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Abstract

This project provides a new system to rcgulate the temperature of the
paticnt. This system is based on the patient's temperature regulation
through the bed mattress by pumping water with appropriate temperature,
The natural patient's temperature is used as a reference to the system and
being withoul any medical intervention.

It body temperature less than the reference, the svstem will send a signal
to the heating unit through I'IC, which heats the water and then the pump
pumps the heated water to the mattress through a special set of tubes.

It the patient's body temperature greater than the reference, the svstem
will send a signal to the cooling unit and pump through PIC, which cools
the water and pumps it to the mattress.
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1.10verview

Hyper-Hypothermia Sysiem is used to lower or to raise a patient’s temperature
and‘or maintain a desired paticnt temperature through conductive heat transier. This
unit requires no field adjustments or calibrations in order to maintain the precise
board measurement of temperamire and temperature limits.

[nstilled water is heated or cooled and pumped [rom the unit to a blanket, The
blanket rests under and/or on top of the paticat and is desigred so that the water
circulates through the blanket and returns to the unit.

If water that is at a lower temperature than the patient’s temperature is
circulated through the blanket, the desired effect is to reduce the patient’s temperature.
II" water that is at a higher temperature than the patisnt’s temperature is cireulated
through the blanket, the desived effect is to elevate the patizn's lemperature.

1.2 Project Objectives:

The main objectives of the project are:

l- This device is used primarily in hospita! Intensive and Coronary Care Units, in
Operating, Recovery and Emergency Rooms, this hvper-hypothermia system can be
used with adult and pediatric patients o produce -nermaothermia by lowering a
patient's elevated temperlure or raismg a patient's sub-normal temperature, 1 can
aiso be utilized fo mnintain normal body temperature (normothermia) during surgical
procedures.

2- Surgically, this svslem can be used to produce maoderate to profound hypothermia for
such procedures as amputations, cardiopulmenary by-pass surgery, vascular surzery,
and infraceanial surgery,

3= Medically this system can be used 10 decrease the rate of circulation, to reduce
intracranial pressure, to control cercbral edema, and Lo reduce oxypen requircments,

4- This system is also used in the rrentment of bums, sheck, cardiac arresr, and
gastroinlestinal hemorrhags,




1.3 Literature Review:

MCE clinical guideline 65 ('Inadvertent perioperative hypothermia: the
managemen! of inadvertent perioperative hypothermia in adulls’, published April
2008) recommends that cach parient undergoing anacsthesia should be assessed for
tick of inadvertent perioperative hypothermia. and forced air warming used where
indicated to keep patients warm. This medical technology guidance does not
supersede the clinical guideline but addresses the case for adoption of the Inditherm
patient warming mattress as an alternative to forcad air warming.

The Inditherm patienmt warming mattress (Inditherm plc) uses flexible,
carbonbased conductive polymer lechnology thal simg to generate a unitorm, direct

heating surface. Reusable device that does not require disposable products,

The temperature aof the matiress 15 maintained by a control unit and Is user-
selectable where appropriate, Lo prevent over-héating, there s an alarm and an
automatic over-temperature shut-off. The control unit can be mounted on an
intravenous infusion pole or an anaesthetic wrolley.

The mattress polvmer is combined with a viscoclastic fbam pad which s
designed to mould itself to the shape of the patient, The Inditherm mattress can be
used on its own, with additional Inditherm blankets or with other warming methods

such as lorced air warming:.

NICE  clinical  guideline 63 ‘Ilnadvertent  perioperative  hypothermia’
recommends forced air warming should be used for all paticnts undergoing
angesthesia for longer than 30 minutes and for paticnts at higher risk ol inadyertent
perioperative hypothermia underpgoing anaesthesia for less than 30 minutes,

The Committee concluded that the available clinmical and cost evidence
supported the case for adopting the Inditherm patient warnming mattress in the NHS
for patients undersoing operations which carry risk of inadvertent hypothermia.




1.4 Time Plan

Table 1.1: Project Time.
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1.5 Project Cost

Table 1.2: Project Cost
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| Chapter Two

Physiology of the Human Body

Temperature

2.1 Normal human body temperature.

2.2 Natural rhythms.
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2,52 Hyperthermia.
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2,55 Core temperature,

2.6 The Control of Body Temperature.




2.1 Normal human body temperature

Normal human body temperature, also known as normothermia or euthermia,
15 4 concept that depends upon the place in the body at which the measurement is
made. and the time of day and level of activity of the person. There is no single
number that represents a normal or healthy temperature for all people under all
circumstances using any place of measurement.

Dillerent parts of the body have different temperatures. Rectal and vaginal
measurements, or measurements taken directly inside the hody cavity, are typically
slightly higher than oral measurements, and oral measurements are somewhat higher
than skin temperature. The commonly aceepted average core body lemperature (taken
mrernally) is 37.0 °C. The lypical oral (under the tongue) measurement is slishtly
cooler, at 368 £ (.7 "C. Although some people think of these numbers as
representing the normal temperature, a wide range of temperatures has been found in
healthy people. In samples of normal adult men and women. the observed range for
oral temperature is 33.2-38.2 °C, for rectal it is 34.4 37.8 °C, for the LyImpanic cavity
il is 35.4-37.8 °C and for axillary it is 35.5-37.0 °C.

The time of day and other circumstances also allects the body's teimperatire.
The core body temperature of an individual tends to have the lowest valuc in the
second hall of the sleep cyele; the lowest point, ealled the nadir, is one of the primary
markers for cireadian thythms. The body temperature alse changes when a person is
hungry, slecpy, or cold.

2.2 Natural rhvthms

Body temperature normally fluctuates over the day, with the lowest levels
around 4 aum. and the highest in the late allernoon, between 4:00 and 6:00 pun.
(assuming the person sleeps al night and stays awske during the day). ‘Therefore, an
ordl temperaiure of 372 °C would, strictly speaking, be normal in the afternoon but
not in the moming. An individual's body lemperature typically changes by about (0.5
*C between its highest and lowest points each day.

Body femperature 1s sensitive t© many hormones, so women have a
temperature rhythm that varies with the menstrual ¢vele. called a circamensal rhythm.
A woman's basal body temperature rises sharply aller ovolation, as estrogen
production decreases and progesterone increascs. Fertility awareness programs use
this predictable change to identity when & woman is able to become pregnant, During
the luteal phase of the menstrual cycle. hoth the lawest and the average lemperatires
are slightly higher than during other parls of the cvele. However, the amount that the
temperature rises during each day is slightly lower than typical, so the highest




lemperature ol the day 1s not very much higher than wsual. lormenal contraceptives
hith suppress the circamensal rhyvthm and raise the typical body temperature by about
(1L} 3

Temperature also varies with the change of seasons during each vear. This
pattern 18 called a circannual thythm. Studies of seasonal vatiations have produced
inconsistent results. People living in different climates may have different seasonal
patterns.

Increascd physical fimmess increases lhe amount of daily variation in
temperature, Table 2.1 chows different human body temperature messured from
various regions for different categaries of people. With increased age. both average
hindy temperature and the amount ol daily variability in the body temperature tend o
decrease. Ulderly patients may have a deereased ahility (o generate body heat during &
fever. so even a somewhat elevated wmperature can indicate 2 serious underlyving
cause in gerialries,

Tahle 2.1: Normal body temperalure ranges 2]

=E (-2 vears 3-10 years 11-63 yeurs =65 veurs
Oral — 353—375 b4 ——37.5 358 —379
Regtal 36.6— 18 66— 38 37— 3K p2—373
Axillary .7 —37.3 JaN—36.7 35.2— 6% B85 —3h3
Far 364 —38 an 1 —37.7 I59—376 3R ——FTS
B Chore _'iﬁ.-1 37.8 364 —37.7 368 —378 s —371

2.2 Variations due to measorement methods

DifTerent methods vsed for measuring temperature produce different results.
Generally. oral. rectal, gut, and core body temperaturcs, although slightly different,

are well-correlated, with cral temperature being the lowest of the four,

Oral temperatures are influenced by drinking, chewing, smoking, and
sreathing with the mouth open. Cold drinks or food reduce oral temperatures; hot
drinks, hot food, chewing. and smoking raise oral temperatures. Axillary (armpit).
Sempanic (ear), and other skin-hased lemperatures correlate relatively poorly with




core hady twmperature. Tympanic Mmeasurements run higher than rectal and core
hody measurements and axillary temperatures run lower, The body uses the skin as a
ol W incrcase or decrease core body temperature, which affccts the temperature of
the skin, Skin-based temperatures ure more variable than other Imeasurement sites,

The peak daily temperature for axtllary measurements lags about three hours
behind the rest of the body. Skin Temperarures are also more influcniced by outside
lactors, such as clothing and air temperalure,

2.4 Variations due to ontside factors

Many outside fictors affect the measured lemperature as well, "Normal”
values are geperally given for an ofherwise healthy, non-fasting adull. dressed
comfortably, indoars, in a room tha is kept al a normal room temperature (22.7 1o
244 °C), during the morning, but not shortly after arising from sleep, Furthermore,
for oral temperalures, the subject must not have caten. drunk., or smoked anything in
al lenst the previous fificen to lwenty minutes, as the temperature of the food, drink,
or smoke can dramatically affect the reading.

Temperature is increased after cating or drinking anything with calories.
Laloric restriction, as for g welght-loss diet, reduces overall bodv lemperature.
Drinking alcohol reduces the amount of daily change, slightly lowering dayvtime
lemperatures and noticeahly raising nighttime temperatures,

Cxercise raises body lemperatures. ln adults, a noticcable increase usually
FOUITES strenuous exercise or oxercise sustained over i significant time. Children
develop higher temperatures with milder uctivities. like playing.

Psychological factors also influence body lemperature: A very excited person
afien has an elevated temperature,

Wearing more clothing slows daily lemperaturs changes and mises body
semperature. Similarly. sleeping with an eleetric blanket raises the body temperature
al mght. Sleep disturbances also attect tcinperatures. Normally, body temperature
drops significantly at a person's normal hedtime and throoghont the night, Shart-term
sleep deprivation produces a higher temparature at nisht than normal. but long-term
slecp deprivation appears 1o reduce Iemperatures. Insomnia and poor sleen quality are
associated with smaller and later draps in body tempesature. Similarly. waking up
untisually early, sleeping in. jet lng and changes to shift work schedules may aflect
hody temperature.




