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(Understand Working
Principle and Construction of Transformer)
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(Perceive the EMF Equation,
Transformation Ratio and Losses of Transformer)
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transformer emf equation
X Y

T=171
, =dddt=dPm/(T/4)=dm/(1/ 4 T)
=4 fOm
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L mX
4.44N1fdOm ,
= 4.44N2fPm

)

=4 fPm

=1.11
=1.11 x4 fdm
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Lines of magnetic Flux finking
primary & secondary windings
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The number of primary tums N, _ __The primary voltage V,
The number of secondary tums N, The secondary voltage V
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CHAPTER-3
OPERATION OF TRANSFORMER ON NO-
LLOAD AND LOAD CONDITION

NO LOAD operation of transformer:When the transformer is operating at no
load, the secondary winding is open-circuited, which means there is no load on the secondar
side of the transformer and, therefore, current in the secondary will be zero.

¥¢0¢/0€/6
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NO LOAD VECTOR DIAGRAM:
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From the phasor diagram drawn above, the following

conclusions are made:

Working component I, = I,Cosgq

No load current Iy ]

Magnetizing component I,, = I, Singg
Iw

Power factor Cos g — =
O

No load power input P, = V;15Cos@,
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NO LOAD VOLTAGE

It 1s the potential difference (Voltage) across the
terminals (Phases) before any load 1s connected
or plugged 1n.

No load current:In simple words, when a
transformer 1s not connected to any load but
consumes some electric current then the amount
of current consumed by the transformer is called
No Load Current.
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A transformer 1s in no-load means the secondary
winding of the transformer is open-circuited. So
1n the no-load condition, no current will flow 1n
the secondary winding of the transformer. But if
1t 1s connected with a power supply then a small
current will flow in the primary winding which is
known as no-load current. Generally, the value of
no-load current varies between 2% to 8% of the
full load current of a transformer.
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OPERATION OF TRANSFORMER ON LOAD
CONDITION

When the load is connected to the secondary of
the transformer, 12 current flows through their
secondary winding. The secondary current
induces the magnetomotive force N2I2 on the
secondary winding of the transformer. This force
set up the flux @2 1n the transformer core.
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capacitive load

I, F

I%g =2

-

Phaser Diagram of Actual Transformer
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CHAPTER - 4

Equivalent Circuit of Transformer, Magnetic
Leakage and leakage Reactance of Transformer
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EQUIVALENT CIRCUIT OF
TRANSFORMER,MAGNETIC LEAKAGE AND
LEAKAGE REACTANTANCE OF TRANSFORME

©
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As 1n a practical transformer, the no-load current I0 is zf
very small as compared to rated primary current, thus g
the drops in R1 and X1 due to the I0 can be neglected. ¢
Therefore, the parallel circuit RO — Xm can be transferred
to the input terminals. The figure shows the simplified
equivalent circuit of the transformer.



EQUIVALENT CIRCUIT OF TRANSFORMER
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The simplified equivalent circuit can be referred
to primary side or secondary as discussed below
(here, the assumed transformer is step-up
transformer).

simplified Equivalent Circuit Referred to primary
Side

This can be obtained by referring all the
secondary side quantities to the primary side as
shown 1n the figure. The values of secondary side
quantities referred to primary side being given

by,
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simplified Equivalent Circuit Referred to
Secondary side

If all the primary side quantities are referred to
secondary side, then we obtain the simplified
equivalent circuit of transformer referred to
secondary side as shown in the figure. The values
of primary side quantities referred to secondary
side being given by,
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MAGNETIC LEAKAGE

Magnetic leakage reduces the overall efficiency of
the operation. In a transformer, for example,
magnetic leakage occurs when some of the flux
from the primary circuit does not link with the
secondary circuit.... ...
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WHAT IS THE EFFECT OF MAGNETIC
LEAKAGE

The leakage flux generates additional power
losses [1], which can both influence the overall
power loss level 1n the core and the local power
loss, the latter with the risk of generating
excessive heat close to the core surface, which
can result in deterioration of the core insulation
and degradation of the insulating .
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HOW IS MAGNETIC LEAKAGE REDUCES
FROM TRNASFORMER

The leakage flux can be practically eliminated
by winding the primary and secondary, one over
the other, uniformly around a laminated iron
ring of uniform x-section
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CHAPTER-5

Open Circuit Test, Short Circuit Test, And
Voltage regulation
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OPEN CIRCUIT TEST,SHORT CIRCUIT
TEST,AND VOLTAGE REGULATION

Open CirCUit te St: The secondary of the

transformer is left open-circuited. A wattmeter is connected
the primary. An ammeter is connected in series with the
primary winding. A voltmeter is optional since the applied
voltage 1s the same as the voltmeter reading. Rated voltage 1s
applied at primary.
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OPEN CKT TEST OF TRANSFORMER

Open Circuit Test of Transformer
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n Vo
ac Rc

power factor on open circuit is

PGC
VI

oc”oc

cos B =

note that I, = I,
Current I.. is in phase with applied voltage V,. while I,,, lags V,. by 90°
I[.=1,.cosB

I, = I,,snB

L.= [IZ+1%

Core loss resistance R, and magnetizing impedance X,,, can be obtained as follows:

Iﬂf.'

V

Reqv) = F
C
V

Xm(y) = F

m

¥¢0¢/0€/6
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Short circuit test: To perform a transformer
short-circuit test, the secondary 1s shorted, and
the primary current 1s adjusted to the normal
full-load level. The primary voltage and input
power are measured.
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SHORT CKT TEST OF TRANSFORMER

X

A.C.
Supply

dp
A,

T

Variac

Transformer
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Since rated current is used for the test, the copper loss is equal to full load copper loss
P.. = full load copper loss
P.'.-'.‘ﬂ = I.EFREQ

R_,is then given by

©

S

P X

R, = I e e e e [1] S

from the equivalent circuit it can be seent that Ef
c

i»;c =

Log = g

&

=

*“?_J + X2,

using [1] R, can be found out

Xog = Eﬁq — Rﬁq
or
Xog = |Zag|sing,
where,
6. = cos—1 Foc




VOLTAGE REGULATION

Voltage regulation 1s the measure of how well a
power transformer can maintain constant
secondary voltage given a constant primary
voltage and wide variance in load current. The
lower the percentage (closer to zero), the more
stable the secondary voltage and the better the
regulation it will provide

IS Jnoy mpqy  $2¢0¢/0€/6



What is the Transformer's Voltage Regulation?

www.electricaltechnology.org

R, xz

=P \oltage Regulation = = o Load - Vel Loa
VFuII Load

=P % Voltage Regulation = % x 100
2
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(Efficiency and cooling
system of Transformer)
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. (The formula for
calculation of efficiency of Transformer):

(Efficiency)
: M % %

Output
Input

~ Output

~ Output + Losses

~ Vicosgx100

~ Vlcosd + Copper loss+ Core loss

Input - Losses Losses

x100=(1-
Input Input

Efficiency, n% = x100

x100

Again,n% = )x100

¥¢0¢/0€/6
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(The factors affecting core loss and
copper loss of the Transformer):

(core loss): =
- 1%-3% :
() (power factor): 3
W, =V, 1, cosd, §
< W, o cosd,
Core loss o V/?

