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The oblective of this project &

At
iy VY RIS

vac tank i order 0 ensure steady

ALY

saonuiors and controls wa

n«\

wed ot the same thme prevent water wastags through overflow, For ease of

e unite called blocks B

druciion, the circuitry was lroken down nto o

av i form the complets

nd tested and then assembled 1og

cirenitry. The project zan be used to monitor and maimain watey toved in overhead lank
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CHAPTER ONE

1.8 Introaduction

abways besn essential o vandn Without o and the nurache of
watpr eyele, we simply wouldn™t sarvive, The strange thing hoovever is that only one-

sy planet s avaslablie for

poreent of the ating and

-~
"y
¥
pa—
-
(2]

PP ey gl e
tprwiamental o

on carth; while # may be easy oy many

Man wses of water inclode agricuBlural, indusirial, household, recreational,

al activities 121 The sieady supphy of wator for man’s yse has become a tiu

of sericus consern 1o man in recent thmes, Human therefore ay

gengraily settfed nesy

iy

enient source of water

LTI 3 g T peprs Drngecs b [EPB! O R, ¢ ;s Pos rad o animteer oo
The need therelnre to butld 8 means of control and steady v ool water for

sman’s s gspecinily houschoid

M Fed . w -
consiruciion of the &

The automatic walor pump confroller s usad o control the walyr pump

wiomatically, It swiches onowhen water in an overbead atls betow the lower Hmi

switched off when the water tank is fiiled

Shmifardy o ogels

&
o
N
o~
~
ooy
i
pery
js)

s gives a read out of

pa:

4 of wearer in the tank at varicus levels fy effective monitoring of water levels

finitke most methods wsed o

automatic water pump controller as an automatic contral for o fupid

~

rimined fevel and the

DaTE Star

g when the bguid reaches a prads

stopped whon the fovel has risen 0 3 second predetermined fove




Her eliminates the need for any human s swching of pumps

from a reservolr to an overbead wnk {41

s controdler theretore saves water and enorgy. mainiains

res the continuous supply of water preventing overflowing and

atbows the user 1o be free

sad cost A

over punping at the same tme. This sav

-,
by

ont the bother of switching the water pump ON and OFF and makes waier av

throughout the day {51

£ Objeotives

The oblective of this project 19 10 design and const

il a systern that autmmatic

monitors and contel waker fevel inosn overbosd tank in O CTIRUY Siva

=
-
-
:
B

supply and af the same fime prevent Wator Wastage
1.2 seope of work
The circuitry can be wied o monitor arud maintain water level i overbead fank

and reservolr of whatever eapacity. However, the clrouit cannot be used for purely non-

o be mmads i the

cting fluid, For non-conductng fluid, some moditications need

thiid Jevel sensors, The clrouit onn however be Rept intsct 41,

1.2 Methodology and spurces of materials

The complete ciroult of the automeic water pump vontrobler was split into unit

n and construction, Hach unit block was assembled and wated on

3 sobdoring on Vers board goas o cusere functionallty of the entire

e

atier which bread boarding of cach unmit was dong

cirouit, |ostarted with component ey
and pecessary st wers carried out and the entire circull was finally awsembied. The final

s

cirouit performance was Inconsonance with the project objectives.

£




The sigctronic components used ior ihe

Cin the market, Blecuiealfelecironic eyt

15 webses wors cons

1.4 Overview of the design

» anoenatic di

tal water pump controller with level read-out Con i

¥

af a regnlaied power supply unil, sensing switch unly, analog-to-d sgital comverer unit,
control unit and the pump actoator uni

The sensing probes defects water level in the tan i which then makes s Contads o

s therehy maki

o

o othe output of a 355 tmer i mon

4

7y is low. This voltage ia seut t the analog-fo-

owiput siays high as long as it rigger (pin
digital (A which consists of an encoder and a decoder. The enander produces a binary

cquivalent of the position of the Jevel in the tank for the decnder which then produces the

~ +

¥} to the display unit

i oseamenis} o

rosponding Binary {Revi

the water level in digial form, The controd wnit (C1H has the olock pulse

45 the waler DI v

war ncorporated in iis chouit thig sateinatic
the manD acigalon.

