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ABSTRACT 

Thi !:i proj ec t i !:i tk sign l illd constructioll or () 

equipment for measurement o f Resistance. For lI !:ie in c: lec lri ca l \o\' )rks\lOp. 
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CHA1>TER ONE 

J. INTRODUCTION 

;\ rheostat is a device u~ed in home and electri ca l workshop to I11 CHSlII"C rC:-, lslallec 0 1 

difference ranges. It is an electri cal component thaI h<l s an adjll s lill : ~ " re s i ~ I ; IIILe II is d 

f '. I I. . I ' I I' I '1'1 . . type o ' potentiometer t 1at nas two termlna s Ill stca( () I lree. Ie 1\\ 0 I1lLl IIl I) pes III 

rheostat are the rotary and ~· Iid e r. The symhol is a resistor with ,111 .1:'1"0\\ di ;lgll n;lIl ) ;lcrll SS 

it. 

1\ lot of rheostat used il~ electri ca l wllrksl}()p is 01 ' wirc w(l lirid Iypes 111 ;11 11 ;1\ l' ;1 1 () I IL~ 

length of conductive wire (:o il ed into a ti ght spi ra l. The linear types have <1 s lrai ~! hl L'oil 

while the rotary types have the coil curved into a turns to save space . The en il <lnd 

contacts are sealed inside the case to protect them from dirt which cCln ca li se all opell 

circuit. A rheostat can ;\ 'ISO he made f)'om other material such CIS cH rbon di sks . 111CI ;1I 

ribbons, and even certain F! \I~ ::S. As long as the maleri Cl I has s i ~l l1i !i eant res istdnce cil c111 gl' 

over a short length , it can prohabl y he used to makc a rheostat. They me lI sed to lllllke ;) 

rheostat. They are llsed ill many different app li cations, li'om li gl-t dilllmci S tI l Ihe lll olm 

controllers in large industria ; machines. Some li ght dilllll1L.:rS usc rheos tal 10 limit lil l' 

current passing through t,le li ght bulbs in order to change their bri ghtness. The g r~aLC r the 

resistance of the rheostat, tht~ lower the bri ghtness of the bulbs. Some light can nnt lise 

dimmers, sllch as Ouordcents and gas di scharge lamps. These li ght hLl ve ;1 large 

resi stance loads, called bnllast, that maintain a constant current throl ~ h Ihel11 . l{he()s tHt is 

still a common and li.ll1clan'!ental electronic cO mpOn L.: 11t lI sed 10 cO l1t ro l the l10w ()f cmJ'enl 

I 
in a circuit. However, it h'.ls large ly beell rL' plLlccd hy Irial, a so lid sLllc lk \' il'C ;t\ SlI 

known as a silicon contn, ll ed rect ilier (S( 'I() . /\ triac (1<\ nol \Va S il' IS Illllcl! Illl\\L'r ; l ~ ; 1 



rheostat and has better 'eliability due to the absence of mechanica l pari s. RhcoSllll 

commonly fail because t~e ir contact becomes dirty or the coil wire COlTocil:s and hreaks . 

Motor controller also use Irheostat to control the speed of a rnotor by lin1iting the: 110w oj" 

cunent through them. They are used in many appliances StIch ~I S blenders. l11i\~r. t~lIls . 

and power tools. Rheostats are also used as text instrument to provick an accurate 
, 

resistance value. This project features a relatively cheap, easy ~lIl d efficicn t design oj' (\ 

rheostat for domestic and workshop users. 

1.1 OBJECTIVES, 

This project is aim at the followings: 

To design and construct a relatively cheap and effi cien t rheostat 1(11' 

use in Illome and workshops 

To improve my skill in the theory and pracli se of circuit ana lysis and 

design. 

To acquaint me with basic tools and materials in ' electri ca l alld 

electronic engineering and also develop my skill in thei r lI SC. 

To encourage research and develop on research mdhods I'm dalll 

acquisition. 

To fulfil! p~lrt or the requirement for the uvvard of a degree in electrica l 

and computer engineering. 



1.2 METHODOLOGY 

This project research was carried out in modules, each module nf, !~g a L1nit or thl!) circlIil. 
I 

This is represented in tlie project diagram as will 

project write-up, with all ~ecessary details. 

be seen in the chapter three ur thl! 

1 __ 3 . SCOPE I LI1ITATION. 

1 hIs prototype measures 1reslstance between the range of Ohms 10 1000h111S, it is lill1ilvd 
I 

to a load not more than SOWdttS. , 

1.4 SOURCE OF MATERIALS 

A number of text books that were used some of which arc li sted b~lo\\' : 

Ed. Richard C.Dart: Electrical Engineering I land book, 

M.W.ANY AKOi:Y . phD, New School Physics, I s l Ed ition . 2003, African tirst 

publishers limited. 

Whitetaker, Jenv,,:: Resource Handbook or U ectronics 

~ 

Tony R Kuphaldt l, Lessons in Electric Circuits Vol. VI- Ex periment, 1'1 Fdilion . 

last update July 2J ,2002. 

John 0' Malley, E\asic Circuit Analysis, 2nd Edi tion, Mc Grawn - Hill Plibli shilig 

Company. 

Stan Gibliso; Teach yourself Electricity and Electronics Jill Edition. 

Research Project Implementation made easy in Electrical ~1I1c1 [':Ieclroni c 

Engineering Vol.1 . 1 st Edition, Prof. Oria Usifo. 

