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Intfroduction n

A per-unit system is obtained by referring all quantities of a system
to base valves.

let A = A, + jA;;, be a complex quantity, and 4, the its base value.
The corresponding per-unit quantity a is obtained as

For the abslute value |al, one finds
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Coherent Base n

When selecting the base values for a number of quantities that are
coupled by physical laws, the dependencies between them need
to be respected. That is, the chosen base values need to be
coherent (i.e., respect the same physical laws).

Example: Let A4, B, C be quantities which are related by

C==
B

Then, the corresponding base values A,, By, Cp, Need to satisfy the
same relation in order to form a coherent base. Namely
Ap

C, =
b= g,



Single-Phase Case n

In power system analysis, one needs to select base values for
power, voltage, current, and impedance (or admittance).

In a single-phase system, the base power 4, and the base voltage
V, are (obviously) single-phase quantities. Typically, 4, is the rated
per-phase power, and I/, the phase-to-ground voltage. The other
base values can be computed as



Three-Phase Case n

In three-phase systems, it is more natural to select A, as the three-
phase power, and V, as the phase-to-phase voltage. The other
base values are computed as

Ap
Ib=
V3V,
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If the system is balanced, it can be reduced to an equivalent
single-phase system (i.e., the positive-sequence system).

The phase-to-phase base voltage V, and the phase-to-ground
base voltage E},, are related as follows

Eb=

s



Example

Line parameters:

1 SOkm y o R' =0.0717 Q/km
X' = 0,424 Q/km
100 km 100 km G'=0 S/km
B' =2.64 uS/km
3

Line rated voltage: 220 kV.

Assume a base power of 100 MW.

Calculate the nodal admittance matrix in pu.



Example

The base values are P, = 100 MW and V, = 220 kV.

First, transform the longitudinal and transversal electrical
parameters of the lines into pu. Namely

A 100
r'=R'—2=0.0717 -

” —>oz ~ 1467 - 107 pu/km
b

Ay 100 L
X' =X'5 = 04245~ 8.760 - 10~ pu/km

02
~ 1.278 - 1073 pu/km

b
b =570 564y 2
7, “P™M 100




Example

Then, compute the branch admittances in p.u.

V12 = ~ 3.75 — j22.2
Y12 50(r" + jx') J

V13 = ~ 1.88 —j11.1
Y13 100(r" + jx') J

V23 = ! 1.88 —j11.1
Y23 = 100(r" + jx") ~ J 25

and shunt admittances, too

1

1
Y20 = 5(50 +100)jb’ = j0.095

1
V30 = (100 +100)jb’ ~ j0.128




Example n

The entries of the per-unit nodal admittance matrix are

Yi1 = Y12 + Y13 + J10 = 5.63 —j33.3

Y22 = Y12 + Y23 + Y20 = 5.63 — j33.3

Y33 = ¥13 + V23 + Y30 = 3.75 — j22.1
¥, = Ty = —Jr1p~ —3.75 + j22.2
Vs = Vay = —J15 ~ —1.88 + j11.1
Vys = Vap = —5p3 ~ —1.88 + j11.1



Equivalent Circuit of a Transformer

I8 Zsc I' n:1(ideal) L
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The equivalent circuit of a fransformer in absolute units looks as
shown above, where Z. is the short-circuit impedance, Y, is

the zero-load admittance, and n is the transformation ratio.

The transformer is described by

_ e
151=n}52+%12
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Il = TlYOEz + E(l + Yozsc)lz




Equivalent Circuit of a Transformer n

Let’s now consider the base values V,4,V,, equal to the line-to-line voltage
for the two sides of the transformer and the base value A4, equal to the
three-phase power. The parameters of the transformer Y, and Z,., expressed

in per-unit, will be as follow:
2

b
c=Z =Yy 2
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It is now possible to write The previous equations in per-unit by

multiplying it by ﬁ. Let’s start with the first one:
Vb1

F V3 _ 5 V3 Vb, 5 L V3
E1 V—bl_nEZ Vb, Vb2+ZSC n Vs,
Vb2 _ LIy, V3 Ve VH L Ay V3

V4 =NVy—+ ZscZp1 * =Nnv,—+2Z .
1 Vbl scebl n Vbl Vbl S¢ Ab n \/§Vb2 Vbl

1
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Equivalent Circuit of a Transformer n

Similarly, the second equation of the transformer can be re-written in
per-unit as follow:

T ‘/§Vb1 ‘/—Vb1 Vb, Vb, vV 7 L ‘/§Vb1
h-— =Yo(nly) - A Vo, Vb, T YoZsc+1) -7 —
Vp 4, VA4 ) I, A, V3V,
I = Jo(niy) - 2 + ( bt :

|74
I = yo(nvy) - T + VoZse + 1) L1

1 n Vbz



Equivalent Circuit of a Transformer m

If the base voltages V,; and 1, on the primary and secondary
side of the transformer are chosen such that

Vb1 _
Vb2

(i.e., their ratio matches the transformation ratio), the per-unit
transformer equations read as follows
V1 = Uy + Zgclp
1 =Yov, + (1 +_)702_sc)fz

; ESC
This corresponds to the circuit . %! { DN




Equivalent Circuit of a Transformer

Conversely, if I,; and 1, are selected so that

the equivalent circuit is more complicated. Let 2. and y', be
the values of Z,. and Y, expressed in the base of the primary

-1
side,and m =n (@) . Then, the equivalent circuit looks as

Vb2
follows
_ 1 = _
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