s o result of this detection and control, the water fovel the tank will be known
s as there 1s power supply,

anid maintained as ke

(ad




iterature review/theoretical background
2.0 Historial Background
There have heen many developments in gutonatic control theory in recent

vears, The primary motivation for feedbacks comtrol i timwes of antiguity was the need fiw

e sepuraie determination of tme, Thus iy about 278 Wresibion inver

thy walter ke

float regulator for water clock. The function of this regaiator was ;

in a tank at constant depth. This constant depth yielded a conatant How of water through #

o ut the botom of the tank which filled a seoond @ ik af g constant rate, The

¢ in e wnk thos depended oo time slapsed, The float vegulaior of Kiseibins used a

fioat to control the inflow of witer through a valvel as the fevel of water fell the vabve

svened and replenished the respevoly this foat regulator w performied the swoe function a3

the bl and ol

5 kv

sron of Alexandria deveioped Hoat rogui

Dring the first con

oeater clocks, The Greek used the float regulitors and similar devices for purposes spch as

Ll

s of wing, the design of siphons, ma ing consiant water ey

aulomatic dispens

- In 800 through 1260,

Tereness hetween fwo tanks, the opening of wmple
Arab eoginesrs such as the three brothers Musa, Aliazard and Ibual Saat wsed tloat

regulators for woter clocks and other appdications, During this period, the imponiant

wh pringiple of OM/OFE conrol was use g which comes up agair

with the minboum- tiree probloms in the 195075, When Bagh whad foll

e
(]
“)‘«

4%, all creative thinking along these Hines came 1o B ond . Boreoy

wiry made the water clook and this feednack

folock bs not a feen back control sysient.



Lyl appenr again until s

mentivrgng that o pse

hing nothe 127 Centory foo navigationa! purposes,

staig which was furned by o gearing mechaniam attachad o

that 3 continuously pomied south, Using the directional infonmation

statup, the charioteer could steer a straight course. This is called a2 pseudo- feedback
control sysiem since it dogs not technically involve feedback unless the actions of the

charioteer are considergd 95 part of the systom thus it i3 not avtomatic controd systems,

in his book of 1746, W Salmon guoted pri storeguiators

used for maintaining the lovel of house water veservoirs - this regubator was used in the

Thus automatic control systerm can by said 1o be dated back to the anglent water

‘

clock of Kiesibios cartior desortbed - singe then, a8 veristy of satomatic devives huve boen

used 1o accomphish oseful tasks or for entertainment The latter include the automats

A

i PR L AP T S S
and TET centuries foaturing

dancing figures that would

; Lisse @

repeat the task over and over aga maa are examples of open — loop control.
Mitestones among  fesdback o closed loop asulomatic control devices, inchsde
tempergture reguiatoy of a fwrnace atiributed to Debbel Clrea 1620 and the contrifigal

cvernor used frr regnlating the spes dames Watt in 1788,

in his 1868 paper Yoo Governoss”™, LO sovered the Maxwell
etectromagnetic teld equations) was able o explain mstabilities exdibited by the fiv hali

EOVETROF Using

pirod svsiem. This demo

.

the maportnee and

iwoand methods in unders

conmpley phenomena and signaled the beglunng of misthemauoal control and system



sheory, Elomends of confrol theory had appesrsd ewrhior of as dramaticatly and

singly as in Muaswells analysis,

{"ontrol theory made signific

t strides in the next (00 years - new mathemationl

I

securstely, signifioant more compler

rechmigues made # possible to contol me

dunamic evsiems than the origingd iy governoy. Phese

in optimal control in the 1930w and 19608 foliowe

i the 1O70s mwd 19805,

stochastic, robust, asdapted and optimal control methods

Application of automatic control in SCIRICE A ml enpincering today are very o

pging from provess wontrol commiptoation sated

T

application such 55 the awlmatic water pump sontrolier. 16

The earlier type of pump was the Archimedos strew pe. fiest used by

Sonnacherib, King of Assyria for the water system stihe hanging Gardens of Babyion and

weh in the 77 cengu *arsd fater described mors in the |

sentury AL Ajlarart described and Mustrated ditferent types of pumps, moh

sogating paimp. double — action pum o, sl o

mp and pision pumpl 7] fo indun

ord Hrishna plaviaily splashed colours on Goppes using a pichksare which

was and is now @ reciprocating hand mistorically pichkaare should be

2d 39 the

g N
TR,

5L EVCr pUmp,

¢ focus of this project is on awomated pump named auvtomatic walsr pump

aller with level read-out. Similar projects have been of ferostio 1y pr cienessa

depurtment Al varis wi why has been carried out on it namely:

. 'y ] et ey b i owivn cupedaat Ty ey
?i;ﬁ.i [£3145 8 Wiy i:-,""!&'vi H‘fdi'\.dh}i H ’f."-.:ﬂ:s} d&.i,z,ie‘:ih’?,‘?;

-the destgn and vonstruction of an ove
device by Aweda P Olatunbosen (2000}

. he design and construction of automatic pump contral unit system with audin-visual

indicators by David B Nmad




ator with a siagle decode

b
F?
&

- ihe design and construction of o siy steps waier fevel mdi

t ginitting diode(LED} by Raman Rabei2003

» of water fevel mndicaror with audic

the design and consiruch

i
b
Py
o
S’
n
e
-
=
ped
o
{2
et
%
o

These previous project works used

them connol automativally shutdown the pump at

3G WOTHS

there 15 nesd for improvement on the previoy in this praj

indicators for the water level, a digiial read out of the water tovels is rather used and

the pump controlier i fully antomated with

v level in the overhead tank.

sutomaticaily de

1.1 Bevem-sepment display.

A seven-segment display 15 a form of electronic display device for diaplayinyg

sy as its name indicates s composed of seven

T

decimal munerais, A seven segroent disy

wents 18] and each segment in the display 5 2 LR B3y forward -~ blasing selected

cownbinations of seamg

and a dechmal point can

ix, any decimal &

display may have 7. 8 or 9 leads on the chip. Useally fouds 8 and % we decimal p ot 101

v

iw shonen below:

3 copment arrangen

Tig 28 Led pement of wve
Voo types of displays are avatlable namels Cthe common anode and the sommon cathode.

3
¥
H

its each

The seven-sexment LED has four individuat & with a decimal poin

of the seven-sepments in o glven dight comtains an ndividual LED. When a suitable

~t




vOHags 18 a i’*i”li*ﬁ,’fi’i [ BivEr S0Ement

LED. current flows through and SHurninaies that

s ¥ 2 2 Pl

seoment can be shown The soven

vith one horzontsl

ety On g

o the tog, middle, and bottom [H

2.3 ¥lectromechanical relay.

Plecpromenhanical rolay are ¢ oo controlled mechanival device i

which electrical contets are opened oy closed by 2 magnstizing corrent [121 1

deviges that compieie

or Imterrupt a vireuit by physiesily maoving electrical contaols bio

comget with gach o A relay involves two chouits the gnergizing chouit and the

comtact Sircuit,

The coil 19 on the snorgiving side and the relay CoRiacts are ob the contact sid

refay ool B3 energizod, cureent fow throueh the coil crestes a mageeus field

nit where the polarity

ved o i oan AL unit where the D

second, the basie fapction 12 1o the same: the magnetic ool

£
X
3
¥
W
e
feeed
o
=3
P
L%
i
]
<
=%

aiurg s bl

autracts 1 ferrous plate, which is part of the armature, O endd 1

petal frame that is formed 50 thal (e armatere oan sivot white the other end op

3

and cioses the contacts. Belays e extresmely usetul when we have a need to contral a

farge amonnt of current andior voltage with a small elecirionl stgpaifili

Relay wre swiching devices typis abiv used w cosdrad bigh

relavs the switching mechanism that is part of an opa fing oird

of & relay solenold through which the switching current flows (141

for)




2.3 Fixed three terminal regulators,

15

A voltage regolator provides a constant DU output voltage that §s easen

input voltage, outpet ioad current and femperanirs, Most voltage

ries: lnear regolotors and sw

es erminal resylstors

bed

pear reguiatrs are the thy

(15LA Hinear regulator i ¢

ator based on an active device such as bipolar

untion transistor operating in B3 boear region. The 73XN series regulsios posiive

vodtages whereas the TUXK series regulade negatve voltages The 78X X series can suppl