Various website <i t:>o ~upp!; ed VtT)' usefll l inlo rl1latic:1 . Some or lhcse Sill' incltl lk: 



www.micainsulation.org/standard/ma 

Wikipedia the ftee encyclopedia, http/cn,wikiped ia.org/wiki/ 

1.5 CONSTRAINTS 

Few constraints were encountered in the course of the project work l-ut were resul ved lip 

to limited level. 

One of the major problem encountered was, how to wound the resistance wire in oreler to 

avoid contact, so that the resistance can be measured at any PO!j)l on the hcat rcsistalll:c 

cylinder as the slider is Loved. This problem was solved by coating the resistance wire 

before winding, to avoid ~:ontact. 

4 



CHAPTER TWO 

2. LITERATURE REVIEW 

The resistor is an eltctriC' :t1 dev ice whose pnma:'Y fun ction is to int rod uce 

resistance to the flow of dectric current. The magnitude of :he c}J position III the Il n\\' tI l' 

current is called the resistance of the resistor. A large res istance va lue ind icate a grea ter 

opposition to current flow. The resistance is measured in ohms. P.n ohm is the rcsistance 

that arises when a current of one ampere is passed through a resistor subj ected to one vo lt 

across its terminals. A resi:..: tor whose resistance ca n be vari ed is known as vari ;lblc 

resistor whose symbol is shown below . 

...,..--------jl / ~.--

;;':;g. 2: circuit syJ11b c. ~ tv r res istor and 
rheostat 

.1 

I 
I 

The vari ous uses ofresistl)"s include setting biases , cont ro lling gai n, fi xing ti me 'onstant , 

matching and loading circ~ its voltage division, and heat generation. 

I 

2.1 PURPOSE OF' THE RES1STOR 

Biasing 

In order to work effi ciently, transistors or tubes need the right hias . Thi s nl C<1I1S 

that the control electrode - the base, gate, or gride - must have a certain vo ltagc or 

current. Networks of res istors accomplish thi s. Di fferent bi as leve ls Li re Ilcctkd 1(\1' 

5 



. I 

different types of circuits. A radio transmitting amplifier would usually he biased 

differently than an oscillator or a low-level receiving amplilicr. Som~limcs vo ltagL: 

division is required for biasing. 

C'ollccll)r (C) 

/ 

Input ------'-------.-~7-----B'\--(-B-) -I--l 

rL ase 
Emitter (E) 

Fig. 2.1: voltage divider for biasing thl! base 
of a transistor 

Current Limiting 

Resistors interfere with the flow of electrons in a circuit. Sometimes this is essential 0 

prevent damage to a component or circuit. A good example is a receiving Hmplilier. i\ 

resistor can keep the transistor from using up a lot of power just gl~tting hot. Without 

resistors to limit or control the current, the transistor might be overstressed carrying direct 

current that does not contribute to the signal. An improper desigl ed al11plilier Illi ght necd 

to have its transistor rePl~ced often, because a resistor was not j',c1ucled into the design 
I 

where it was needed, or bi cause the resistor is not the right size. 

I 
I 



c 

B ----+---t--i 

E 

(fig. 2.2: current-limiting resi stor fwa 
transi stor 

Power dissipation 

Dissipating' power as heat is not always bad. Sometimes " ;8sistor can he lIsed as 

a "dummy' component, SO l that a circuit "see" the resistor as if it were something more 

complicated. In radio, for example, a resistor can be used to take tile place or (In 'IIltc nn(l . 

A transistor can then be te~ ted in such a way that it does not interfere with signal s on the 

airwaves. The transistor output heat the resistor, without radiating any signal. nut as 1:11' 

as the transistor knows it is hooked up to a real antellna. Another case, ill vvhich power 

dissipation is useful is at the In!)ut of a power amplifier. Sometimes the circllit driving the 

amplifier (supplying it's input signal) has to much power for the diss ipation thi s excels so 

that the power amplifier does not got to much drive. 

Antenna -] 
Transmitter Feed line 

fi'ig. 2.3a Transm1t\er is 
hooked up to a 
real ante,nna 

,------
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Transmitter 

Fig. :.ub Transmitter is 
hooked lip to ,) 

res isti ve "dummy" 
antenna 



2.2 RESISTOR T"yPES 

I 
The carbon-corposition resistor 

Probably the cheapest me hod of making a resistor is to mix up finely pllwered carbon (a 

fair electrical conductor) IVvith some non-conductor substance, press the 1\';S lIltillg ellI ) ­

like stuff into a cylindri''';dl shape, and insert wire leads in the ends. The res istance 0 1" the 

I 
final product will depends on the ration of carbon to the non conducting Ill .lIcrilll , and 

I 

also on the physical distance between the wire leads. The non conductive material IS 

usually phenolic, similar to plastic. This result to a carbon-composition resistor. 

Wire 

- -, , 
\ 

, 
, -' 

, , 
I 

I 

. I 

Carbon 
Composition 

7 
/ 

Electrodes 

, 
I 

, - , 

, - ' 

, , 
I 
1- __ 

I 
I 

Fig. 2.4 ConstruCi ion of Carbon - Composition Res istor 

Wire 

This kind of resistor has the advantage of being pretty much non reacti ve. That means 

that it introduces almost pure resistance into the circuit, and not much capaci tllllCC or 

inductance. This make<;thl~ ::arbon-compositi on res istor useful in radio receives and 

transmitters. Carbon- C''JJ1.1pusition resi stor di ss ipate pm"t: r <1ccording to how bi g. 

physically they are. 

8 



THE WIRE WOUND RESISTOR. 

A more obvious way to get resistance is to Llse a length of wire that is )lot good 

conductor. Nichrome is most often used for this. The wir'.! can be wound around a 

cylindrical form, likf! ~i coil. The resistance is dete;-mined hy !~ow wc ll the \Vir~ l11('tal 

conducts, by its length. ,This component is called a wire-wound res istor. 

