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Referring over a transformer

An example

U “ 110
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20kV level E Y,
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Referring and p.u. values

1. Referring over a transformer (from U, to U,)
U= (Uzn/Uln)' U,
I; = (Uln/UZn)' 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,



Referring over a transformer

The previous example using p.u. computation

Let s select

S, = 20MVA

U,, = 110kV
U

Uy = Uy = 20kV

Z,, = S 605 Q)
U2

Zy =

L, =




Computation using p.u. values (1/4)

Example network

Uy /Up = 15 /400K V Uy /Uy = 400 /NS KV
Sy, = LOOMYA S, = 400MVA .
v, = 070 . = 015 f, =100M
gy | | >
Qz :30“‘\”\\"
x: =600 X =200
| I | J2
Sy = 400MVA
Uy = 15 kV Py =200MW
Xq= 2.00 Q; =50 MVAr

Baseimpedances: Z, =U,’ /Sb

S, = 400MVA & U, = 400kV
400* kV?

Basenolgesst 400kV level: = 400Q
400kV selected 400 MVA
115° kV?
100kV level: 12 .400kV = 115kV 110kV level: V33060
400 400 / MVA
15 kV level . 1—5°400 kV = 15 kV 15 kV level . 152 sz - 0 56259
400 400 / MVA ’

Basecurrents: I, = S, / V3 U,
400kV level: 400 MVA /+/3-400kV = 577,4 A
110kV level: 400 MVA/+/3-115kV = 2008,2 A
15kVlevel : 400 MVA/+/3-15kV = 15,4kA




Computation using p.u. values (2/4)

Example network Uy /U =15 7400KV Uy /Uy = LO0 /15 KV
S\, = LOOMYA Sy = 400MVA o
| Uy, = 0.1{}| luxz= D.15l _-2_
@ | D [, =eea | D =70 @, =30 MVAr
Sy = LOOMVA l-l
Uy = 15 KV P, =200MW
X4= 2.00 Qy =50 MVAr
Base impedances: transformer reactances:
400kV 110kV 15kV U 2
400 Q 33,06 Q2 0,5625 Q) Kot = X - S
line reactances:
X
60 Q ml
x, =—— = 0,15p.u.
T 2000 2
200
X, = = 0,6 p.u.
2~ 33,060 2

generator reactance:
2 2
1
X, = xd-Un = 2,00- >
1,125

Xd = =
0,5625




Computation using p.u. values (3/4)

Example network

U, /Uy =15 /400K Uy /Uy = L00 /N5 KV
Sy = LOOMYA Sy = LOOMVA -
Bl o.1n| | 0.15l Py =100MW
@ | @ | Xh =604Q I @ xh:zuﬂ 'er aieas
Sy = bOOMYA
Uy = 15 kV Py =200MW
Xq= 2.00 Q; =50 MVAr

O+~

Xg=  Xmi= XJ1=
2.00 0.1 0.15




Computation using p.u. values (4/4)

Example network

H—O—{—1—

Xg=  Xmi=  Xj1=  Xmp=
200 01 015 0.5

Computation by p.u. values

a) the load current of transformer 2 ?

S=F+P)+j(Q,+Q,) =0,75+;0,2 = 0,776 £14,4°
s=ui* ; letustake u=1 = 1=0,776
currentin 115kVlevel: I = 0,776-2008 A =
currentin 400kVlevel: 1 = 0,776-577,4 /

b) short circuit current in tranf.




Load flow computation in a meshed network

L
L

|,

Xll ' Xln
XZI X2n
_an Xnn

U,

I |

2

a .