2.5 Specific temperature concepts

2.5.1 Fever

A temperature set point 18 the level at which the body attempts to maintain iis
temperature. When the set point is raised. the result is a fever. Most fevers are caused
by infections dissase and can be lowered. i desired, with antipyretic medications.

An grganism gl oplimum temperature 15 considered a {ebrile or a pyrexic.
megning "withoul [ever, If lemperature 35 raised, bul the sgl point is not raised. then
the resull 1s hvperthermia.

2.5.2 llyperthermia

Hyperthermia occurs when the body produces or absorbs more heatl than it can
dissipate. It is usually caused by prolonged exposure 1o high lemperaturzs. The heat-
regulating mechanisms of the body eventually become overwhelmed and unable 1o
deal effectively with the heat, causing the body temperature to climb uncenuellably.
Hyperthermia at or above about 40 °C (104 “F) is a life-thrcatening medical
emergency that requires immediate treatment.

[n a medical setting, mild hyperthermia is commonly called heat exhaustion
or heat prostration; severe hyperthermia is called heat stroke. Heat stroke may come
an suddenly, but it usually follows the untreated milder stage.

Wilh lever. the body's core lemperature rises to a higher temperature through
the aetion of the parl ol the brain thal controls the hody temperature; with
hvperthermia, the body temperalure is raised without the comsent of the heat control
canters,

% T'he eauses of hyperthermia

[MTyperthermia. usually resulting [rom infection, certain drugs and
medications, or head injury, | lvperthermia is sometimes created intentionally 1o treat
diszases, especially some cancers,

% The risk factors fur hyperthermia

s  Age: Children under 5 years of age and older adults are at the greatest risk for and
hvperthermia.

+ Genetie factors: How well vour bedy is able to withstand high temperatures. I
for example, your parents or grandparents have had difficulty with heat-related
illnesses, that tendency may have been passed on to vou.

10




* Medications: Such as  beta-blockars, diuretics,  anti-psychotics  and
vasoconstrictors may make the patient more prone to hyperthermia,

« Diseases: Heart, lung and kidney diseases. as well as any illness that causes
gencral weakness or fever high blood pressure .

Lifestyle fuctors that can increase risk are:

* Lnbearably hot living guarters.

* Transportation: Lack of transportation which prevents people from seeking respite
from the heat in shopping malls, movie houses, and Libraries.

= Overdressing: Older people may not dress appropriately in hot weather.

= Not understanding weather conditions: Older persons at risk should stay indoors
on especially hot days.

Other factors include being substantially overweight or underweight, and
drinking aleohalic beveruges

% The signs and symptoms of hyperthermia
Heat stress: occurs when u strain is placed on the body as a result of hot weather.

eat fatigue: is a fecling of weakness broughr an by high outdoor lemperature.
Symptoms include cool, meist skin and a weakened pulse, The person may feel faint.

Heat syncope: is a sudden dizziness experienced after exercising in the heat, The skin
appears pale and sweaty but is penerally moist and coal, The pulse is weakened and
the hearl rate is usually rapid.

Heat eramps: are painful muscle spasms in the abdomen. arms or legs, Heal cramps
are caused by a lack of salt in the body.

Heat exhaustion: is a waming that the body is getting oo hat. The persen may be
thirsty, giddy, weak, uncoordinated. nauseated and swedting profuscly. The body
temperature 18 normal and the pulse is normal or raised. The skin is cold and clammy,

Heat stroke: can be life-threatening and victins can die. A person with heat stroke
usually has a body temperature above 104 degrees Fahrenhcil. Other symptoms
include confusion. combativeness, bicarre hehavior, faintness, staggering, strong and
rapid pulse, and possible delivium or coma. High body temperature is capable of
producing frreversible brain damage,

% Treatments and drugs

I the vietim is exhibiting signs of heat stroke, emergency assistance should
Se sought immediately. Without medical attention, heat stroke can be deadly.

11




% First-uid care

s Move the patient from hot to cool area.

« Shower the patient with cool water.

« Do not give the patient anything o eal or drink,

s Constantly keep a check on hreathing and heart heat of the patient with the

help of ABC test.

+ Cold compressions are available which can be very useful in lowering the
temperatures.

«  Medications Lo reduce temperature shouldn’t be given to the patient as it can
lurther harm.

o [ the casualty 18 unconscious than reduce the body temiperature do not give a
bath or else give it carcfully.
« Continue the first aid treatment until the medical emergency is available.

< Medical treatment

Dantrium is used tor treating Treating episodes of severe high body
temperature. [L is also used to prevent or reduce the nisk of scvere high hody
temperature in certain palients belfore or after surgery or ancsthesia. It may alse be
usad for other eonditions 25 determined by vour dactar.

Dantrium is a tuscle relaxant, It works by restoring a normal level of calcinm
m Lhe muscles, which helps to prevent or raduce severe high hady temperature.

Do NOT use Dantrium if you are allergic to any ingredient in Dantrium.

2.5.3 Hypathermin

In humans, this is usually due to excessive exposure to cold air or water, bul
it can be deliberately induced as a medical treatment. Symploms usually appear
when the body's core temperature drops by 1-2 *C below normal lemperature.

% The causes of hyvpothermia

Hyputhermia most often occurs because of prolonged exposure to cold
weather. lnadequate clothing for conditions may not provide enough insulation lor
the body to prevent heat loss.

Heat is lost more quickly in waler than on land, and just a few minutes in
cold water may be fatal . a water temperature ol 10 *C (30 °F) often leads to death
in one hour, and water temperatures hovering at fregzing can lead 10 death in as
linle as 15 minutes. Water al a temperature of 26 °C (79 °F) after prolonged




exposure, will lead to hypothermia.

Other causes of hypothermia include metabalic disarders like dysfunction of
the thyroid. udrenal, or pituitary glands.

# The risk factors fur hypothermia
There are numerous lactors that increase the risk of hypothermia:

« Age: The very voung and very old mav be less able to penerate hear, The
clderly with underlying medical conditions such as hypothyroidism or
Parkinson's disease that limit the abilitv of the body to regulaie lemperature,
Tnfants with their relatively large head size compared 1o the body, they are at
risk [or increased heat loss hy radiation.

e Mental status: Inipaired judgment and mental function c¢an lead to cold
exposure. For example, Patients with Alzheimer's discase .

e Substance ahuse: Alcaliol and drug abuse increase the risk of hypothermia in
twa ways, First, impaired Judgment can lead to cold exposwe. Additionally,
aleohol and similar drugs can dilate blood vessels near lhe <kin, both of which
decrease the hody's ability Lo compensate for cold exposure,

e Medical conditions: Medical conditions can alse lead to accidental
hypothermia:

1. Patients with hormonal abnormalitics (thyroid, adrenal, pituitary) may
be less able to feel the cold and generate o shivering respanse.

7. Pesients with spinal cord injuries, may not be able to adequately
shiver.
3. Patients who have suffered sirokes or bram {(Wnors may have impaired

thermal regulation centers in the brain.
4, People with diabetes who have wvery low blood sugar can
appear unconscious and very cold.

« Medications: Limiting the shivering mechanism by some psychiatric
medications . can increase (he risk of hypothermia .

% 'The signs and symptoms of hypothermia

[he bady starts 10 slow as the lempeaiure drops. Aside from the cold that is
felt and the shivering thal may oceur, mental function s most attected initially, and
since it affects thinking.




+ Ininal hunger and nausca will give way W apathy as the core body temperature drops.

» This is followed by confusion, lethargy, shurred speech. loss of consciousness,
and com.

« Offen the affected person will lie down, fall asieep, and die,

I'he decrease in brain lunction pccurs in direet relationship to the decrease in
body temperature (the colder the body, the less the brain function), Brain function
stops at temperature o 200 (68 1)

Ventricular fibrillation, a disorganized rhylhm in which the heart is unable to
pump, may occur at core wmperatures below 28 O (82.4 I7), This is one type of
cardiac arrest,

Table 2.2 shows the sign and symptoms of hypoathermia,

‘Table 2.2: Hypothermia Symptoms by Body Temperature

Celsius Description Symptoms
i im 37 Mo hvpothermia No hypothermia
Below 35 Delinibon of hyvpolhermia N/A
Shivering
32to 35 Mild hypothermia |.ethargy, apathy. confusion

Rapid heart rate

Shivering stops
Increased confusion or delirium

28t 32 Moderate hypothermia ,
SR X TEYEESS Slowing heart rate; may be come
irregular
[y Coma
Below 28 severe hvpothermia Ventricular fibrillation
May appear deceased
20 Hrain activity stops

2 Treatments and drugs:

Segk immediate medical attention for anvone whoe appears to have
hypothermia. Tlntil medical help is available, follow these hypothermiz treatment
guidehings,




< TFirst-aid carc

¢ Move the person out ol the eold to a warny dry location if possible.
o Cutaway wet clothing if necessary 10 avoid excessive mavement.

o Cover the person with blankets . Cover the person's head. leaving only the face
exposed.

« If the person's breathing has stopped or appears dangerously low or shallow. bepin
cardiopulmonary resuscitation (CPR) immediately if vou're trained,

o Llse a first-gid warm compress. Don'l apply a warm compress to the arms or legs.
Lleat applied to the armis and legs forces cold blood back toward the heart, Lhis can
be fatal.

« [Don't apply direct hot water 1o warm the person. The exirenie heat cause oregular
heartheats so severe that they can couse the heart lo stop.

< Medical treatment

Depending on the seventy of hyvpothenmia, emergency medical care lor
hypothermia may include one of following inlerventions o raise the body
temperature:

Blood rewarming: a commen method of warming blood is the use of a hemodialvsis
machine, Blood may be drawn, warmed and recirculated in the body,

Warm intravenous fluids: a2 warmed Intravenous selution may be njecled mlo a
vein to help warm the blood.

Airway rewarming: the use of humidified oxvgen administered with a mask or
nasal tube can warm the airways and help raise the temperare of the body,

25.4 Basal body temperature:

Basul body temperature is the lowest temperature attained by the body during
resl (usually during sleep). It s generally measured immediately after awakening and
belore any physical activily has been undertaken, although the temperature measured
2t that time is somewhat higher than the trug basal body temperature. In women,
temperature differs at various points in the menstrual eyele, and this can be used for
family planning,.




Why is temperature control impurtant?