() (Voltage):

() (Frequency):




(The factors affecting core loss
and copper loss of the Transformer):

(copper loss):

IIS Jnoy pqy  $g0¢/0€/6

() (power factor):

Copper loss oc L

cosé

= Copper loss oc V*

() (Voltage):
- constant

KVA
() (Frequency): .

() (Load):




The Equation for
maximum efficiency of the Transformer):

(Condition for Maximum

efficiency):
Copper loss, W,, =1, R or |, R watt

Coreloss, W, = Hyster|3|s+ Eddy currentloss =W, +W,
Primary Input=V1  cos6,

Input - Losses  V, 1, cosd, —losses

Efficiency, n = =
& Input V1, cosd,
Vol cosd) -1 R -W,,,
=>n=
Vplpcosep
9 ! !
IR, ) W IR W

core — 1_ core

Vpl , COS 6’p Vpl , C0S Hp Vp 0039ID Vpl , C0S 6’p

IS Jnoy mpqy  $2¢0¢/0€/6



. The Equation for maximum
efficiency of the Transformer):

(Condition for

lefereﬁ’tX flnglblgﬁ'] sﬁf swﬁ ?@’r?encetol

/
— IR W
d_77_0_ Re s Wy 77 — 1- e core
dl, — V,cosd, VI ‘cosd Vp0050p Vp|pCOS(9p

p

For maximum eﬁiciencijn =0
P

/

-R W

€ + core — O

Vcos@ VI cosH

/

Re Wcore
= =—
V cos& Vplp cos@p
:> Re Wcozre
Ip
:>I R =W

core

.. For maximum efficiency, Copper loss = Core loss

¥¢0¢/0€/6
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The Equation for
maximum efficiency of the Transformer):

2
I S Re — Wcore KVA
W Load( KVA load at %
| = core maximum efficiencyy:
S 7
R, >
We know that for maX|muﬁ1
eff|C|e'|nc¥§f 'trar&?glormerw
coppel] 10sRis eqyl to corg
1000 oss P -
W =~
IsXVs: Vs ¢ Wcore Ip: —
1000 1000 Y\ R " | Re
e p
|, <V, — Ve xlm < WCO’r,e i s currentin maximum
1000 1000x 1. 1\ R efficiency

_ Vs X IFL < Wcore
1000 |



efficiency of the Transformer):

The Equation for maximum

IsXVs_ VSXIFL 5 Wcore _\/SXIFL>< WCOfe
1000 1000xl, "\ " 1000 || 2R
WA _KVA x| e
IFLZRe
W
KVA _ KV 5 coe 2
Max Arae \/Fullload cu loss S
Where
KVA, == xVs
1000
Kva =YXl

rated —

1000
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J

_ Output  Input—losses
T nput — Input
Losses
V|, cosd+ Losses

Losses/V. I

=n=>0-

(1

=n=1-

Lot X L_osses

S S

cosé + Losses/ VI,

. (The variation of
efficiency with power factor):

Losses

Input)

U

Effaciency o

0-99 r

0-98 -

097

i

0-96 !
0 025 05 075 1:0 125 15

Full Load —~



. (All day efficiency and
mention the formula of all day efficiency):

(24 ) o
z
(I*R)
( )
o output in kWh
All day efficiency, I gay = (for 24 hours)

input in kWh



https://circuitglobe.com/wp-content/uploads/2015/09/ALL-DAY-EFFICIENCY-EQ1-compressor.jpg

(Solve problems on efficiency, maximum
efficiency and all day efficiency):

Output

- o
S Input - All day efficiency, I, 4o = W (f0r24h0urs§
Output 100 y L input in KWh S
= X
Output + Losses =
) VIcosdx100 g
Vlcosd + Copper loss+ Core loss fg
Again. % = Input - LossesX 100=(1- Losses)>< 100
Input Input
KVA,. =KVA  x Woor
ax ated
Fullload cu loss
9 !
Ip Re :Wcore

.. For maximum efficiency, Copper loss = Core loss


https://circuitglobe.com/wp-content/uploads/2015/09/ALL-DAY-EFFICIENCY-EQ1-compressor.jpg

. , (Solve
problems on efficiency, maximum efficiency and all day

efficiency).
S50KVA, 4600/230 V

E_=230V,P, =285W,1_=4.2A

E_=150V,P, =615W, |_ =10A

SC

() KVA, 0.8
() KVA

P =50 0.8= 40kw

L RYASE _agsw
P_=615W
1= 1, =107

=285+615=900w=0.9kw
P =(40+0.9) = 40.9kw

oy =5 4100 = 4(1)‘1900 - 97.80%

in

IS Jnoy mpqy  $2¢0¢/0€/6



(Solve

problems on efficiency, maximum efficiency and all day

efficiency).
S50KVA, 4600/230 V

E_=230V,P, =285W,1_=4.2A

E_=150V,P, =615W, |_ =10A

SC

() KVA, 0.8
() KVA

KV'A‘\\/\ax - KV’AYated X\/ Wcore

Full load cu loss

:50><\/275 =34.04KVA
615

P .=34.04x0.8=27.23kw

out

() 0.8

=281 2437 370GT) S TK0KW

o = %xloo _ 27.23x100

in

=97.95%
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. , (Solve
problems on efficiency, maximum efficiency and all
day efficiency):

. 5KVA, 2300/230V 40W o
112W 24 S
()15 0.8 1 ©
()1.25 0.8 2 .
() 0.90 3 3
i g
() - 4 -

Output energy for 24 hrs. = (1.5x5x0.8x1) +(1.25x5x 0.8%x 2) + (1x5x 0.9x3) + (0.5x5x1x 6) + (0.25x5x1x8)
=6+10+13.5+15+10
=54.5kwh

Coreloss for 24 hrs.= 40x 24 =960 whr =0.96 kwh



, (Solve
problems on efficiency, maximum efficiency and all
day efficiency):

- 5KVA, 2300/230V 40W 112W

24 S
()15 0.8 1 =
()1.25 0.8 2 .
() 0.99 3 :
() . 6 5
( )le - 4 8 £
() - 4 -

Copper loss for 24 hrs. = (15)? x 0.112x 1)+ ((L.25)7 x0.112x 2)+ ((1)? x0.112x3)+((0.5)? x0.112x6)+ ((0.25)° x0.112x8)
- 0.252+0.350+ 0336+ 0.168+ 0.056
=1.162 kwh

Input energy for 24 hrs.=Output energy for 24 hrs.+losses for 24
hrs=54.5+0,96+1.162=56.622 kwh

_ Output energy for 24 hrs. 100 = 54.5

Input energy for 24 hrs. 56.622

All day Efficienmgy, = x100 = 96.25%




: (Explain the
neceSS|ty of cooling system of transformer):
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w\wo\worq AhdorRouESIT———s —

