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magnetic induction and (iv) has electric circuits 'h? ar: ankec by a cominon magnetic

6 Transformers -

6.1. INTRODUCTION
Electrical energy is generated at places where it is easier to get water head, ol or coal for
nydro-electric, diesel or thermal power stations respectively. Then energy s De transmit
ted at considerable distances for use in villages, towns and cities located at distant places
Since transmission of electrical energy at high voltages is economical, therefore. some means
are required for stepping up the voltage at generating stations anc stepping down Lthe same
at the places where it is to be used. Electric machine used for this pury ose 18 " fransformer”
In our country the electrical energy is usually generated at 6.6 or _7 < ~ 33 kv, stepped up
to 132, 220, 400, or 765 kv with the help of step-up transforx ~rs ‘or “:ar: Mission and then
ctepp2c down to 63 kv or 33 kv at grid s'ibstations for feedine v rous substations, wiich
iurther step down the voltage to 11 kv for feeding distributi nig tro nsicrmers stepping down
the voltage further to 400|230 volts for the consumer v-==

Transformer is an ac machine that (i) transfers elec’ nc;" ¢~ gy from one zlectric circuis
to another (it) does so without a change of frequenc .7} "does so by the principle of electro-

ml . ) LT T e .

circuit. The energy transfer usually takes place with a ~a1ange of voltage, although this s
not always necessary. When the transformer raiz-es the voltage i.e. when the output voltage
of a transformer is higher than its input cltage, 1t is called the step-up trensformer and

when 1t lowers the voltage it 18 called the sicp-down transformer.
Since 1ts basic constructlon requires no movmg parts, so it is‘often called the ‘static

..*_ﬂ-.-..—-*

transformer’ and it is very rugged machine requiring the minimum amount of repair and.
maintenance. Owing to the lack of rotating parts there are no friction or wincage losses
Further, the other losses are relatively low, so that the efficiency of a transformer is high
Typical transformer efficiencies at full load lie between 96 % and 97 % and with extremely

e e ——— ——— v
e

large capacity transformers the efficiencies are as high as 99 %.

e -

6.2. BASIC CONSTRUCTION AND WORKING PRINCIPLE OF TRANSFORMERK
An elementary transformer consists of a soft iron or silicon stezl core and two wmdmgs

placed on it. The windings are insulated from both the core and ezch other. TAe core 1s buait

up of thin soft iron or silicon steel laminations to provide a path of low @mnccww the
magnetic flux. The winding connected to the supply main is called the primary and the
winding connected to the load circuit is called the secondary. The winding connected to
hxgher voltage circuit 1s called the Iugh voltage (hv) winding while that coanected to the
lower voltage circuit is called the low-voltage (lv) winding. In case of a step- ug tranlformcr. i
low-voltage winding is the primary and high voltage winding is the secondary wh WEHO- 2

of a step-down transformer the high-voltage wmdmg.ns the Enmary and low-vol

18 the secondary. i

Jllﬁ_a_tmn__._a_tmns_tormer is base
transferred by induction from or . -;-

provided that both the sets o
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COUS and magnetic CIrouIt

TOSPect 1o one another The emfs are induced by

the vanauon in the magmtude of Nux with time,
as wlustrated in g 6.1

Although in the

Y e “” “'l"l“!‘“"’ W|'|] rL)m"D STEEL C’:‘f.

actual construction the two
windings are usually wound one over the other.

tor the sake of simphaity, the figures for analys.
Mg transtormer theory show the windings on
opposite suides of the core as in hig 6.1,

When the primary winding is connected to
a0 & ¢ supply mains, a current flowa through it
Since this winding links with an iron core, sp Simple Transformer
current flowing through this winding produces o 0

an alternating flux ¢ in the core. Since this flux is alternating and links with the secondary
winding also, so induces an emfin the secondary winding. The frequency of induced emf in
secondary winding is the same as that of the flux or that of the supply ' oltage. The induced
emi in the secondary winding enables it to deliver current to an #~*«nal load connected
across at. Thus the energy is trafaformed from primary win/ing 10 th< s ~ondary winding
by means of electro-magnetic induction without any change in fre [ uenc . T_‘}_e flux ¢ of the
wron core links not only with the secondary winding but als. with tic primary winding, so
produces self induced emf in the primary winding. This induced em? in the primary windigg
opposes the apphed voltage and therefore, sometimes it 15 kro w5 Back Em[ of the primary. '

0 fact the induced emf in the primary winc ing limite the primary current in much the same |
way that the back emf in a dc motor limits the armatuce cdrrent.

6.3. TRANSFORMER ON DC

A transformer cannot operate on dc supply and never be connected to a dc source. If a rated
dc voltage is applied to the primary of a tr nsiormer, the flux produced in the transformor
core will not vary but remain constant in magnitude and, therefore. no emf will be induced

in the secondary winding except at the moment of switching on. Thus the transformer 1s not
capable of raising or lowering the de voltage. Also there will be no self induced emf in the

primary winding, which is only possible with varying flux linkage, to oppose the applied
voltage and since the resistance of primary winding is quite low, therefore, a heavy current
will flow through the primary winding which may result in the burning out of the primory
winding. This is the reason that de is never applied to a transformer. '

6.4. IDEAL TRANSFORMER l 3

For a better understanding and an easier explanation of a practical transformer, certai
idealizing assumptions are made which are close approximations for a practical transforme

A transformer having these ideal properties is hypothetical (has no real existence) and/
referred to as the ideal transformer. It poesesses certain essential features of a real trai

former but some details of minor significarce are ignored which will be introduced step-
step while analysing a transfornyer: The idealizing assumptions made are as follows:

() No winding resistance i.e. the primary and secondary windings have zero resista: |

-
il CE e —— e RIEE R —
W

[t means that there is no ohmiic power loss and no resistive voltage drop in an i
transformer. Nl L VY

() No magnetic leakage i.e. there is no leakage flux and all the flux set u
to the core and links both the windings.
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(55) No iron loss ie. hysteresis and eddy current losses in transformer 66¢e afs sy
() Zero magnetizi | | ‘ .

a0 that 2ery m

g of a transformer, an alternating
(sinusoidal) flux, as shown is fig 6.2 is set up in the

I¥on core which links both the windings (primary and
secondary windings).