(wver the course of & vear, of even over a single 24-hour perivd. environmental
[cmperalures may vary considerably. Controlling the body temperature helwoen
aarrow limits enables an organism lo be independent of these flucnuations in
anvironmental temperature. Bnzymes are very sencilive to changes in temperature. In
figure 2.1 the graph shows the effect of temperature on three diffcrent reactions in a
mammal. These are controlled by enzymes. If the body temperature fell o, say, 20°C,
the rates of reaction of these enzymes would be Loo slow 1o maintain the organism’s
meiabolism, 11 the body lemperanire rose above 45°C, there would also be serious
consequences for the animal. Some enzymes would be denatured but there js another
problem as well. As can be scen on the praph. cach enzyme is affected 1o a diflercnt

extent by a rise in temperature. Such a rise could therefore upset the overall balance of

rietabiolic reactions in the body.
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Fig 2.1: Temperature aftects different enzvmes in different way
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3.1 Schematic Block Diagram:

- Block Diggram for a Design a body lemperature regulation system

Pewer Sapply

L
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—- : Ampliter
i ADE2D

PIC
Migracanuroller
| RF 43500

Fig 3.1: Schematic Block Diagram




3.2 Body Temperature Sensor:

Ome of the potentially challenging choices we may have to face is selecting a
temperature measuring device, Like many things in the process industries, we have a
range of options and there are tradeoffs that vou need W balance. The three main
technologies we have available from which to choose are

% Thermocouples

% RTDs

% Thermistors .

Each hus its particular advantages, draowbacks, and application niches. But if
we choose carefully from current offerings, we may not need to pav any allention lo
the specific echnology.

Temperature sensars liave many specitications, but the basies are:
& medsuTing range
o  Stability
e Acouracy
+ Sensitivity
s Responze time.

It we know what these nead to be for your application, they can be the basis

for your decision and we won't have to worry ghout measurement technology.

1. Thermocouples

are available in countless configurations. They indicate temperature by
providing a verv small voltage signal generated by a junction of dissimilar metals.
I'here are at least cight calibration groups, expressed as letters (B, E, )L KL R 8, and
T) that have their own characteristics and ranges. Far example, B tvpe thermocouples
typically have the highest limits ar 1648.85+ *C (3000+ *F).
Advantages:-

Wide variety of measuring ranges, many physical sizes and configurations,
fast response times. tiny measuring poinl, moderale price. and very simple
configuration.

Druwbacks:
Medium accuraey and sensitivity, linearity is only fair, specific types have to
have matching cable., signal strength is very low and prone to EMI prablems.
thermocouples are the least sensitive and least stable temperature sensors, So
the thenmocouple is not suitable for high-aceuracy application, and we will not use i

in this project.

2. RTD
Resistance Temperature Deleclors (RTDs) are lemperature scnsors that
contain a resistor that changes resistance value as its temperature changes. Moest RTD
elements consist of a length of line coiled wire wrapped around a ceramic or glass
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core. The element is usually quite Iragile, so it is often placed inside o sheathed probe
o protect it. The RTD element is made from u pire material whose resistance ?11:
various temperatures has been documented. The material has a predictable change in
resistance as the temperature changes: it is this predictable change that is used 1o
determine temperature.

RTDs have characteristies thut compare well against thermocouples; _

More stable, more accurate .Lrealer repeatahility, befter sensifivity  and
linzarity, it is the most aceurate and wuhle temperature sensor and is more Hnear than
4 thermocouple or thermistor.

Other RTD attributes don't compare as well against thermocouples:

Nerower measuring range, particularly at the high end, more eXpensive,
fequire an external power source, slower response tinie, ind at some temperatures, the
reference voliage can actually heal the sensor und thra w it off,

It fit precision applications where aceuracy is eritical while speed and cosl are
less important,

3. Thermistors

act i much the same way as RTDs, but use 4 semiconductor devige 1n change
esistance rather thay 4 metallic element,

Advantages:-

lhermistars exhibit by far the largest Parameter change with temperature and
are the most sensitive temperature sensor, thermislors are also very small and respond
quickly fo temperamres changes.

Drawhacks:

The thermistors are an extremely non-linear device, are Mo expensive than
thermocouples | hey also have smaller lemperature ranges than thermocouples,

So what sensor is better?

It depends. Ihermistors cost  Jase than RTDs, Thermistors  measyre
'ERIPerature Lo the same or belter accuracies than RTDs. Thermistors do not need the
extra cost of transmitters, RTDs have a much larger temparatire measuremeny range
than thermistors, Transeitters add at leas ¥100 ta the cast of an ATD

Based on the above, Fj nally, in this project we ase the thermistor
the best of the all 10 use in meastring the value of the hod ¥ temperaiure.

because it iy




In this project we will use the skin lemperature sensor LAOOS:
« Single patient use. Use for the length of siay of each infant. Cost-gilective.

- 2 conneetor styles: Designed to fit Ohmeda or Air-Shields brands of warmers and
incubators.

+ Light weight medical grade wire: Lighter, more flexible than reusable probes.
» Molded construction and strain relief : High quality construction resists breakage.
sMeoGinard Reflectors: lach probe is packaged with a reflector.

Normal temperature ranges on the chest vary rom 36.5%C to 37.5%C.

3.3 Processing:

3.3.1 Wheatstone Bridge.

Fig 3.2: Schematic of & Wheatstone Rridge

The Whealstone bridge is a very useful cirewit, When the bridge is fully
halanced, the right side resistors identical to the left side resistors (RI=E2, and
R;=R.). the voltage across the bridee is zero,

R, is the resistance of the thermistor. Change in temperature causes the
thermistor’s resistance to change accordingly. The relationship between this
thermistor’s resistance and temperature is non-linear. lo measure this change in
resistance, the eircuit ahove is used. Four resistors are used in this canfiguration, one
of them being the thermistor. When the thermistor's resistance changes duc to change
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In temperature, the output voltage will change, The advantage of using a Wheatstone
bridge is that it accurately measures small changes in resistances and produces a
voitage output. This voltage output is sent to the instrumentation amplifier.

Sinee Vg = 0, the voltage drop from C 1o A must equal the voltage drop fram
C to B, Vea = Ve Likewise, we must have Vap = Vin. So we can write,

!ﬂ HI = .III!J Il?‘!; P fI}
Ry = I, R, - (2)
Dividing (2) by (1), we have
By _ R _pta
7 = P . RI RR R (3)

Applying Kirchhoff's Voltage Law and Ohm’s Law to the upper and lower arms of
the bridpe. we have

1’L = -rn.':.R1+ RE:]:fb(.R;f"'Rx:] 1{-4}

We are trying to find V. which we can relate 1o lg and [,

Van =V¥i— ’-"3 = ':L’rn:"‘ VE)_ (VC - VA:}= I R-‘c‘_ fﬂ Illr‘11 {5}

We can use (4) Lo selve for I, and 1, and then substitute for 1, and I, in {5),

o Iy T F_ E

Vg = Vy e I, 8 .. (6)
= By Ry

Vis =V - iy ()

3.3.2 Instrumentation Amplificr:

The mstrumentation amplifier is a type of differential amplifier that has
been cuttitted with input bullers. which eliminate the need for input impedance
matching and make the amplifier particularly suitable for use in rest equipmenls.
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255 Core temperature:

Core temperature, also calied core hody temperature, is the operating
temperature of an organism, specilically i deep structures of the body such s the
liver, in comparison to temperalures ol peripheral Gssugs. Core lemperalure is
normally maintained within a narrow range so Lthal essenbial enzymatic reaclions can
vcour. Signilicant core temperature  clevation (hvperthermia) or depression
(hypothermia) that is prolonged for more than a brict period of time is incompatible
with human life.

lemperature examination in the rectum is the traditionai gold standard
measurement used o estimate core temperature (oral temperature is affecred by hot or
cold drinks and mouth-breathing ). Rectal temperature is expected to be approximately
one Fahrenheit degree higher than an oral temperature taken on the same person at the
same time. Far thermometers measure eardrum temperature using infrared sensors.
The bload supply to the tympanic membrune is shared with the brain. Howgver, this
method of measuring body temperalure 1s nol 4s decurate as reclal measuremenl and
has a low sensitivity for fevers. missing three or [our oul of every len fevers in
children. Fur lemperature measurement may be acceptable ror observing trends o
budy temperature but 15 less uselul in consistently identilying fevers.

Until recently, direct measurement of core body temperature required surgical
insertion of & probe, so a variety of indirect methods have commenly been used.
While the rectal or vaginal temperanme is generally considered to give Normal human
body temperature 5 the most accurate assessment of core bodyv temperature,
particularty in hypotherniia, its recording is disliked by patients and medical statt
alike. In the early 2000s. ingestible thermistors in capsule lonn were produced.
allowing the temperature inside the digestive fract to be transmitled to an external
receiver: one study found that these were comparable in accuracy 1o reetal
iEmpernture measurement.

2.6 The Control of Body Temperature

There may be as many as 2000 different chemical reactions taking place inside
s single living cell. Each of these is controlled by an enzyme and enzymes are very
sensitive Lo changes in temperature. A constant internal temperature is an advantage
because it may prevent fluctuations in the rates of these reactions. Body temperatures
of most mamimals change very little but many other nrgamsms can also conirol Lheir

miernal temperatures to some extent. Mammals and birds rely on complex
physiclogical mechanisms; other animals such as repliles and inscets relv mainly on
behavior




An instrumentation amplifier is s closed-loop gain block that has a
differential input and single-ended Oulput. An instrumentation amplifier employs
an internal feedback resistor metwork that is isolated [rum its signal inpu
terminals, With the input signal applied across the twa differential Inputs; gain is
either preset intermally or is user set (via pins) by 4 pain resistor.

Re [1] 8] r
AN E - El Vg
+N E + 6 | ouTPUT

V5 [4] ApDe20 [5]mer

TOP VIEW

Fig 3,3: 1C ADG20.

Churacteristics of instrumentation amplifiecr AD620 ns shown in
figure 3.3:

s Very low DC offsct

o  Lowdrift

* [.ow noise

*  Very high open-loop pain

* Very high common-made rejection ratio
*  Very high input impedance.

op-ampl

R2 R3
VA 'E} ; =

R1
VA op-amp3

=3 ga in :[} + Vout
VB

op-amp R1
R2 R3

VB 2 = ’

Fig3.4: The equivalent cireuit for instrumentation amplifier.
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3.4 PIC Microcontroller:

PIC controllers are a family of small rise controllers used in embedded
applications. PIC controllers are produced by the company "Microchip”.