(Describe the methods of

cooling system of the transformer):
(Natural

A

kV

cooling):

Fig. 3.3 Natural cooling in transformers




. (Describe the methods of
cooling system of the transformer):

(Forced air cooling): A A A/B i

transforme [ron core with

g | winding and
insulation

¥¢0¢/0€/6

II5 JnoyY Mpqy

- o= o= fa
~ p—




. (Describe the methods of
cooling system of the transformer):

N\ S
E S
(Oil immersed self = &
cooling): 3
c
=
— Core -: gﬁ
/ I { | o
- 'Mi M =N
10F ﬂ . H 10
' indings
Radiator l ' l !
' I ' I
| I ' I
! I | I
= § =3
sy Tank '\--‘

- (Thermo-

siphon)



https://circuitglobe.com/wp-content/uploads/2015/09/ONAN-FIGURE-compressor.jpg

. (Describe the methods of
cooling system of the transformer):

¥¢0¢/0€/6

(Oil
immersed forced water cooling):

(Copper tube)




. (Describe the methods of
cooling system of the transformer»

T
Fans E,.— Direction of ag(
(——"\ Oil flow S
| Core 5.
(Oil ! :
immersed forced air cooling): v |1 ‘ .
I | Windigs
. | 7
(Fins) o]
| I
o
(Fins tubes or radiator) Oil Natural Air Forced (ONAF)

Cooling of Transformer




cooling system of the transf

water forced or OFWF):

(Oil forced

E Conservator

(Describe the methods of
ormer):

¥¢0¢/0€/6

(123
—

Wate

*
=

¥

Core

Windings ”

—
Oil Flow

Tank

Pump

IIQ Jnoy JIn

Heat
Exchanger

—

Water Outlet




oil and its properties):

(Transformer oil):

(Sludge)

(0.85)

(Describe the Transformer

¥¢0¢/0€/6
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(Evaluation):

- ?
: ?
(Sludge) ,
- ?
(24 )
o output in kWh
All day efficiency, Iy qay = (for 24 hours)

input in kWh

¥¢0¢/0€/6
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o
=
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https://circuitglobe.com/wp-content/uploads/2015/09/ALL-DAY-EFFICIENCY-EQ1-compressor.jpg

24

(Home Work):

(ONAN)
(ONFW)

20KVA, 2200/220 V, 50Hz

E_=220V,P_=148W,1_=4.2A

E_=86V,P_=360W,1_=10.87A

175C 175C

0.8 () ()

SKVA S0W 125W

7.5 KVA 0.85 2

0.90 )

2.5 KVA I

4

()
()
(J4AKVA  0.95 6
()
()

IS Jnoy mpqy  $2¢0¢/0€/6
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(Construction and Principles of
Operation of Three Phase Transformer)

IS Jnoy mpqy  $2¢0¢/0€/6
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- (V-V)

- (T-T)

T-T

V-V



three phase transforme

(Describe the construction of

)

LV insulation

LV winding

HV insulation

IIS Jnoy mpqy

Core type three phase transformer

Core

Shell type three phase transformer




(Describe the

construction of three phase transformer) o
.V Insulaton

LV winding

HV insulation
L O
Vwinding2

/

¥203/

IIS Jnoy mpqy

§

Three Single Phase Core in
Contact With Another

Chall fira thiaa whaca franafrrnar




(Describe the

construction of three phase transformer)

- (Low —voltage
winding
- (High- voltage
winding)
(Oil level
Indicator)
Conservator)
(Breather)
(Drain coke)
(Radiator
tubes for cooling)
(Transformer oil)
(Earth point)
(Expulsion vent)

(Temperature
gauge)
(Buchholz relay)
- (Low-voltage
bushing)

- (High-voltage

explos;on proof tube 0as rmay low voltage bushing
g 7 & 9 l0tap changer

Iugh yoltage bushing

moisture absorber 4
y

nameplate N I;’ iron core

# | winding and insulation
signal thermometer

l‘ b || drain valve
v

ground terminal

I fuel tank and radiating pige

¥¢0¢/0€/6

IS Jnoy NPy




220Kyv Power transformer main structure & Appearan

1. O1l level indicator(OLTC ) 0 ®
2. Bypass valve

3. Oul conservator @
4. 01l Level indscator ( Main transformer)
5. Fire fighting device with mitrogen)

6. Earthing termunals OF o
T Mosture absorbes —// 7/ //, /||| SUEAEIRN
8 Termumal box '
9 Control box for fans

10. Ol Temperature

11, Windigs termperature
12. Fans

13. Radiator

14. M.V bushings

15. HV bushings

—

gV 72¢0¢/0€/6 @



BUCHHOLZ
RELAY

OIL INLET
VALVE

BREATHER

AIR

R

,
/]
/

i

3

A\

(Al
".,I"i Y

{

74 (R R

’f
gl’ /
’

:

=3-»

CONSERVATOR

EXPLOSION VALVE

DIAPHRAGM

OIL LEVEL INDICATOR

HT TERMINAL

TEMPERATURE GAUGE

TAP CHANGER
MANUALLY
OPERATED

COOLING TUBES

TANK

WHEEL

OIL OUTLET DRAIN COCK

¥¢0¢/0€/6
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. (Describe the construction of three
phase transformer

() - (Low and high-
] ] ©
voltage winding): =
2
(\)
H~
Low-voltage High-voltage
bushing %
5
! =
@)
| | ) =N




. (Describe the construction of
three phase transformer

() (Core):

d MMpPqQy  ¥603/0€/6

, - (Eddy
current) (Hysteresis)

(Cold rolled core) CRGO
(Cold Rolled Grain Oriented)
(Hot rooled core)

(Low carbon steel)
(Silicon steel)
(Nickel iron or permalloy)
(Cobalt nickel-iron)
(Cobalt-iron)

e R R R R
~— N N N




: (List various
methods of connection of three phase transformer and their

applications):
() - (Star-Star connection)(Y-Y conr - j E S B &
() - (Delta-Delta connection)(A-A- s
() - (Star-Delta connection)(Y-A co j L f j -
() - (Delta-Star connection)(A-Y cor é _______ ﬂ E;{
Y-Y A-A &
%

L

V connection)

() ‘Coottor T T :
A a A —

cont 4

() - - (Open-delta or V- ’ g
;
Y

o Lo s L
- fm’“

=
ﬂl@ﬂ__'——lﬂ_llﬂ_ﬁ_'ﬂ_r‘
=

1K

e

E L3 EH
3

! ¢ C

Open Delta Connection Scott (T-T) Connection

=

o




: (List various
methods of connection of three phase transformer and their
applications):

B (Y'Y)! B (A'A); - (Y-A), - (A-Y)

A ©
() - (Star-Star connection)(Y-Y connectior j é—\ f
] ] =
il |
C é"
' ' o g é _______ ?