I 

Wire 
Cap 

Nichrome 
coil 

Insulating 
foam 

Cap 

rig. 2.5: wire wOllnded res isto r 

Wire 

One of the advantages oj" wire-wound resistor is that they can he l11i1dc to ha ve v, lIl1cs 

within a very close range. That is, they are precision components. Another adva ntage is 

that wire wound resistorr can be made to handle large amount of power. 

A disadvantage of wire-wound resistor, in some applications, is that they act like 

inductor. This makes them unsuitable for lise in most radio- fi·'~q l1ency circuit s. 
I 

FILM TYPE RESISTORS. 

Carbon, nichrome, or sume mixture of ceramic and metal (cement) can be applied to a 

cylindrical form as a film , or thin laye r, in order to obtain a des ired value of resistor. This 



type of resistor i~) called a carbOll --lirlll rcsisLor \)1' IllcLc.lI - liml 1"!:~ i s il' l. II look li ke ;1 

carbon eompositionlYPl:, but the cOllstruelioll lechlliquc is dil ·liclIll. 

Wire r 
Cap 

Film _ .. Coated 
Cylindcr 

Wirc 

The cylindrical :(01'111 is made of an insulating substance, such as porcelain. The fill1l is 

deposited on this form by various Illelhods, and the valuc tailored as dcs ired. MeLal lillll 

units can be madc to have ncarly. exact values. Film type rcsistors lI sLl<lll y have Jow to 

mcdium high rcsi~·;lance. 

A major advantagc of film typc resistors is lbat lhey, like earbon-colllp(ls itiull unit s. do 

not have much inductance or capacitance. A disadvantagc in somc applications IS that 

they can not han,Jle as much power as the 1110re massivc carbon-compositi on units. 

INTEGRATED- CIRCUIT RESISTOR. 

Increasingly, wholc electronic circuits arc bcing fabricalcd on selllicI.lIlLiuclor Willers 

know as integraLed circuit (lcs). It is possible nowadays lo pUl a whole raLiio receiver inlll 

10 



a couple of Ics, or chijJ~, whose total volume is a bol; ~ the same as that or th~ tip or ,Y Ollr 
I 

little finger. 

In 1930, a similar recei ver would have been as large as a television set. Rcs i ~tors can he 

fabricated onto the semi ~ conductor chip that makes up an lc. The thickncss , and thc typcs 

and concentrations of impurities added. Control the res istance of the compont.::nt s. 

Ic resistor can only handle a tiny amount of power beLause or th t.:: ir sllw ll silt:. 1\lI t 

because Ic circuit in general are designed to consume min;l11 al power. Th is is IIO [ ;1 

problem. The small signal produced by les can be amplified lIsing circu it maci <.: rrom 

discrete components. 

2.3 RESISTOR VALVES. 

Tn theory, a resi stor CCll1 have any valLIe from the lowest possibl e (stich as than or so lid 

silver). Tn practice, it is unusual to find res istor with values less th elll ahotlt D.I. R, or Il j()rc 

than 100mn. 

Resistors are manufactured in standard values that might at first seem ru ther odd . The 

standard number are 1':0,1.2, 1.5, 1.8,2.2,2.7,3.3 and 8.2 units are communl y made with 

values derived from th1se values, multiples by some power of 10. Thus, there are units 

of 47n,180n, 8.8kn, or'118ml1, but not 380n or 650kn. 

! 
In addition to the abo'~e values, there are others that are used for res istors made wi th 

I 
greater precision, or ti ~hte r tolerance. These are power of 10 multipl es or 1.1, 1 .. \. I K 

2. 0,2.4, 3.0 and 9.1. 

11 



TOLERANCF~ 

The first set of numbers above represents standard. Resistance values available in 

tolerance of plus or minus 10 percent. This means that the resistance might be as much as 

10 percent mort or 10 percent less than the indicated amount. In the case of a 4700 

resistor, for exanple the value can be off by as much as 470 and still be within tolerance. 

That is a range of 432 to 51700. The tolerance is calculated according to the specified 

valued of resistor, not the actual value. The value of a 4700 resistor can be measured and 

found to be 427, and it will be within 10 percent of the specified value: if it measures 

4200, it is outsid.;: the 10 percent range and id a "reject". 

The second set, dong with the first set, of numbers represents standard resistance value 

available in tolerance of plus or minus 5 percent. A 4700, percent resistor will have an 

actual value of 4700 plus or minus 240, or a range of 446 or 4934n. 

Some resistors are available in tolerance tighter than 5 percent. These precision unil<: are 

employed in circuits where a little error makes a big difference. In some audio and radio 

- frequency oscil ator and amplifiers, 10- percent or 5- percent tolerance is good enough. 

In many cases, eyen a 20-percent error is all right. 

POWER RATING. 

All resistors are given a specification that determines how much power they can safely 

dissipate. Typical values are ~ w, ~ and 1 W. Unit also exist with rating of 1/8 or 2W. 

These dissipaticl .· ratings are for continuous duty. 

The amount of cmrent a given resistor can handle can be figured out by using the formula 

for power (p) in Lerm of current (I) and resistance (R) 

12 



P=I2R 

Working this formula backwards, plugging in the power rating for P and the resistance of 

the unit for R, and solve for I or by finding the square root of P/R. Remember to use 

amperes for current, ohms for resistance and watts for power. 

2.4 VARIABLE RESISTORS 

These are resistor, in which the value of the resistance varies with the applied 'stimulus' 

from the popular equation R=p xL/a, we can see that the stimulus has to change one or 

more of those quantities to give rise to variation in resistance. There are four types of 

stimuli and correspondingly. The followings four type of variable resistors. 