 Sinwrsudal Variation of Flus With Time
Fig 6. ¢ ‘

0 average emf induced per ‘>rn =4/¢___volts &

Since flux ¢ varies sinuso dally, so exaf induced will be sinusoidal and form facter for
sinusoidal wave is 1.11 ixc -he rwus or effective value is 1.11 times the average valus. k
. RMS value of emf ino ved yor turn = 111 x 4 £ ¢___ volts A&y

If the number o1 *urn: on ps.ma*; and secondary windings are N, and N, respectively,
then :
W\rdmd{-mﬁ u.d i~ in primary, E, = EMF induced per turn X number of primary
frrne
=444/ Omax X N, =444/ N| ‘“ me'“a

Similarly rms value of emf induced in secondary,
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gﬂ{V‘OLTAG}E AND CURRENT THANSFORMATION RATIOS
elerring to equation (d.1), 1t ia leay that the volls per turn 18 exactly the same for both

the primary and secondayy Windings 1o in any tranelormer, the secondary and prig,

induced emfs arve related to cavh other by the vatio of the number of secondary and prim
turns. Thus '

ary
ary

3 B _ N,

ok, A ) ' -

The same relationship can be derived by dividing equation (6.3) by equation (6.2).
'I:he constant K in equation (60.4) 18 oalled the voltage transformation ratio, |
l;or step-up transtormer, V, = Vo oor voltage transformation ratio, K > 1,
For stﬁep-down transformer, Vu % V, or vnl‘tnga traneformation ratio, K < 1. _
In an ideal transformer, the losses are negligible, so the volt-ampere input to the primary
and volt-ampere output from socondary can be approximately equated r.e.

OQutput VA = Input VA
or V, [, =V, I,

l V I M | '
OF ol Newk B b ook'S & L ADEY
[ e Bhs:

. €. Prunary and secondury currents are iuum‘nly propar'tlunal to their respective turns.

Example 6.1. The emf per turn of a single phase 10 KVA, 2,200/ 220 V, 50 Hz transformer is 10V,

Calculate (i) the number of primary and secondarvy turng, (i) the net cross-sectional area of core
for a maximum flux density of 16T,

EMF per turn = 10V
Primary induced emf, K, =V, = 2200V
Secondary induced emf, E, = V, » 220V
Supply frequency, / = 60 Mg
Maximum flux densaty, B . = 1.0 7T

Solution:

na

b

) 2,200
EMF pe: turn e e P
L 220

Number of secondary turng, Ny, = <« " e = 22 Ans.
v, Y KMF per turn 10 .

Maximuns valus 6F (W5 ¢ . SRR R o o 20 = 0,048 Wb

(1) Number of primary turns, N, =

- d.44/ 4.44 % 50
aefer equation (u.l)
(11) Net cross-sectional area of core, a = %m- = 9-1-%-5- = 0.03m* Ans.
max ¥

Example 6.2. A single phase transformer has 400 primary and 1,000 secondary turns. The net

cross-sectional area of the core is 60 ecm”, If the primary winding be connected to a 50 Hz supply
at 500V, calculate (i) the peak value of the flux density in the core, and (ii) the voltage inducad‘

in the secondary winding.

Solution:

Primary induced emf, E, =V, = 500 V ' .
Supply frequency, / = 650 Hz e

H : i Y f i ] ' ¥ . :._p . ;.-_ 5 |i i i‘. L]
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Maximum value of flux, ¢_.. =

(:1 Peak value of flux density in the core, B .. =

(ii) Voltage induced in the secondary winding, E,

= 500 X 1,000 _ 1.250 V Amns.
400
is built on a core having an eflective

Example 6.3. A 3,000/200 V, 50 Hz single phase transformer
cross-section area of 150 em® and has 80 turns in low voltage winding Calculate (a) the value

of maximum flux density in the core (b) number of turns in high-voltage winding.

- Induced emf :n low -vodgag? Jimding
1 Solution: Maximum value of flux, ¢_ .. = ___________—-————-—————'—'_—'4 ryryuac. - w7 —
. ﬁeq R ~ n --w -m m

200

= = 0Q1126 V&
4.44 x 50 x 80
(i) Value of maximum flux density in the core,
e = fmex _ 001126 _ 525 T Ans

(i) Number of turns on high voltage winding
e [ laced emf in hv winding X lv winding turas
induced emf 1n Iv wanding

x 80 = 1,200 Ans.

_ 3,000
200

Example 6.4. A 200 kva, 6600/400 V, 50 Hz single phase transformer has 80 turns on the secondary.
Calculate (i) the approx:mate values of the primary and secondary currents (ii) the approximate
number of primary turns and (iii) the maximum value of flux.

Solution: Quiput = 200 kva
(i) Approximate value of primary current on full load,
[ = Rated kvax 1,000 _ 200! 1,000
\/ 6,600 .
Approximate value of secondary current on full load,
Rated kva x 1,000 _ 200 x 1,000

=303 A Ans

I, = =
92 v: 400 500 A Ans.
(11) Approximate number of primary turns,
E, v 6,600
= N X - = N, X Lo ok :
Nl 2 E’ 2 vz 80 x

(1s) Maximum value of flux ‘in the core,
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xample 6.5, A single phaseo, 50 Hy 0ore type transformer has square cores of 20 cm side. The
bermissible Mux density in the core is 1.0 Wh/m"'. Calculate the number of turns per limb on the
high and low voltage sides for a 3,000/220 V ratio. To allow for insulation of stampings, assume
the net lron length to be 0.9 Hross iron length.

Solution: lron-length on one side of the core

= L
“* 00 % 20= 18 om = 0.18 m - TR i
Iron-length on the other side of the core \ M.
“ 20 ¢cm or 0.20 m —
‘because only one side of the core s affocted by G
msulation and other side remains unaffected
(fig 6.3).
Core area, a = 0,18 x 0.20 = 0.036 m*
Permissible flux density, B ™ 10 Wb/m*
Maximum value of flux, e 85
Poax = B .« X a =10 x 0,036 = 0.036 Wb
_ | _ E, s 3.000
Number of turns on hv (primary) side, N, = m = 244 x50 < 0.036
=154 y 376 Ans.
) E2 220 - ik 98 A .
Number of turns on Iv (secondary) side, N, = T xN, = = 000 376 = 27.53 = 28 Ans.
-ll )

Example 6.6. A single phase transformer with 10 : 1 turn-ratio and rated at 50 KVA, 24001;’.:10 v,
60 Hz is used to step down the voltage of a distribution system. The low tension voltage is to
be kept constant at 240 V. Find the value of load impedance of the It side so that the transformer

will be loaded fully. Find also the value of maximum flux inside the core if the It side has 23
turns.

!

Solution :Low tension (secondar y) voltage, V, = 240 volts

Rated KVA x 1,000 - ..?2?5_1_992 = 208.33 A

{l

I“ull-load secondary current, i,

: . 5 Vg EE AN =,
Load impedance connected on secondary side, Z = —% = = 1.152 Q Ans.
L' 908.89
. . £ E, 5 240 5
Maximum value of flux in the core, ¢ = = 0.047 Wb Ans.

MAX  4.44fN,  4.44x50x 23

6.7 TRANSFORMER ON NO LOAD
When the primary of a transformer is connected to the source of ac supply and the secondary

1s open, the transformer is said to be at no-load (there is no load on secondary).

