UNIT 1

LOAD FLOW ANALYSIS



Two Bus Newton-Raphson Example

For the two bus power system shown below, use the
Newton-Raphson power flow to determine the
voltage magnitude and angle at bus two. Assume
that bus one is the slack and Sg_..,= 100 MVA.

LineZ = 0.1j
One 1.000 pu Two 1.000 pu
n
0 MW 200 MW
@ 0 MVR 0 100 MVR
0, | —710  j10 |
X = Ybus — . .
i - J10 =710




Two Bus Example, cont’d

General power balance equations

P = Z\V\\Vk\( . cos@, +B, sinf,)=P,, — P,
k=1

Q; = Z‘V“Vk‘( ik Sy — By cosby ) =0s; — Op;

Bus two power balance equations
VoV 1(10sin8,)+2.0 = 0

V,|Vi|(=10cos 6, ) +|V,|” (10)+1.0 =0




Two Bus Example, cont’d
P,(x) = [V,/(10sin6,)+2.0= 0
0,(x)= V5| (=10c0s6,) + V5> (10)+1.0=0

Now calculate the power flow Jacobian
| OP,(x)  OP,(X) |
00, 5\1/\2
0Q,(x) 0Q,(x)
I 00, 6\1/\2 )
10V, |cos 6, 10sin &,
' 10V,/sin@, —10cosé, +20/V;|

J(X) =




Two Bus Example, First Iteration

0
Setv = 0, guess x() = 1
Calculate
fx ) V,|(10sin6,) +2.0 _[20
|V, (~10cos8,) + 1, (10)+1.0 ] [1.0_
Jx0) = 10V, |cos 6, 10sin 6, _: 10 0
' 10V,/sin6, —10cosf, +20//5/| [0 10
x [0] 10 o720 0.2

1] o 10] [1.0 0.9



Two Bus Example, Next Iterations

) 0.9(10sin(-0.2)) +2.0 | {0,212}
X — o
10.9(~10c0s(—0.2)) +0.9° x10+1.0 | [ 0.279
0 8.82 —1.986
J(x*) =
~1.788  8.199

2) —0.2 8.82 —1.9861'70.212 —(0.233
X' = — _
0.9 —1.788 8.199 0.279 0.8586

f (2)) 10.0145 3) —0.236
X — X —
10.0190 0.8554

_0.0000906}

fix®) =
&) 1 0.0001175

Done! V, =0.8554/-13.52°




Two Bus Solved Values

Once the voltage angle and magnitude at bus 2 are
known we can calculate all the other system values,
such as the line flows and the generator reactive
power output

200.0 MW -200.0 MW
168.3 MVR LineZ = 0.1j -100.0 MVR

One { 1.000 pu Two 0.855 pu -13.522 Deg

200.0 MW i 200 MW
168.3 MVR 100 MVR




Two Bus Case Low Voltage Solution

This case actually has two solutions! The second

"low voltage" 1s found by using a low 1nitial guess.

0
Setv = 0, guess x(¥) :{ }

0.25
Calculate
) V,|(10sin 6) +2.0 [ 2 }
V5/(~10coséy) + 1, (10)+1.0| [ -0.875
J(X(O)) — _10V2COS@2 10811102 ] _ _25 O
10//,/sin8, —10cos&, +20V, | [ 0 =5




Low Voltage Solution, cont'd

_ _ _ ——1r —

(1) O 2.5 O 2 i _0.8 |
Solve x'/ = — —
025] [ 0 5] |-0.875] 1 0.075
10.534 1 0.2336 - 0.220 |
Low voltage solution
200.0 MW -200.0 MW
831.7'\MVR'\ LineZ = 0.1j'\ -100.0 MVR

One { 1.000 pu Two l 0.261 pu -49.914 Deg
200.0 MW i 200 MW
831.7 MVR 100 MVR




Thank You