4
3
/s

ap o LA depending on the model (161 The three wrminals of fixed three termingl

regulators ave: the oput, the o

destgnated the output voltage, For example

P

novtant dinwhacks of

apg ust be higher than the owput voliage. Generally the input voltage must be at

feast 2V hugher than the desired outpat voltage. The other problems is the excess vollage

dissipsted a5 heat and that s why 3t i attached 10 a bear sink For protection, the

gt

vdernal cwrrent Besdting thermal shuudown,

one of the most popular and versatile megrated cirouiis over

H

cony chip stabiod in

produced. It invindes 73 transisiors, 2 dlodes and 16 resisions on & 8

g B - iy mund duai-in-line packsge 18] The B-pin 333 thmer must be one of the

At BUS pver ms

cand iis used iv used o omany projecis. With just a fow external

comprnents i can be used 1o buitd many cireuits not gl of them volve timing {19 T

covifiguraton of 335 gmer v shown on the negt




2.4.1 Operatinnal mode of the 338 ilwer,

v &
by
Tz W

S timer has pen hasic operational modes namelyr as Monoestable

i

Ppator arnd 2o astable mueliivibrator, A monostable multivibraior iy s

stable siate that is the off siate, Whenever i 5 iy

red by an mput pulse, the

mvmsstable switches (o s temporary state. 1 remaing in that siate for a perind of ume

-

derermined by the RO pevwork, 1 then rotoms to s stable slate.

ther basis operat

nab mode of the 555 19 a8 astable multbvibrator, Anoa

mubivibeator 1§ stmply an o t2s & continuous stream of reciangular off -

s thay switch bebween two voltage fevels. The treguency of the pulses and their

L

nt upost the BO network v

stable {hip-tlop) which

two stable states and as inverting

21y in which the output o

the inverse of the input stife.

2.4.2 Definition of pin funchions,

Pint {Groasd): The ground (o commaon) pin 15 the most nogative supy

device which s nosually conpected 1o the clroult commn when operated from p




Pin? {Triggery: s the input {0 the lower comparator and o used 1o sei th

turn causes the ouiput fo go bigh, This is the

begiuning of the Liming sequense in

monostable operation,

Piad (Drutput): this is the ouwtput of the 3 e outpul of a standard 335 can sink

and source up o 200ma. The outpt dog: o roach 0% o VOU wy the Jew oo high

Pind (Resety: This pin s also used 10 reset the lateh and return the outpu to 2 low siate,

voltage dweshold level 15 07V and a sink currert of O.0ma from this pin §s

roquired 1o reset g

Pind: (Contrel voltagel: This pin allows direct actess w0 the 173 2V, the rforence

upper commparator. 1t also gives divect sccess o the lowes comparator,

comtirol fnput can used 10 adpust the threshold voltage which s interaaidy ser 200 +V 0

'. 13

Uspally this function i not reguired and the conuol npy 15 conpected to O with o

Piné {Threshodd): is one of the nputs o the upper comparator and 5 used o reset the

g conpactor

of thy astable and monnstable cirouits. It has a high mpwt bnpedance » 10M

Pin7 (Bsoharge: This pin is not an input 18y the fmer output is

fow arud is used 1o discharge the timing capaciior iy astabie and monostable circut suiput,

Pind (YOO The VOO is the positbve supply volisge terming] of the 555 tmer 10, The

.,
Lo
0

supply voliage
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2.8 Encotders,

A encoder can be a device used 3ot data

fsuch as by sire

mir w oode. The vode serves any of a manber of purposes such as compressing

i formiatio 2

for gransiussion or siorage, encrypting of adding redundancies to the inpus

codol or transiating from ong code 1o snother. This s usually done by mesns of a

progriamed algon

oy espeoiaily g part i digital

s anslog

with analogue cirnuiiry,

JHEY d»{ 5P 8 :’“.

fnes and noouwput Hoes, The ouipal Hies generate a hinary vode

csponding 1o the input value. The encoder has the Hmitation thas only one inn

¢ simuoiianeous Y active. the o

undefimed coonbination, To prevent this we make use of the priovty encoder,
Priosity encoders eatablish the priovity of compoting nputs by outputiing a

b=

this

binary code representing the hughest priority active input {21} The encoder used in

5 TALR AR and s a priovity encoder.




2.6 Decoders,

s-. v

A decoder is a device which does the reverse of an e 00

a0 that the o

information can be retrieved (221 1t e torme of a multipls input

s linte-o Cthat converts coded nputs into coderd cutput, whers the

wrent. Decoding 15 necessary i application such as daia

A

demuliiplexing, sevenesegment display, memory address decoding. A decoder ciroult

takes intormation presented o one werts o snother orm.