() - (Delta-Delta connection)(A-Aconne V.Y

A

o] L L)
> mejm“

A -




. (List
various methods of connection of three phase transformer and
their applications):

) (Y-Y)’ B (A'A)1 - (Y-A), - (A-Y) o
T,
R e § SR
() - (Star-Delta connectio 318 :
connection) ( —Jf% 7

I

- Mool PN ]
) Y-A
() - (Delta-Star connectio -

connection)

=

> Lol

o

1
-
= [+

T




(Y-Y), - (A-4b), - (Y-A), - (A-Y) 2 N

delta-delta, star-delta, delta-star connection):

_|
>
Pan)

L

=
o
151105
7G0G/0€/6

>
() - (Star-Star connection)(Y-Y coni %
B o o b
£,
/ | | A ot {——o02
( =) g E %R
v Now = -0 N
B b
C &
Star-Star

(Floatirfgpnnection

[ U Y e A Y



- (Y'Y), - (A-A)1 - (Y-A )1 - (A
methods of star-star, delta-delta, star-delta, delta-star

Co oc§
- (Advantages of Y-Y syste g’ g 2
' ' =
B o ﬁb;
(Stress) - L
Bile
Now =

(Disadvantages of

Y-Y system): i
C

Star-Star Connection




- (Y-Y)’ -

() -

connection):

- (V-V) connection

(A'A)r

- (Y'A )’

delta, star-delta, delta-star connection):

(Delta-Delta connection)

(A-Y)

A

(The me

B {[

]
6

[ [ a

Q

[\

(@)

[\)

— &

o,

c

N

A-A 2

c

L)

[0))]

ﬁ[ E C =5

| ] -
QoagnD) 10 ,u'_':'_'l_.| 00

Az A By 8 G G
Az a, by By € G
LW W) (e (v

E by c

Delta-Delta
connection

ath




- (YY),

() -

(A'A)r

B (Y'A )’

(A-Y) (The me

delta, star-delta, delta-star connection):

(Advantanges of .

connection):
. (Sinusoidal)
. (V-V connection)

A

j
E:a
|
¢

C

¥203/08/6

Z
(oW
c
=
A =
- O
c
lanr)
A B C &
— R
..... ' , ,l
VAR II_.'I I 1I||:I|!!| _|:_I-!_. :”:I[!
Az Ay By By Cp Cy
8y a, b, By €3 Cs
lfﬂ-;f]“| DTN MLTN
-
L
I a8 ¥] s

Delta-Delta

ath

connection



(Y-Y), - (A-h), - (Y-h), - (A-Y) (The mett

delta, star-delta, delta-star connection):

() - (Disadvantanges of A-A 5
connection): A 6 C o
- Neutral connection T 1%
« V-V connection TR
. - i} A, Ay B; B C G
. a; a, by by €5 %
. _ ) (i
Circulating) IS
]
A ¥ G

Delta-Delta
connection




- (YY), - (Ah), - (Y-D), - (AY) (The mett

delta, star-delta, delta-star connection):

() - (Star-Delta connection)(Y-A cor A ‘%
| :
B J ) l?;
30 3 é ;
Ce ¢ ) C
| P —— §| E

Y-A

Star-Delta
connection




(Y'Y)1 - (A'A)! - (Y'A ):

(Advantages of Y-A connecti A

B

(Disadvantages of Y-A connection): %

- (4-Y)

(The me
delta, star-delta, delta-star connection):

¥203/08/6

A 4

EVITN IVIT T

A 24

Star-Delta
connection

IS 6y anpqy

ath




- (YY), - (@), - (YD), - (A-Y) (1
star, delta-delta, star-delta, delta-star connection
A T a
B e j E\ b §
() - (Star-Delta connection)(Y-A connecti 3 E S
C ‘ | C g
Eilg
———————— n %U
58% :
(Distortionless) A-Y 2
az 31 b2 bl c
r”ﬂ [
Uelta - Star Three Phase Iransformer
Delta— Star
connection




(Y-Y)!

- @), - (YD), - ()
star, delta-delta, star-delta, delta-star connectic

B¢ 3 E b §
(Advantages of Y-A connectio j E S
58% C ; . %
g
Bl
e
A-Y 2
B C
(Disadvantages of Y-A ConnECtiOW
30- A-A Y"Y r. _.J., E' 2

it'l E:-hr Turee Ph 5e T|’|nsf::1r“1r=r

Delta — Star

n

connection



. - (Describe open delta or
V-V connection):

-
q]zozm%

I1g Jnoy anp

=

1
as L1V, L_Rﬂ_iﬂ_r

E

Open Delta Connection




. - (Describe open delta or
V-V connection):

(V-V) ((A-4) 57.7% or

58% A i
(2-0) P, =3V I, ol
B b2
|
V-V I =1py = T 5
3 £,
( W

V-V P, \EXVL L \/7 Open Delta Connection

PowerinV-V3ystem R, VI 1

- = =57.7% = 58%
Powerin A-ASystem P, J3v,l, 43

. B,y =P,_, x58%



V-V_connectio n) .(Advantages of open delta

connection):

- (Disadvantages of open
delta connection):

86.6%

2 (Describe open delta or

L/ ©
o]l S
3| & L9
oy ) [N}
| € N
A ]_

>
L Jr———
. (oW
e &
S G =S
ol || b =

=
PURY >

X

Open Delta Connection




. — (T-T)
conne_ctl?_

3

(Describe Scott T-T

(Teaser Transformer)

86.6%

Scott (T-T) Connection

(Centre tap)

:

IIS Jnoy pqy  $g0¢/0€/6
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(Describe Scott T-T

(Charles F. Scott)
1:1
’ ABC abc
- - 100 ABC
bc ad

vzd&og/6
@)

Z
o
=
H
=
o
=
-
&
=




. — (T-T) (Describe Scott T-T
conneetpn):

adc ad=ab sin 60" =100xsin 60 =86.6 V
86.6%

86% , 86.6

©
~~
(UV]
()
~
DO
(@)
[\V]
N
>
o
(oW
e

H

=
O

e

=
[@)]
=
=




- - (Explain the
appllcatlon of V-V and T-T connection):

() - (Application of open-delta connection):

¥¢0¢/0€/6

-
(oW
c
r#
=
o
=
s
<2
E

() - (Application of T-T connection):




(Draw the

connection of three phase to two phase and vigﬁversa):

Tq:l

\

¥¢0¢/0€/6

g ynoyg mpqy

86.6%




phase to two phase and vice-versa).

CB
VBC —_ VC A — V A D
V3
—V
2
V3
—N
2 1
Iy
/ A o—»
[
IVL Phase |
B 0——n
Three-phase
Side <
Vi
le
Co—p
\

A
Scott connection Transformers

o > O~

>

Two-phase
Side

(Draw the connection of three

z_

Secondary
(h)

IJES Jnoy INpqy  $203/0€/6

-
=



https://circuitglobe.com/wp-content/uploads/2016/11/scott-connectoin-of-transformers.jpg

phase to two phase and vice-versa).

