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Topic - Transformers

Content

= Equivalent circuit of two-winding
transformer
« Short - circuit state of transformer
+ Open — circuit state of transformer
<+ Recomputations real and relative Values

« Calculation of transformer pasive parameters
(series and shunt parameters)

+ Example
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3rd lecture KEE/TPDE

Equivalent Circuit of Two-windin
Transformer (1)

= We can substitute two-winding transformer by two

elements in series (see Fig. 3-5):

+ Ideal transformer without active and reactive losses with
transformer conversion (ratio) p given to no-load ratio (i.e.
nominal transformer conversion)

+ Equivalent two-port network (quadrupole), that contains passive
parameters of real transformer (usually it is considered in form

~ T cell)
I Z, Z, L

Equivalent Circuit of Two-windin
Transformer (2)
= If we have on secondary side linked ideal
transformer, we must recount all secondary values
in T- cell on level of primary voltage (in Fig. 3-5,
3-6 are marked by comma)
= On this assumption:

Z1-2Z2 = series impedance Zx=-21+22"

= We determine the parameters of equivalent T- cell
from no-load and short—circuit measurement

= We suppose uniform loss repartition on both
winding

Equivalent Circuit of Two-winding
Transformer (3)

= In two-port network in form T-cell:

+« series elements (= series impedance) mean
resistance (effective resistance) of winding and
leakage reactance of winding
At determination series elements we can go out
from short — circuit state, where it is possible to
neglect shunt parameter.

< shunt elements (= shunt admlttance? mean
conductivity (resistance) respecting no-load losses
and exciting susceptance (reactance)
At determination shunt elements open — circuit
state is important, where it is possible to neglect
series parameter.
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Equivalent Circuit of Two-windin

Transformer (4)

= where:
« Ry, Ry resistance of primary (input), secondary (output) winding

X51/ X52 leakage reactance of primary, secondary winding
+ RFa resistance respecting no-load losses
 Xm reactance respecting exciting current

Transformer - Short - circuit State (Fig. 3-7)
Zic
m secondary side is short
connected, on primary side fLJ l

we step up voltage until In
nominal current will flow
in winding

Fig. 3-7: Equivalent circuit of short

= 0on primary side is connected two-winding transformer

short — circuit voltage
reaI value (in named units) Uk =2k I

- in relative units (relatid to nominal voltage)

Transformer - Open - circuit State (Fig. 3-8)

= transformer is fed in primary [
winding by nominal voltage o l

and the same time the
secondary side is disconnec-
ted’ I.€. IS. Off, load Fig. 3-8: Equivalent circuit of no-
(open - CIrCUIt) load two-winding transformer
= no-load current (eff. current of primary winding)

+ real values (in named units) L=Yq-U,

« relative value v
(related to nominal current) b _Yabh o

o b= I - Y. U —’q
« it is consumed by no-load losses, #,L

which we can count from it (see further)
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Recom ions Real and Relative Val

= In recomputation between real values and
values in relative units we use: U
f =

S=+3U -1 , where from Ohm's law I= -

= after substitution 2
VB-UsUs U2y , U ie Zn=5"
V3.Z z S n
= we determine impedance in r.u. as
ua

Z _ Z
2= =< :2-%% Z-2.2,-2--N
Zn Ui Ui Sh

Sn

[

S

©

S=

10

Derivation of Series Parameters (1)

= By determination of series elements we can go out
from short-circuit voltage and short-circuit losses.
In short-circuit state is possible to neglect shunt
parameter.
+« Value of relative series impedance we determine from
short-circuit voltage L, Z 7, L L
_ Uk[%] \-
100
o
« Value of series impedance in Ohm we put at recompu-
tation from relative series impedance
U2 Uk[%] U2 -_—
7, =z, - =LAl Fn 5. _ ”
k = 2k S 100 'S, | 21 =200 2% =0U+7

Derivation of Series Parameters (2)

+ Effective resistance of windings we can determine
from nominal short-circuit losses

AP = 3RyIy”

Sn = v3Unl,

S APk[”—"jz [) =2
“GR) Sn V3 'gn
n

\/§ : In = U
<« In relative units then @ (s:jz

2 u
S Uy) S, AR h
b —R, .20 A [J] .=n _ AK
KTk U% A Sn U% Sn
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Derivation of Series Parameters (3)

+ Leakage reactance of the windings (short-circuit)
v Ohm or relative leakage reactance of the windings
we determine from known values of impedance and

resistance R
e B = 2]

[72 _p2 U% 2 (AP 2 Uﬁ
Xok = zk_Rk:Xk'§: uk_(?] g [Q]

+ Conclusion - total series impedance
2k =Ry + Xk Z =1y + Xok]

Derivation of Series Parameters (4)

= Recomputation of parameters can be made
to input voltage U, (node 1) or eventually
to input voltage U, (node 2).

m Losses and leakage reactances at thinking
recomputation on one voltage level divide by
fifty-fifty on both winding.

« For ohmic resistance of primary side and
recomputed resistance of secondary side, as well as

for leakage reactance then is valid:

..R . Xoj
R1 =Rz i7k Xo1 = Xo2 :Tk
where: R,", X" are values recomputed on level

of voltage U, = Uy .

Derivation of Series Parameters (5)

= If recomputed parameters are executed to
input voltage U, , we obtain real series
parameters on secondary side by backward
recomputation over reverse transformation

ratio on second:

2| 2|
(U (U
i ) B A 0
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Derivation of Shunt Parameters (1)

m By determination of shunt parameters is
important open-circuit state, i.e. no-load
current and no-load losses, when is possible
to neglect series parameter.

