Module T7
Power Flow

Read Module T7.
Work problems 1, 2, 3, 7 at end of Module T7.
Turn in on Tuesday, April 9.




L_earning the power flow problem.

1. High-Level View

Program Output & Use (project)
9. Problem solution

8. Problem formulation
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2. Gen reactive capability curve

Field current limit due to field heating,
T enforced by overexcitation limiter on I.

Armature current limit due to

Typical «— armature heating, enforced by
approximation operator control of P and .
used in power : >
flow programs. ;

\Qmin

Limit due to steady-state instability (small
\ internal voltage E gives small |E||V|Bsind),
and due to stator end-region heating from
induced eddy currents, enforced by
underexcitation limiter (UEL).




3. Injections

An injection 1s the power, either real or reactive, that 1s being injected into or withdrawn from a bus by an
element having its other terminal (in the per-phase equivalent circuit) connected to ground. Such an
element would be either a generator or a load. We define a positive injection as one where power is flowing
from the element into the bus (1.e.. into the network); a negative injection 1s then when power 1s flowing
from the bus (i.e., from the network) into the element. Generators normally have positive real power
mjections, although they may also be assigned negative real power injections, in which case they are
operating as a motor. Generators may have either positive or negative reactive power mjections: positive if
the generator 1s operating lagging and delivering reactive power to the bus, negative if the generator 1s
operating leading and absorbing reactive power from the bus, and zero 1f the generator 1s operating at unity
power factor. Loads normally have negative real and reactive power injections, although they may also be
assigned positive real power 1njections in the case of very special modeling needs. Figure T7.3 (a) and (b)
llustrate the two most common possibilities. Figure T.7.3 (c¢) illustrates that we must compute a net
mjection as the algebraic sum when a bus has both load and generation: in this case, the net injection for
both real and reactive power 1s positive (into the bus). Thus, the net real power injection 1s Pi=Pg-Pak, and
the net reactive power injection 18 Qx=Qu-Qax. We may also refer to the net complex power injection as
Sk=Sgk-Sax, where Si=Pit)Qx.

Pe=100 Py= - 40
Q=30 Qx=-20
(a) (b)

Pr=100+(-40)=60
Qi=30+(-20)=10

(c)



4. Bus types

First classification: Bus type PV (usually gen)

* Gen e Knowns:
e Load . P,
 Both ¢ V
2nd classification (in ' P”'g_O_W”S-
terms of info known at .o
the buses).
What is possible info? Bus type PQ (usually load)
e V « Knowns:

° I:)inj
. e ’ Qinj
’ Pinj  Unknowns:
° Qinj e V

* 0



4. Bus types

One more type....

This type Is motivated by a power specification issue inherent

to solving the power flow problem:

* \We need to specify all MW gen and load.

* To do this, we need to know losses.

» Losses are a function of line flows.

« We cannot know line flows until we specify all MW gen & load.
e S0 what do we do?

Z I:)k + Z I:)k :PLoss

IéeGens Iée Loads
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4. Bus types

Z I:)k T Z I:)k :PLoss

IéeGens IéeLoads

7 7

Total h)IfWGen Total MmLoad

Pull out one gen:

Pl+ Z I:)k_|_ Z I:)k:F)Loss

keGens kelLoads
k#1
Bus type “Swing”
Pl = I:)Loss - Z I:)k — Z Pk * Knowns:
keGens kelLoads e V
k#1
e 0
And same for reactive power. *  Unknowns:
This one gen is called the swing * Py
bus, slack or reference bus. Qin



4. Admittance matrix
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Fig. T7.4: Network for Motivating Admittance Maitrix

KCL L=(Vi-Va)yiz + (Vi-Va)yis + Viy
Add bUS s L=(Vi-Vayiz + (Vi-Valy + (Vi-Vadyie + Vin
connection

Gather terms L= Vi(yi+ v+ v+ yia) + Val-yiaH Val-yis) + Val-yia)
Do same for other four buses and then put in matrix form

_I:- _..]'-I Vit Vst — Yz T —Yu T7
11, — — ¥ Y: ¥ ¥yt VTV — ¥n — Y 1V |
i ‘r" _:'-'ul _.]"'l'_- :'-a +.]";| +.]"13 _:":.4. _,]-'1_1 | Ir:_ |
Ll L = ¥a — Vi — ¥a YVetYatYetr¥alVl

Off-diagonals: negative of admittance connecting corresponding two buses.
Diagonals: sum of admittances for all lines & shunts connected to corresponding bus.




4. Admittance matrix

1 Y13 3 4
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Fig. T7.4: Network for Motivating Admittance Maitrix
Admittance matrix (or “Y-bus”):
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4. Admittance matrix

1 144 3

4
253
- "

o Ia
] 104
103

Admittance matrix (or “Y-bus”):

Y, Y T T,] [3-j79 —2+j4 —1+j4 0
Y, Y ¥y Fa| |-2+j4 4-j88 —245 0

Y= . . =
I, Ty Ty L

| —1+j4 —2+j5 5-j11.7 -2+,3




L_earning the power flow problem.

1. High-Level View
Program Output & Use (project)

/. # of equations,
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6. PF equations |
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6. PF Equations

Previously, we wrote the power flow equations for the
power flowing over a certain line. Now, we want to
write the PF equations for the power injection.

The procedure Is the same In both cases.

Please do understand the difference.
What we

computed
/ before.

:;\/hat we are

_L- computing now. =SI™SekSLk




6. PF Equations
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6. PF Equations
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