There are differem

fecoders: there sre decoders that conver Mnary
o~

aurnbers info BOD or BOD numbers into by farys some other ones convert BODY numbers

o gray code, A common decnder clroult mkes 2 igit and converts o suitable
driving signals for the seven segments LED display.

2.7 TTL Logic,

FUL stands for transistor-transistor fogic K0S, M

be aperated from a well regulated power supply onty. Hi

Best result W errstic operation and will more likely dam sage oF destroy the semiconducior

inienn {33
chips {231

H

L opreducts arg fully compatible with each other.

< o

However, the input loading and output drive characieristic of cach famibe

and st be taken into consideration when using TTL families in o sins

LT TTL Family,

buds

3 o ihes exist and the e ing

i, standavd TTL: 74XX series- it is the nidest fogic, the most widely available and

szie family still in use. lts greatest advan: age iy cost

wrs moderste perfirmance on both the power dissipation amd deday

LN




vi,

propagation ratings. A tvpical standard TTL gates dissipates sh

sropagstion delay of about Hina

Low power TTL: 74LNXK series — thoy are intended for application where povwer

comsamption must be kept at a mimm

it ix xlow in operation,

Schottky TTH: 74533 W pOWEr

$t has higher switching speod and high

&

conswmption than the 7ASLXY series and it i3 a good cholce in applications wherg

very high operating freguencies are used amd g b POWET 54D

by

arnphe curent. A pypieal ate dissipates 4

fs«

propagation delay of Sas.

R S

Law — power schotiky TTL: TLEKX series: It combines the advantages of both

the LMK and 745X aeres. The power dissipation is about Znvw with a g

propagation of devices are significantly more expensive the

previousty covered sub - families

Advanced schotihy TTL: 74A8XKX & switching speeds than
schottky TTL. The pypieal power dissipation for MASNX devices i about dmw

with propagation delay rating of about § 3ns

Advanced low-power schotthy TTL: T4ALSXX ey fr combing the po

dissipation of the 74L3MK series and the faster switching speed of the 74ASND

series, Typical power dissipation is lmw bt the propagation delay is

FAALRYK gate can be operated at frequencies

VL Characteristics
Supply voltage The bipolar TTL famities reguire 45y + 3%,
Input: A TTL input bold the low state sowrces curent into whatever drives B

{3.25%maA g rvpion] for LY 50 o pul it low you owst sink current,
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2.8 Flip — Flops.
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182 Edpge Triggered Flip-Bops.

An edge igpered flip - tlop is clocked not by the love! of the clock Lo high or low,

it by the mansition of the clock signal from zero 1o one, of one o zero. The for

called positive or rlaing - odge sensitive clock, and the latter 35 called # nogative or
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3,4 The power supply unit

The power supply

ated one. 1 copsists of & S0P doen transtormer, a

bridge reotifier, a ering capacitor and three serminad regolstors. The cirouit diagrant %

a5 showr halow!

by

The wranaformer stops down e sy sy voltage {220V ALY

v cireoi (15, the step down AL voltage is converied |

<

fridee rectifier which consists of P function diodes. The filter papaciior smoothens

o

e reactance path for alierpating s

The vol

so repulBlons SRS that the terminal
cortant o apite of varialion o tond current, The voltage regulatons iy wse

they give Constant t3Y andi2¥

nositive vollage

s input voltage st be greater than oupul v voltage by at feast + N for
s the maximnn cusren desmand ol the reg P4

also be in excess of 1A when ased with sdapior hesl st b

hasicsily as a dine fifter to improve fransiont reaponse.




