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Principle of operation of single-
phase transformer
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TRANSFORMERS

Example 1

Assignment

Single-phase transformer has primary voltage under no-
load V,,=3000 V and secondary voltage Vy,=400 V.
Primary winding has 1300 turns, cross-section of its core is
S=80 cm?, frequency 50 Hz. Calculate:

a) Magnetic flux density in the transformer core
b) Transformer ratio
c) Number of secondary winding turns
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Example 1

Solution

Ad a) The voltage under no-load is at the real transformer

very closed to the induced one, in the case of the ideal one
are the same:

Veo = Vi =444 [ O N, =444 f By S+ N

I/indP 3000

B.. = =
" 4,44-f-S-N, 4,44-50-80-10"%-1300

=1,29T



TRANSFORMERS

Example 1
Solution
ad b)
_Vour _3000 __

VindS 400
ad c)

V. N V. 400
K= mdP= P_)NS=NP' mdS=1300_—=174

I/indS N S I/inﬂlP 3 000



TRANSFORMERS
Example 2

Assignment

Single-phase transformer of the nominal power S, =3 kVA,
nominal primary voltage V,,=1000 V, nominal secondary
voltage V, =230 V, frequency 50 Hz, has number of primary
turns N, =700 and cross-section of its core S=46 cm?.
Calculate ratio, number of secondary winding turns,
magnetic flux density in the transformer core and currents
in the primary and secondary. Transformer losses are
neglected (=ideal transformer).
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Example 2

Solution

Ratio:
Ve, 1000 B

,34
y 230 °

n

Number of secondary winding turns:
700

K = VPn=NP_)NS=&= =162

Veu N K 4,34

Magnetic flux density in core:
Vp, 1000
Bn

" 4,44 - f-S- N, 4,44 50-46-10*.700

=1,4T




TRANSFORMERS

Example 2

Solution

Current in the primary:
Spn 5000

v, 1000 >A
Current in the secondary:

SPn - VPn . IPn - IPn -

S 3000 _ 51,744
v, 230 77

SSn = Spn = VSn o ISn = ISn —



TRANSFORMERS
Example 3

Assignment

How large magnetic flux ¢, is in the magnetic core with the
cross-section of S=15 cm? at magnetic flux density

B.=1,1 T? How large voltage will be induced into one turn of
the secondary winding and how many turns it must have to
get the ratio of 230/50 V? Transformer losses are neglected
(=ideal transformer).
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Example 3

Solution

Magnetic flux in core:
®p=B, $S=1,1-15-10%*=1,65-10"3Wb
Induced voltage into one turn:
V, o =V =444 f-0p, =4,44-50-1,65-1073 = 0,366V

Number of secondary winding turns: " co
S

V. =444 - f- @, No=V,, * N> N, =— =

S S S1 S S VSI 0’ 366

=137



TRANSFORMERS
Example 4

Assignment

Three-phase transformer in the connection Yy0 has these
parameters:

 nominal power S, =630 kVA
* nominal primary voltage V,,=3000 V
 nominal secondary voltage V_, =525V

Calculate nominal currents and impedances in the primary a
and secondary windings. Losses are neglected.
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Example 4
Connection Yy0
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TRANSFORMERS
Example 4

Solution

Nominal current in the primary:

o Spy _630-103_1212A
V3 W3-3000 ’
PN

Nominal current in the secondary:
Sev 630 - 103

I = =
V3. y,, V3525

Nominal impedance in the primary:
Ve Ve 3000

=693 A

7 = = = = 14,3 ()
™ Ly V3:Iy V3-121,2
Nominal impedance in the secondary:
V. 525
Zyy = Vo o _Zsv = 0,43 O

I,v V3.1, V3693
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Example 5
Assignment

Three-phase transformer in the connection Yy0 has these
parameters:

* nominal power S,=1000 kVA

* nominal primary voltage V,, =35 kV

* ratio K=5,56

* number of primary winding turns N,=1600
« percentage current under no-load i, =5,5 %
« percentage impedance z,,=5,5 %

Calculate number of turns and nominal voltage of
secondary winding, current under no-load and short-circuit
voltage. Losses are neglected.
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Example 5

Solution

Number of secondary winding turns:
k=22 N, =D 1600 g,
Ng * K 5,56
Nominal voltage in the secondary:
Vev 35103
K 5,56
Current under no-load :

] Iy, iO'IpN 5,5-16,5
=2, = = =0,91A
o 100> 1y =00 100

Nominal current in the primary:
Spy 1000 -10°

IPN_,\/§. VPN_ﬁ,35,103_

=6,3-103V

Ven =
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Example 5
Solution
Short-circuit voltage:
Viok %y Vev_5,5-35- 103

=1,93-103V

o = —— 100> Ver =150 100
VPN