Consider an ideal transformer whose secondary side is open and the primary winding is
connected to a sinusoidal alternating voltage V - The alternating voltage applied to the
primary winding will cause flow of alternating current in the primary winding. Since the
primary coil is purely inductive and there is no output (secondary being open) the primary
draws the magnetising current | only. The function of this current 1s merely to magnetize
the core. If the%MWagnitude of I, should be zero by virtue of

, assumption (iv) made in Art 6.4. Since the reluctance of the magnetic circuit is never zero,
l,, has definite magnitude. The magnetising current, I » 18 small in magnitude and lags
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| SECONDARY WINDING

‘; behind supply voltage V, by 90° This
f magnetising current [ - pfﬁd‘ﬂmw"al-
ternating flux ¢ which is, at all times,
proportional to the current (assuming

. permeability of the magnetic circuit to
;,;,; " be constant) and, hence, in phase with

j 1t.

! Let the instantaneous linking flux
|

l

be given as
¢ =¢_, sin ol ..(6.6)
The varying flux is linked with both

of the windings (primary and second-
ary) and so induces emfs in the pni-
mary and secondary windings. The instantaneous va

secondary windings will be

Fig. 6.1
lues of induced emfs in the primary and

nt)

(¢mm

.' ; Similarly, e, =N, © ¢, y (m o EZ-)

| Since primary winding has no ohmic resistance, (a3 assumed), therefore, applied voltage
f to primary winding is to only oppose ihe ind . A emf in the primary winding, hence instan-

b taneous applied voltage to primary wili be given by

S 2 - el = - Nl () ¢m 'in (mt—%) ...(6.9)

Comparing expressions (6.0, (6.7, (6.8), and (6.9) we conclude that
@® Induced emfs . primary and sccondary windings, E, and E, lag behind the main

flux ® by ~ so these emafs (E, and E,) are in phase with each other, as shown 1n

' fig. 6.5 vec: wally. ‘ / g ot ]

\isrApplied voltay- to the primary winding leads the main flux by 3 — and is in phase
opposition to the induced emf in the primary winding, as shown in ﬁg 6.5 vectorially.

(iif) Secondary voltage V, = E, as there is no voltage drop in secondary.

The instantaneous values of applied voltage, induced emfs, flux and magnetising

current. in case of an ideal transformer, are illustrated by sinusoidal waves In
fig 6.6.

However, when a varying flux is set up in magnetic material, there will be power loss,

called the iron or core loss. So the input current to the primary under no-load condltlon has

..- also to supply the hysteresis and eddy current losses (iron losses) occuring in the core in i

addition to small amount of copper loss occuring in prtm}ry wmdmg (no copper loss m.
in secondary winding on dptn w or-on no-llhd) , the . no-load primary current Iy

- g 'Erl' h - B
| LAt &
'. - y
el s
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An Ideal Transformer
Fig. 6.5

As seen from phasor diagram shown in fig 6.7, input current ¢
the exciling current, has two components (i) in-phase, o
active or energy component, I, used to meet the iron loss '
in addition to small amount of copper loss occurring in
the primary winding and (it) quadrature component or
wattless component, called the magnetizing component,
[, used to create the alternating flux in the core.

Thus, I =I cos &,

€

and I =1I, sin ¢
and 1/12 +1= =1 */
-1 Im

Angle of lag, ¢, = Tan ;o

The equivalent circuit of a transformer on no-load is illus-
trated in fig 6.8, where in two components of no-load current; R %
and I, are represented by currents drawn b’ a non-inductive
resistance R, and a pure inductive reactance X o respectively. Both |
these currents are drawn at induced emf E, V for resistance-

less, no-leakage primary coil: even otherwwe Bl w ) £
V,

The worthnoting points are given below:

1. The no-load primary current I, called the exciting cur-
rent, 1s very small in comparison to the full-load primary
current. It ranges from 2 to 5 per cent of full-load primary
current.

2. The exciting or no-load current I, is made up of a rela- o

d tively large quadrature or magnetizing component I - Anl 1
4 comparatively small in-phase or ener(;y component I, so Fig. 6.¥
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the power factor of a transformer on no-load s very small (usually varies between 0.1

and 0.2 lag). The phase angle between 1, and V, is about 78° to 87 .

3. No-load primary copper loss (i.c I3 R,) \s very small and may be neglected. Thus the
the iron loss occuring in the core

no-load primary input power is practically equal to
of the transformer.

Example 6.7. A transformer takes 0.8 A when its primary in
secondary is open-circuited. The power absorbed from the supply Is

loss current and magnetising current.

Solution: No-load current, I, = 0.8 A

Primary voltage, V, = 200 V
Iron loss = V, 1, cos ¢, = 60 watls

.l.ﬂ. = ..§..O- =03 A Aus.
i 200

(0.8)° -(0.3)" = 0742 A Ans.

at 0.25 pf when supplied at 235 V, 50
leulate () the maximum value of flux

connected to 200 V, 50 Hz supply. The
80 watts. Determine the iron

Iron loss current, I, = I, con ¢, =

.

Magnetising current, I = ’105 -1? =

Example 6.8. The no-load current of a transformer is 6 A
1 The number of turns on the primary winding is 200. Ca

in the core. (ii) the core loss (iif) the magnetizing compenent. |
[Nagpur Uhuv. E

lec. Machines-I, 1993)

I Solution : | No-load current, I, =5 A
No-load power factor, cos ¢,-= 0.26

e
. _ : Primary induced emf, E, = V, = 235 V
Q Supply frequency, f = 50 Hz
r Number of primary turns, ', = 200
- | | Ry R 236
(i) Maximum value of flux in the core, ¢, 144/ N, 2 44 % 50 x 200

) = 0.005293 Wb or 5.293 m Wb Ans.

;' (it) Core lo3s ='Input on no-load
=V, I, cos ¢, = 235 x 5 x 0.25 = 293.75 W Ans.

(iii) Magnetizing component, ! = 1, sin ¢,

=Ty y1-(cos d,)’ =5 J1-(0.25)° =4.84 A Ans.

6.8. TRANSFORMER ON LOAD

transformer is said to be loaded, and current flows
through the secondary winding and the load. The
y magnitude and phase of secondary current I with |
réEpect to secondary terminal voltage V, will depend }
upon the characteristic of load t.e. current [, will be.

in phase, lag behind and lead the '"te"i'"m‘i"ﬁil"voitage ool
réspectively when the load is non-inductive, inductive

