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Transformer - | ;

1.1 PRINCIPLE OF TRANSFORMER OPERATION '

A wanslormer is a static device which consists of two or more stationary
electric circuils interlinked by a commen magnetic circuit for the purpose of
transferring electrical energy between them. The transfer of energy from one
circuit to another takes place without a change in frequency.

Consider two coils 1 and 2 woufid on a sunp!e magnetic circuit as shown
in Fig. 1.1.These two Zoils are insulated from each other and there is no electrical
connection bch-remmem Let Ty and T be the number of tums in coils 1 and 2
- - respectively. When 2 source of altémating voltage V, is applied to coil 1, an
et LYWENL alternating current Iy flows in it. This alternating current produces an alternating

u@umthemagmuca:cuml'p:_manpnth of this flux ls:howninl:ig 1. ], by

$ Lmrcb:n hoeySEeni 4, gz&w

N2 Jf,agfgjﬁ. J,ﬁu.x. m fﬂuma«"yg{ Q.’&omﬁ“-’y

Iitndo !cn,éfjij u*j Ladl I ‘\,\,.,8,?,\ T Ma’bﬁ“ blo.
::;.'-J—}r_ﬁﬁz_-'_- LA m,f_}/ 11 )LM/ ,L.,_., }ﬂ:{ vi /b - /ﬁﬁ’-(-j‘__, . Fig LL Arvsngement of a simple trangformier.

the dotted line, This alternating flux links the turns T; of coil 1 and induces in them
an alternating voltage E, by self-induction. Let us make.the following simplifying
assumptions for an ideal trans er 2
(@) There are no losses either in the electric circuits or in the magnelir
circuit.
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voltage 1s lowered or raised. The tum ratio, of the induged voltage ratig. is called
the gransformation ratio and is denoted by the symbeol 2. Thus,

o E . T
L i o (1.35)

r

in a prartical voltage transform: - there is a very small difference between
the termuinal voltage and the induced voltage. Therefore, we can assume that
Ey =V, and E; = Vy Equation (1.35) is modified as

e wa (13.6)

if a voltage ratio or tums ratio is specified, this is always put in the order
mnput ; output, which is primary : secondary. It is to be noted from Eq. (1.3.6) that
almost any desired voltage ratio can be o™tained by adjusting the number of tumns.

1% STEP-UP AND STEP-DOWN TRANSFORMERS

A transformer in which the cutput (sccondary) voltage is greater than its input

{primary) vollage is calied a step-up transformer.

A lromsformer in winch the output (secomdary) voltage is less tham its inpui
{primary) voltage 15 calied 2 step-down’'transformer. B

The same transformer can be used as a step-up transformer or a step-down
transformer depending on the way it is cornected in the cirquit, When the trans-
former is used as a step-up transformer, the low voltage winding is the primary.
In a step-down transformer, the high-vo'rage winding Is the primary,.- .

A transformer may receive energy al one voltage and deliver it at the same
voltage. Such a transformer is called a one-te-one (1 : 1) tranaformer. Fora1: 1
transformer Ty =Ty and | E; = &} Such a transformer is used to isolate twa
circuits.

Examrit 1.1. A 3300250 V, 50 Hz, smg.r:-fh-sr transformer is buill on a core
having en effective cross-scctional area of 125 cm” and 70 tums on the low-vollage
winding, Calculate (a) the value of the maximum flux density, (b} the number of turns on
the high voltege urnding. :

SotuTioN.  E,=3300V, E,=250V, f=50Hz
A=lBan’=125x10"m

E;= 4;._1._4_;__4;_:_}1"_- 444 B ATy

bu=gaaarm,

. 290 = 1289 teslas (T)
444 125x 107 xS0 %70

© e

TRAMSFORMER-1 5

 EXAMILE 1.2. A transformer with 800 primary turns and 200 secondar; turss =
. supplied froma 100 Vac. suppl';:,-, Calculate the secondary veltage and the uﬂt;pu g

SoLuTioN. Ty;=800, T, =200, V;=100V
Vi T, Tz
v;-T'-':! V‘l'vl“'ﬁ
-lm:«:%-ﬁ‘-’
Vi 100
Valts e B L. S
olts per tum _Tl____i"@. 0.125
v; 25
Its QT . .
or  waolts per tum T;'?ﬂﬂ--u'-l-zi-—'——'__"
e 1 ;
EXAMPLE 1.3. A transformer with an output vollage of 4200 V is supplied et 230 V.
If the secomdary kas 2000 turns, calculale the nunber of prirmoary turns. !
SoLuTioN. V,=4200V, V, =230V, T,=2000 =
A
V."%
T,Vy
i
-Mx——m:-lﬂﬂﬂm'lls y

In practice, it is not possible for a wmd.mg to have part of a tumn (that is,
tums cannot be fractional). Therefore, the number of turns should be a whole
number. [n our case we shall lake T, =110, = i :

15  CONSTRUCTION OF SINGLE-PHASE TRANSFORMERS }
~« single-phase transformer consists of primary and secondary windings put
on a magnetic core. Magnetic core is used to confine definite_path.
Transformer cores are made from thin sheets (called Taminations) o e
silicon stecl. The laminations reduce eddy-current less and the silicon steel redute
"E}‘:Tma‘:;. The laminations are insulated from ene ancther by heat resistant
enamel insulation coating. L-type and E-type laminations are used. The lamiha-
tions are built up into stack and the jomts in the laminations are staggered to
minimize alrgaps {(which require large exciting currents). The laminations
tightly elamped. - . i
There are two basic types of transformer constructions, (e core type and
the shell type. - 'z
1.5.1 Core-typo Construction , . 8
In the core-type transformer, the magnetic cireuit consists of twa \Ml‘l‘lLlJ
legs or limbs with two herizontal sections, called yokes. To keep the leakage fluxite
2 minimum, half of each winding is placed on cach leg of the core as shownin
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