Transformers

A transformer is a static device which consists of two or more stationary
electric circuits interlinked by a common magnetic circuit for the purpose of
transferring electrical energy between trem while keeping the frequency of
operation consant.

Remember: ... R - ST o

* Basic principal behind the transformer action is Faraday’s law of
electromagnetic induction. -

* Transformeris a constant frequency and constant power device.

induced EMF

Direction of induced emf can be found by “Lenz's law” and magnitude
of induced emf can be given by “Faraday’s law of electromagnetic induction”.
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where, N, = Number of tumns in primary winding

N, = Number of turns in secondary winding

$,, = Maximum value of the magnetic fiux, in webers
Supply frequency, in Hz
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Rememben ..................................................... bt e et
+ Emfperturnin primary = Emf per turnin secondary
e Compensating primary mmf = Secondary mmf

where, |} =Load component of primary current |,

+  Primary volt-amperes = Secondary voit-amperes.

+ Instantaneous power input into primary is equal to the instantaneous
power output from the secondary.

e Stepuptransformer:N, <N,.

¢ Stepdown transformer:N, > N,.

Ideal Transformer
+ Thetransformer core has infinite permeability. So, flux established without
any magnetising current.

+» The primary ard secondary windings have zero resistance. So, there is
no ohmic power loss and no resistive voltage drop.

+ There is no magnetic leakage flux.
» The core loss considered to be zero.

Equivalent Circuit

. Equivalent circuit referred to primary side



- . Side Parameters Referred to Primary Side
where, V, = Applied voltage to primary side. secondary y

Vi = Secondary terminal voltage referred to primary side. y N, a
. P, N
E..E, = Inducedemfin primary and secondary side. . N
E, = Secondaryinduced emf referred to primary side. !
1, = Noload current.

. Ii = Magnetizing and core loss-component of exciting current,
R,. R, = Primary and secondary winding resistances.
Xy, X, = Primary and secondary winding leakage reactances.
R3, X5 = Secondary resistance and leakage reactance referred to
primary side.
= Core loss equivalent resistance.
Xm = Magnetising reactance.

Yo

b = I+ §=(2to 5% of I)

bn = g sing,

= Magnetizing current and is responsible for the production of flux.

b= 1, cosd,

= Core loss current responsible for the active power being drawn

from the source to provide hysteresis and eddy current iosses.
¢, = Noload phase angle (80 to 85°) '



RememMb@r: .
» Transformer windings are made up of stranded conductors instead of
solid conductor.
e Lowvoltage windings are placed nearer to the core, for reducing insulation
requirement.

Phasor Diagram

: Losses in Transformer
H

1. Copper Loss (P )
This loss is variable loss.

| Total copper loss = Primary.copper [058 + Secondary 60p per:}oss: |

Flisx, ¢
Step down transformer at lagaing power factor

Note; .................................................................................................... Resistance referred to any one side.
* R,, =R, +R; =Equivalent resistance referred to primary side,
* X, = X,+X; =Equivalent reactance referred to primary side.
* Z,, =, }ﬁ§1 +Xx¢, =Equivalentimpedance referred to primary side, Remember: .

* Coreoftransformershould have lowreluctance and high permeability. ~ Pu-resistance =p.u.fullloadcopperloss

* Itis made from CRGO (cold rolled grain oriented) material with 4% of

silicon 2. Iron Loss (PI)

This foss is constant loss.

I

* Itislaminated to reduce eddy currentlosses.

ss.= Hysteresisloss - Eddy current losg]

X

Types of Transformer Construction

1. Coretype 2. Shelltype {a) Hysteresis loss (P,)
1. Series magnetic circuit Parallel magnetic circuit where, Kh = Proportionality constant depends upon volume,
2. 2lirmb and 2 yoke 3limb and 2 yoke quality of the core material and units used
3. Suitable for low flux density | Suitable for high flux density B,, = Maximum flux density in the core
, :pplrcai;on application f = Supply frequency
. equired more amount Required less amount - i om1.5t025
of copper of copper x = Steinmetz exponent (value vary fr .5 .5)
5. Required less amount of Suitable for low \
insulation so suitable for voltage and lower power But, By o T
high valtage and high applications
power applications