PIC mucroconuollers, are clectronic cireuits that can be programmed {o carry
out a vast range of tasks. They can be proprammed to be timers or to central a
production line and much more. They are found in most electronic devices such as
alurm systems, computer control systems, phones; in fact almost any electronic
device. Many types of PIC microconirallers exist, although the hest are prabahly
lnund in the GINIE range of programmable microcontrollers. These are programmed
and simulaled by Circuit Wizard software.

PIC Micrecontrollers are relatively cheap and can be boughl as pre-built
circuits or as kits that can be assembled by the user.

PIC microcontroller will control the system by using the input signal from the
instrumentation amplificr and then will send a signals to the valves, motors, cooler,
and heater.




PIC18F4550

[deal for low power (nanoWatt) and conneciivity applications that benefil
from the availability of three serial ports. Large smounts of RAM memory for
buffering and Fnhanced Flash Progiam memory make if ideal for embedded contro]
and monitoring applications that require periadie connection with a ( legacy tree)
personal computer via 1ISB for data uploadidownload and/or firmware upidates,
Figure 3.5 shows the pins of PIC1 814550,

VS AWweRE? — 1 0[] — AETkeGeso
LT — B — nszorss
AAUMN —eT]: B[ PRENEN PG
RAXMC Ve Cymge v g T 0 =— REUMN1KBECSSFP
RACAMNEEF, =[5 B0 = rEIUNGCCOIPD
RASTICKICAUTRLY = e ¥ ] a—s AQAMGMTIVIG
RABANLTTLVINI0UT =—e (7 3 ) e RBYANIIINTISONSCL
FELECKIER =—[F weo &0 BN NTIETOSONS DA
RELANBOXZSPP w— [18 R o —
REZANTOESPP = 317 g Hd—vs
Vo—[0On 28 2] atnsree
Ve — 12 L@ B0 =— ADESPrERIC
OO0 —017 Ba  #[— rossoespig
OSCECLKORAS e—p] 14 T 0 = AD4SPRE
REATIOSOMIICN) w12 %] — fCTRROTEIO
RCATISICCPANGE «— 118 ED = foeTuce
RC2CCPIPIA s []17 U — pcEnNE
VEE =—e[]12 01— BTN
ROGSPR) =18 Z ] =—+ RDRSPEI
RSP ~— ]2 N [] «— Rp2SOeZ

Fig ¥.5: Pins out of PIC18F4550

A microcontraller (also microcomputer, MCU or HC) is a small computer an g
single integrated circuit consisting internally of a relatively simple CPU, clock, timer,
VO ports, and memory,

Microcontrollers are designed for small or dedicated applications. Thus, in
contrast lo the microprocessor used in personal computers and ather high-
performance or general purpose applications, simplicity is emphasized,

Some micracontrollers may use four-bit words and operate at clock rate

frequencies as low as 4 KHz, as this is adequate for many typical applications,
enabling low power consumption {(mill Wates),
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Choosing the PIC18F4550 type of microcontrollcr for following reasons:

1. 32768-bytes-program memory, This represents enough memory 1o perform the

project.

2. 13 input channels, 10 bit analog-to-digital module that convert analog signal 1o
digital,

3. Availability of PIC programming in the university.

4, Cheap.

3.5 Heater/Cooler Lnit

The wnit heals or cools the water to reach the desired 56t point wemperature,
I'he waler circuliates through the blanket and either raises or lowers the temperature of
the patient. In this case, the patient's temperatore must be closcly monitored.

1. Heating System: The heating system consists of an immersion heater,
water temperature conirnl. The immersion heater is lacated in the
circulating reservair. The water circulating in the reservoir flows
around the immersion heater and is warmed.

The heating system is operalional whengver Lhe conlrol system calls
for an increase in the temperature of the circulaling waler. It i
important W note that the rate of change n the circulating water
temperature is nol dircelly proportional 1o the rate of change in the
temperature of the patient.

2. Conling System: The cooling system is composed of a compressor,
condenser, condenser fan, an evaporator coil, water temperature
control, solenoid valve, hot gas byv-pass valve, and two low temperalure
salely devices.

The refrigerant of the cooling system lows through the evaporator coil
located in the circulating reservoir. The water circulating in the
reservoir flows over the evaporator ceil and 1s cooled.

The cooling system is operational whenever the control system calls for
a decrease in the temperature of the circulating watar, It is important to
nole that the rate of change in the circulating water temperature is not
directly proportional to the ratz of change in the tempernture of the
paticnt.




3.5.1 Heater System:

Tlectsic water henters supply hat water , that is usualiy consists of a
tank, thermostats, two cleclric resictance elements (which are submerged
inside the tank), and inlet and outlet pipes far cold and hot water. Internal
thermostits regulate the temperature ol the water. Fig 2.6 depicts the electrical
water healor.

Kot wats! oul %

Cold wsnl in

Shut-¢f1
Valwe

_ Thermoziat

[T ——

Anods Rod ——] Electric Elanmnis

T minsTae

Fig 3.6: Electric Water Heater

Lanks are typically covered with foamn insulation and lined on the
inside with a ceramic glass layer, When cold waier replaces the waler
withdrawn from the tank and the temperature of the water falls below a certain
level, the elements are activaied, reheating the water to the correct
temperature. Essentially, cleciric hot water heaters are larpe closed electric
kettles. !

The submerged electric resistance heating elements in water heaters
are very efficient, providing about 99 per cent of the availeble heat Lo the
surrounding water.

The submergsd clectric resistance heating elements in water heaters
are very efficient, providing about 69 per cent of the available heat 10 the
surrounding waier.




Qy = Mg = Cp* AT ... (3.1)
0., 0 : amount of heat required 1o heat waler,
M., total mass of watel.
C,: speeific heat,

A T: Temperature ( Ty - T).

My = p7¥
Where ; p = densily of water,
1 — volume of water.

The hieater has two poris; inlet port is connected to the water source for
enter the water . and outlet port is connected to the first solenoid valve for out
the hot water.

3,52 Conler System:

.I" ot
KRR OUTSEE) RS 5 |

Fig 3.7: Air Conditioning Circuil and Cycle Diagram
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The compressor is the heart of the system; it keeps the refrigerant
flowing through the svstem at specific rates of flow, and at specific pressures.
[t takes refrigerant vapor in from the low pressure side of the circuil. and
discharges it at & much higher pressure into {he high side of the circuit, the rate
of flow thirough the system will depend on the sive of the unit, and the
aperating pressures will depend on the refrigerant being used and the desived
EVapOralor iemperalure,

'he component at #2 in this air conditioning eircuit and cyele diapram
i5 the condenser. the red dots inside the Piping represent discharpe vapor, the
solid red color reprosents high pressure ligquid refrigerant,

Most air ccoled air conditioning and refrigecalion systems are designed
so that the refrigerant will condense at a lemperature about 25 to 30 degrees
above outside ambient air temperature.

When the hot refrigerant vapor discharged from the compressor {ravels
through the condenzer, the cool i tflowing through the condenser coil absorbs
enough heat from the vapor 1o cause it 1 condepse.

IFthe outside air lemperature is 80 degrees. the system is designed so that the
lemperature of the refrigerant, right at the point where it first condenses, will
be about 10510 115 degrees,

3o that the air will be very cold relutive fo (he remperature of the
discharge vapore which will allow the latent heat energy in the vapor (o
transfer over to that relatively cold aire and cause the refrigerant to condense

This transfer of heal from the vapor to the Howing air is what makes
hot air hlow out of vour air conditioners ca ndensing unit.

AT this stage in the air conditioning circuil and eyele diapram, high
pressure liguid refrigerant will Now down the liquid line, through a filter driar
that is desigmed to prevent contaminants from flowing through the svstem, and
on 1o the metering device.

The metering device, component #3 on this gjp conditioning circuit and
cycle diagram_ is the dividing point between the high pressure and low
pressure sides of the systeme and is designed (0 maintain o specilic rate of
flow of refrigerunt into the low side of the system.

If the wrong capacitv of metering device is used, or if there is a
prablem with the metering device: an incorrect quantity of refrigerant will
flow into the evaporator.,




When Lhe refrigerant passes through the metering device, it drops [rom
about 225 psi to about 70 psis it also drops in temperature fram 2boul 110
degrees to aboul 40 degrees: it stars evaporating immediately, it's at a low
pressure, so it's only boiling at abour 40 degrees F.

And that brings us to the cvaporator, component #4 in the air
conditioning circuit and cyele diagram. There will be relatively warm air
Howing over the evaporator coil, let's say about 80 degrees,

The air condition system is desipned so that the refriperant will
evaporate in the cvaporalor at a temperature of about 40 degrees. so that it will
be cold compared 1o the warm air flowing over it.

The system is designed so that the hear in the warm air Howing over
the evaparator will be absorbed by the cold evaporating refrigerant

This cools the air flowing over the evaporator, and is the reason cold
air blows oul of your air conditioner.

The heater has two ports: inlet port is conneceted 1o the water source for
enter the water , and outlet port 15 connected to the second solenoid valve for
ot the cold waler .

3.6 Solenoid Valve:

A solenoid valve is an electromechanical device used for controlling liquid or
gas tiow. The solenoid valve is controlled by electrical eurrent, which is run through a
coil. When the coil is eacrgized. 2 magnetic feld is created. causing a plunger inside
the coil to move. Depending on the design of the valve, the plunger will either open or
close the valve. When electrical current is removed from the coil, the valve will returm
to its de-energized state. As shown in fipure 3.8.

Fig 3.8: Selenoid Valve
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In direct-acting solenoid valves, the plunger directly opens and closes an
orifice inside the valve. In pilot-operated valves (also called the scrvo-type), the
plunger opens and closes a pilot orifice. The inlet line pressure. which is led through
the pilot aritice. opens and closcs the valve seal.