) = . a—
and caﬁamﬁve: .
- R | , _,r 'f. o o ) | i
én the transiormer 18 on no d, as shown in |25
. o _ .-r.' % 3 - T ] i il i B e - i '.' s A i § | s i .
. Ly -|-"ii o 3 o . '. i i ' '.1I'll M 'r"- " ,“I'LLI i ' (] L - AL : -+ % i et ]
. R TRt TR AT A LESTL AL B BRI Pl et T e
t ! % !I . ¥ i % l = 5. .ﬁﬁ F" rli 'I' » E"'"' . _.l- : "-F
" AXRPIRE r. 100 y S L i ok e il W 1 |
2, 1 WS no-ioad current i, irom e suppiyy == RFpg
T_ ; | 4n | Lyl ] I; . s : ] +r_: . ™ ‘- I 4 " — ‘L i - . g e i ’ .: " H Ky .I:. . oL h B o
. \ ' ¥ 1 A T, = -“. R i ."I" g . :1 8 | l_-'l ;1.:' ';I-‘I Lo Ii ) . ' -" I )
al ¥ i -;I..l EAS .'. : i ';f 1"- » 1.. i II'.I‘I I:'l- L s F'.‘;_IH o Hl-.- ’ I-l-,.-.' 1 o f : | ] .
; n i g PETATIRaE TR bl Y ‘ ol . : o | !
i |-| 'l'.. - .'||1 g L § ! "I' . i |r §
} L ! 'I ¥ i 'I'I.. ;]

' !5':-‘.:-‘“'1_..:‘_ i

S NI = L i
T T~ L
J-l'*i ‘

; S
AR CUR A A

. : r
a r *P

When the secondary circuit of a transformer is completed through an impedance, or load, the




Blectvicnl Bnginesy ing

mains. The no-load current lo Sels up an mmfi N. 1. which produces flux ¢ in lliu wve. When
an impedance 1s connected across the ucond‘?#'armmals. as shown in Nig 6.9, susrremt l‘
flows through the ucondnry w'mdmg. The secondary current l, sols up s own mm! g

hence creates a secondary flux ¢,. The secondary flux ¢, opposes the ..mm_nm $ sel up by
the exciting current lo according to Lenz's law. The OpPPoONIng secondary nmﬂo, T:;-h- na the
main flux ¢ momentarily, so primary back emf E, tends to be reduced ‘n di ‘r’n:w u”:,r
apphed voltage V. and back emf E, increases, therefore, more current is driwn from the

source of supply flowing through the primary winding until the urlgu;'ul “t:.;,'fh?,:‘:,..::
obtained. It again causes increase in back emf E, and it adjusts itse m; -m"" ”":"”
18 a balance between applied voltage V, and back emf E,. Let the additional p : r

be I,. The current,*]; 18 1n phase opposition with secondary current I{ and 'u nu“u:;i the
counter-balancing current. The additional current l; gets up an mmf N, I, producing flux ¢

in the same direction as that of main flux ¢ and cancels the flux ¢, produced by secondury
mmf N, [, being equal in magnitude.

' So N\ I, =N,l,

’ N2
oy L - -I;J—-
i

V1-'—!|

L

lo
¢ 9 ,
12
E, Ey g,
._VZ"EZ VI'EI Vz."’
(a) For Pure Resistive Load (b) For Inductive Load (c) For Capacitive Load
Phasor Diagram For An Ideal Transformer On Load

Fig. 6.10

The total primary current I, is, therefore, phasor sum of primary counter-balageing
current I, and no-load current [,, which will be approximately equal to [, as I, is usudlly
very small in comparison to I;. , ' :

(transformation ratio)
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their respective

Hence primary end secondary currents are inversely proportional to
{Urns.

Since the secondary flux ¢, produced by secondary mmf N, 1,18 neutrn}md by the flux
o', produced by mmf N, I, set up by counter-balancing primary current 1, so the flux in
the transformer core remains almost constant from no-load to full load. _

The phasor diagrams for a transformer on non-inductive, inductive and capacitive loads
are shown in figures 6.10 (a), (b) and (¢) respectively.

Since the voltage drops in both of the windings of the trans
neghgible, therefore

former are assumed to be

The secondary current I, is in phase, lags behind and leads the secondary terminal
voltage V, by an angle ¢, for pure resistive, inductive and capacitive loads respectively.
The induced primary current I;, also known as counterbalancing current, 18 always in
spposition to secondary furrent I, and since no-load current I, is very small, the total
primary current I, is almost opposite in phase to I, and K times the sccondary current I,
where K 18 transformation ratio.
Note. In phasor diagrams shown in figs 6.10 (a), 6.10 (b) and 6.10 (¢) no-load current has been

drawn on exaggerated scale for sake of clarity.

Example 6.9. A single phase transformer with n ratio of 440/ 120 ¥ inkes a no-load current of 5 A at
0.2 power factor lagging. If the secondary supplies a curreat of 120 A at a pf of 0.8 lagging, estimate

the current taken by the primary. ‘ [Bangalore Univ. 1992; Pb. Unav. 139”

Solution : Primary emf, E, = 440 V
Secondary emf, E, = 110 V
No-load current, I, = b A
No-load power tactor, cos ¢, = u.2 (lag)
Secondary current, I, = 120 A
Load power factor, cos 0, = 0.8 (lag)

Transformation ratio, = y-z- = -I.'.Lo- = ..l.
| R T

Primary counter-balancing current, I| = K I, = -i- x 120 = 30 A

lagging behind the applied voltage V, by an angle ¢; where
¢{ = 9, = Cos™ 0.8 = 36. 87°

No-load current, [, = 5A lagging behind the applied voltage V| by an angle
9o = Cos™ 0.2 = 78.46°

Primary current, I, = Ij + I
= (I{ cos ¢, + I, cos ¢y +j (I sin ¢, + I, sin §,)

=(30x08+5x02)+,(30x06+5 x0.98)
= (26 + ) 22.9) A

Magnitude of primary current, I | = V252 +22.9- = 339 A Ans.
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L1 ey moncy | whis s SOSIng W our dasump.
NCH in the windings snd ne wsiege o ot 10 sctusl practice 1 4

where 1, is the secondary current and K, 18 the sscondary winding resistance

(l-i) Similtrly th. mnmm{ (,{ primary, ~ l’,’ A y‘ml \7 7 ph.nsor difference of \rolu‘e
‘ applied to the primary winding V and voltags drop in the primary winding 1, R, provided
magnetic leakage is negligible, i s .
“E, sV, ~-L K,
where 1, is the primary current and B, is the primary resistancs _

It was previously assumed that the entirs flux ¢, developed b i | “umary winding, links
with and cut every turn of both the primary and secons ~cy wy 4iry. lo practice, it is
imposasible to realize this condition, However, part of the fir- . o b the primary winding
links only the primary turns, as illustrated in fig .11 & flaa . Also, some of the flux
set up by the secondary winding links only the secor .o ‘wrp i, as illustrated in fig 6.11
by ¢15- These two fluxes ¢, and ¢, are known as | a8 sy * ux ie thot flux which lecks
out of the core and does not link windin.s. - 0 x which does pass completely
through the core and links both the windinr< @ - o «n -» the mutual flux and is Wllustrated
as o,