1. Mechrmically variable resistors e.g potentiometer rheostat. 

2. TheG,lally I voltage variable resistors (Thermistors) 

3. Electlically I voltage variable resistors (Varistors) 

4. Optically / light variable resistors (Photoresistors) 

SPECIFICATION OF VARIABLE RESISTORS. 

In addition to the specification mentioned in the case of fixed resistors, the variable 

resistors have tp ~~ following specifications. 

2. The ,~timulus responsible for the variation in the resistance, e.g temperature, 

magnetic field, light intensity, etc 

3. The range of the stimulus that can be applied 

4. The range of resistance variation 

5. The IA.w governing the resistance variation. 
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MECHANICALLY VARIABLE RESISTORS. 

In this category generally the length of the resistor is changed with the application of a 

mechanical stimulus like pressure or displacement (e.g wire wound resistors) or with 

graphite particle ~ ; depressed. In an elastic medium (e.g carbon resistors). Such resistors 

can give varying value of resistance in the circuit in which they are connected. They are 

commercially called 'pot' (Potentiometers). Tone control, contrast, brightness, volume 

controls, In Radio and TV are carried out by these pots. The two types are: 

1. Wire Wound 

2. Carb(ln Construction 

WIRE WOUND VARIABLE RESISTORS. 

These are constructed by winding a high resistivity material wire on a porcelain core. At 

their centre. There is a shaft which can be rotated to change to change the value of the 

resistance. 

Helical ·pot 
b 

a 

Fig 2.7: wire wound variable resistor 

14 



CARBON VARIABLE RESISTORS 

Low power variable resistors are made of carbon compositior. ~~ither in so lid track or a 
I 

coating of carbon film. They are available from IK to 5MR with power from 112 W to 

2W. a thin carbon coating on a pressed paper or a moulded carbon disc gives a carbon 

resistor. 

T<flIIia.ola 

~
/I " ,-

\ Itac:k 

~': " --+ SllpRln. 

7 - Wl
P'" I I ',' '_ . 

I ,. ~ 
(II 

I Fi 

I 
I 

a b 

Fig 2.8: fonn of carbon pots 

I 
Mechanically variable resistor can also be classified into another two types namely: 

L Linear pots 

ll. Non- Linear or Loger;thmic pots 

i. LINEAR POTS 

In this, the coil is wound on ;a iinear former and therefore resistance varies linearl y with 

the rotation of the contact. These are used in electronic circuits for general purpose. 
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Fig. 2.9 Linear pot 

ii. NON- LINEAR OR LOGARITHMIC POTS 

1n this type, the coil is wound on a non-uniform former and theref(yc res islance varies 

non-linearly or logarithmically with rotation or the contact. These pots arc ll :-lcd , IS 

volume control of sOllnd. 

Fig. 2.10: non- linear or logarithmic pot 

i 
I 

THERMALLY VARIf}HLE RESISTORS. (THERMISTORS) 

Thermistors mean ' thermai l·esistors'. These are usuall y semi-conductors, which beha ve 

. ' . h 1 .11' ffi . f" '1'1 as resIstors WIt a very 1191 negatIve temperature coe IClent 0 res istance. ley arc 

highly resistive to temperatu~'e and therefore used in prec ision. 
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Measurement and in thern]al relays. They are made of oxides li ke: N I 02, MilO, ete 

Thermistors are also used fpr surge protection, amplitude control , pllwcr IllcaSllrClllcnt s 
I 

and regulation. 

Theremistors are made from materials whose resisti vity changes with tempera tll rc. The 

thermistors may be: 

1. PTC thermistors these exhibit high positive tempera ture coci'liciellt 

(PTC) (''" r,~s j s tance. Unusually H conductor like iron wil\; evapora ted 

in hydrogei-' atmosphere is used. 

11. NTC thermistors. They exhibit a "negative tempcra lun; Cllcflic icnt ( 

NTC) of resis tance. Usuall y scmi -conductor 111, leri al s li kc ():\idcs of 

nickel, nHlIi p-anese, cobalt are used. Their Express ion lor temperat ure 
, 

coeffic ient is given by 

RT=Ro [8 (liTo - liT)] where 

B is bandwidth 

SPECIFICATION OF' TYPICAL PTC THII:RMISTOHS 

I. Resistance of at 25°C: 60R 

11. Resistance at ! 25°C: 15K. 

111. Maximum temperature coeffic ient I- 5%/'c maximum vo ltage: 22V. 

17 
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Dnc 

Fig. 2.11: various types of thermistors 

ELECRTRICALLY (OR VOLTAGE) VARIABLE RESISTORS 

(VARISTORS) 

In this type of 'v'ariable resistance, the value of resistance changes with the applied 

voltage. This i ~; achieved by choosing a material In which the charge carner 

transportation c_cpends upon field electron emISSIOn. These are usually made from 

conductor, insulator and semi-conductor composite materials, e.g composites of silicon 

carbide, graphitr,; and sodium silicate in which resistivity decreased with increase in 

applied voltage. This happen because of the increased transport of charge carriers across 

thin insulating layer of sodium silicate surrounding the silicon carbide and graphite 

granules. 