The most common selenoid valve has two porls: @n inlet port and an outlet port.
Solenoid valves make automation of fluid and gas control possible. Modern
slenwvid valves offer fast operation. hiph reliability, long service life, and compact

desipm,

The illustration below depicts the basic components of a solenoid valve:

Fig 3.9: The hasic components of a solenoid valve

Valve Body
Infet Porl
Qutlet Port
Coil / Solenoid
Coil Windings
Lead Wires
Plunger
Spring

Omifice

Mook SN e i

The mediz controlled by the solenoid valve enters the valve through the inlet
port (Part 2 in the illustration above). The media must flow through the orilice (8)
hefare conlinuing into the outlet porl (3). The orifice is closed and opened by the
plunger (7).

a2




The valve piclured above 15 & nommally-closed solenoid valve. Normally-
closed valves use a spring (§) which presses the plunger tip against the opening of the
orifice. I'he sealing material at the tp of the plunger keeps the media from entering
the orilice, uniil the plunger is lifted up by an clectromagnetic ficld created by the
coil,

In this project we will use two solenoid valves for control the fow of the hot
and the cold water,

3.7 Centrifugal Pump:

The centrifugal pump is the most used pump tvpe in the world, The principle
is simple. well-deseribed and theroughly tested, and the pump is robust, effective and
relatively inexpensive to produce. There 15 @ wide ringe ol vanalions based on the
principle of the centrifupgal pump and consisting of the same basic hvdraulic parts.

Principle of the centrifugal pump

An increase in the fluid pressure from the pump inlet to its outlet is created
when the pump is in aperation. This pressure diflerence drives the Muid through the
system. ‘The centrifugal pump creales an increase in pressure by transferming
mechanical energy from the motor (o the Mud through the rotating impeller. The (uid
flows Irom the inlet o the impeller centre and out along its blades. The centrifugal
force hereby increases the Quid velocity and consequently also the kinetic energy is
transformed (o pressure. Figure 3.11 shows an cxample of the Nuid path through the
gentrifugal pump.

There are different types of pumps . but in this project we will chonse the TP
pump because of several reasons, As shown in figure 3.10:

1. The TP pump is used for circulation of hol or cold water mainly in heating.
cooling and air conditioning systems.

Is notable for its high levels of reliability and elliciency.

Quiet. highly-elficient I3 motors are standard components.

TP pump is electro-voated to cnsure high corrosion resistance.

SR T |

Inlel

Dutiet

Fig 3.10: The TP cenrrifugal pump.
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Fig 3.11: Fluid path through the cenuifugal pump.

[n this project we use one centrifugal pump w pump the hot or the cold water,
when the inlet port is connected to the two solenoid valves by using | junction, and
the outlel is connected Lo the pipelings in the matiress.

3.8 Mattress

Mattress is made of Polvurcthane foam, is a unique material that offers the
glasticity of rubber combined with the toughness and durability of metal. Because
urethane is available in a very broad hardness range (eraser-soft to bowling-bail-hard),
it allows the engincer to replace rubber, plastic and meal with the ultimate in abrasion
resistance and physical properties,

This extra-srrength material helps resist punctures and provides triple the seam
strength of most ather plastic blankets. Because of our irregular flow design it allows
gven temperature distribution and [asler water cirewlation which results in beller
cooling and heating rates. Because it is nonporous, stains and debris can be easily
wiped away with svap and water,

Fig 3.12: Medical Mattress
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3.9 Water Tank:
o It reserves waler to be used.

s [tused to condense the waler after use.

o The reservoir holds approximately 2 gallons (7.5 liters) of distilled water that
remains in the unit between periods of use. As shown in figure 3,13,

Fig 3.13: Water tank

3.10 Power Supply:

In mains-supplied electronic systems the AC input voltage must be converted
into a DC voltage with the tight value.

There are many types of power supply are desianed W convert high voltage
AL mains clectricity to a suitable low voltage supply for clectronic cireuits and other
devices. A power supply can by broken down into a serics of blocks. each ol which
performs a particular funetien.

ltach of power supply circuit conlain a [our main companents as figure 3.14
shown:

Transformer - steps down high valtage AC mains to low voltage AC.
Rectifier - converts AC to DC, but the DC output is varving,

Smoothing - smoothes the DC from varying greatly to a small ripple.
Regulutor - eliminates ripple by setting DC ourput to a fixed voltage.




r

e F 3 | 4 5
i I + = - E5 Qgpuit
?E‘” ' 1} i : T '* P 5 12000,

15 Var
12IVAD

Transfommer Rectiizatisn Fillzring Regulation

Fig 3.14: Power Supply Circuit

As shown in fipure 3.13, outpul signal from cach stage ol power supply

-IVV\ /\ ) = /\\
AV N
V}Q f C I ‘v‘}'[\/\/\r

-
I

Fig.3.15: Owput siznal from each main component of power supply.

In this project we need tw four power supply eireuits lor provide the system by
suitable values of vollages, the four power supplies will convert the 220V AC voltage
to three DC voltapes:

IV 10 supply the Wheatstone bridge.

AV to supply the PIC microcontroller.

12V and -12V to supply ths instrumentation amplifier.

220V 1o supply the centrifugal pump and the solennid valve.

g, el lihd e

1. 1V to supply the Wheatstone bridge circuit,

We can get this value from the 3V DC regulated power supply system.
By connect the outpul of the power supply with a 7801 regulator.




2. 5V to supply the PIC microcontrolier.

Transformer Rectification
FUsE

| T
T 1 7R,

o]

:q-iri > /;? Smnoothing Requlation

|

¥ « | W1 3001

mg | 785 +3v |
o 2 GND

| 4% IN4001 VO

FEGLLATED
4?:::};.1' Tﬂ uF | 0yF|  ourer
ooV

Fig 3.16: A simple 5V DC regulated power supply system.

The 12V AC input from the transformer i rather high. The reclifier —
smoothing capacitor will level the voliage at the peak value equal 1o VZ = Viurss
though vou have to subtract 2 diode drops from the rectifier, about 1V per diode. So

Viy = V2*12 — 2.1V = 15V

The 7803 can supply up to 1A, and then the dissipated power i3
Preg = (Viy — Vpued =1 =(15¥ —5V) « 14 = 10W

That's & lot! Try Lo keep the dissipation low by having a lower input voltage.
This shauld be al least 8Y, then an 8Y transtormer should be fine, At 1A you'd srill
nzed a heat sink.

The smoothing capacitor's value depends on the load. Every half eyele of the
mains voltage the capacitor will be charged to the peak value and start to discharge
until the voltage is high enough W charge again, A simplified calculation gives

i~ 4T

b= AV

whete AT is half the mains cycle (eg. 10ms in Europe, 833ms in the US). This
formula assumes a linear discharge, which in reality often will be exponential. and
also assumes a too long time. which often will be 70-80% of the given value. So, all




in all. this is really worst casc. Based on the above cquation we can caleulats the
ripple voltage for a given current, like [00mA:

1-AT  100mA - 10ms

V= =
4 £ 470uF

= 21¥

which is OK given the high inpw voliage. In practice the ripple will probably be
around 1.6V. A 1A current, however, would cause a 16V ripple, so you should use at
least a 4700ul’ capacitor then. As figure 2,16 shown,

Ripple is the variation in voltage which remains after smoothing with the




=

3.11 Switches:

The PIC microcortroller will control the system by sending a signal to the
switches that connected Lo cach cireuit that controlled by the PIC microcontroller, so
the switely is an important item in the svstem,




Both these transistor regions are defined as:

* Nwitch is on
Transistor will become ON ( saturation ) when a sufficient voliage V is
given o input. During this condition the Collector Emitler vollage Vee
will be approximately equal to zero, 12 the transistor acts as a short
eircuil. For a silicon transistor it is cqual Lo 0.3v, Thus collector
current Te = Veo/Re will tlows.

Fig 3.20: Saturation Region
% Switch is off
Transistor will be in OFF ( cutoit’ ) when the input Vin equal 10 zeva.

During this state transislor acls as an open cireyit and thus the entire
voltage Vee will be available at collector.

AV A W

Fig 3.21: Cut-off Region

The power developed in a switching transistor 15 very small:

In the OFF state: power
In the full ON state: power
very small.

le = Vg, but Ie = 0, so the power is zero,
e = Vg, but Vg = 0 (almost). so the power is




This means that the transistor should not becotne hot in use and you do not
need to eonsider its maximum power rating, The importanl ralings in swilching
circuits are the maximum collector current Tetmax) and the minimum current gain
hsz(min). The transistor's voltage ratings may be ignored unless vou are using a
supply voitage of more than about 15V,

I the load is a motor, relay or solenoid (ar any other device with a codl) a
dinde must be connecred across the load to pratect the transistor from the brief high
voltage produced when the load is switched off. The diagram shows how a protection
diede is connected 'backwards' across the load, in this case a relay coil, As shown in
figure 3.22.

Current flowing through a coll creates & magnctic feld which collapses
suddealy when the current is switched off. The sudden collapse ol the magnelic feld
induces a brief high voltage across the coil which is very likely to damage (ransistors
and 1Cs, The protection diode allows the induced voltage to drive a bricf current
through the coil (and diode) so the magnetic fizld dies away quicklv rather than
instantly. This prevents the induced voltage hecoming high enough to cause damage
tey transistors and T(s,

+12V

§°No
=

Relay Contacts

Protection

Input Transistar
= oV

Fig 3.22: Swilch with diede to relay coil load.




| Chapter Four

System Implementation

4.1 Introduction.

4.2 System Implementation.
4.2.1 Electriecal cirenit components.
4.2.2 PIC Microcontroller.
4.2.3 Mechanical circuit components,

4.2.4 Mattress.
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4.1 Introduction.

This chapter demonsirate the parts used to implement. test, and examine the
svstem operation and hehavior, System testing is an important step in implementing
whole system.

The mechanical system implementation includes combining heater, cooler,
infusion pump, solenoid valves, and switches the following picture shows mechanical
svetem implementation.

4.2 System Implementation.

In this seetion the implementation of each stage will be ineluded. the clectrical
circuil includes the design ol all stages, these stages are: skin lemperature sensor and
Wheatstone Bridge, mstrumentation amplifier. PIC  Microcontroller, and the
Mechanical stages like heatericouler unil, pumps and valves.

4.2.1 Flectrical cirenit componcnts

Skin Temperature sensor: it is measure the temperature of skin and we can put
it on the chest.

Fig 4.1 Skin Temperalure Sensor
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Processing unit: consists of Wheatstone Bridge and instrumentation amplifier.
dge: consist of skin lemperature SENSOL. two

¢ Wheatstone Bri
libration {20KA2).

rocictances (12KQ). and potentiometer for ca

skin temp. oy
SENSOT X

to the non-imverting
B=——== port of insL amp.