The primary leakage flux ¢,  hink. ¢
with the primary winding is uced b
primary ampere-turns only, the efore, 1t
18 proportional to primary current, r amber
of primary turns being ﬁ!‘dk no . vad
primary current is so smaul *Hat . ~akay
flux ¢; , produced by it c:n be aeg: -0
but on ioad Primary Curren: ‘acr: \aes re-
sulting in increase n i ;v ‘urns and
hence leakage flux ¢, , . "creases. The pri-
mary leakage flux
and produces self

n: impossible to obtain such an idan) tennalin mar

?l In actual transformer both, the winidings yrimury snd swoonbdery windings have fin,

b :;ll:tnncu R, and R, which cause copper lonsss and voltage drope in thew. The resuls i
at:

)

D (1) The secondary terminal voltags ¥ , 18 lane than the seoondery induced emf E, snd 4

g equa! to phasor difference of secondary inducnd sm! £, snd voitege Grop in the secondary

: winding I, R,, if magnetic leakags is neghigibia. |«

( Voo By~ LK,

1

|
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flow of current to the transformer. The reactance of the .
by dividing self induced emf E;, by the primary current

? 1,9 18 set up by secondary ampere-turns and is pro.
2- On no load there is no current in secondary winding and.
ary winding on no load. On load leakage
2 and produces self-induced emf{ E;, = 2xn fL l,
2 18 self-inductance of secondary winding due to leakage
voltage, and the component that balances it leads the

secondary current by 90 °. The secondary reactance X, opposes the current flowing out of the

transformer and can be obtained hy dividing self induced emf in secondary winding, £, by
the secondary current T, i.c.

The effect of mmaguctic lcakage is, thus to produce in their respective windings emfs of
selfainductance which are proportional to the current, and are, therefore, equivalent in effect
to the addition of an inductive coil in series with each winding, the reactance of which is
called the leakage reactance,

A transformer with magnetic leakage and winding resistance is equivalent to an ideal

transformer (having no resistance and leakage reactance) having inductive and resistive
coils connected in series with each windinng as shown in fig 6.12.

6.10. PHASOR DIAGRAM OF ACTUAL TRANSFORMER ON LOAD

Consider a transformer shown in fig 6.12 having primary and secondary windings of resistances
R, and R, and reactances X, and X, respectively. The impedance of primary winding 1s given
by 4, = Ry + X, and impedance of secondary winding is given by Z, =R, +j X,. 1
T\w phasor diagrams of above transformer on (i) pure resistive, (ii) resistive-inductive,
and (1) resistive-capacitive loads are shown in fig 6.13 (a), (b) and (¢) respectively.
Draw OA representing secondary terminal voltage V, and OI, repre ting secoms

P
I- | .E?h.l-
1 f‘l_zl',_ 5 ;':4.1,
o ﬂT‘
S
b i ""

Syl

Ari 1

: ;*i 113
o AR

: .
) *-.'i'ﬂq;

y
i

- 'llr‘- .l

LR ! ™
e 5

current 1, in phase as well as magnitude. Since voltage drop on

Tl 4 L
“r \ wiF :
S il "-:*"-'-r A

] _ : % 11 ’ 1 4 : : ".-r ‘.'...ull' i
resistance and reactance are I, R, in phase with current I, and I, X, le
.' = - ;o4 - ™ a1 A - s i 'n.: "—.II. | ; :

Ongad

] L el | i .' I_;_' .h*-f'l I - Il"ﬁr
TRl STl TR TR R s T ™ T T



N . | f;‘ 7 3‘1 kwl X 1PNJJ‘
"“"'h. M) L4 ‘i.t;\{"h'd liLLLf"

Electric lﬂngbuu'bm

2 and equal to | 2 R,y In magnitude representing

faw BC Perpendicular to AB and equal to [, X, in
of secor Ay winding. Since phasor sum of terminal
secondary reactive drop I, X, is equal to
A%ar OC represents secondary induced emf E,.

| P‘*a.n’ Logran: N Actual Transformer

N 813
E, =Vt LR+ ) X)=V, + I, Z, ...(6.10)
The induced emf I° in primary winding is in phase with E, and equal to %l‘ I, in
magnitude, so take OD =-S—i— OC representing E,. Produce DO to D' taking OD' = OD hernce
representing (-E,). |
The induced primary current [, 1is equal to - | bl

2 N]

current represented by phasor Ol, in fig €.13.
Since voltage drop due to primary winding resistance and reactance are I
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'p | 1IN ma '
'“dlcul to ' Bnitude "'Pl‘elentmg resistive drop in primary winding and
nd D' F equal to P

"\', A. th. to

X, In 1tud ting reactive drop i
tll‘"u - . h. . | magnitude representing | P 1In
v KIVes the applied PIASOr sum of (- Ln)- primary resistive drop and primary reactive

voltage V. to or |
rimary w
| 10 magnitude .l- epl] : . inding, hence phasor OG represents the

o Vs -R +1L, R, +jX)=-E,+1, 2, (6.11)
ad current | *en V, and [, gives the power factor angle of the transformer.
o Femistive drops I, R, and 1, R, and reactive drops, 1, X, and

g X
§ g ATC Ve |
: rY small, »o neglecting these we have 0, e'; =9, =9, the phase angle of the

ll‘l‘d In f |
' ‘€. no-load current ' | '
, resist - , for clarity,
exaggerated scales Iive drops and reactive drops are shown ity, on

From phasor diagrams we have

.n'l. .. bﬂ.w

. 4
(an” pure resistive load [phasor diagram 6.13 (a))
EBy=J(Va+1,R,)" +(1,X,)° =V, + 1, R, ..(6.12)
E '
K. = st ! \

: K |
and V, -_J(E, JI,R,) +(1,X,Y ~ B, +1, R, .(6.13)

l (b) For reswstive-inductive load phar i dicira:: 613 (b))

E,=J(V,+1,i r,.¢+i,x,sm¢)2 +(12_)(2cos¢—12 stin¢)2
-V, *+1,R,cos 0 + [, X, 8in ¢ ..(6.14)

| Ei"'"Fﬁ/
. X

¢
A ____ A N

and " = VB, +1,1, cos9+1,X,8ind) +(I, X, cos §-1, R, sin )’

- Nyt R, cos ¢ + I, x] sin ¢ ..00.195)
(c) For resistive-o. ~acitive load [phasor diagam 6.13 (c)]

g™ (Vy+1,Rycos9-1,X, ll!10)2-P(l.i,1\E2t.':|r:m¢-¢-l.‘!R.J.:ainQ)2
=Vy+ ;R cos 0 -1, X, 8in ¢ _ ..(6.16)

E
N 2 N g G S
"‘w’ and V, = "(E, +1, R,cos¢ -1, X,l'mo) +(I, X, cosé¢+i, R, aint)z

=E,+1,R,coso~-1,X, sin ¢ A6.17)

Example 6.10. A 230/460 V transformer has a primary resistance of 0.2 Q and a reactance of 0.5 |
1 and the corresponding values for the secondary are 0.76 Q and 1.8 Q respectively. Find the
socondary terminal voltage when supplying (a) 10 A at 0.5 pf lagging (b) 10 A at pf 0.8 leading. I
IAfohabad Univ. Elec. Mochines 1, 1983
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Rt “\n‘MQ‘ |'R|!m0)

MM‘er - " B00 <0 % 0.0 % 08 + 20 % 0.6 % 0.6) = 2208 V
FIO equatio LAEY i Bl L R T TR
Secondary vepgi

Wal N‘\‘\ \'. - R'

W) When load is 10 A w
08y
From qWAtion (8 11) P leading

Primary mdueed oMl K, -\

“’ “’ ol B B |' .‘(, JUR )
A LLE BT Ty 10 18 x06)= 4248V Auns

” ‘l| R. o @ l' x| an ‘)
RN (MO X002 x08«20%x08x%x06 =2328YV
and from equation (¢ 1@

Secondary terminal veltage, V, = KK, - Uy Ry om0 1 X win )

=ENRRBC(10OX0T5~08 WY 18x006) =4704V Ans.