(Draw the connection of three

N N A = D )

{ A g

A By DN e vy S

i YL nille —l A .

(T = T) O 288 V\ é ;ag E -]/ \\\\ tn CD;

Y DN mo2oW g T I\ | f

[ H‘-‘ WY =

0.29 0.866 , AN Nrm‘@«” B / 0\ :

;‘_ +_ ‘ / I] \\ \W =
2:1 ' /m!wuﬁw (-‘/ \'.* Y L l» \p
: l'v ) 3 NN

90" t — 'I Primary Secondary

_____
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(Floating Neutral)

(Distortion)




* ok ok F

* ok

V-V
T-T

, A-A

86%

5

©
~~
8%
o
1\
i~
z
(oW
=
N
=
]
=
—
n
=




©
~~
w
()
~
DO
(@)
[\V]
N
>
o
(oW
e

r#

=
O

e

=
[@)]
=
=




- )

(Priciple of Auto-
Transformer)

IS Jnoy mpqy  $2¢0¢/0€/6
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. - ( Describe the Auto-
transformer):

©
~~
(UV]
()
~
DO
(@)
[\V]
N
>
o
(oW
e

r#

=
O

e

=
[@)]
=
=

Vi N1 CNC I\ I

-
3
o
o
AN
oo | LO00000001)
b
l—S
O -
LOAD




- ( Describe the Auto-

transfo rrr(1er).) v AB  ae
2 -
N
V, =V, x B¢ =V N,
NAB Nl
N, V, . .
== (1) [a=Transformation Ratio of transformer]
2 2
11 AC (12 - 11) BC
AC BC
e - I1
A /\‘-; h II|'_|||I
= _,
J ﬁ’--‘ E. o I
HE=FAT 3
=L T Supply) V2 197
” I ' (12-11) I% 2
L " L' l.r v
: 3 B - b

¥¢0¢/0€/6
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transformern

5 Nege(l; = 1) =Nyl
N, (I, = 1) =(N; =N,)I,

( Describe the Auto-

o
N

IS Jnoy mpqy  $2¢0¢/0€/6



transformern

VAC _ N AC

Ve Nglac  Vie

VAB :VAC +VBC

VAB _VAC +VBC :1_|_VLC:1+M

VBCVA\QBC VBC VBC 1% BC

( Describe the Auto-

¥¢0¢/0€/6
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- ( Describe the Auto-

transformer
: (Copper Savings in Auto

Transformer): ©

We know that "
>

o

weight of copper of any winding depends upon its =
length and cross-sectional area. Again length of ?
conductor in winding is proportional to its number of | 1 C;E

turns and cross-sectional area varies with rated current.
So weight of copper in winding is directly proportional
to product of number of turns and rated current of the
winding.

Therefore, weight of copper in the section AC

proportional to[ _1,*.*1 L _1,*.*2 ] Il

and similarly, weight of copper in the section Bcb@lbbgtrenéqtb



- ( Describe the Auto-

transformer
- (Copper Savings in Auto
Transformer): -
Therefore, weight of copper in the section AC (N; — Ns )1 §
proportional to, . N
and similarly, weight of copper in the section 'i,r-',} ( j,} — Il ]
BC proportional to, S ' I Ef
> A S
- gd
Total weight of copper in Auto- transformer W, =1,(N,-N,)+ N, (I, - 1,) _, =
=W, = N~IN, +N, I, =N, 1, vE- i
i
=>W, =1,N+N,I,-2I,N, ------- (4)
: : V. N PR
Again we know transformation ratio, -+ =—=-2=3a (1z-12)
vV, N ol —
NI, =Nyl -=-mmmmmm- (5)

Fromequation (4) and (5) we have
=>W, =I,NAN, I, 2N, =21, N 21N, =2(I,N-I,N,) --------- (6)



- ( Describe the Auto-

transformern

Transformer):
Similarly weight of copper in two winding conventional tranasformer is

W, =N, + N, I, =N I + N, =2N, |, ------- (7)

(Copper Savings in Auto

Weight of copper in auto - transformer W 2N =N )
Weight of copper in two winding conventional transformer W, N1,

3%:1_&:(1_1)
Wtw Nl a
W, =)l o)
. 1 1
Coppersavings=W,, -W, =W, - (1—5) xW,, :ngtW

.. Coppersavings = 1><WM = E>< (Weight of copper in two winding conventional transformer)
a a

Therefore the saving in copper material depends on the valueof (1/a.)
Lower valte of [ a ]more saving in copper material

(12-11)

Il

AC

¥¢0¢/0€/6
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. ( Explain the terms
transformed power and conducted power.

The primary and secondary windings of autotransformer are connected
magnetically as well as electrically, the power transfer from the primary circuit
to secondary is in the form of induction as well as conduction.

¥¢0¢/0€/6

Output Apparent power=VzI2

Apparent power transfer by induction=Vz(I2 - I1) =V2 (Agaifweknow transformation ratio,

=V2I2(1-1/a)=V1il1(1-1/a)

IS oMy

. : 1
Power transfer inductively P gnsformea = INput Power x (1- 1/a) .

Power transfer Conductively P.onauctea = Pinput~ Prransformed )|

=(Input power)- (Input power)(1- 1/a) @ N

Vi

=Input power [ 1- (1-1]a)] T

(12-11)

=Input power x 1/a —q



. : (List the advantages and
disadvantages of auto-transformer):

(Advantages):

Primary
side

yc0cro€

Secondany

ag@hoyg-mpyg




. : (List the advantages and
disadvantages of auto-transformer):

(Disadvantages).

Primary
side

yc0cro€

Secondany

ag@hoyg-mpyg




. (Convert
the two winding transformer into the auto-transfer):

2 kVA

- (Step MEW é

down) (Step up)

(- (b)) i

20 kVA, 2400/240V

= ]
IS Jnoy Inpqy ov@/og/(a s




() (Additive
polarity):
Ve = 2400 + 24
2640V 1, = 2400V
(d) (Common)
Ic

kVA

20 kVA

(Convert the
two winding transformer into the auto-transfer)

"800

<

g

TS Jnoy INPAY  §30GLE/6

3




. - (Convert the
two winding transformer into the auto-transfer):

() (Subtractive polarity):
@ b) ©
kVA V. = 2400 — 240 = 2160V >
2y
“owge | 1 aml
c
' 2400 V U0V
' |
3 : S
8}
240V 400V | ?:‘
: -
>ty < ©
(b) I l

@) (¢)




Transformer).