= to the inverting
port of inst. amp.

Fig 4.2: Wheatslone Bridge

s Instrumentation amplifier (ADG20):

Fig 4.3 AD620 IC




ShERG | 9 8| seska
lnput from port "B" of )
Wheststone Bridge 2 — 7] v
Input from port “A" of )
Wheatstone Bridge ;I 3 + 6 | toinput orPIC

12v | 4 AD620 5| REF

Fig 4.4: The conneetion of AD&2(,

The norma! range of the temperature is ( 36.5- 37.3) °C". where the normal
tange of the purput vultage from the instrumentation amplifier is ( 0.878 — 0.805 ) v

4.2.2 PIC Mierocontroller:

Fig 4.5: PIC18F4550,
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REZCCPIFIA +— [117 14 0= ROST-AP
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ROUSPRI +—= 7] 1 I [ - REIEFRD

Fig 4.6: The connection of PIC Microcontroller

4.2.3 Mechanical Circuit Components!

4.2.3.1 Salenoid valve

In this projeet we need two valves The first solenoid valve to control the Now
of the hot water, The second selenoid valve to control the [Taw of the cold water.

The solenoid valve has two ports: an inlel port and an outlet port for the hot or
cold water, the inlet port is connected to the heater/cooler, and the outlet port is
eomnected Lo the motor.

The value of the voltage that provide the solenoid valve is cqual to 220V,




4.2.3.2 Centrifugal pump

I'ne centrifugal pump is used 1o pump the hot'cold water from the
heater/cooler to the matiress through the pipelines, so we need one Centrilugal pump.

The value of the voltage that provids the Centrifugal purmp is cqual o 220V

Fig 4.8: Centrifugal Pump




4.2.4 Mattress.

The mattress is made of Polvurethane foam, the pipelines are connected as shown in
the tigura 4.9,

Fig 4.9: Maltress
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Flow Charl [or The System:
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\ Chapter Five

Conclusion

Results

= The thermistor is the best choice for measuring the skin
temperature because it has fast response tmes, and the most
sensitive temperature sensor, and inexpensive, bul il has a
moderate accuracy.

»  Some problems was faced with the instrumentation amplilier, we
buy two instrumentation amplifiers, the first amplilier was
burned because we mistake when we connect it with the positive
and negative power supply.

» The output from the instrumentation amplifier musin’t exceed a
3V 1o keep the PIC microcontroller, because the maxirmum input
voltage for the PIC 18 equal tp 5V,

» There is a heat transfer with the matiress and the surrounded air
50 we cannot determing a specilic value for the water
temperature, but this is not a important problem because the
system has & feedback so the hot/celd water will siill in the
mariress until the body temiperature returm to its normal range.

Conclusion

Afler studying the effects of high and low remperature on the human body, the
need has hecome essential to design a deviee thal works as regulator o the body

temperature and keeps it within the normal range,

In this project cleetrical and mechanical parts were designed to control the
human body lemperaiure.

The design includes two main units one for cooling and the other for healing.
these units are controlled by the PIC microcontroller lo regulate the body lemperature
depending on the measured temperature valucs.




The theoretical data was analyzed in order to  construet 2 modern body

lemperature repulation system. All the svstem parts and units in the project

(hardwars, PIC microcontroller, skin lemperature scnsor) was discussed and
implemented in the second phase of the project.

The used PIC 18F4350 is very useful and programmable, easy 1o usc and
implement.

Future Wuork

Using rotors o pump the water inside the mallress to provide
therapeutically effect

Using a pneumatic proportional valves to control the flowing water
valume to the mattress depending on the body temperature,

Using a keypad o allow the user to change the temperature rangc,
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Appendix A

AD620

Low Cost Low Power Instrum entation Amplifier




ANALOG
DEVICES

Low Cost Low Power
Instrumentation Amplifier

ADG20

FEATURES
Easytouse
Galn sat with ane external resistor
{Gain range 1 10 10,000)
Wide power supply range (2.3 Vio 218 V)
Higher perfermance than 3 ep amp 18 deiigns
Available in &-lead DIP and 50IC packaging
Low pawer, 1.2 mA max supply current
Excellent de performance [B grade)
50 pV max, input offset voltage
0.6 pVi"C max, Input offest drift
1.0 nA max, input bias current
100 dB min common-mode rejection ratia (G = 10)
Low noise
9 nViyHz &1 kHe, input voliage neise
0.28 pV p-p noise (0.1 Hzto 10 HZ)
Excellent ac specifications
120 kHz bandwidth (G = 100)
15 ps sattling time 1o 0.01%

APPLICATIONS

Weigh scales

ECG and madical instrumentation
Transducer interface

Data acquisition systems

Industrial process conkrols
Battery-powered and portable equipmemt

Pable 1. Nexl Generatlon Upgrades for ATE20

Part Comment

ADE221 Eatter specs at lower price

A{E 122 Duzl crennel or differential out
ADE25 Low power, wids inpus range

ADEZ0 JEET input

ADIEZ28 Best gain acouracy

NDE255 +7 pracision opamps ar differential out
ADo42S Liktra low naisa

Rev. H

Imbormmatioey furneshed by Bnakog Devicer |s ballwved 1o be posiratn mnd reliable.
Wawever, no respanibiiny |5 avumed v Aralog Devices Far i wd, ner for any
Infrirgements of patsnt o other Aghty of thire parties That may resull From i wis,
Eperifications sukieet 1o change withoot nothcs, Mo licenss i3 granmed by Imabeation
¢ arherwdss under 2ny patert ar patent dghte of Analog Devides. Trademarn 2nd
reginvernd e dumarks are the praperty of thelr respective swneri.

CONMECTION DIAGRAM
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v [4] apezo [simr 3
TGP VIEW E

Figure 1. -Lead PLI (), CERLEE 0L, g SOICR) Pockage:
PRODUCT DESCRIPTION

The ADBZ0 {5 a low cost, high accoracy instrumentition
amnplifier that requires only one external resistar to sel gainsof
1o 10,000 Furlhermmore, [he ADS20 featives 3-lead 501C and
IMP packzging that is smaller than discrete desipns and offers
lower power (only L5 mA max supply currest), maxing ite
zood fit for bamery pewerad, portanle (or remote) appleations.

I'he ADAZH, with its high accuracy of 40 ppm mectmem
nondincasity, low offsct voltage of 30 uV max, and oftset drift of
0.8 pV/EC max s ideal far vamin [racision date a..:ql.;ﬁ'.‘cinn
ayslomms, such us wi #1 seales und transdecer interfaces,
Furthermore, the low nalte, low leput blas everent, and Tow powar
aorf the ATW20 make it well saited for medical sppldicativos, such
a5 ECG and noninvaszive blood pressirs menitors.

The low input bias curréntof 1.0 nA maxis made pacsisle with
the uge af SupsrBsta processing in the input stage, The ADS20
wincks well gy & preemplitier due to its low input valtage noise of
§nV/¥Hzat 1Kz, 028 0V pepinthe 0.1 Hzto 10 Heband,
end 0.1 pAdYHz input currens nobe. Alsas the ADG2 s well
suited for multiplexed applications with ils seithing thae o 15 s
to 0.01%, wod ls cost Is low cnaugh o enable desizne wirh one
in-amp per channel.
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ADE2ﬂ~

SPECIFICATIONS

Tymical @ 35°C, Ve =215 Voand By =2 kil onless otherwise poted,

Table 1.
ADE20A | ADE208 AD&10S
Parametar Conditionz | Min Typ Max Min Typ Max Min Typ Max Unit
~GAIN B =1+ (434 K/
Gain Range I Y600 b 10,000 1 -2, 000
Gain Errar? Yor=210%
Gm’ na3 030 a8l 94 001 0aa L
G=1% J315- 030 gan. 43k 415 030 . ]
G=100 gis. 038 Lo Das g5 436 4
G = 1000 pan  OFD 0325 050 080 070 L.
Mamingasty Wour=—10 Via+10V
@=3-1900 Ro=10k | 19 40 18 A0 1 40 Epm
C=7-200 Po= Ik Al 95 0 35 61 ] 95 Ppm
Gain vi, Temperaiuse
G=1 14 10 14 gy
Ganat? -50 -5 -£0 ppmC
NOLTAGE DFFSET Tone! AT Error = Yem + VaelG]
input Offet, Vou Yo=25W (S 15, 50 i - S ] |
oEisY
Ovarermparatura Vem=3V 125 85 225 e
1o+ 15V
Avarsye TC Ye=25N 23 14 0y 0G 03 14 HYC
mt 15
Qurput Offset: Wesa Wim =15V o 1000 200 500 400 1050 P
Y=z 5 1500 750 1500 v
CVememparaiaTe Wi==5 W 2000 1040 120D WV
15y
fverage TO Vi=day 58 15 25 T 50 = L
| bo+ 15V
Dffsat Sefarrad to the
Inpot vs SUppiy IFER; | Mi=423V
e 18y
a=1 20 160 840 ] B0 100 d3
G= il a5 120 104 1i0 GE 120 dB
G=10C W 140 120 150 110 140 di
(= 1000 11 140 1ag 42 110 140 df
TINFUT CURFENT
mput Bas Current a5 s 0.5 1.0 03 2 ni
Creertemperatufa & 13 < e
#yerage TC 0 10 BD pA™T
[Pt CEfgEE Current 03 140 L T . g2 0 nA,
Oy ertempenetiung Y& 175 a0 nfk
Awsrngn TC 15 1.5 a0 pAC
NPT
input Impecance
Cifferantial 102 o2 ] G pF
Carsman-Moda Vo2 1afj2 1f 6o pT
Input Volege Rangs" Vw223V (Wit 19 Fe=12 |-Vt 18 #1218 =1 N
ta 25y
Cesrterrerature | =¥ k20 ;=13 AN+ 24 44— 1.3 =W+ 1.1 +W = 1.3
Vemz 5V | -Vik19 -1 [Nrre =14 | Vi+18 Aot |y
to =18V
etz mperetine =i+ 21 FLT R T T e W= 21 Ve 23 =14 | ¥
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AD620 |

