus) (H} veltage voltage vollaga | cenaumatian
50 Hz ED Hz i Armature | Armaturs (%% of reted voilsga) ALY
OFF oM |
86 338 5 g [ednl B A, a0 min. bl el Alpiox.
109 v ) RET FEES | 1.85 L E5C
e - (FFHz)
=l = 3] i} L5 &7
[ 46,80 A0 35 1.74 258
110 Z220/25.50 (192180 1. B0 1130 i7.34
:I'H.III 140 2200 7.3 19
220 1150300 5300120 |6 00 3510 T}
11.00 5.50 9.000 |Sn20 52.40
ole Type — DC
atad Rzted current ima) I Cail Ezil indwctancs Plek-up Crosout Vaximum Py
s (V) regislance tref. value) {H] voltaga wollage | woltage consumpticn
(147} | Armslure | Armalore (2% of rated usitane| R
QFF N
24¢ 25 038 g Bltmax, |10 win, 11 Appre.
120 120 .38 Y] .50
(&3 L) .41 29 .
148 1804 ;34 13540
i) 151580 £,308 32 E3.70

1. Tee rated cument 2rd coil fessiame o measiee A 2 coil tanparaine of L35 TEF) with eeanecs of §7 3%, -20% Tr 4G mmd
currmrt, ane =1 5% lor OO reded coil ressiance.
2, Taw AC ool cesistence and induciarca 3 mfaranca vainse at 50 Hz
1. Tae perfarmance characlensts are measumed a3 ooll lamparacure o) &30 (FI°FL
3, Claza B ool msulabiza is avelasie,

Gezneral Purnosa Relay LY
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Dp!mn 7= JUNCTION BaX
Catée ands must be placed in one of tha &
positicns provided. Punch out the circe af
thinngr plestic in ke chosss hols wih 3
scrEWdIVEr Or similer insument.

=3

Do not push on the canter of he circls or

taech e Backside of the madule

Use sulate cables or ouldoor
(& seween T ang 125 mml,

Cenaect [+ to demminal 0 2nd {-) on lerminal 5.

8 For 2 24V use connect tenmirals 244 logethar,

J58

§ otherwise {12V use) connest  together
L]

lerminaiz {+) 0id ard (-} 2% ogeirer.

8% |he corrzelings cozt mewml pars wits
| “sliicone grasse,
{ Foraweterbaht zeeemaly. oot an Cing ' he
COVEr grocve and place 2 more screws
g (however, It is oetter ™ allow & proper
= venlilebar by frec faw of ar in ordar © svod
H s,

G,m‘:an 1- BCITE DE COMNEXION

Flacsr les pressadioupe de sassage des
cébles cans 'un das 6 amplacements aravs,
Oler laceroua & laice, par example, O L|‘I|
tolimienis.

N2 pAs Dresyar 2y canirs du cercle ol Wolichar
I'zrrigre du maduis.

Empicyer des cébles prévus pour ure
utilisaton sxereurs (2da 73 12 5 mm),
Faccarder le (+) & la bome D e I8 ()5 2
Bama 8. Faur un foncdonnament sn 24 elizr
IEs Domes S anseThle siron (TIV) reljsr
anire 2lles ‘25 bomes (+) O =11 26 Ex
ADEs  mooomaments, andiie es camss
maElicuss vec la grakésa siicone foumie

Pour un maontage denche, placar un joint
borinus danz g gonge Su salvercla Al m:t.r& Z
vis supplémentaires [ ssl toulaois praféebie
de ‘aisser une circ_laljnn a'sir Zzns-le boile
afin d'evacuer Mumidie. )

. Cptlon - CAELE JUNCTION
Connaceore tsed are manufactured by Mali-
Conaed,

-t

Typical power W] 45 50 55 108 105
Opsrating vaitage NI cfeR: q72 173, 344 4B 4B qF2
Cument at op. voltage  [A] Z2BE 21 3.2 23 HZ05 315. 58
Shorterouiteument (AL 285 31 245 37 gz AT URDE
%wumMmhw M 216 218 217 437 434 438 3§
Minimum powsr W 401 451 =01 851 10041 1057 957
Max!mum sysl. ‘u'u:taga “u‘I R
_S-E' ﬁ&;-%'mﬁrﬁ% i A e, 5 E'I. :
= ypcalpowsr W) 75 8BS
& Opersdngvoltage © V] 170 17.3 178
| Curertatop, voltage [A) 44 45 43
i Shed circut current [A] AT B0 &R 3 : 3
S Opencirultveltags [V] 215 218 216 %18 320 321 il
& Minimum power W] 701 751 804 110 120 190 %o
3 Maximum syst. Veltage [V] 00

Serip fuge

Tyrical p.

Opriar - SORTIES FAR CABLES
Les comnecteurs ubiess soni lebroguss nar
MuT-Cantact

av :

M0 -0

123
Cperating voitags V] 7.2 174
Cument atcp, voltage  [A 64 8.95
Short circuit current  [A] 6.3 18
& Ocencrcuitvoltagce V] vy g 218
& Minirum powsar 1| 06 gk
= Masimum syst, Vollace ] Ty IOV
5 Sere fuse 10A 1FA

l INTEANATIDNAL 5.4

13w Snirbcnore - Zi Crampfaiis
13330 ISUAC T AL_IEL - FRANCE
Tl |33y €4 7= 30 90 10 -

i v,

!L. LTI TR

PH OTOWATT
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61 4512
G
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223
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10
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12¥
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14
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Ty
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