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Alternating current & phasors

u(t) =a cos mt

o = angular freq =2n

Rms value U = .

V2




3-phase system

T

Line voltage is
Between phases

UL:\/?UP




Single line diagram of a 3-ph system

Z Z
UP
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U
O,

quatities Up and Ip cancel when summed
utrals behind the load and source are zero
is made by connecting neutrals

o exhibit similar behavior



Powers & single line diagram of a 3-ph system
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Power: S = 3U,l, = V3 U, I

Impedance Z : \

Up 3Up
7 = —— = .

I, Ur " 73

3 Up? U, ?
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Powers in a 3-ph system

a) 230V

S = 3U,I = ﬁ U, I /R\‘ Resistance R
P = Scoso L1 U=RI=I1=23A
10 O
Q = Ssing¢ . - U b= 0°
S = P2+ Q2 |
S = P +jQ . P=3U lcos¢
=3-230-c0s0°-23W =15,9kW

Q=3U,Ising=0

Reactance X = jolL

I[=23A  U=Xl)
U

r=159kVAr




Powers in a 3-ph system (continued)

<) 230 V Z=R+ jX =10+ j10=14,12£45°
=

PR 2L 230207
10Q 100 Z 14,12/45°
.. =16,26£—-45°A

U
N gedse
e
I

P = 3UpIcos¢ = 3.230 -16,26 - cos45° = T79kW
Q = 3UpIsin¢ = 3 -230-16,26 - sin45° = 79 kVAr
S
S

= 3UpI = 3 .230 - 16,26 = 11,2kVA

= (P> + Q> = 112kVA

Another way

Reactance (ind)

——
L

X =joL

0]
Eq)%o
I

S = 3U,I," = 3UpL0°-1,£45° = 3U, I, £45° U = U L£0°
= 3-230-16,26£45° VA = 11,2 L45°kVA [=1/-¢
= 79+77,9kVA = 1./4
Computation usually using line voltages B
= S=3U0,l
PP
S=43 RIS

Capacitance

——



















Delta-Star transformation in a 3-ph system

Z Z/3

alytical solutions are made using single line
etween phase and neutral, i.e. in star

sformed to star.



Lines
I, Z/2 Z/2

T T
: ( s = length
Z= (r+jol)s r = resistance / s
< | = inductance / s
Y=(g+joc)s g = conductance / s
C = capacitance / s

\

Long lines

cosPs JZ, sinPs|

Ha _ 1 Hb
I _jZ—sinEs cosPBs || L,

—C

B =4 (r+jol)-(g+ joc)
Z, =\ (r+jol)/(g+ joc)




Generators

Zi - R+de

(~—— U2
Z; > Xe=Xg o

E, U, N

Xy > Xy > Xy

synchronotus, transient, subtransient reactance

transmission grid

= short circuit power MVA



Transformer

Z, = R +]X,
Zy U2
j> ] R, =u -~
SN
oltage (kV) E
er (MVA) X, =u N
uit reactance




o Referring over a transformer

N,

Secondary impedance Z, referred to primary ?

—eo
D=
Z2

insecondary Z, = %
2
U Uz'% N)
in primary Z, = —L = » _ [N 5
o - A PR % I, | Ny (sz ?
U2 Nz 2 N1
usually we write N, _ U
N2 U2n

S =3U,I, =30,

— L, _ U, _ N,
L U, N,




Referring over a transformer

Rlemple S, = 1000 MVA

Xk XT
-

1o,y u = 10%
1 20 Sy = 20 MVA

/

14

U
20kV level E=—"2
V3
S - D — 481KA
\E(xk +ij V33 ) 121+ 2)0
U,
3
e 110kV _ 0,875KA

B2+ () 20




Referring and p.u. values

1. Referring over a transformer (from U, to U,)
U= (Uzn/Uln)' U,
I; — (Uln/U2n)' Il
Z, = (U2n /Uln )2 Z,

Referring is easy when only two voltage levels

2. In case of several voltage levels p.u. computation

Select for the base values some base power S, and
voltage of one selected voltage level U,

|:> Other base voltages by transforming ratios:
Uy, = (Uzn/U1n)'U1b

|:> Current base value by base power and base voltage:

I, = Sb/*/gUb

|:> Impedance base value by base power and base voltage:

Z,= sz/Sb

3-ph power as a p.u. value using the equation s = ui*
Other computation as with single line diagram




Calculations using p.u. values

The actual UkV), I(A), Z(Q), S (MVA), P(MW), Q(Mvar) values are first
scaled by corresponding base values of the voltage level in question

u= U/U, i=1/1, z = 2/7, s=S/S,

As the result we have per unit (p.u.) values. Now all the different voltage
Levels have been transformed to the same general domain and no any
Referring over transformers is needed any more.

The calculations are done with single line diagram. For 3ph powers s = ui*
Once the calculations are done, we have the results in the form of

Dimensionless p.u. values.

Finally the results are transformed back to actual physical values by
Multiplying the p.u. values by the base values of the concerned voltage level.

U =uU, | =il, Z=17, S =58,