AD320A | ADS2OE | ADEZOST =
Parameter Conditions | Min Tym  Max | Min Typ  Max Min T¥a  Max | Unit
Cammen Mode 38jection
Ratlo DC to £0 Hz with | | [
1k Souros Imbalanss Yee=DViox 10V
=] [ 73 50 &0 =) 73 = da
Q=10 23 TH 1aa 110 ¥ 110 afi
Ge=103 114 130 120 130 110 130 ds
. G=100) 11a 120 120 120 1:40 133 d#
OUT=UT
Cutpurt Swing Fi=10k3
V2230 | vy MWi=33 | e ia +M—13 =W a1 +e—12 |V
o5V |3 |
Dnveriemeeralue =W+ 1.4 13 | —%a14 =13 =V 1.8 W~ 13 |
MimdBW Wy g2 Hh=te | Wz #Wai—14 | =Ngrs +i—14 | ¥
ol 18V
Chvertemneralyme: =Wy 18 ,-15 =i+ 16 =15 |23 W= 1.5 |y
Shatt Circuit Current +18 +18 =4 PRl
DYMNAMC RESPORNLE
Small Sigrel -3 of Bandeidth
G=1 a0 100 100 khHz
GC=10 800 B0 B00 kHz
G="163 128 123 120 kH=
=121 1z 12 12 EHz
Sl Rate Q75 12 07E 1.3 Q.75 12 WVius
Szttiing Time b 0.07% 10V Srep
G=1-169 15 i 15 it
G = 1000 150 150 5 i
T NOBE
Valtage Noise, 1 kHz Tkt BT Mot = _Jfl:‘:::, 1 (e it
Inpst, Vohaoe Woise. 4y ' 3 13 -1 E] a 13 iz
Dubppat, Vohage Maise ., T [1] 3 1a0 2 100 n\ivHz
RTL 01 Hzte 1oH:
G=1 in i 60 i 60 1Y pop
G=70 055 055 o8 058 ag W pp
G=100-1000 028 Gl f4 QIE 04 oY g
Curent Nolse f=1kHz 100 198 10D Tz
0.1 Hzte 10 Hx e 10 10 pA D
AEFESENCE INAUT
R 20 i) 2d L
I Ve, Wags = S0 B -1 S 50 6 oy
Yoltage Rarca W54 1.8 V=16 | =WEE =16 =ie= .5 =14 L)
Gain 10 Ougpur T=qoom 1+ 001 1z 0600
 POWER SUFPLY -
CUperating Renge* +33 218 =23 =18 +33 bl | W
Quisscent Current Vs E2IY 08 14 g% 13 LU IS i A
o LiENY
Oventcmgerature 11 15 1.1 1.6 13 1.6 m#h,
 TEMPERATUIRE RANGE ol
Far Spaeified Pertarreasce | =401y +ES =40 0 +85 —5510 4125 y I

24 Analog Blavices millsacy cate shpet for £436 esved specificeglans.
| D notinelid ellect of ealermal resistor Az,
'O inpuR proUnded G = 1,
SR defined a2 the sare SUEly range That 15 used 5o Spenhy F5R

Fov. M |Pagadnf 20




Appendix B

PIC18F4550

28/40/44-Pin, High-Performance, Enhanced Flash, USB
Microcontrollers with nanoWatt Technology
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MICROCHIP

PIC18F2455/2550/4455/4550
Data Sheet
28/40/44-Pin, High-Performance,

Enhanced Flash, USB Microcontrollers
with nanoWatt Technology
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MICROCHIP _PIC18F2455/2550/4455/4550

18/40/44-Pin, High-Performance, Enhanced Flash,
USB Microcontrollers with nanoWatt Technology

—

Universal Serisl Bus Features:

= USBVED Cornpliant

* Lovi Speed (1.5 Mb/s) and Full Speed (12 Mb/s)

* Supports Cantrol, Imarmumt, lsochronous 2ned Bulk
Trenslers

* Supports up 1o 32 Endpoints (18 bidirsconal)

= 1 Khyle Cusl Access RAM for LIZE

* On-Chip USE Transcolver with Bn-Chip Vallage
Ragulator

* |nterface for Oft=Chip USS Trapscabar

Streaming Perallel Port (EFF) for USB stresaming

trarefers (A0 4-pin davices anly)

Power-Managed Modes:

* Rur: CPU on, Peripherals on

' idie: CPU ofl, Peripharal=s on

' Glesp: CPU off. Periphersle of

* Idls mode Currents Down tc 5.8 i Typical

* Sleea moda Curents Davwn 1o 2.1 pA Typical
* Timert Os=lliator 1 4 uA Typical, 32 kHz, 2
* Watchdog Timer 2.1 LA Tupizal

* Two-Spesd Oscillator Start-up

Flexible Oscillator Structure:
* Feur Crystal modes, including High-Precision FLL
e LISE
* Two External Clock maodes, Upm 48 MH:
* Interral Oscillaior Siock:
- 8 user-selsolable fraquencies, from 31 kHy
o § MHz
- User-lunabie s compensala for frequency drift
* Secondary Oscillator uging Timer? @& 32 kHz
- Dual Oscillater Optiona alisw Micracantrailer and
3B micdule f Flun st Different Clock Speeds
* Fai-Sate Clock Monitor
- Allows for safe shutdaem if any clock stope

S

eripheral Highlights:

* High-Current Sink/Source: 25 mAZS mA

* Threa Extarmal Initetrupts

* Four Timer modulas {Timen to Timerd)

* Upto 2 Captura/Compare/PWM [CTP)Y modyl=e:
- Lapture is 18-bil, max, reselution 5.2 ns (Tey!16)
- Compare is 18-b1, max, resalution #3.3 ns (Toy)
- PWM outpul: PAWM resoiticn Is1ta 10-b)

+ Enhancsod Laplure!Compara P (ECCP) madula:
- Multiple aulput modes
- Selectable polarty
- Pregrammable dead fime
= Autzshildown and auloTestar

= Enhanced USART maodils:
= LIN bus suzpon

' Maslsr Synchranous Serial Port (M3EF) madule
Supporting 3-Wire SP| {al 4 mizdes) and |Fo™
Master and Siave modas

* 1080 Up o 13-Crhannel Analog-te-Dighal Converlar
CAD modube with Frogrammabila Azguistion Time

* Dual finalag Compansion with Irput Mibiphexing

Special Micracontroller Features:

* C Compiler Dplimized Arehitecture with Optionsl
Extended Instruction Sat

+ 100,080 Erssaivirite Cycia Enhaneed Flash
Program Memary Typical

= 1,040,000 EraeaWrite Cyele Dals EERPSOM
Mamary Typical

* Flash/Data EEFROM Rstenfon: > A0 Yoars

* Sell-Prgrammatle under Safaacs Cantrol

= Priarity Levels for Interrupts

* B % & Bingle-Cyols Hartware Multiplier

* Bxtendod Waickdog Timer (WET):
- Programmebia pariod from 49 ms b 1375

' Programmable Code Frotectizn

* Single-Supply 5V in-Cirgult Serial
Frogramming™ (ICSP™) via Twio Fing

* In-Circuit Debug (1CD) via Tws Plrs

* Optional Dedicated ICOACSE Fort (£d-0in, TOFR
packsoe only)

* Wide Operating Wohage Rangs (200 11 5.5V

[ Prooram Memeny Data Memary Mssp | = g ! [
10-Bil | CCREGCE = Timers
Devica Flash |# single-Word | SRAM |EEFHOM Lo ADlch)|  (Pww) Clag sP| Master & g\u:;_gn-
| fbytee)| Instrustions | (bytes)  (bytes) o™ | g E
PICIAF2455| 23K 79e | zedd | 2e6 | ] io 20 No | v | v i i
PIC1BF2550 | saK 18554 2d4g | E |24 | 10 27 No | ¥ | y 1 12! 13
PIC1aF445s [ 2qK 12288 [ 208 58 35 | 13 " Yee ¥ | Y 1 2 T3
LofCiarasse] 32k | 153 | wae | 758 |85 is 1 Yes | ¥ | Y T4 2] %8

£ 2002 Microckip Technolegy Inz,
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PIC18F2455/2550/4455/4550

—————

Pin Diagrams

2E-Fin PDIP, SOIC

il

e __|
M == RENKBEFED

mapiann e =2 77| == RIEMRIZPEL
| BATAM =-=[ 1§ i [] == SRHKINIPEM
HAMANZ Wasr-CvREr =—= [ 12 g+ PELANTVHBID
FapanrEs == |6 II-E ﬁ 24l ] - PR ANRCCRZ VD
A TICKICTOLERCY =1 |G g' u 25 e REAARBTHTIAMO
AABrAN SEHIVTINE20UT =— 7 W 22| = REVANINT 1ECRELL
[ | o 24 [ ] =—r REMANALKTIFLTOSDISDA
oscicLEl —[19 ow g0[]=— vl
oerHcLLoRAR =— 00 o 1] — gt
Roomicsomiack ~— T 1d[] === RCTRDTEDD
e osterWOEE =—=L]12 17 = RESTHIGK
Rosioor —=[13 B[ m— RCEDHVP
g —] L 1] == R0
40-Pin PDIP
e = b
! CAreeREs — [ ! . 43[] =—= RETNEISFGD
pADANG e 4a[] == RELIMZPGE

RATAMY —=

RAS AN Az JTREE e |

RAANAWAER: =

| RALTUCKUCADLTIREY, =—
FAS AN RS ILVDINGIOUT =

‘4

3 38 [ w—= RESKEI1FGM

1 57 [ = —= SEAENTUKEINCSSER

5 35 1] =—= FRuANFTCF VPO

& 50— a2 ANEINT B0

p 54 [ =—= REVANANINTISCLS0L

| S a—= RREAMIZINTHFLT O S0 E0A
o

ECUANSCR EFR +— we
MEVANECKIEPR =—* = B 35 =—— VER
rEZaMTESFE —0 ¢ '+ g 31 [ -— 353
s S | it g — RO7EEETRID |
vas —[] 12 oo 38 [J «—= FDEISFPEPIC
ABTHCLK] ——= [} 13 [ 9-9 op [ =— ROSEPPEFIE
CECACLEDRAR 14 27 ] =—= AL4'SFRL |
BOOTIOECHTIASK] =—e1 16 35 [ =—= RLTRXDTE00
mChTioskecrRNOoE —=T0 "8 25 [ ——= ROETRLK
RCroCEIEA =TT 24 7] e REETDHF
ViER -—-—% 1B 25 [0 =——= RZAID-frd
ROGISPPE ——eT] 18 220 = —= RRIECF
EDVSFP w— [0 31 [ == ROEHRE \
~ Hotw 4t REXis ihe elersls pin tor GOF2 Tfipsrg. \