(Uses of Auto-

Main

\ranstormer

¥¢0¢/0€/6
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- (Uses of Auto-

Transformer):
- Auto
transggrmer
8
DO
N
g
- Start
y B _/==%=fif:3f:' _:ﬁ
L] — gl
s | ThreePhase'_l ) | |/ =
’ Supply 41— ¢
. B ! u u URun§
il L
[}
Thres
g ; -‘| Fhass
§; . Supply
it a5
[ ]
Synoh
hﬁﬁfmmu' ' Motor
% " '

Aute Transformer -




(Uses of Auto-

Jwire

Positive outes

P.D»

Neutral mid wire

D=0V

Transformer):
0. 3-wire
Supply i 240V + outer
U 24Th’ !
B0y
- P Comman of Neutral
W
|
M0V l |
Lt 20V -inner
%)
Balancing
coil

Negative Outer

©
~~
w
()
~~
(\Y)
(@)
Do
>~
>
o
(oW
positive E
parential =

o
[
-
[@)]
=
=

gV

negative

peeential




(Uses of Auto-

Transformer):

9/30/2024
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. - (Uses of Auto-
Transformer):

©
~—
[GV)
(@)
~—
[\V)
S
[\
N
>
o,
c
%
=
o
4 E"
i\
PULSE AL ~
_cum:%%;mﬁgnﬁ“ | 0
o 4wy
! 240V Auplfer |y

150
' dath

Spetker

Inverter Charger Autotransformer




. : (Solved problems related to
Auto-Transformer):

. . KVAx1000 z
Primary line current I, = 3
KVAX100 ;

Secondary line Current |, =

2

KVARating= Vil
1000

Transformation ratio, a = i Nk
V, N, |
1 1 1
Transformed Power , Py e =Vyly X (1—=) = Power Inputx (1- =) =R, x(1--)
d a a

-P,

transformed

Conducted Power, P =P

1 ' conducted — " input



. : (Solved problems related to
Auto-Transformer):

- - 116 v S
80v - 4kw () S
() )
Solution Here given data g
1 Primary Voltage V, =116V 5
(a) TranSformed pOW@f Ptransformed Plnput (1 a) Secondaryvoltage V2 _ 80V
=4000x (1- i) =1241.38W  Transformation Ratio a = Y, 16 =1.45
1.45 , 80
(b) Conducted Power |:)conducted I:)lnput Ptransformed InpUt Power Plnput = 4kw=4x1000= 4000w
=4000-1241.38=2758.62 W Transformed powerP, . . =

Conducted Power P

conducted =



. - (Solved problems related to
Auto-Transformer):

- : 2300V 460V
100KVA

(a)

(b) KVA

mpqy - $¢0¢/0€/6

Solution
() Voltagein portion V,, =V, -V, =2300-460 = 1840V
100x1000

outputcurrentl, = =217.39 Amp

100x1000

Input current = currentin portion ‘ab'=1,, =1, = =43.48 Amp

currentin portion‘bc'l,, =1, -1, =217.39-43.48 =173.91Amp




. - (Solved problems related to
Auto-Transformer):

- - 2300V 460V S
100KVA S

(a) .

(b) KVA a g

5

Solution =

(b) When auto - Transformer connectedin Two winding transformer
output voltage V, = 460 v
output current 1, =173.91Amp

V, x|, 460x17391
1000 1000

KVA rating in two winding transformer = =80 KVA




. - (Solved problems related to
Auto-Transformer):

- 2300V 460V

(a)
(b) KVA a

©
~
w
=)
~
)
=)
9
1SN
o
o
c

hg

=

Solution

- 25%
kKVA -

80 kVA

20 kVA




. : (COMPARE BETWEEN
AUTO-TRANSFORMER AND CONVENTIONAL TRANSFORMER
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(Understand the principle of Parallel operation of
ransformer).
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(Introduction

Transformer A
Ll .

MR
-

Transformer 8 oy el

Supply Bus




of polarity Test)
(

(Describe the purpose

Supply Bus

Transformer A
L .

¥¢0¢/0€/6
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/

3

Transformer 8




. (Describe the purpose
of polarity Test)

Transformer A
. L]

3

A F

Transformer 8

"

7
m}I Ipqy  $¢0¢/0€/6

Supply Bus




H1

=

[

120V

12V

Test circurt

ADDITIVE POLARITY
H2 ; ;
M——-lM_
(v 132y 120V 2V
- %
0 0
,.Vf"a:”“" 132V
Xt |=E ngﬁ Equivalent battery circul
SUBTRACTIVE POLARITY
H2
i =11+ # [ =
[ e
(V) 108V 120V 2V
- 4
Voltmeter ‘?08 v(%
Yo readin
X2 E E, -QES Equivalent battery circuit

Test circuit

: (Describe the
subtractive and additive polari/

Resultant » 132 V

Vector diagram

12V 120V

Resultant = 108 V

Veclor diagram

Addave Polanty :

CEs(ocor 00m

{ < )
IIQ Jnoy INpqy  Z0Z/08/6

Subtractor Polarity




. (Describe the
subtractive and additive polarityY

Known AC source
ex: 120VAC

(Subtractive polarity):

¥¢0¢/0€/6

av

"% 120Vii2y
o
c
L)
&R
=
Vo=V, = Vb
/; \
U @
+ [ J +
= = ™\
V} - I)-?:.':': 120vac
(?/ = E /

H2 v HI MM
-Su_btractc;r-Po_léri-ty Subtractive polarity AL Ty - e

Test- Subtractive Polarity




subtractive and additive p

(Additive polarity):

Additive Polarity

H,

Additive

(Describe the
olarity):

Known AC source
ex: 120VAC

¥¢0¢/0€/6

Jsedwnpr

120vnav

FEYENTRITT

EEdi
X2 X1

Test- Additive Polarity



. (Illustrate
the test to determine the polarity of a

Known AC source

tnansformer)subtractive e 1A
polarity): .
() (Additive :
polarity): s
>
- - 5 120vH2V g
- H 1 H 2 2 éd
Aulo @ H, H, H, H, @
Transformer " . w
el | 2
Fh Ej) Ef_:f 120vac
i W ' 0 &

Transformer Circut Diagram for Test Additive

Test- Additive Polarity




. (Illustrate
the test to determine the polarity of a

tyansformer)subtractive

polarity): .
() (Additive :
polarity)- - S
(H1X3), (HyX1) g
%
(HiX1), (HX3)
"! H) “] H: Hl Hz Hj Hz
9 o " [ ]
i
AAAANA & Py !
Q Q x‘ xz! Y'Y Y Y Y
xl X|
o L]
0 o ¢ X, X,
? X, Xi Subtractive
Additive




parallel operation):

3-phase transformer (Y-A)
Also known as star-delta connection

a b c

H1 H2 H1 H2 H1 H2

X1 X2 X1 X2 X1 X2

i@University of Washi 59

(Explain the purposes of

ly Load

Supply Bus

Parallel Operation of Single Phase Transformers

¥¢0¢/0€/6
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. (List the conditions of
parallel operation):

¥2¢0¢/0€/6

IS Jnoy [Mmpqy
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the parallel operation of transformer wit
voltage ratip ).
(yO'ta9¢ "R baq

operation):

Common
Supply

Transformer A

Ly
premaalany
hed

p—y
-

]t

Vi/ay

>

il

Transformer B

Vi/a,

(Describe
h equal

¥¢0¢/0€/6

Common
L
op

18 Jnoyg amp

Circuit Globe



https://circuitglobe.com/wp-content/uploads/2015/11/PARALLEL-OPERATION-OF-1-PHASE-TRANSFORMER-FIGURE-compressor.jpg

the parallel operation of transformer wit

voltage ratio ).

