UNIT 1

LOAD FLOW ANALYSIS



Multi-Variable Example

Solve for x = . such that f(x) =0 where
%)

f (x)=2x{ +x3 —8=0
5 (x) :xlz —x% +xx, —4=0
First symbolically determine the Jacobian
Ofj(x)  Ofy(x) |
Ox; OX
of,(x) Ot (X)
Ox, OX

J(x) =




Multi-variable Example, cont’d

4x, 2x,
J(x) =
22Xt Xy X —2X, |
Then
_ — _ ——1r _
Ax, _ 4x, 2x, f1(x)
Axy | [2+x x—2x | [ (X))
T o_|1
Arbitrarily guess x* = |
. _ -—1r _ _ _
1] |3 —-1] |-3] 1.3




Multi-variable Example, cont’d

.17 840 2.607'72.51

1.8284 ]

13| 550 —0.50| |[1.45] [1.2122

Each iteration we check |f(x)| to see if it is below our

specified tolerance ¢
0.1556 ]
10.0900

If € =0.2 then we would be done. Otherwise we'd

f(x'?) =

continue 1terating.



NR Application to Power Flow

We first need to rewrite complex power equations

as equations with real coefficients

Si = Vili =V, [Z Yikaj =V 2 YiVi
k=1 k=1
These can be derived by defining

)
Vi oo ) :‘Vi‘LHi
6., ]

l

Recall €'Y =cosé + jsiné



Real Power Balance Equations

S, = ZYzZ k* Z‘ViHVk‘ejgik(Gik_jBik)
k=1 k=1

= Z Vi Vi (cosby, + jsin€y Gy, — jBy)
k=1

Resolving 1nto the real and imaginary parts

Bo= 30V (Gy cosby + By siny) = By — Py
k=1

Q; = Z\VZHV,{\( ik SOy — By cosly ) = Qg — Op;



Newton-Raphson Power Flow

In the Newton-Raphson power flow we use Newton's
method to determine the voltage magnitude and angle
at each bus in the power system.

We need to solve the power balance equations

n

P = Z‘VHV/(‘(GZIC COS Hik + Bik Sinﬁik) a PGi _PDi
k=1

1 l

n

Q; = Z ‘ViHVk‘(Gik sin&y. — By, cos0;. ) =0 — Op;
k=1



Power Flow Va

Assume the slack bus i1s the first

voltage angle/magnitude). We t|

the voltage angle/magnitude at t|
"o, -
0
X = ! f(x) =
V|
.

riables

bus (with a fixed
hen need to determine

he other buses.
 P(X)—Fgy+ Ppy |

Pn(x)_PGn +PDn
O, (X) = 0Oga +Opo

_Qn (X) o QGn + QDn _



N-R Power Flow Solution

The power flow 1s solved using the same procedure

discussed last time:
Set v = 0; make an initial guess of x, x”)

While f (x™)

‘>g Do

D — () J(X(V))_lf(x(v))
1% = v+1
End While



Power Flow Jacobian Matrix

The most difficult part of the algorithm 1s determining

and 1nverting the n by n Jacobian matrix, J(x)

() Oh(x) o Aflv)
Ox, 0X ox,,
h(x) Phx) | Ay
J(x) Ox; OX, ox,
U (X)  f,(X) At (x)
- Ox OX ox,




Power Flow Jacobian Matrix, cont’d

Jacobian elements are calculated by differentiating
each function, f;(x), with respect to each variable.

For example, if f; (x) 1s the bus 1 real power equation

f;(x) = Z ‘ViHVk‘(Gik cosby. + By sinb; ) — Fy; + P,

k=1
aggc) Z\V\\Vk\( . sin@,, + B, cos6,)
l k;tl
O (x)

‘(lesm@ B, cos@,) (j#i)

00



Thank You