E—
LEaCEsIE-rage 2

£ 0000 Wi=roshls Tachnziogy ine




Appendix C

LM317

Three Terminal Adjustable Regulator




Nationagl
Semiconductor

Fabruary 25 2071

LM117/LM317A/LM317

3-Terminal Adjustable Regulator

General Description

The LE117 sarse af adugstasia J-tsrminal posiive valtags
regulaners is capable of sbpplying in excess of 1.5A over a
1.2V 037V cutput renge. Trey are axceptonally azsy o use
and require only two exdernel reslsiors o sef the outpul wol-
aga, Furthar, both ine and lead regulation are bater thar
standsrd fixad regulatore. Aled, the LMT1T |2 packaged in
slandard transistor cackages which are sasily mounted and
nandled

In mddition @ highsr perlormancs than Gxsd regulators, he
LM117 sarles affars tull ovaroad protection avaiiatle anly 0
IS® Insluded on the chip ars current imil; thamal overioad
prateclion and sale srea proteciicn. A/l cverioad prolection
girculty remains fully funcbonal even i the adjustment tenmi-
nal iz disconneciad,

Mermally, ne cepacilors arg needsd unless the device s sit-
uated mora than 6 inches from the iiput fiter capactors in
which case an input bypass s naeded. An opliondl cutput ca-
pacitor gan be edded 1o impove fransient meponss. The
adlustmant términzl can be bypaszed 1o achisve very high
rigple rejection retics which are difficult 1o achieve with slen-
dard 3-terminzal reguistors,

Besidas replacing fues requistors, the LMTTT 5 useld ina
wide varehy of other applications. 3nwo tha regulslor is fhat-
irg® and 2e8a only (he npal-o-output o larsntial valiage,
suppiee of eaveral hundrad vo'ts oan be regulated as long as

the mazimum input o output differential i= not exceedod. Le., |

avoid short-gircuiting the cutpul.

Aleo, t mzkes an especially simple adjusiable swishing reg-
dlater, & programmable cutput reguiator, or by connecting a
fixed resistor between the adiustment pin and output, the
LK 17 can boused 28 a pracision curent reguieior. Suppias
with Blscironic shindown can ba achievad by clamping hea
adjustment termingl to ground whilch programs the cutput to
1.2 where mos!| inads drawr ke cument,

Far applicalins reqguiting grester outpol curreni. see LM1S0
Eafies (3A)ard LM133 senes (54) dala snests: For the neg-
gtive compiemant, see LM137 series data sheet.

Features

Guerantsad 1% cutpat voltage tolorance (LM31TA)
Gusrantesd max, 00713 e reguistion [LM3174)
Guarantsad max. 0.9% load regulatior (LWM147)
Guarantezd 1 54 cutput currant

Adiustable autput down 1o 1.2V

Currgnt [l constant with temperature

P+ Praduzt Enhancement tested

80 dE ripple rejection

Cutpul |5 shor-circuit pratected

Typical Applications

1.2V-28V Adjustable Requiator
LMI117

vour"

Vi =2 —gp—tYin  VouT
apy

e |+ -Ei’

—_—01uF ™ 1LF

sy
Fult output cument not aveliases 81 hgn mon-outpul volages
Heocded || deyloe i2 moie len B inches lnorm Hies 2pacion.
2 5atiznal—Ireprmves iremslem reepones. Jutss capacha Inthe rangs
ol 14F b 10000= of suminum o0 mmelum elestrolytle gra commorly uess
fo-onovide Improves olpun impedascs and fejeciion of Irehsenis

HMitoyr = 1zw(* +E) + lupgi=gl

LMI1FLMIATALME1T Package Options

Hf:::ur Sulfix | Packags E::::I
LM177. M3t | K 105 | 154
LM317A, LM317 T | To220 | 13A
LMat7 S | TO-253 | 15A
LWA31TA, LM3T Ep= S0OT-223 1.08
M117, LMEA7A, LM317 | H | TOs3 | GSA
117 B LCC | osA
L3 7A, LM3TT | MDT TO=262 .54

SOT-223 vs. TO-252 (D-Pak)
Packages

- gﬂ

== A

al=171 =251
057

Scale 111

) 201 Matinnad Sarmconducior Comporaton 053

wiww.net-onel com

iojenbay sigeisn(py jewmwd - JLEWT/YLIEWT/LLENT

e

D et



4-Lead SOT-223 (EMP) TO-252 {MDT)
AT —
o = [T
Wiy "%
'fll —
Tz s
] Butpe
Front View o ]
HS Package Number MPO4A
| Ay FGWD
Loy =
Front View
NS Package Number TDIE
Ordering Information
Sncics Temperaturs | Output Order Package Transport NSC
ye Range Current MNumbar Marking Mediz Drawing
105 | EFCST,SHIS0°C | 1EA | LMI17K STEEL LM117K STEEL P+ 50 Fer Bag o
Metal Gan| 0'CET,S+125°C | 154 | LM3ITKSTEEL | LM317K STEEL P4 50 Per Bag =
K | ssresT,s-150°C | 15A LM117RE83 LM{1TK/EBS 50 Per Bag | Moec
To.eon | ~#0FGST,S+125°C | 1.5A LM31TAT LM317AT P+ 45 Urita/ial P
(]
3-lead | piCST,S+125°C 154 LM3ITT LM21TT P+ 4E Unile/Rsi
TO-263 LM3178 45 Unils/all
GCET <4128 | 18A —————| LM317EF : (A
3- Lead FEERIHRE LMZ17EX ' 500 Unils Tape and Aeal
LM317TEMP 1k Urits Taps and Reel
FCST,S+125°C | 108 HE1A LI
SOT-223 : LM31TEMPX 2k Units Tapeend Real | o
4 Lead ) LM317TAENP Tk Units Tape and Fizsl :
AC =T =+125°C 1668 ———————— HOTA x
v LM31TAENPX 2k Units Tape and Aeal
_E5°CST,S+150°C | 054 LMI17H LM117H P= 500 Par Bax
TO-38 | gerp €T <+150°C | O5A L1 1 7H/8B3 LI117H 223 20 Per Tray
Matal Can - Hoaa
H) AP ST, S =125°C 054 LM3T7AH LM31748H F+ 500 Per Box
ST, S4125°C | GEA LM317H LM31TH P+ 500 Per Box
LGC | -850 ST, S+150°C | Q.54 LM11TE/BES LIt17E/BES 57 Unita/Rail E20A
LM317MDT 75 Unitz/Rail
- o < iomin | 05h |———————1 LM3TMDT
-;'C‘E:'i L T__| +i25%C = LMRiTNOTX AL : 2.5k Units Tape and Fasl 10058
D Fack ST Rt | Bk e LM31 TAMCT LA !
Fach _ANP 2 i, 1 T
) LM3T7AMDTE | 2.5k Urits Tape and R=al |

wwwnihiomal .com
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LM117/LM317A/LMITT

Absolute Maximum Ratings (w=e 1

If Military/& oros pace specified devices ars required.
please contact Lhe National Semiconductor Sales Offica’
Distribulars for availabllity and specifications,

Fower [kesimation

Blorage Temperaiune
Legd Temparaiure

Wietal Packaoe {Soloering. 10 secongs)
Plestic Package (Soldering, 4 zetonds)

ESD Tolarznce | Noie 5

Imput-Outout Voliags Diterential

[ntemally Limiden
+40V, -TL3Y
~£R°C e 416070

30040
260°C
2 kN

LM117 Electrical Characteristics (vt 2

Specificetivrs with standeard type Tace are for T, = 25°C, and those wilh boldiace typa apply over full Operaling Temperaturs
Fange. Uniess otharwize spaciiad, W — Voo =BV, and |- = 10 mé

Operating Temperature Range

L33 ~55°C €7, £ +150°C
LMFTTA, 4T ST E4125°C
LM317

CPCET, S4125°0

Preconditioning

Tharmal Limit Burn-in All Davicaz 100%

LMAT {Mote 2
Conditions
S Min Typ | Max | Unhs
AV S (VM — V) =40V -
Reforence Valiage ol 1.20 1.25 1.30 \
108 = Lgr & By 1 Noie 3)
) : oot o0z
Line Reguiatizn IV S (W = Vaur) S 40V (Note ) g 5.08 WV
[ £ 21 0.3
Load Ragulation 10 MA 3 Ty v S lyyey (NotE J, Nots £ 0.3 1 I
| Thermal Ragulaton 20 ma Pulss | 0.03 007 | ww
Adjustment Pin Current | 50 100 pa
: i 10MA S lopr 3 s (Mole 3
usiment Fin Gument Changs a2 5 [l
o - BV S (W, - Vi) S 40V
Temperalune Siabilty TS To = Tyan 1 e
Minimum Load Currant (Wi = Vg ) = A0V 35 & ma
My — Vo) < 18V
K Peckage 1.5 22 3.4 A
y H, E Package 0.6 0.8 1.8
Current Limit T
Vi = Vaurl = 40V
K Packegs 0.3 0.4 4
H, E Packegs 015 2,20 '
AME Dulput Nalse, %ol Vo - 10 He €< 10 kMz o.ocs | _ ! %
Vo =10V, T =120 He Gy, = D R EE | 4B
Flpple Feiection Ral
o Vour =10V, T =120 Hz Gy = 10 pF 66 80 B
Lorg-Tam Stabliy Ty =125%C; 1000 nre oA ’ o,
{ K{TD-8) Package | e
Thermal Resistance, € H (TO-39) Prckage a4 AN
| dunchor-te-Gase E (LCC) Paskegs '3
Therma' Fiesistance, 8, I (T3} Packaga a2
Junctien-te-Amblent H (TO-39] Packags 188 o
{MNo Heat Sink) E (LCC) Packazs = EB

wwni riatlnrsl som




Appendix D

The Software of PIC18F4550




unsigned volt=t;
void main() {
OSCCON=0xT72;
ADCON] = 0x0D:
trsh=0;

trisc=0;
lrisa=235;
trisd=():

porta=(l;
porth=0;
portd=0,

porte=;

while(1]
1
vol=ade read(l));

il (volt=180)portb=CbOUR0001 1;

else if (valt==183)porth=0b00000101;

¢lse portb—{:
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