a7~ 1s the turn ratio of the
transformer A

as”~ 1s the turn ratio of the
transformer B

Zx 1s the equivalent impedance of
the transformer A referred to
secondary

Zw 1s the equivalent impedance of
the transformer B referred to
secondary

Z; 1s the load impedance across the
seeondary

I~ 1s the current supplied to the load
by the secondary of the transformer A
Iz  1s the current supplied to the
load by the secondary of the
transformer B

b ol 4

Common
Supply

Transformer A

(Describe
h equal

]

Vifay

i

Vi/a,

Transformer B

¥¢0¢/0€/6

o
o

mmon

o
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(=N
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Circuit Globe


https://circuitglobe.com/wp-content/uploads/2015/11/PARALLEL-OPERATION-OF-1-PHASE-TRANSFORMER-FIGURE-compressor.jpg

the parallel operation of transformer wit

voltage ratio ).

Applying Kirchhoff’s
Current Law

lA + IB = IL e s (1)

By Kirchhoff’'s Voltage Law

v (2) and

V,
V= == lplg o (3)

Common
Supply

Transformer A

i

(Describe

ff

Transformer B

h equal
L |
- - O
] S
v \ -
1/d Common
L Eii
g
=
£
@R
Iy
I
B
Vi/ay

Circuit Globe



https://circuitglobe.com/wp-content/uploads/2015/11/PARALLEL-OPERATION-OF-1-PHASE-TRANSFORMER-FIGURE-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/11/parallel-operation-of-single-phase-transformer-eq1-compressor.jpg
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. (Describe
the parallel operation of transformer with equal
voltage ratio ):

V=t g (2) and . !
= T an
' ! o | Transformer A ly | §
V= 1z () W ol
Yo oo Common | % g Vi/ay 7 Common
1 L
Supply %zload
Now putting the value of I; from =
the equation (1) in equation (3) we ! o E
v.:ll ~ b ;
Vi Z z
V= T (I, = 1) Zg () "'_LT
2 B
Solving equations (2) and (4) we will get
% Vifa;
_ Lgly Vi (2, - o) (5)
' ZA ¥ ZB 1% (ZA k ZB) Transformer B
ZAIL Vl (az _ al) Circuit Globe
=5 o e 7 o o (6)

= ¥
ZA + ZB didg (ZA + ZB)


https://circuitglobe.com/wp-content/uploads/2015/11/PARALLEL-OPERATION-OF-1-PHASE-TRANSFORMER-FIGURE-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/11/parallel-operation-of-single-phase-transformer-eq3-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/11/parallel-operation-of-single-phase-transformer-eq2-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/11/parallel-operation-of-single-phase-transformer-eq4-compressor.jpg

: (Describe
the parallel operation of transformer with equal
voltage ratio ).

Solving equations (2) and (4) we will get é] !
N
fz == ZBIL Vl (32 N al) ; | Transformer A ly | §
AT+l aa (it ®) v| LS
Common |\ Vifay 7 Common
Zpl; Vi (a;— ay) supply | 1B
lp = o e (6) =
Iyt Ig a3, (Zy+ Ip) .
\ | =
N
The current I, and Iz has two L
components. The first component — l
represents the transformers share of the
load currents and the second component
1s a circulating current in the secondary 3 I g Vi/a,
windings of the single phase transformer.

Transformer B

Circuit Globe
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the parallel operation of transformer wit

voltage ratio ):
_ Ll Vi (a; - )
A ZA + ZB didy (ZA + ZB)

_ Lyl : Vi (2, - ay)
ZA+ ZB d1dy (ZA'I‘ ZB)

B

Equal Voltage Ratio

In order to eliminate circulating
currents, the voltage ratios must

be identical. That is a,=a,

Under . 7l 7
ATz T (7)

Lply
lp=o—— v (8)

Common
Vi
Supply

(Describe
h equal

Transformer A

[

i

=

Vifay

]l

(a)

Transformer B

Vi/a

(h)

o

! { | u.'ul] y=

e/6

mmon
Load

%

1§ Jnoy Npqy

Circuit Globe
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(Describe the parallel operation of transformer

with equal voltage ratio ).

Zgly
[, = —2 = 7
S/ (7)
Zply
= — 2% 8
B It Ip (8)

Equating equation (7) and
(8) we will get

la_Zs (9)
IB ZA R

From the above equation (9), it is
clear that the transformer currents
are inversely proportional to the
transformer impedance.

Transformer A

p—

¢

Ia

Vi/a

it

Transformer B

\i)

Vi/a;

/0€/6

i

i

TS Jnoy npqy

L [Loaa]-¥ ™~


https://circuitglobe.com/wp-content/uploads/2015/11/PARALLEL-OPERATION-OF-1-PHASE-TRANSFORMER-FIGURE-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/11/parallel-operation-of-single-phase-transformer-eq5-compressor.png
https://circuitglobe.com/wp-content/uploads/2015/11/parallel-operation-of-single-phase-transformer-eq6-compressor.jpg

(Describe the parallel operation of transformer
with equal voltage ratio ):

IA ZB (9) Transformer A A Ia .
=T v RO ARTAREN Common V Vl/al VL Z C()mCD
IB ZA Supply 2 3 H % L] LO%
Equation (9) can also be 2 "
written as r z
S
g = Tglgon o (10) g |-
The current in the equations (7) and @
(8) is changed into volt-amperes by
multiplying the two equations by the
common load voltage VL
7 Ia: '.'."{?-! 1=1,tly l, Z
Therefore, we know that T et S g
o | ¥ g "!" ‘{u” H

The total load in volt-ampere (VA) is — L |
SL — VLIL v e
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(Describe the parallel operation of transformer

with equal voltage ratio ):
S = VLl

The volt-ampere of transformer A is

Sa= Vily Common
Supply

Similarly, the volt-ampere of transformer |

Transformer A

B 1%

I

S5p = Vilp

Hence, the various equations will
be written as shown below

S, = Ly S 11

A i, e i)
7

Sp 2§ e (12)

" LT

~3
—

I

Transformer B

¥¢03/0€/6
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(Describe the parallel operation of transformer

Z )
Sl L R 11
A :E I :: A ( )
S SI TR RN ¥ 12
B :! I :Z ahic ( )

Equating the equation (11) and (12) we will get

SA ZB
e 113
5" 1, (13)

Equation (13) tells that the volt-ampere
load on each single phase transformer
is inversely proportional to its

impedance.
Hence, to share the load in proportion

to their ratings, the transformers
should have the impedance which is
inversely proportional to their ratings.

mmmmm

pr—

Ia

Vi/ay

Vi
Z

mB
s 3

?ZOZ/OQEE/G

Vi/a;

(il

¢ IS JNOY Mpqy
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(Describe the parallel operation of
transformer with equal voltage ratio ):

() (The
parallel operation of transformer with equal voltage

ratio In ({5818 dition): L

¥¢0¢/0€/6

ﬁl—wﬁ*— —
] B
ase A B 1 B Wi-r—
case) ] § g
Vi B BE [
V2 I, g 1 'E ".‘l':
Iy Ig kVA L | E
7 c |
,-f"':!\x

1 Equivalent circuit of
i Transformer A and B in

“‘il\\‘u, 11:., J Parallel Connection.
Iy B

Vector Diagram of parallel operation of two transformer.