Lot reaistances and reactances of Primary and « ondary windings be R, and R, and X,
and X, ohma respectively and lot transforma on redo be K.
Resistaive drop in secondary winding - Iy 1y,

Reactive drop in secondary winding « | 2 Ny
Resistive drop in primary winding = | R,
Reactive drop in primary winding = 1, X,

Referred To Secondary Slde. &inee transformation ratio 1s K.
reactive drops as refeived (0 secondary will be K times
If I, 1s substituted equal «.. K1, then we have primary

80 primary resistive and
e K1, R, and K [, X, respectively.
resistive and reactive drops as referred




Since term q, Xgg cos ¢ - 1, R, sin ¢) is very small as compared to the term (V, + 1, R,
cos & + I, X, sin ¢), so neglecting the former we have

RV, =V; + I, Ry, cos ¢ + I Xgp sin §

or V, = KV, - I, Ry, cos ¢ — I, X, 81n ¢ .. (6.18)
where V, is applied voltage to primary winding.
If load is pure resistive, ¢ = 0 and V, = KV, - I, R, +(6.19)
If load is capacitive then ¢ should be taken as -ve hence we have

V, =KV, = 1,R,, cos ¢ + 1, X, 81n ¢ ..(6.20)

Referred To Primary Side. Secondary resistive drop referred to primary

R R |
= I’K 2 = ‘;{22 since 1, = -li-'-
I,X, I, X,

Secondary reactive drop referred to primary = ke

Total resistive dron in the transformer referred to primary

I, R R
= Ay Wy & ;{22 =11[R1+'I'{'%']=

Total reactive drop in the transformer referred to primary
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s % :
-T{T o (xl""k'—;'] = 1, Xg,

) répresent the total resistance and reactance ol the

d to pry
Primary ré8pectively. Let these be represented by R, and X,

\Y 2 BT,
. 38 [—l(l'+ll Rgycosd+1, X, 3i“¢) +(1; X cos o1, Roy sin ¢)
S
‘. nee term (1, X, cos ¢ - I, R;, sin ¢) is very small as compared to the term
— .
[ N *1i Ry cos e I, Xg, sin 0) 80 neglecting the former we have
Vv Vz - : 65.21
y = -k-- v Il ROI COS Q + Il :\01 sin ¢ . (6.21)
If load s pure resistive i.e. § = 0 then V = -}1-5 ¥ R v (3,22
.
if load s capacitive then ¢ should Le w:ken as - ve so we have
\Y
vV, = 1-3 + 1,1, cos ¢ -1, X,, sin ¢ e (0.29)

Example 611, A 50 kva, 4,400/220 V transformer has R, = 3.456 Q, R, = 0.009 Q. The valuus of
reactances are X, = 6.2 0 and X, = 0016 Q. Calculate for the transformer (i) equivalent reslstance

as referred to primary (i) eqyivalen! resistance referred to secondary (iii) equivelent reactance
as referred to both primary and :scondiry (iv) equivalent impedance as referred to both primary
and secondary (v) totg! copper loss. (irst using individual resistances of the two windings and

secondly wusing equivaleu' resistances as referred to each side.
[Nagpur Univ. Elec. Engineering-I, 1993
1

Vv
Solution: Transforu rtion ratio, K = ;’1- = .‘.‘3..22_ -
| .
50 x

400 20
1,000
220

Full-load secondary current, 1, = = 2273 A

l
- X 227.3 = 11.

Full-load prumary current, I, = KI, =

Primary resistance, R, = 3.45 O

Secondary resistance, R, = 0.009 Q
Primary reactance, X, = 5.2 Q




ﬁﬂ".’ﬂ 'mersg

(1) K ) |
qu vnlent ruutnnca as roferred L
0 ucondnry.

p4
Rys =R, + K*R, = 0,009 + (EI‘EJ y 3.46 = 0OVIS 6 A

ya
L ) % 706 = 0011625 &, B G vA

|’ 'L.- ‘

28 (NI1BE A
Zo, = Ry, + j Xy, = (0.017625 + j 0.028)  or © 932! L8140 (4 A
(v) Copper loss = 1*R, +L2R, = (11.36)? x 3.456 + (227 3)° » 0 645
= 910.4 watts Ans. l
Also copper loss = 1. R,, =(11.36)? x 7.05 = 910.4 wa ts /s The s8806 56 SHPeIA
Also copper loss = 122 Ry, = (227.3)° x 0.017625 = 910 4 watts Ans. I

Example 6.12. A 10 KVA, 600/100 V transformer hss the foliowing circult peremeters refarssd 4
primary; Resistance R,, = 0.3 Q; Reactance X, = 6.2 1. When supplying power o & gy wad
ths current, power and voltage meastirer on primary side were 20 A, ® kw and OO0 WV respeatirely
Calculate voltage on secondary terminalc under these conditions,

Primary voltage, V, = 500 V
Secondary voltage, V, = 100 V

V
Transformation ratio, K = Vg- . e . 0.2
1

Equivalent resistance of transformer referred to secondary,
Rys = K* Ry, = (0.2)° x 0.3 = 0.012 ©
Equivalent reaciance of transformer referred to secondary,

X = K2X,, = (0.2)° x 5.2 = 0,208
Secondary current, I, =

Solution:

Power factor, cos ¢ =

Sin ¢ = Sin (cos™ 0.8) = 0.6

Secondary terminal voltage, V, =KV, -I, R, cos ¢ - L, X . sin ¢

= 0.2% 500~ 100 % 0.012 % 0.8 - 100 » 0 20% » 8 5
= 86.56 V Ans.

of the devi L
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lent circuit for .%.M “" s
capacitances, ygl “‘M equivalent ciroult is necessary. The vyuiva.

analysed and g ©te. Such an “Onsists of a combination of resistances, inductanous

% by gh Ol arcut (or circut mﬂdﬂl) iy th#l‘ufm'u, b-.u
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Equavalent Circuit of a Transformer
Fig. 6.17

mation ratio K = E}_

n fig 6.17. "
‘n‘" induced emf in pri-
mary winding E, is primary
applied voltage V, less primary
voltage drop. s voltage
Causes tron loss current I, and
magnetising current I and

18 shown

drawn by a non-inductive
resistance R, and pure re..c-
tance X, having the ve'‘age
E, (or V.—primary volta <
drop) applied acrog” *~m_as
shown in fig. 6.17.