« Value of relative shunt admittance determinate from
no-load current o]

Ya~ 100

+ Value of shunt admittance in [S] we put at recompu-
tation from relative shunt admittance

Sn _lor%] Sn

Y —y_ .20 _
q qu% 100 2

Derivation of Shunt Parameters (2)

3 Value of conductivity Gg, in [S] can determine from
the no-load (iron) losses:

AP, = 3R -2 = 1 AP
0 Fe Ou 2 2 /'GFG:F:TS [S]
:3RFe( : ]:J:GFe'U% Fe 1
“/gRFe RFe

< In relative units then:

U2 APy UZ AP
—Gp. -0 =270 .%n _ 270
Jre Fe S, U% S, Sh

Derivation of Shunt Parameters (3)

@ SUsceptance respecting magnetic flow v [S] or [r.u.]
we determine from known values of admittance and
conductivity:

b =¥3 - e
2_ 2 S
Bm = Y& - GZ “bp 25 IS]

n

<+ Conclusion — total shunt admittance:

|Yq =Gre +JBm Yq = 9Fe + jbm|
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Equivalent Circuit of Two-winding
Transformer - Example 3-1 (1)
m Task:
« Create an equivalent circuit of the transformer in the
form of T-cell type two-port and determine the
specific values of the passive parameters, i.e. series

impedance of the primary and secondary windings and
shunt admittance:

a) in the named units, i.e. in [Q] and the [S]
b) in relative units [r.u.]
< Values on the label of solved transformer are:

$,=63 kVA p=U4/U5=6/0,4 kV
APy=0,34 kW AP, =1,25 kW
u=4,5 % i0=3 %

Equivalent Circuit of Two-windin
Transformer - Example 3-1 (2)

= Ad a/ Solution in [Q] or [S]
+ Series impedance

Ukro U2 103
zkzi"[/"]-ilfoms-(—f6 10°) _25710

100 S, 77 63.10°
= Effective resista;nce of windings
2
u 3( 6
Rk =AP | 1| =1,25-10%| = | =11,34Q
k=40 [sn J (63J
Ry =R =%Rk =5670Q
2 2
R, =R) [Ui] = 5,67(0’—4) =252.102 0
Uy 6

Equivalent Circuit of Two-windin
Transformer - Example 3-1 (3)
= Ad a/ Solution in [Q] or [S]

+ Series impedance
o Leakage reactance of the windings

Xy =/Z2 ~RE = /660,49 128,60 = 23,06 ©

Xo1 = Xo2 :%xk =11,53 0

2 2
Xy = Xon [3—2] - 11,534(%4] -512.102
1

Zk =Ry + X =11,34 + 123,06 = 25,71./63° Q |
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Equivalent Circuit of Two-winding
Transformer - Example 3-1 (4)
= Ad a/ Solution in [Q] or [S]
<+ Shunt aglmittance
Yo =%l 50 _0,03.%3 __5250.106s

47100 2 62.10
= Conductivity respecting the no-load (iron) losses
APy 0,34 -6
==0- =9,44.107°s
Tw 62108

n (Effective resistance respecting no-load losses)

Rpe = GL =1,06-10° Q

Fe

Equivalent Circuit of Two-winding
Transformer - Example 3-1 (5)

= Ad a/ Solution in [Q] or [S]
+ Shunt admittance
= Susceptance respecting magnetic flow

2 2 -6
B = /Y& ~GZ, =51,64-10°5

= Reactance respecting magnetic flow

Xm === =1,94-10% 0
Bm Yq2 _GFeZ

Yq = Gre + - = Gre — By = (9,44 —51,64)-10°6 =

Xm
=5,25.107> ,280° S

Equivalent Circuit of Two-windin

Transformer - Example 3-1 (6)

= Ad b/ Solution inr. u.

+ Series impedance

uk[%]
= = 4
Zy 100 0,045

m Effective resistan3ce of windings
o= L2107 0108
Sn 63-10
=t = %rk ~0,0099

2 2
P [‘d—fj - 0,0099~(0é4j ~7,33.10°6
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Equivalent Circuit of Two-winding
Transformer - Example 3-1 (7)
= Ad b/ Solution in r. u.

+ Series impedance
= Leakage reactance of the windings

Xic =22 —12 =+20,25-107% ~3,92.10~% = 0,0404

Xop = Xopp = %xk - 0,0202

2 2
X2 = X2 [t’fj - 0,0202.(0('54) - 89,78.10°°

Zk =T + i = 0,0198 + j0,0404 = 0,045./63° O |

Equivalent Circuit of Two-winding
Transformer - Example 3-1 (8)

= Ad b/ Solution inr. u.
<+ Shunt admittance

i0[%]
= =0,03
Ya= 00

= Conductivity respecting the no-load (iron) losses
_ APy 0,34
Fe™s, ~ 63

=5,397.1073

u (Effective resistance respecting no-load losses)
fre = —— = 185,29
Ire

Equivalent Circuit of Two-winding
Transformer - Example 3-1 (9)
= Ad b/ Solution inr. u.
<+ Shunt admittance
= Susceptance respecting magnetic flow
bm = Y2 ~ g = /(900 -29,126) 1076 = 29,511 103

= Reactance respecting magnetic flow

1_ 1 3389

Xm = —
bm Yq2 *gFez

Yq = Gre + JXL = Gre - jbm = (5,397 - 129,511) 1073 =
m

=0,03£280°
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Next time

= Creation of substitution schema
of the EPS part
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