3.1 The sensing swilch uanit

The sensing swich unit consisg of the

N0F, 8 BANRISIOY

31

gad g DO relay. The dingram i as shown §
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3 The sensing switch ung

The sorwing switch unit detects wawer fovel i the tank via the senuing p

pormaily open contact. When wator

nt, the comact of the

i and the wansistor Ch gnes 1o sgiuration and the relay is enerpized
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sut vidtage 16 sent o the analbog

the cutput of the 359 thmer theretore goes ki
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ciwvertor and the display unit which displays the level m digital form On the

shsence of wator, (3 s cut off and the 335 timer voset (Pin 4 i3 a1 ground and benge the

o at ground {fowy, The diode protects the vansisior fiv

dug i back et when the magnets eld of the relay voil Coftaps

z

12V, 40088 velay and Yoo = -+ 12V 01 fs an NPN fransistor with part number

be By (281 and thisis egual hi iy

( T

HE = fo/hins 0.05/50 = OomA This s the base current reguired 1o satirate (5
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s 1S resel torminal dpind) s s Yoo, s outpu

when the reset tormimal (pndy poes fow oF a

water, the outpat (pindy also goes fow
3.2 Ansiop — {o — digital converter {ADC) unit

s of the 535 tmer of the sensing swi

Py ey et 1r o
ch makes v

The A clrouin is as shown balow

Hal convener unit

The sncoder and the decoder used in the design ds a TVL 10 with thew

iy and these must powered with +3Y

supply. The 7415148 encodes eight dota Hnesto

e 42 -1 binary octal

The encoder i an 8 - 10— 3 pricvity encoder and 1 prodoces the correspon

I -

dent of the positions of the water Jovel in the tank o the decoder which nrodoces

ary coded decimal which is a sultable signal for driving the seven
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segment display. The decoder sovepts four fines of BOIDVIR, 4, 20 1 inpat data, generaiss

eir eompdements internally and ducades the data to drive the seven segmaent diaplay.
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3.4 The Conivol unlt
This s the very heart of the project. The control unit astomatically dlars anid

stops the motor via the pump actustor unit, The diggram is shown below:
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Fig 3.6 The Contead Ling,

Phe vontrol unil has two inputs and & olock input for clocking the negative - adge

B L g ey b b
36 aslanig

SR

input necessary for adequats operation of the LK flip flop. The

ook

ion of the clock pulse generator is given by

free - running frequency of ose

Feol 447 {(RI+2R2) C and the ol

It

P

e
"7
¢ BRI .
-~ AR >

25




T MO ] 042 = 0l

§
[

24

-

>
=
[
2
.

-

-
Ry

=342 1 btz

s Frequency of the ook pulse generstor for the K fip - Hlop

%5 The pump actuator uni

The pump asctator nit serves as an interface o

+ hetween the conirol s

the pump moior, The unit controls the operation (start up and shut down) of the pump

mmotor as directed

by the conrod uni The diagram of the pump actuaor wit i sho

helow:
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The purep a o D0 relay and o transistorn, the ouiput signsl

contrad bt either saturates or cut off the fransisior depending on the vo

tevel, When the transisior is safurated, the relay is onergived and the pump starts and of

ISR B s ST H
S the relay s de-ener

2403

rest and the pump shdown, The diode is needed 10 protest

the ransistor from destruction dug to back emi when the relay conl o the

WAGNCHC 1

cotapses. When a coll ks switched off a large back omf appears soress the coll. This back

emf may be several thousand volts in vahue which 15 ena

110 e

oy the ransision

Phe dinde which is normally reverse biased i forward blased by the back emf and

ting the back et and protecting




{HAPTER FIVE
UConclusion and Recommensdations

8 {onclusion

-

Sutomatic waler pumg controile s feedback conirol system whaose applivs

ranges from domestio, industrial, o agriculiur The design was in mod

s an fntegral part of the entre

er fovel inan overbead tank via the

iy which auttynatically wmonitors and con

activationd the de-activation of water pump.

5 15 only appheable 1o pump used for conducting fuid bevause

5 use of the conductivity of Thaid fo complaie the cirouit of the

%1 Beeommendations

i oorder 1o make the design more widely spplivable as

comtrolier. the fnilowing modifioations may be made.

the sensing unit can be replaced with a

D Relay used

which will makes the workability of the circel indeperndent of the condustivity af the
fhguid tevel being controtied.

B The sysiem heing an automated ove, water must always be available in the reservinr i

crder o safeguard against dry running of the pump. In subsequent design, provision

he made in the oirouit against the dry runm

shoui e pump.
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