Secondary current,

[z..!l%u!.L;;_!.,.
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uit . , .
dlagram can further be simplified by transferring the resistance
' in fig. 6.19. The error introduced by doing

-

'“ i : ‘ " :

L branch consisting of rz hardly 3 to b percent of the full-load rated current, the parallel
I8 fappreciable error };:'“t‘*ncg R, and resctance X, can be omitted without introducing any
~ : in the behavmur of the transformer under loaded condition. Such a circeunt

, i 11 -t:hnwn 11 fl“ 6 16 (o

- : J N ' 4 - | : { | L & . - -
”Cllrﬂrnt o) 18 1llust ‘ rbe ¢quivalent circuit reforred to secondary side (neglecting no-lond
¢ 911 0 ustrated in fig 6,14,

. 1513, VOLTAGE REGUL

i . . , jON

; ’:,I,,'m T ;_:] which th? secéndary terminal voltage varies with the load depends on the load
-Hrrent, the internal impedance and the load power factor. The change 1n gecondary wr‘mmul

voltage from no-load 10 full load at any particular load is termed the inherent regulation. It

By
+5
!

18 usually expressed as a percentage or a fraction of the rated no-load terminal voltage.
& | . Itage on load
3. .e. Percentage regulation — # 100
N
',.:?. ,
K _ Voltage drop in transformer at load < 100
A No - load rated voltage (sccondary)
N s duihd T TN % 100 .A(6.24)
No - load rated vultaﬁe (smr:undary)
When the power factor is leading, the percentage regulation is given by
[, R, cosd-1, X,, 8In ¢
% regulation = S R/ Tt 154 x 100 . (6.25)

No - load rated voi{age (secondary)
Voltage regulation of a transformer, on an average, 18 about 4 percent.

Example 6.13. The primary and sccondary windings of a 40 KVA, 6,600/250 V single phase truns-
former have resistances of 10 2 and 6.02 Q respectively. The total leakage reactance is 356 Q ax
referred to the primary winding. Find [ull-load regulation at a pf of 0.8 lagging.

Solution : Primary voltage, V, = 6,600V
Secondary ':r..ffﬁge Vz = 200 V
Transformation rotio, K = %—:—- = -é-z-gg-(-)- = 0.03788
Equivalent resistance of transformer referred to secondary,
R,, = K°R, + R, = (0.03788)° x 10 + 0.02 = 0.03435
Equivalent leakage reactance of transformer referred to secondary,
X, = KX, = (0.03788)° x 35 = 0.05022 Q

Rated KVA x 1,000 40 x 1,000
Secondary rated current, I, = ______V - 250
2

Power factor, cos & = 0.8 and sin ¢ = \’1-0.82 = 0.6

I, Ry, cosé+1, X, 8i
Full load regulation = ‘E " Nk x 100
- 2

= 160 A

4
.
i
~ 160%0.03435% 0.8+ 160 x 0.05022 % 0.6
fl . " 250 ' x 100 = 3.687% Ans.

pxample 6.14. A single phase transformer on full load has an impedance .
resistance drop of 10 V. Calculate the value of power factor when “‘m
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Substituting [, - =10V Xe = (1, Z0s)” —(Ig Ryg)® = V202 -107 =17.32 V
Rw - 10V and l‘lxm = 17.32 V in equation (i) we have

| °F Phase angle, ¢ = Tan~' =10 _ _ 30° or 30° (leading)
17.32
! Power factor = Cos @ = Cos 30° = 0.866 (leading) Ans.
Example 6.15. Calculate

the regulation of a transformer in which ohmic drop is 1% and reuctance
drop §% of the Voltage at the following power factors (i) 0.8 lagging (ii) 0.8 leading.

2302\ 300 = 1
=

Solution:

Pﬂm‘ﬂ‘depz

= 202 tog M100m30+ﬁ—°3-x 100 510 ¢

E, 2
=1X08+56XxX(-06) =-22% Ans.

6.14. TRANSFORMER LOSSES

1. Iron or Core Losser. [ron loss is ce used by the alternating flux indthe core and congsists
of hysteresis and eZ 1y current losses. -




P = 2 r2 ,2
1 2. Copper or Ohmi e = K, (Boa) 7 t° V watts
windirgs. If I, and | ¢ Losses. These losses occur due to ohmic resistance of the transformer
1 . 1 2 are the prunary and secondary currents respectively and R, and _Rz
\ | | Bliltancea Ofpl'lmary and secondary windings then copper losses occuring
| ' secondary windings will be I.2R d I.2R. respectively. So total copper
: - } ' BRa 4g It TO8P
’ T . R, + I:x R,). These lorses vary as the square of the load current or kva.
r losses at full ioad are P_then copper losses at one-half or one-third

& For example if the coppe

- 1Y’ e
! of full load will be (E) P_or (-5) s i —4‘1 or -s-;- respectively.
Copper losses are determined on the basis of constant equivalent resistance R, deter<

| eq
mined from the short-circuit test (refer Art 6.16) and then corrected to 75°C (since the

standard operating temperature of electrical machines is taken 75 °C).

6.15. OPEN-CIRCUIT TEST (OR NO-LOAD TEST)

The purpose of this test is to determine the core (or iron or excitation) loss, P; and no-load

current I, and thereby the shunt branch parameters R, and X, of the equivalent circuit.
In this test, one of the windings (usually high voitage winding) 1s kept open-circuited and

the rated voltage at rated frequency 1= 'pplied to the other winding, as shown fig 6.20. No

doubt, the core loss will be the same whether the measurements are made on lv winding or

hv winding so long as the rated voltage of that winding 1s applied to it but in case the
measurements are made on b winding, the voltage required to be applied would often be
inconveniently large while tac current [; would be inconveniently small.

Either an auto-transformer or a voltage divider (VD) is used for varying the voltage
applied to the low-voltage winding. Ammeter A and wattmeter W are connected to measure
no-load current 7, =and input power P,. Voltmeter V is connected to measure the applied

voltage.

Va=E,

D)
5

—
-‘

Sl

|
1
|
|
i
|

Circuit Diagram For Open-Circuit Test
Fig. 6.20

Since no current flows in the open-circuited secondary the current i
be merely that necessary to magnetize the core at normal voltage. M

ising current 18 a very small fraction of the full-load current (usua 1 _
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lf.[]gl!r‘tll*fi'l'p" ?}I-‘ 4 i 1

aot up an Lhe cor | 1O
W n whattmet r W
the equivalent circuit constants i
0 Wnd no-load power loss Giron loss)

( ® Input power on no load 'y watts (say)

Py o
Vil
r
0 ‘)
I, cos ¢, = -2 (€.28)
v,
3 1 ..
! [‘|r 0. 29)
V2
| s
—— BRL  — o & (U'J‘j)
k. P,
- e Vv, V.
quivalent circuit parameter, Xy = PR e ...(6.31)
| 2
m | &R &
Y0 "

Note. 1. Since no-load current I is very smali, therefore. pressure coils of wattmeter and the

voltmeter should be connected guch that the currents drawn by them do not tlow
through the current coils of the wa.tmcter and ammeter.