= YU

Kirchhoff’s current law:

li = XiO gi +Zn:Xij (—' 'HJ)

j=1
Rearranging the terms
li - Xio +2Xij Qi — ZXijgj
j=1 j=1
};ti j’ii

Which is in matrix form:
‘Jr — YrOLJO

Y = nodal admittance matrix

Y, = diagonal element, self-admittance
= sum of admittances in node 1

Y= non-diagonal elements
= admittance between nodes 1) multiplied by -1



Load flow computation

Node types in a meshed network

Load node
- P,Q are known

- U,d are computed

Generator node
- P, U are known

- Q,0 are computed
- anin < Q < Qmax

Reference node
- U, d are known

- P,Q are computed

Polar presentation of network equations

Matrix equation in sum form:
Jo=2y. U k=1l.n
i=l1

For power it holds:
P —JQ, = Hk*lk = Hk* sz.gi
i=l1

In polar form:
U, = Ue™, Y T Ve, U; = Ueh

1

The equation for power comes:
Pk _JQk e ZUkYkiUie_j(eki_8i+5k)

i=1

Writing the exponents by sin and cos:
e 170 = ¢o5(0,, — 8, +8,)— jsin (0, -, +5,)

The equations for power flow become:
P, = ZUkYkiUi cos (0,; — 96, +9,)

i=1

Q, = ZUkYkiUi sin (0,; =3, +9,)

i=1

k=1...n-1




Load flow computation

The solution for network equations
1. The equations are arranged so that first are the load nodes and
then are the generator nodes. In the number of nodes is n, and the
number of generator nodes is m, the number of load nodes is n-m-1

2. The network equations are written:

AP AS, ]
. J, J, .
APn-l _ Aén—l
AQ, B AU,
J, J,
_AQn-m-l ] L a _AUn—m—l _

Ji...J4 are Jacobian matrices of network equations :

P, OP.

Jlij = g 1 J2ij - :
06, ou,

i an J — 6Q1

J3»ij - o5, 4ij ouU.

J J



Load flow computation

. Give initial values for voltage amplitudes and phase angles

. Compute P and Q for load, generator and reference nodes

P = ZUkykiUi cos (G; — 0, +9,)

i=1

Q, = ZUkykiUi sin (6; — 0, + 6y)

i=1

. Compute AP for load and generator and AQ
for load nodes (difference of calculated and target values)

. Calculate the Jacobian matrix

OP. OP.
Jlij - l J 2%j :

25, oU,

oQ, oQ;
Ty = Jo =

25, oU,

. Invert the matrix and compute the corrections for node voltages AU, AS

201 =7 [s0

. Back to 2 and calculate new P and Q, until convergence ...




Load flow computation
The flow of computation

. Give initial values for voltage amplitudes and phase angles
. Compute P and Q for load, generator and reference nodes

. Compute AP for load and generator and AQ
for load nodes

. Make Jacobian, invert the matrix and compute the corrections for
node voltages AU, A8

. Back to 2 until convergence

Defining the load flow

When the voltages are known, the currents are obtained:
L, = Yki(Uk _Ui)

The power flowing into a line:
S = UL, =0, Y, U, -U)

The power loss of a line:
Sii = Yi[U, _gi]z




Load flow computation
Newton-Raphson method for iteration

+ f(x) { f(x)

Y1
/
ceee X5 X, X0

f(x, + Ax)) = vy,

of
= f(x,) + &(Xo) AX,

= Ax, = Y — f(Xo)
(x,)
[5).4 0
= X, = X, + Ax; = X, + yi — f(X)

%(Xo)




Load flow computation

The sets of equations Admittance vs impedance matrix
yi — fi(x,x,) = o, — Ax, 6fl Ax, | = YU
| o, >U=VYll =2l
Y, — H(x,,%x,) = i —>AX, 5f2 Ax, _ . .
\ 0X, axz Z is the nodal impedance matrix

z.; node self impedance

In matrix form: (corresponds to short-circuit impedance)

y — k) = Jk)Ax z; transfer impedance of nodes 1 and |
<

|:Y1:| - |:f1(k):| _ g_ill % |:AX1:|
Y, f, (k) gf—)é sx—fzz AX,

J(k) is the Jacobian matrix
= x(k + 1) = x(k) + Jk) " (y - f(k))




