SMART GRIDS TECHNOLOGIES
SOLUTIONS
PER-UNIT CALCULUS

1 Linear Feeder

Definition of the Per-Unit Base
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Figure 1: Per-unit bases.

The transformers divide the system into three subsystems (see Fig. 1).
The nominal voltages of the transformers can serve as base voltages. So

Voi =10 kV (1)
Vi = 220 kV (2)
Vis = 20 kV (3)

The base power can be chosen arbitrarily, for instance the nominal power of
the first transformer. That is

Ay = 60 MVA (4)

Construction of the Per-Unit Equivalent Circuit

The per-unit equivalent circuit of the system is shown in Fig. 2. The output
impedance of the synchronous machine is given w.r.t. the base V; =V},
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Figure 2: Per-unit equivalent circuit.
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A} = A, (i.e., the nominal values of the synchronous machine). Therefore,
a change of base is required:

Ay (VIN? 60 (12\%
= =41l1— (> =j1l1—(—= ] =71.901
ZsM = jTsm = j Al <%> 115110 71.90 (5)

The short-circuit impedance of the first transformer is

10
Zsc,1 = V:ec,l,% = ﬁ =0.1 (6)
ZTF1 = Zsc,l = jl'sc,l ~ jzsc,l = ]01 (7)

The series impedance of the transmission line is obtained as

Ay
= =iX — 1
ZTL ijL JATL - V;) ]65 2202 0.08 (8)

The short-circuit impedance of the second transformer is

Ab 10 60
z =V - =0.2 9
562 7 Vse2% T AT 100 30 Q
ZTF2 = Zse,2 = JTse2 = JZse2 = J0.2 (10)

Note that the nominal power of the second transformer is different from the
base power. This is the reason for the correction factor above. Finally, the
load power and voltage are

24 + j15
5= 200 644 4025 (11)
60
19
_ 9y 12
o= 5 =095 (12)



Solution of the Per-Unit Network Equations

Without loss of generality, the phase angles of the voltages can be expressed

relative to the load bus. Thus
L = v, Z0 = 0.95

The load current is obtained as

57 _ 0.4 — j0.25

i, ==

~ 0.421 — 50.263
ot 0.95 J

The voltages can be computed straightforward

vsm = U1, + (Zsm + ZTF1 + ZTF2 + ZTL )L

~ 0.95 + j(1.901 + 0.1 4+ 0.2 + 0.081)(0.421 — j0.263)

=~ 1.550 + 50.961
O7F11 = U + (ZTF2 + 211 )IL
~ 0.95 4 j(0.2 + 0.081)(0.421 — 50.263)
~ 1.024 + 50.118
UTF21 = UL, + ZTF21L
~ 0.95 + j0.2(0.421 — j0.263)
~ 1.003 + j0.084

Transformation from Relative to Absolute Units
The corresponding voltage magnitudes in absolute units are
Vam = |Usm| Vp1 ~ 1.824 - 10 kV ~ 18.24 kV

Vrrig = ‘@TFLl’ Vb2 = 1.031 - 220 kV =~ 226.8 kV
VTF2,1 = ‘TJTFZ]_’ V},’g ~ 1.007 - 220 kV = 221.4 kV
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2 Parallel Transformers

Definition of the Per-Unit Base
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Figure 3: Per-unit bases.

The transformers divide the system into two subsystem (see Fig. 3).
Again, take the nominal voltages of the transformers as base voltages. Namely

Vip = 20 kV (27)
Vi = 0.4 KV (28)

The base power can be chosen arbitrarily, for instance the nominal power of
the transformer with the higher power rating. That is

Ay, = 1000 kVA (29)

Construction of the Per-Unit Equivalent Circuit
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Figure 4: Per-unit equivalent circuit.

The per-unit equivalent circuit of the system is shown in Fig. 4. Without
loss of generality, it can be assumed that the phase angle of the equivalent



voltage source is zero. Thus

Vi 20
Ve = 4 = == — = 1
vg = vgZ0 v, = 20 (30)

Since the short-circuit impedance is assumed to be purely inductive

Zse V2 Sy 1 20?
o= o T Oh 2 20 0.00287 31
O e T T S V2, 348207 (581

Zg & jrg = jzg ~ j0.002874 (32)
The short-circuit impedances of the transformers are obtained as follows

5

25071 = ‘/;07% = m = 005 (33)

FIPL = Zs0,1(CO8 Bse + 78I ) = 0.05 - (0.22 + j/1 — 0.222) (34)
A, 5 1000

SV 2= 2 0 195 35

Fse2 = Vse %A= 700 400 (35)

ZTF2 = Zs¢,2(COS se + jsin ds) = 0.125 - (0.22 + j/1 — 0.222) (36)

The parallel combination of the two impedances yields

1.1 0.05-0.124
Zrr = (Zppy + Zrpe) 005+0125022+]\/1—0222 (37)

~ 0.00786 + j0.03484 (38)

Solution of the Per-Unit Network Equations
The short-circuit current is straightforwardly obtained as

_ ~ ~ 5.295 — j25.413 39
YT o+ Zmr - 0.0078 + j0.0378 J (39)

with a magnitude of

i = [i| = [5.295 — j25.413| ~ 25.96 (40)

Transformation from Relative to Absolute Units
The corresponding current magnitude in absolute units is

Ay 1000
A~ 25.96———— ~ 37.5 kA 41
V3Vha 1.732 - 0.4 (1)

I=i-Iyy=i
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