2. Since power factor at no-load is quite low (in the range of 0.1 - 0.2 lag) a low po

werl
factor wattmeter should be used to ensure accurate measurements

3. The error due to power loss in ammeter can be eliminated by short-circuiting the
ammeter while reading wattmeter

4. Sometimes a high resistance voltmeter is connected across the secondary to indicace

the emf induced in the secondary (1v winding). This helps in determinetion of tr: 1s.
formation ratio K.

=
-
Rl
<
=
£
-
-
bl
-4
=
£

Circuit Diagram For Short-Circuit Test
Fig. 6.21
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terminals of secondary winding (usually of low-voltage winding®) are

thick wire or gtri h : e th
1t | p or through an ammeter (which may serve the
PRSI S indicating seconda.y rated load current) and variable low voltage is

applied to the primary through an auto-transformer or pownti.al divider, as shown in

ﬁg 6.21. The transformer now becomes equivalent to a coil having an impedance equal to
impedance of both the windings.

The applied voltage, V_to the primary is gradually increased till the cmmeter A indicates
the full-load (rated) current of the metering side. Since applied vcitage is very low
(5 — 8 % of the rated voltage) so flux linking with the core is very smail nd, therefore, iron
losses are so small that these can be neglected. Thus the power input {recading of wattmeter
W) gives total copper loss at rated load, output being nil. Let the readings of voltmeter,
ammeter and wattmeter be V_, I and W_ respectively. '

Full-load copper loss, P, =1 .2 Ry * W, ...(6.32)
Equivalent resistance, R, = ...(6.33)
Equivalent impedance, Zeq = : 18 ...(6..’%4)

:
Equivalent reactance, X = .J—qu—-RZ ...(6.39)

The above values are referred to the metering side (high voltage side in above case). If
desired. the values could be easily determined referred to the other side, as discussed in

Art 6.11.

Example 6.16. A 10 KV A, 200/ 490 V, 60 Hz single phase transformer gave the following test results.
OC test (hv winding open) 200V, 13 A, 120W
SC test (lv winding ¢ hort-circuited) 22V, 30A, 200W

Find parameters of equivalent circuit as referred to lv winding.

No-load current, I, = 1.3 A
No-load input power, P, = 120 W

Solution:

« Voltage required for the short-circuit test is about 5 per cent of the rated value. For a 200 KVA. 2 200/220 \

9

cransformer, test on high voltage side would need the voltage (to be applied) of 2,200 x o

200 x 1,000
2200 -9A

1.e. 110 V (which

standard voitage for instrument coils) and a current of

[f the test iy conducted on low voltage side of the above transformer, the voltage needed would be 220 x 2

200 x 1,000 100
= 11 V and the current would be 50 lllﬂAMhﬁlMﬁh%“m woudd sabi

readily obtainable with ordinary instruments.

Thus we sec that the if the measurements were made on low voltage side, the
inconveniently low, while the current would often be inconveniently large. S RPN
_ LBl , & _'"_Iur?-':;-':'.' 'rlﬁ,‘“ ;,_ 'Lt : i e ¥ ::: -I"-i:tf' 4 r ﬂ_* I %
TR BT TS ) ur‘n'\?"" % 5" 15 (R IR L PO ?*Jiﬁ{? |




z‘““‘l.‘ u“m' ing

~J2

200)
06 33 8 Ans

x-—l---_z..@_..-l‘] £} Ans

Y
Transformation ratio, K = -4 = . 9- - 2
v, 200
Equivalent istance referred to lv windin R“‘- .o’ = 00655 41 Ans.
quivalent resistan g8 Ry, = = 3
X _m.."' 2099 01756 O Ans

Equivalent reactance referred to lv windiug, X | 23

6.17. DETERMINATION OF REGULATION OF TRANSFORMER FROM OFEN.

CUIT AND SHORT-CIRCUIT TESTS
Percentage regulation is given as

95 age regulatuon = ﬂirjw’
No - ioad rated secondary veltage
..refer equations (6.24) and (] 25)
Equivalent resistance R,, and reactance X,, referred to secondary can be detern |
from short-circuit test, as explained in Art 6.16. 1, and cos ¢ are the load current and po
factor (lagging or leading) of the load, so known. I\? load secondary terminal voltage is ¢ .p.ml
to emf induced in the secondary E,.

%« 100

[,Ry, cospzl, X
E2
Note: Open-circuit test datas are not needed for determination ¢f voltage regulation of

transformer.

Example 6.17. A short-circuit test when performed on the hv side of a 10 kva 20000400 V Lingle
phase transformer, gave the following data — 60 V, 4 A, 100 W

If the lv side is delivering full-load cursent at 0.8 pf lag and at 100 V, find the spplied voltage
to hv side. [Nagpur Univ. Elee. Haclmus-l 1993)

g2 81N ¢

So percentage regulation = % 100




Solution:

Transforme

Fauivalent impedence sot
mumfzw ’%’f‘?ﬂlﬁﬂ

¥ BRrLamonit test lass boen conducted on the by (primary) side
Eauivalent resistence sefarses % - 199
M primis ;s - - = 6.

- 1,1 (B‘" cus 9 ¥ xl sy 9,
“6 62670+ 264> 06) =659V

Apphad voltage 1o the by sde = Load voltz ge » volizyc drop

=2000 ~+ 6€.9 = 20569 V Ans.

6.18. mm:y{pnamv

The rated capacity of & transflormer s defiued 28 7 a¢ 5 v uc. of rated voltage and full-load
(rated) current on
load.

tﬁtm-‘t,m’ﬁwrfﬂipﬁ dejy ends upon the power factor of the
The efficiency (n) oA & translormer, < Ur-* o any other apparatus, is defined as the

ratio of useful power cutput o the Japut po. © -, the Ywo being measured in same units (either
in watta or killowattis;

Now pow, ”

where V, is the sscondary terminal voltage on load, |, is the secondary current at ldad and ’
cos & is the power factor of the losd.

" f 1 ! . " . _'.
y ) 818
then so small that an f-
: . | T rf‘ 51 :-'::-iT .." --—-'1';!'.:;'-".:,. -';:::ﬁ':*i;ﬂrﬂ‘w'ﬂ- | ' l'ﬁ“: L A e
. L e £ £ e e o, G L b G 1 U
rthe oases Further s incosvenient and .
. ll.l *ﬁ.ﬂ-ﬂrl ."il, R '|-1' piA 4 | i
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