The expression ;'or their resistance varying with the applied voltage is given as 

Rv= Rvo[Bv(V-Vo)] 

Where Bv is the voltage coefficient of resistance (negative) and other symbols have their 

usual meanings. Coating of selenium oxide on nickel plated steel and is used as a high 

voltage rectifier (40v per unit). They can be used at even higher voltage by connecting 

them in series. 
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Copper oxid ~ 
Coat 'ng on I 

~nslllator 
Fig. 2.12a: ;::vpp~r oxide rectifier 

Nickel 
Plaled Steel 

COllt 

7{ 
-y---' 

S.:klllllli l 

" , id ' 
~t). llill ~ 

Fig. 2. 12h:St:lt: llilllll 
Oxide Rt:Clilicl 

OPTICALLY VARIABLE (LIGHT DEPENDENT) RESISTORS (Lnl~ 

OR PHOTORESIS1'ORS) 

These resistors change th i;' value with the intensity of light falling on them. They have a 

ceramic substrate, over which a photo resistive m(:lterial (usunlly cadlllittm sttlphide ('tis) 

is deposited in Zigzag from to increase the length. Hence the values of resistance Fig 2. 1-1 

which vary from 15K down to 500h111, from darkness to light, respec ti veiy arc availahle . 

Their power rating is from 50MW to 0.5W. They are llsed for automatic brightness 

control in TV, etc. As mention,ed above the resistance of an LOR changes \",ith the 

intensity of incident light. This is achieved by using [\ "emi-conductor material , in which 

the absorbed light of appropriate wave length can generate electrons and holes wh ich Ie'lll 

to change in the resistivity. Such materials are Cds, Zns and Pbs which arc 

'photocrystalline' 

The variation in resistance with intensity of light is given by 
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Where L= Intensity of light 

A= a constant 

&= another constant, whose value lies between 0.7 and 0.9 

SPECIFICATIONS: 

Maximum power dissipater: O.2W 

• I 
MaXimum voltage: IOOv 

I 

Temperature range: 20-60jc 

I 
I 
I 

LDR 

~---+--Cds 

Leads 

Fig 2.13 Shows LDR 

2.5 ARMA TURE WINDING 

The armature windings are llsually former-wound. These are first wOllnd in the Illl'lll Ill' 

flat rectangular coils and are then pulled into their proper shape in a co il puller. Variolls 

conductors of coils are in;)ulated from each other. The condl'ctors are plaee ill the 

armature slots which are lined with tough insul ating l1lateri c~ i'hi s s lot insulation is 
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folded over the armature comlu""tors place in the slot and is ,:,:,cured in place by spec ial 

hardwood or fibre wedges. 

TERMS USED IN CONNECTION WITH ARMATUnE WINf)INC. 

POLE-PITCH 

It may be defined as: 

1) The periphery of the armature divided by the number of pole or the 

2) Generator i.e the distance between two adjacent poles. 

3) It is equai to the nlHnber of armature conductor (or armature slots) per pole . 

CONDUCTOR 

The length of a wire lying i th~ magnetic field and in Which an EMF is inelilced, is ca lkd 

a conductor (or inductor) aSr for example, length AI1 or CD in figure 2. 14a. 

COIL AND WINDING ELEMENT. 

With reference to figure 7. .14a, the two conductors AB and CD along with their end 

connections constitute one c!) iI of the armature winding. Th~ coil may be single-tum 

(figure 2.14a) or multi-turn coil (figure 2.14b). A single-[urIl coil will have two 

conductors. Out a mlllti-turn may have many condllctors pCI' coil side. In li glln.: 2.1 ·111 , fill 

example, each coil has 3 conductors. The group of wires or conductors cons tituting a coi I 
I 

side of multi-turn coil is wrapped with a tape as a unit (figure 2. 14c) and is place in the 

armature slot. It may be noted that since the beginning and the end of each co il mllst be 

connected to a commutator bars, there are as mallY com mutator bars as coil s ror h()lh lap 
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and wave windings. The side of a coil (I-turn or multi -turn) is ca lled a winding clemen!. 

Obviously, the number of winding element is twice the number co il ~ ' 

\k C"":::~:7 
A " .f) 

I 
I 
I . . 

C("'IIllUlal,'l' 

a 

COIL SPAN OR COIL-PITCH (Ys). 

b 

Fig 2.14: conductors 

/'; /'fC:' 
I : 

I 

I . . . , 
......... '. ........ , .. 

c 

It is the distance, measured in term of armature slots (or armature conductors) between 

two sides of a coil. ff the poie span or co il pitch is eq ual to the pule pitch ( as ill the case 

of coil A in figure 2. 15 were pole-pitch of 4 has bcen assumed ), then winding is calkJ 

full- pitched. It means that coil span is 180 electri cal degrees. [n this case, the co il s sides 

lie under opposite poles~ hence the induced e.m.f in them are additive. Therel'ore. 

maximum e.m.f is induce in the coil as a whole, it being the sum (,I' the e.nl.l' induced in 

the two coil sides.If the c il span is less than the pole-pitch (as in coil 11 where co il pitch 
I 

is :X lh of the pole pitch), the winding is fractional - pitched. In this case, is <t phase 

difference between the e.m.f in the two coil sides. 



'1 
I ,/' 

,r, 

-

Fig. 2.15: show full ritch winding 

PITCH OF A WINDING (Y) 

In general, it may be define as the distance round the armature bet ween t wu SlIcccss i ve 

conductors which are direcliy together or it is the distance between the beginning or t \Yo 

consecutive turns. 

