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Power Flow Equation or Static Load Flow Eqn
in Polar form

* Let us consider a 3¢ balanced power s/s. The analysis can be carried
out on a 1-¢. The 1st step 1n analysis i1s formulation of suitable eqns
for the power flows 1n the s/s.

* The power s/s 1s large interconnected s/s, where various buses are
connected by TLs.
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* At any bus 1, the complex power Si (injected) is:
S.=SG;-SD,. — (1)

Where:
S; - Net complex power injected into bus i
SG, - Complex power injected by the generator (@ bus i
SD, - Complex power drawn by the load (@ bus i

* By conservation of complex powers, at any i-th bus, the complex power injected into bus = sum of

complex power flows out of bus.

28,=X8,, i=1,2,....,n —(2)
Where:

S, - Sum over all lines connected to the bus

n - No. of buses in the system (excluding reference bus)
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* Bus current injected at the 1-th bus,
L=1-1Ip 5 i=1,2,...,n — (3)

Where:
I, - Current injected by the generator at the bus

I},; - Current drawn by the load at the bus
* Weknow that: I1=Y, -V — 4)

Where: T 4
> !' Ybus = Bus admittance matrix v,
2 V —
1! =
V,
-I" - o

Vector of currents injected at the buses Vector of complex bus voltages

FromEqn (4) > I.= z}';kl’,[ i=1,2,.n |- (5)

k=1
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The complex power S; is given by
S; =V, I; I .
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The complex power S; is given by
. S,=V, I,

i P 2”;&’/&] ey Lbi- — (7a)
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Operating Constraints

In a power system, all equipment (generators, transmission lines, buses) must operate within certain safe

limits. These limits are called operating constraints.

1. Voltage Limits

* The voltage at each bus must stay between a minimum and maximum value.  Voltage at each bus:

¢ Too high or too low voltage can damage equipment or affect consumers. Vinin < |V| < Vinaa

2. Active Power Limits
¢ The mechanical input to generators (prime movers like turbines, boilers) decides how much active
power (P) can be generated.

* Active power must remain between a minimum and maximum level.

* Active power generation limit:

PGLfr:in < Pﬂ'i E PG-LIMT
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Operating Constraints cntd.

3. Reactive Power Limits

¢ The generator's field excitation controls reactive power (Q).

* Reactive power generation limit:
¢ Reactive power also has limits: Qcimin < Qci < OCimas
Fi.Tr1 = - f J— i, TTL

Q (+i,min =< Q Gi = Qf}'i‘._ﬂma:
4. Angle Stability Limit

¢ The power angle (difference between bus voltages) must not exceed a maximum permissible value.
» Stability constraint:

|5i - 6_; {_: (5? - 5j)ma:

» |If angles get too large, the system may lose stability.

5. Power Balance

* The total generated power must equal the total demand + losses.

* Power balance:

» This applies for both active power and reactive power. S P =Y ot Py

Y Qai=> Qni+Qr

(Where Pr,, Q. are system losses)
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15.1 system Data

is should give information on
. Number of buses, 2.
. Number of PV buses.
» Number of loads.
» Number of transmission lines,
+ Number of transformers,
« Number of shunt elements.
+ The slack bus number.

+ Voltage magnitude of slack bus (angle is generally taken as 0°).

+ Tolerance limit.
. B&Qc MVA.
« Maximum permissible number of iterations.

Data for load Flow

7.5.3 Load Data

For all loads, the data required is
* The bus number.
+ Active power demand Pp;-
« The reactive power demand Op;

Department of EEE
Emitting Elite Energy

7.5.6 Shunt Element Data

The data needed for the shunt element is
* Bus number where element is connected.
* Shunt admittance (G, +jB,;).

7.5.2 Generator Bus Data

For every PV bus i, the data required is
+ Bus number.
« Active power generation Pg;.
« The specified voltage magnitude |V, ;|-
« Minimum reactive power limit O; ;-
« Maximum reactive power limit Q; max-

7.5.4 Transmission Line pata

tween buses i and k, data needed is

For every transmission line connected be
* Starting bus number .
+ Ending bus number k.
« Resistance of the lin¢.
+ Reactance of the line.
+ Half line charging admittance.

7.5.5 Transformer Data

For every transformer connected between buses i and £, the data to be given
S

« Starting bus number i.

+ Ending bus number £.

* Resistance of the transformer.
» Reactance of the transformer.
+ Off nominal tums-ratio a.
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Where,

* 1 = the current bus we are solving for.

e k = other buses that influence %, used inside the summation.
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* 1 = the current bus we are solving for.

e k = other buses that influence %, used inside the summation.
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@ Case 1: Buses before i (k < i)

* Those buses (like 2, 3, ..., -
(r+1)

¢ S0, their new values Vk " are available,

* We immediately use them — this makes Gauss-Seidel converge faster.

1) have already been updated in this same iteration.

@ Case 2: Buses afteri (k > i)

* Those buses (like i+1, ..., n) have not yet been updated in this iteration.

) o .
*  Only the old values Vklr' from the previous iteration are available.

L

So, we must use the older iteration values.

L

L

Before i — use new values (r + 1) because they're already updated.

After i — use old values (r) because they're not yet updated.
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