\
i If ri constant
N V
(iiy If T # constant
B
where, A = constant

{b) Eddy currentloss {P )

B
where, K, = Proporionality constant depends upon volume and resistivity of
thz core material, thickness of laminations and units employed
f = Supply frequency
B, = Maximum flux density
*t = Thickness of lamination
\%
But, B, « —
.I:
H I Ef’{— = constant
y \i
(iiy If Tl # constant

| P e\

where, B} = constant

Remember:

*  The iron-loss can be reduced by reducing the core flux density which
means that the for same flux, the core cross-sectional area must be
increased.

* Size of distribution transformer is larger as compare to similar power

,I[aﬂ_mgtasmn_nmpper.m;ooidlstnbutson transformer is higher.
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(c) Stray load loss
It largely results from leakage flux including eddy currents in the tank
walls,conductors etc.

{d} Dielectric loss

The seat of this loss is in the insulating materials particutarly in transformer
cil and solid insulations of high voltage transformers.

Remember:
Rating of transformeris given in kVA because constant loss is proportiona:
to voltage and variable loss is proportional to current so total loss in
transformer is proportional to volt ampere.

Open CircuitTest and Short Circuit Test

« These two tests on transformer helps to determine are
(&) The parameters cof the equivalent circuit
(b) Voltage regulation
(c) Efficiency
¢ They help in predicting performance of transformer without actually
ioading it.

1. Open Circuit (OC) Test
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Main objectives of this test are:

{a} To find out parameters of no load branch i.e. R, and X, of equivalent
circuit (skunt branch parameter),

{b) To find out constant losses in the transformer (i.e. core loss).

Remember:

*  This test must be conducted at rated flux condition i.e. at rated voltage
and rated frequency.

* ThistestisperformonL.V. 5|de while H.V. side is open circuited.,



Sequence of equations used to find different parameters wattmeter reading = P (rated copper loss )

Iy Waittmeter reading = P, (core loss oriron loss) Voltmeter readirg = V_,
T Voltmeter reading = V__(Rated voliage) Ammeter reading = I (rated current)
| 1 hy  Ammeter reading = i, (No load currenty sequence of equations used to find different parameters
Voo R, = iXu Noload power factor = Cos ¢
l -
Zeq .= VﬁG
9 s
Note: .
2. Short-Circuit (SC) Test * R X andZ,  arereferred to high voltage side
w L R
fsc Pon m H.vV (A2 *  Power factor on short circuit < 5¢gcx_£'l
Variable A_.'—ThiCk wire
low voitage £ g H % * Backtobackor Sumpnerstestis used to determine Mmaximum temperature
Supfy rise of transformer
Main objectives of this test are: Efficiency
{a} Tofind out total resistance and reactance of transformer, when referred
inding in whi ing inst : t "
to.the winding in which the measuring instrurnerts are placed to conduc Efficiency () = Cutput power _ Output
this test. Input power Output +losses
(b) To find out variable losses in the tfransformer (i e. copper loss). . _ N
T (KVA);cosgy
Remember: . . . ... T T e+ I T - ZEEE SR I YD e {KVAYy, cosd +
¢ Thistest should be conducted at rated current condition. ) )
) ] » - _ where, P. = Core loss oriron loss
+  Thistestis conducted at H.V. side while L.V. side is short circuited witha P ) = Fullload | '
thick conductor. eusir copperioss
R TSI IS Note: . .
R1 X-I Isc X2 RZ ISC Heq lxeq ..........................................................................
Efficiency at any fraction‘x’ of full load
i _ T " X(KVA)y €059
Vsg = Vsc e rub 10ad i 2 -¢2 -
l i o €05 ¢+, + X7 (B




Condition for Maxirnum Efficiency
| Copper loss =ron loss

=
Mrnax Req

KVA load for Maximum Efficiency

S = S(knov.m load) - g
fimax ' Peut known load)

where, S"!max = KVA rating at maximum efficiency

S = KVA rating at known load

{hngwn oaad)

P eknown oy = COPPEr 1088 at known load
For full load
: P,
Sirae = Stullload 4|5
L wes F)cu(full load)
Al day efficiency
Qutput energy (kKWhyin 24 hrs.
TMoitday =. Input energy (kWhyin 24 'hrs.