Y = 'y'n - YF I'o r lap winding 

= YB -I- YF h' wave winding 

In practice, coil - pitches as low as eight-tenths of a pole pitch are empl oyed withollt 

much serious reduction in e.m.f tj'actional - pitched winding are r llrposely lIsed to erfect 

substantial saving in the coppel' of the end connect ions and for improving cOllllllutation 

BACK PITCH (Yo) 

The distance measured in te 'ms of the armature conductive, which a coil advances on the 

back of the armature is caii~Jd back pitch and denoted by YB 
I 

I 
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I 

I 
FRONT PITCH (Y B) 

I 
The number of armatur9 conductors or elements spanned by a coil on the front (or 

I 
commutator end of an mmature) is called the front pitch and is designated by VI' 

Alternatively, the front 'pitch may be define as the distance (in term or Hrmatllre 

I 

conductors) between the second conductor of one coil and the fil st conductor or Ihe nl::-.I 

coil which are connected together at the front i.e. commutator Cl1ti or thcarnlll ilire. n lllh 

front and back pitches for lap and wave - winding are shown in ti gu re 2.16b . 

\(" , 
, " , , . 

)'/I~ 

, 

/. 
/ 

,/ 

. 
"- )' - --; 

I' • 
I 

- - ... ) 'A'- :-- -.- .. 

:.,- r -. 
, I 

b 

Fig 2.16: ~hows front and back pitchl:s for lap and wave windillg 

RESULTANT PITCH (YR) 

It is the distance between the beginning of one coil and the beginnil:g of the next co il 10 

which it is connected. 2.16a and 2.16b. 

COMMUTATOR PITCH (YG) 

It is the distance (measured in commutator bars or segments) between Ihe segmenls III 
, 

which the two ends of a 'coil are connected. From figure 2.16a and 2.1 611 . [I is clea r Iha[ 
I 
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for lap winding, Yc is the difference of YB and YI' where as for wave winding it is the 

sum of Y Band Y F. Obviously, commutator pitch is equal to the number of bars between 

coil leads. In general Y c equals the 'plex' of the lap wound armature. Hence, it is equal 

1,2,3 ,4 e.t.c . . For simplex, tiuplex, triplex and quadruplet C. t.c. lap windings. 
. I 

I 
SINGLE - LAYER WINDING 

I 

It is that winding ill whic~ one conductor or one coil sides is placed in each armature slot 
i 
I 

as sown in figure 2. 17 below. 
I 

Fig. 2. 17: shows a single laye r II intiillg 

TWO - LAYER WINDING 

Tn this type of winding, there are two conductors or co il sides p CI' slot arra nged in l\~() 

layers. Usually, one side of every coil lies in the upper half of one slot and other side lies 

in the lower of half of :;ome other slot a1 a di stance of approx imately one pitch away 

(figure 2.18) as shown beluw 
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Fig.2.IS: shows a two layer windiil~ 

The transfer of the coil fr091 one slot to another is usually made in radial by Illeans or a 

peculiar bend or twist at th4 back end as shown in figure 2. 19a below. Such winding in 

which two coil sides occupy I~ach slot are most commonly used for all medium - sized 

machines. Sometimes 4 or 6 or 8 coil sides are used in each slot in severn l layers because 

it is not practicable to have too many slots figure 2. 19b. The coil side lying at the lIpper 

half of the slots are nun'.bered odd i.e. 1,3,5,7 e. t. e \."hi le those at tile 100ver hall' :m; 

numbered even l .e. 2,4,6,8 e.Lc. 

Fig.2.19a 



MULTIPLEX WINDING 

In such winding, there are several sets of completely closed and indrpend~nt \\ indings. If 

there are two such winding on the same armature, it is cal led dupl ex winding and sn on . 

The multiplicity affects a number of parallel paths in the armature. ror a gi\,~l1nllmher or 

am1ature slots and coils, as the multiplicity increases, the numba nf parallel paths in the 

armature increases thereby increas ing the current rating but decreasing the vo ll ilge raling. 

LAP AND WAVE WINDING 

Two types of winding mostl y employed for drum .- type armatures are knowll (IS lap 

winding and wave wind;lIg. The different between the two is merely dlle to Ihe dirr~rcnl 

arrangement of the end ~-.lr.:-,ections at the front or commuJ (lffH end of armature. Each 
! 

winding can be arranged ; progressively or retrogress ively and connected in simplex, 
I 

duplex, and triplex. 

I 
The following rules, howe 'cr, :tpply to both types of winding. 

1. The ii'ont pit,jhl and back pitch are each approximately ~q ll a l to the polL-
I 

pitch i.e. windings should be full-pitched. This results in increase c.m.r rOllnd 
I 

the coils. For spec ial purpose, Fractiona l pitched wi ndings are deliherate l) 

used. 

II. Both pitch should be odd, otherwise it should be dirticldt to place the co il 

(which are former - wound) properl y on the arm·atmc. Exampk; i r YI! and YI ' 

were both ev~:;. then all the coi l sides and c:.:mductors \A 'ould li e either ill the 

upper hc.lf ofl"hb slots or in the lower half. Hence it wo uld become imposs ible 
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for one side uf the coil to lie in the upper half of one slot and the li ther side (ll ' 

the same coil ~o lie in the lower half of some other slot. 

Ill. The number of commutator segment is eq ual to the number 01" slots or coi ls 

(or half the n~mber of conductors) because the front ends of condllctors arc 

joined to the segment in pairs. 

IV. The winding must close upon itself i.e. if we start from a ' given point cilld 

move from one coil to another, then all conductors ShOldd be traversed and We 

discontinuity in between. 

SIMPLEX LAP WINDING 

It is shown in fi gure 2. J 7a which employs single turn coil. In lap winding, the fini shing 

end of one coil is connected to a commutator segment and to the stat i ng end 0 1" the 

adjacent coil situated under the same pole and so on, ti II and the coi Is h(1V~ been 

connected. This type of winding derives its name from the fact it doubts or lap back ",,l ith 

its succeeding coils. 

Following point regardiilg simplex lap winding should be nc!_d. 

