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Newton-Raphson Method for Power Flow Solution

The N-R method has rapid convergence independent from system size. Thus, the method
usually converges in less than 10 iterations

For the typical node shown
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Substitute (2) in (3)
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If these equations are linearized as before around the point i and |V; | using the Taylor
series expansion around the points we have




Power System 4
Dr. Omar K. Alazzawi
4th

University of Anbar
College of Engineering
Dept. of Electrical Engineering

(op™  op(™ o™
35, 85,  alv -

o ) -

AP™ : . : : A6,

. 9P gp™  gpm  gpm -
Ap<m> aaz a5, a|v2| a|V| AST™

aQ(m) aQ(m) aQ(m) aQ(m)

d6, 96, Va0Vl

P Tl N PYACOIPPACH 2™ g |la|v™|
06, 06n, 2 A

The above matrix can put into the form below

[ﬁg zﬁl ”AIVI

AU =] - AX
AU power mismatch
J:  Jacobean matrix

AX: error correction

P1, Q1:- of the slack bus can be computed since for this bus we know V1 and 9.

For every generator bus we know P and |V/| for that bus, hence the equation in AQ and A|V|
for that bus is not needed. Thus we can delete the corresponding row and column from
Jacobean matrix. Jacobean matrix is evaluated at every iteration step.

Starting with some initial value for|V| and & and solve these equations for A§ and A|V| we
can proceed to the next iteration thus:
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s = s+ A5

|Vi(m+1)| — |Vi(m)| + A |Vi(m)|

We can stop the iteration process when the power residual are smaller than a pre-specified
value. These are

AP™ =P,

i i(spec) = %i

AQi(m) = Qi(spec} - Qi(m)

These are known as the power mismatch.

Example: - a three bus system shown in figure:

V, =1.020, |V, =10, P,=06, S;=08+06

Solution:; ] Ji5 B
J0.75
Step 1: 2

—j7 j2 j5
Vpus = [1'2 —j6 ,-4] J
j5 j4 —j9

Step 2: the initial values

=1 5 =0, 6 =0

Step3:

PL = |V, ||V [|Yz1] cos(8; — 85 + 051) + |Va Vol Yoz cOS(8, — 8, + 6,)
+ |V, [|V5]|Ys3] cos(65 — &, + 053)
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50) = —[IVal[V1l[Y21| sin(8; = &2 + 0,1) + |V ||V2[Y22] sin(S; — 62 + 652)
+ V2 ||V5]|Y23] sin(85 — 6, + 6,3)]

P = |V, |[Vs|Ya1] cos(8; — 85 + 031) + [Val|V3][Ysz] coS(8, — 85 + 63)
+ |V5||V5]Y33] cos(65 — 63 + O33)

O = [V 11V3]|Ysy | sin(8; — 85+ 031) + [V||Vs][¥sp] sin(8y — 85 + 63,)
+ |V5||V5]|Y33] sin(d3 — 83 + 633)]

Pys) =06, P35 =—-08, Q3 =—-06

P{% = 1.1.2cos(0 = 0 + 90) + 1.1.6 cos(0 — 0 — 90) + 1.1.4 cos(0 — 0 + 90) = 0
P¥ =, P=n

AP, = |P2(s) — P2(0)| = 0.6

0
AP = |Pyy =P = 08

0
805 = Qs — 5| = =06

Step 4:
apz(o)
ﬁ - V1V2 Y21Sin(61 - 62 + 921) + V2V3Y23 Sil’l(53 - 62 + 923) =2 + 4 = 6
2
aPZ(O)
6_63 == _V2V3Y23 Sil’l(53 - 62 + 923) = —4
or, @

=V,Y,.cos(6. — 6, + 0 =0
FITA 2133 (83 2 23)
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op;
3 .
ﬁ = —V2V3Y32 Sln(62 - 63 + 932) = _4
2
op;
96. V1V3 Y318in(8; — 83 + 031) + VoVaYs,sin(6, — 83+ 03,) =5+4 =9
3
op;
0|Vs] = V1 Y31c08(8; — 85 + 031) + V5 Y35 cos(8;, — 63 + 03;) + 2V3Y33 cos(833) = 0
3
an(O) ~ _
6_62 = —V,V3Y3,c08(6, — 65 + 03,) =0
6Q3(0)
W = V1V3 Y31COS(81 ~ 63 + 931) + V2V3Y32 COS(52 T 63 + 932) = 0
3
0Qs @ _ .
AT —V; Y315in(6; — 65 + 631)

- V2Y32 Sin(62 —p 53 + 932) o= 2V3Y33 Sin(633) - _5 -4 + 2(9) — 9

0671 [6 —4 07| Ad, | divided by 6
—0.8|=|—4 9 0|| Ad; |dividede by 4
06l Lo o ollaw

1017 [1 —0667 01|28, ]
—0.2|l=1-1 225 0}|]| Ad3 | add this roe to row one
—06l Lo o 9l|aml

0171 [1 —0667 01 A6, ]
—01|=|0 1583 o[ A8; | divided by 1.583
—06]l Lo o 9llawy

0.1 1 —0.667 01| A,
—0.063| =10 1 0f| Ads
| —0.6 0 0 91 |A|Vs]
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0.6
AV5|©) = -5 = —0.067

A8, = —0.063

A8, = —0.1 — 0.667 * AS; = 0.058

Vo | = |V5]©@ + A|V,|©@ =1 —0.067 = 0.933
8, = 0+ 0.058

63 =0—0.063 = —0.063

PM =1-1-2cos(0=0.058490)+1-1:6cos(—90) +1-4
- (0.933) cos(—0.063 — 0.058 + 90) = 0.0099

P& =1-5-(0.933) cos(90 + 0.063) + 4 - (0.933) cos(90 + 0.058 + 0.063)
+9(0.933)2 cos(—90) = —0.013

D = _[1+5+(0.933) sin(90 + 0.063) + 4 - (0.933) sin(90 + 0.058 + 0.063)
+9(0.933)2 sin(—90)] = —0.562

AP™Y = 0.6 — 0.0099 = 0.59
APV = —0.8 +0.013 = —0.787

AQSY = —0.6 + 0.5625 = —0.0375

Continue further iteration