Remember:
*  The maximum efficiency for a constant load current occurs at unity

power factor.
e Efficiencyisindapendent of type of power factor.

Voltage Regulation

Voltage regulation of transformer is defined as the rise in output
(secondary) voliage express as the fraction of full load rated voltage when
full load (at specified pf) is reduced to zero keeping the primary impressed
terminal voltage constant.

No Ioad voltage — Full Ioad voltage
o Bl load voltage |
full load voltage = Rated voltage

Voitage regulation =

where,

Approximated Equivalent Circuit Referred to Secondary
¢ Voltage regulation _ Ricg X4 eq

=

where, ¢ = angle between V; and i,

Rp_u_ = p.u. equivalent resistance
Xpu = P.U. equivalent reaciance

* ¢ is positive for lagging power factor and negative for leading power
factor.

» Condition for maximum voltage regulation

lagging
* Maximum voltage regulation
* Condition for zero voltage regulation
= Xpu_Kieq Leading
Lieq ]

Remember:

X
B->, the voltage regulation will be negative
P
* Regulation is always positive at all lagging p.f. loads and also at unity p.f.
load.

* Forleading p.f., greaterthan

* Regulation may be positive at large leading power factor, near to unity
and reguiation is negative at low leading power factor, away from unity,



Auto Transformer

AB = Serieswinding

BC = Commonwinding

N,, = Number ofturns in winding AC
N, = Number of turnsin winding BC

* Ratio bf transformation

Byt = _\}f: ",\TL"

N O B it e e e e

*  Alwaystrytokeepa,,, closerto1ie. a=1inworst case we try to keep
e =31

* Since there is no electrical isolation between primary winding and
secondary winding, so when there is common winding is open circuit
then full high voltage is appears across low voltage winding at the time of
step down mode.

Comparison Between two Winding Transformer & Auto Transformer
* Copperweight

::g-('_ju weight)aue = [1 - ]x (Cu weigjht)z_-wag

AULO-

* Copper saving

%Copp avi

* kVA rating of autotransformer

aue —

A .
: | [-——--a_ulo ._,1] kVAézwdg

KVA
kVA

where, suto = KVArating of auto transformer

owdg = KYATrating of two winding-transformer

iductive and Conductive Transfer

Vil =V, — 1) L Mo J

© inductive Conductive
transfer transier

~ total transfer -

Inductive transfer .& [1 1 ]
;  aute) .

Conductive transfer [ 1
Total transfer |

B(auto)

Remember:

Auto tra_rjsformer has higher efficiency, lower p.u. impedance and lower
voltage requlation as compare to 2-wdg transformer.

Three Winding Tra© 1 nsformer

* Voltage per turn

Fe

V2

Mi_V2_ Y -
Ny, N, N,

+

* MMF balance equation

[Nyl =Ny, + Nslg | (neglect magnetizing current)

* kVA balance equation

Gl =V T+ Vi |




Remember: ... ST IUUTUTUR RO
*  Three winding transformer can be used to interconnect 3 power systems
at different voliage levels.

e Tertiary winding is used as a supporting winding in YY transformer to
stabilize neutral and to avoid third harmonics.

Application of Different Connection

1. A/A —> This cannection is used where we have simple 3¢ load,
specially at low voltage level. No mix loading possible.

2. YA This connection is used for step down application.

3. A/Y — This connection is used for step up application except in
distribution system where, A/Y is used for step down
application for mix loading.

"

4. Y)Y — This ccnnection is quite atiractive for HV applications. It is
not generally used without a tertiary A,

Condition to be Satisfied for Parallel Operation

Must Condition

»  Same polarity.

s Sarne voltage ratin and voltage rating.
+ Same phase seguence.

e Zero phase difference, which means transformer belongs to same phasor
group can only operate in parallel.

Desirable Conditions

* Same X/R ratio for sarme power factor operation.
s  Same p.u. impedance on their own kVA base for propartional load sharing.