I. The back and fro At pitches are odd and if opposite sign. But they cannot be eq llal. 
I 

They differ by 21' some multiple. 

2. Both Y l3 and Y F SllOUld be nearl y equal to a pole pitch. 

3. The average pitc~ Y A = YB + Yr:. It equal pole pitch = Z 
2 P 

4. Commutator pitch Y c = ± l (In general , Y c = ±m) 

5. Resultant j1itch YR is even, being the arithmeti ca l difTerc ll ce of two odd !lllm her 



6. The number of slots for a 2 - layer winding is equal to the llul1lhl.!1' Ill' coils (i .e . 

half the number of coil sides) . The number of commutat.or segmellt is also the 

same. 

7. The number of pJrnllel nath~ in the armature = mp where m is ·the 1l1l11liplicit )' or 

the winding and p [he number of poles. Taking the- I1i'st conditi on, we have Y II 

a - IfYB > YF i.e YB = YF + 2, then we get a progress ive or righl - hambl \\illdillg i.e." 

winding which progresse3 in the clockwise direction as seen from the COlll lllut ator CI]( 1. 111 

this case, obviously, Y:: = + 1 

b - If YB < Yf- i.e. Yn =: YI' -- 2, then we get a retrogressive or 1c1i -\J ,II11bl Will dill~ i.e. 

one which advance's in the anti-clockwise direction when seen Crol11 the C0ll11l1 1ltatlll' Silk. 

In this case, Yc = - 1 

c - Hence, it is obvioll'> that 

Yr=-Z- l 
p 

YB = Z-1 
p 

}\)r progressive winding 

For retrogressive winding 

Obviously Z mllst be e~en to make the winding poss ible. 
P I 



CHAPTER THREE 

3. DESIGN AND IMPLEMENTATION 

The design stage starts with the diagrammatic representation of the project considered as 

a module. 

. " , 
: < f) /l. _._.,....,..._ 

I' 
. I 
I 
I 

3.1 NICHROME W RE 
i 

'-' - IO()tJli 

" . \- ..... ---

Fig. 3.0: Rheostat 

Nichrome is an alloy used ,in various heating elements. Nichrome is basically a name 
. I 

, I 
given to nickel-chromium resistance wire. It is a non magnetic alloy which consists or 80 

percent nickel and 20 perct,;lit chromium by weight, and is widely used in heating element 

because of its relatively high resistivity, out of the constituents of nichrome, nickel is an 

element with the chemical symbol Nl and atomic number 2R , whereas, 'chromillm a 

steely - gray and hard metat 

Nichrome, the alloy is silveJy - gray in colour, resistant towards corrosion and has a high 

melting point. 
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PHYSICAL PROPERTIES OF NICHROME 
I 

The ultimate tensile strength! of nichrome is 105, OOOPSI (Pounds per Square Inch) . yield 
I 

strength is around 50,000PS ', and modulus of elasticity is 3 x 106 PSI. 

The following are the Resist vity and thermal properties or some materi.t\s 

r-.-I ------T·- j--IE-q-lM- A-L- P- R- (-)p-ER'-n-J(s 

Materials Resistivity p at Specific heat j/l{g C Then uti 
----- . f 

Melting point s 1( . 

20°C nO - III I .. onductivity W 1m 

-1---------- -.. --- - ---
Aluminium 28.3 960 

Constantan 500 4 10 21 .6 II I ()O 

1--=-----+-------1--------· -.. -. - - - --- .. 
Copper 17.24 380 394 100W 

Gold 130 MAT t, __ -_ -_ -_ -__ -_ -_ -_ -_ -_ -__ -._-__ -_~'~-_-_-_-_~-<)~6_~--_"'-_--.. ~ -_____ _ 

Iron 101 420 15J5 

1---------- .. - --- -. 
Nichrome 1108 430 11.2 l..J on 

----1------_·-
Tungsten 55. 1 14O ~:O J..J IO 

460 
f------I---~::-:----_+-----.. ---- I---- -----·--·-
Nickel 85.4 90 14 S5 

------- ---
Silver 16.2 23 0 40R C){j() 

Air 994 0.024 

2.6 x 10 4180 0. 58 0.0 

-----'--.... _--------
Table 3.0 
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DESIGN OF ELEMtNT 

The design is based on a voltage of 220volt and Resistance of lOOO!..: 

From Ohms law, we have the 

Where V 

I 

R 

Therefore 

I 

V = IR 

= Voltage in volts (V) 

= Current in ampere (A) 

= r0sistance in .0 

220 = I (1000) 

I = 220 
1000 

= 0.22A. 

The power consumption is given by the equation 

I 
I 

P = IV 

P = 0.22 x 220 

= 48.4W 

Therefore, the Rheostat e~ectrical quantities are R = 1000.0, P = 48.4W and 1= 0.22A 

I 
The Area of the wire can ,e obtain from the relationship. 

I R=t 
Since the wire used is a l'-hchrome wire, the resistivity is 150 x 1 v·s. 

The total length of wire wounded. 

L = 106.32m 

Therefore 
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1000 = 
, 

I 
I 150 x 10-8 

X 106.32m 
A 

I, . 

IOOOA = 0.000159 

A = 0.000159 
1000 

DIMENSION OF THE CORE 

I 

The core is made of a cylindrical plastic bobbin. 