(Describe the parallel operation of
transformer with equal voltage ratio ):

() (The ©
parallel operation of transformer with equal voltage S
| =1, +1yatio in ideal condition): =
11,1 7,47, ! & 5
Lig Ln L ZLg —r— W=t | 5
Lo - ¥
ZAZB ; : T 7 T
Lpg = -———() \ g - E o
Ly+Lg L 1 | S =
Again 1,2, =1,Z, =12, V, ,; ;;E e L v .% &
Z TE BE ! |8 1< — |,
|, =12 (2) | 8 B - v, .-
ZA ¢ I.h. | R
Z b
lp=1228 3 |
=17 (3)
putting the value Z ,; of in equation(2) and (3)
| g fnle 1 Y Ly P @ Vector Diagram of parallel
A .
Ly+ly L, Lytly operation of two
I 2,25 1 _1( Z, N 5 transformer.

|
7,42, I, 1,+1Z,




(Describe the parallel operation of

transformer with equal voltage ratio ):
() (The
parallel operation of transformer with equal voltage
ratio in ide%ﬁonditiq:n):

aring o
Power): | =1x ZyLs Xi:|( Zs T p—— (4)
L Y42, 7, L+

Multiplying in equation (4) by — ATER SA AT e

1000 7,7, 1 Z,
IB:|X X—:|( ) ———————— (5)
| V 1y Ly ) V Z,+2, L, Z,+Z,

“71000  Z,+2Z, 1000

Z

jVIA v ) Z, ) A
1000 1000 Z A+ZB _'.—l AW =TI ]

A & B A T

= Q,(KVA) =Qx—"—-—-—(6 * 8 W
Q.(KVA)=Q 747, (6) v Ve [ . | |

Where Q =Total power | ; E %E Z v, 'g

Similarly & : ‘ -

Z
=Qy =Qx———————- (7)

L, +1,

¥¢0¢/0€/6
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nameplate of a transformer):

KVA ,

(16/30),
(50/60 Hz),

)

( ),
( 40°C),

( ,
ONAF, ONFW, OFAN, OFWF

F90°, H115°C, C140°C

(Explain the specification on the

IS Jnoy mpqy  $2¢0¢/0€/6

ONAN,
),
(A50°C, B70°C,ET70°,
55°C),



nameplate of a transformer

(Explain the specification on the

):

75 C , , 34

¥¢0¢/0€/6
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. (Explain the specification on the
nameplate of a transformer):

| R Raychem RP%’) td

PLABARA MHLA | NALAGARN 4
NALAGARN . mmmmn

mrom.
%00 ||pwAses

¥¢0¢/0€/6

- AVA Iz
VOLTSAT  HV| 11000 L

NOLOAD v gh

e &

AMPERES -

(]
eupey__| Wi
VECTOR GROUP | Dyn 11
NAXANDTEW® | s0°C
WAX TEWP RISE O |  50°C
WAL TEWPRSEWDD |  84°C

CUSYOMER NAME - W)y MAMAGRA § WAOORA LTD :
1010 7 0 0 T I"'""_

L UANSFORMER B8 N0 MDA 116

MNWW'
—— NO | COMECTION .




. (Solved problems related to
parallel operation):

KV ase
.ZA :ZB :%X (given) o
A(given) g
Z.Z S
=7, 17 W %
Ly+ 1, o| LV .
ol,=1x Ze A Z Eu
Z,+Z, AB S
.lelx ZA IBZB o
Z,+7Z, olB:
Z, L
*Q,(KVA) =Qx
L, +7Z;
0 Q, (KVA) = Qx - 24
° Z,+Z,
o| = QA
=
Busber voltage
Qg

®  Busber voltage



to parallel operation):

2200/110V Transformer
125KVA

10% B: 50KVA, 1%
2,

Z, =(0009+ j0.00

7. = 001+ joos)0
50

=7, =(0.02+]0.2)Q
Z,+2;=(0.009+0.2)+(0.02+ j0.)
=0.029+J0.2=0.202/81.75°Q)

(Solved problems related

0.8
A: 110KVA, 0.9%

Here given Data
power factor Cosé# = 0.8 lagging

=8 =Cos"(0.8) =3
Total KVARating Q =125/-36.8%

87

‘HSUHO?JHPQV ¥203/0€/6

Let KVA,,, =100KVA
-Z,=(0.009+ j0.10)
100

Z, = x(001+ j005)=002+ 01

Kva Load of transformer A,Q, =7
Kva Load of transformer B, Q. =72



. (Solved problems related
to parallel operation):

- 2200/110 V Transformer 0.8
125KVA A: 110KVA, 0.9%
10% B: 50KVA, 1% , 5%
Z, ? (0.009+j0.1) 5
Z,+Z, 0.029+j0.2
~0.1004/84.86°0)

-~ 0.202/8L75'Q Z, =(0.009+)0.1)=0.1004.8

=0497£3.11°Q

Z,  (002+j0.0Q

5

noy WY $302/08/6

J

_0102£7870°Q Z,+Z,=(0.009+j0.1)+(0.02+ j0.1)
p2228L15 € - 0.029+ 0.2 = 0.202/81.75°Q
= 0.505/-3.05° Q
Load sharing transformer A,Q, =Qx Zs
L, +7,

=125/-37.87" x0.5052 - 3.05°

= 63,125/ - 39.92° KVA
ZA

Load sharing transformer B,Q, =Q x =125/-37.87"x0.497/3.11°
A + B

=62.125/-33.76"KVA



kKVA

. (List the conditions for
parallel operation of 3-phase transformer):

Three phase, three-wire, delta primary

-
o,
c
=
=
o
c
=
&
5

80¢
—

|||—T

120/208




. (List the conditions for
parallel operation of 3-phase transformer):

Three phase, three-wire, delta primary

o2 =
>
o] .

¥20%/0€/6
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. (List the standard rating of
transformer):

KVA
KVA

AN N N N N N
vvvvv\ P

ASA AILEE N.E.L.A

440; 550; 2300; 4300; 4600; 6600; 11000; 13200;
22000; 33000; 44000; 66000
2300; 4000; 4600; 6600; 11000; 13200; 22000; 33000;
44000; 66000; 110000; 132000; 154000, 220000; 330000

¥¢0¢/0€/6
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-150 kVA
6900/230 V
ZA=9.4Q

()
()

300 kVA

KVA

IS Jnoy mpqy  $2¢0¢/0€/6

250 kVA
6900/230 V.
75=5.8Q
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