Diameter of the bobbin == 0.042m 

Length of bobbin = 0.285m 

Area of the bobbin is give!') by 

A = 2nrh + 2m2 

Radius of the bobbin = r = 0 
2 

= 0.042 
2 

0.021m 

Therefore 

A = 2m (0.285 + 0.021) 

I 
= 0 4:P.n (0.306) 

I 
= 0.O pS527t 

= 4.0 7 x 1O-2m2 

, I 
The area of the bobbin is 4.937 x 10_2m2 

I 
I 
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1 

3.2 BrUSHES AN BEARINGS 

The brus~es whose functi n is to collect current from commutator are usually made or 

c~rbon orl graphite and are in the shape of a rectangular block. These brushes are housed 
! I 

in brush-holders usually ofT the box-type variety. As shown in fig.3.1 , the brush-holder is 
I 
I 

mounted on a spindle and the brushes can slide in the rectangular box open at both ends. 
I 

The brushes are made to bear down on the commutator by a spring whose tension can be 
I ! 
, I 

adjusted by changing the position of lever in the notches. A fl f,xible copper pigtail 

mounted at the top of the brush conveys current from the brushes to the holder. The 

number of brushes per spindle depends on the magnitude of the current to be collected 

from the commutator. 

Because of their reliability, ball-bearings are frequently employed, through the heavy 

duties, roller bearing are preferable. The ball and rollers are generally packed ill hard oil 

for quieter operation and f0r reduced bearing wear, sleeve bearings are lIsed which are 

lubricated by ring oilers fed oil reservoir in the bearing bracket. 

, ~ 1 iI'. 1i 
~~\ ~, 

I : II ~ 

Fig. 3.1: brush 
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3.3 FORMER/BOBBIN 

In the transformer, the coil is wrapped around a former or a bobbin is made or some 

insulated material such as f lastie, paper, fiber e.t.e. in power transfonners the bobbin is 

usually made of plastic fib91', this keeps the bobbin safe from the heat/cold and humidity. 
I 

A paper/cardboard bobbin lis used, cheap transformers, but this type of bobbin generate 

many proplems. 

When a plastic bobbin is r ed, always use good quality core, otherwise the heat or the 

core will distort the shape off the bobbin. Bobbin made using fibre may also burn it' the 

core gets too hot. 
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CHAPTER FOUR 

TEST RESULT AND DISCUSSION 

1 TEST AND RESUI,T 

An appropriate test method is the use of a meter (Multimeter) to asct,·:?in the wnrkahi lit ), 

and response of the Rheostat. When the Rheostat is slide gradually and the reading is 

observed on the mtlltimeter. 

Its efficiently and durability can also be verified by connecting it to a load (c irclIit) within 

its resistance limit and operati hg it for an appropriate time duration . This \vas dont: and 
i 

the Rheostat served its purpostj . 
I 

RESULT 

The result obtained can be beSt be explained using a curve which shows the vmiation of 
I 

the resistance and conductivity as the sl icler is gradua ll y moved. 
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4.2 DISCUSSION 

According to the result obtained when the rheostat was glTdllall y slides, "illl il 

I11uitimeter connected across its terminal. It shows that the resistance increases as the 

rheostat is being slided cross different point on the wounded wire. From the rdationship 

RaL/A 

The resistance IS directly Proportional to the length of the wire and inversel y 

proportional to the cross sectional area of the wire. 

Also 

G = IIR 

Which show that G= cO!10uctivity is inversely proportion-ll to the resistance or the wire. 

ECONOl\1IC ANALYSIS (PRICED BILL OF QUANTITI [S) 

I 
The cost of work done is cost implication of the research carried aLIt in slated in thi ~ 

I . 

chapter below. Since thel cost effect on any projec t determines its acceptability and 

competitiveness in the op~n markel. 
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DESCRIPTION OF QUANTITY UNIT RATE TOTA L 

ITEM 
! 

N:K AMM OI JN'!' 

N :I( 

I. Nichrome wire 2 2500 5 OO() . 00 

--- --
2. Carbon brush 100 I 00 . ()O 

--- ----
3. (Bubbing) 150 150.00 

Plastic Material 

1---+-----------:1------1-------- - -- - - --
Casing 1000 1000.00 

5. Material cost Sub-

Total(ST1) 

I-----j-------,--------I------+----------- .--- - .. 
6. Transport of material 5% of 3 I J.OO 

ST I 

7. Sub- Total 2 (ST2) 6563.00 

--------1----------
8. Labour 3% of ST2 

Sub ·- Total 3 (ST3) 85.1 2. 00 

I-----~----·-···------·-I--------·- I---------------I ·-- ---.- - - -
Overhead5 5% of ST3 ,-+27.00 

Sub - Total (ST4) 8()59.00 

---1--------------- - - ! -
Pro fit 10% of ST4 X% .()(l 

Sub - Total 5 CST5) 98:) 5.00 
I 

Contingen~y 5% of S 1'5 - 493 .0() 

Total cost of project 10348 

Table 4.0 
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1 CIIAPTER FIVE 

5.1 CONCLUSION 

It can thus be concluded that the performance of this project V\ Ithin its scope alld 

limitations is satisfactory. 

r 

5.2 PRECA UTION' 

The following precautions were taken 

1. The limit of the resistance was not exceeded during tes t. 

2. Caution were taken during the wi nding no 10 exceed 11K' ntlmhcr or tmlls 

required and also m:..ke the winding very tight at both end:. 

3. The coil and contacts are sealed inside Ihc case to protect them '"roll I din which 

can calise an open circuits and from moisture which can caus'~ ;1 short circui t. 

5..3 RECOMMENDATION 

J. The resist&nce of the Rheostat can be increase by increasing the number or turns 

on the boubin. 

2. A ceramiC" bobbin Call also be used in placl: ur the plastic bobbin lIsed III tlti s 

design, for ceramic cali with stand on a high temperature than plasti c. 
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