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V, Y, Z,R,X,G,B,S,P,Q [=] pu

1 Admittance Matrix
Y = Z−1 = (R+ ȷX)−1 = G+ ȷB
yii =

∑
n Yn (into node)

yiȷ =
∑

n −Yn (directly between nodes)
1.1 Kron Reduction

2× 2 : Ybus = ȷ

[
B C
D E

]
Y ′

bus = ȷ(B − CDE−1)

N ×N :
N∑
i=1

N∑
j=1

Y ′
ij = Yij − YikYjkY

−1
kk i ̸= k, j ̸= k

2 Power Flow Analysis
Qi = ℑ(Si) Pi = ℜ(Si) δij ≡ δi − δj

Si = |Vi|
N∑

j=1,j ̸=i

|Vj |(cos δij + ȷ sin δij)(Gij − ȷBij)

Pi = |Vi|
N∑

j=1,j ̸=i

|Vj |(Gij cos δij +Bij sin δij) = PG,i − PD,i

Qi = |Vi|
N∑

j=1,j ̸=i

|Vj |(Gij sin δij −Bij cos δij) = QG,i −QD,i

2.1 Gauss-Seidel Method

Si = Vi

(
N∑

j=1,j ̸=i

YijVj

)∗ (
Si

Vi

)∗
= YiiVi +

N∑
j=1,j ̸=i

Yi,jVj

V
(k+1)
i = 1

Yii

[(
Si

V
(k)
i

)∗

−
N∑

j=1,j ̸=i

YijV
(k)
j

]
2.2 Newton-Raphson Method

x =

x1

...
xn

 J =


∂f1(x)
∂x1

· · · ∂f1(x)
∂xn

...
. . .

...
∂fm(x)
∂x1

· · · ∂fm(x)
∂xn

 f(x) =

f1(x1)
...

fn(xn)


∆x = x(k+1) − x(k) = −[J(x(k))]−1f(x(k))

Pi,[P-V] =
N∑

j=1,j ̸=i

|Vi||Vj |(Gij cos δij +Bij sin δij) + |Vi|2Gii

Qi,[P-Q] =
N∑

j=1,j ̸=i

|Vi||Vj |(Gij cos δij −Bij cos δij)− |Vi|2Bii

2.2.1 Partial Derivatives
∂Pi

∂δj
= |Vi||Vj |(Gij sin δij −Bij cos δij)

∂Pi

∂δi
= −Qi − |Vi|2Bii

∂Pi

∂|Vj | = |Vi|(Gij cos δij +Bij sin δij)
∂Pi

∂|Vi| =
Pi

|Vi| + |Vi|Gii

∂Qi

∂δj
= −|Vi||Vj |(Gij cos δij +Bij sin δij)

∂Qi

∂δi
= Pi − |Vi|2Gii

∂Qi

∂|Vj | = |Vi|(Gij sin δij −Bij cos δij)
∂Qi

∂|Vi| =
Qi

|Vi| − |Vi|Bii

J1 J2

J =



∂P2

∂δ2
· · · ∂P2

∂δN
...

. . .
...

∂PN

∂δ2
· · · ∂PN

∂δN

∂P2

∂|V2| · · · ∂P2

∂|VN |
...

. . .
...

∂PN

∂|V2| · · · ∂PN

∂|VN |
∂Q2

∂δ2
· · · ∂Q2

∂δN
...

. . .
...

∂QN

∂δ2
· · · ∂QN

∂δN

∂Q2

∂|V2| · · · ∂Q2

∂|VN |
...

. . .
...

∂QN

∂|V2| · · · ∂QN

∂|VN |


J3 J4

2.3 Fast Decouple Load Flow Method

{sin δij ≈ 0, G ≈ 0} : J =

[
J1(x

(k)) 0

0 J4(x
(k))

]
δ(k+1) = δ(k) − J−1

1 ·
(

∆P
|V |

)(k)
|V |(k+1) = |V |(k) − J−1

4 ·
(

∆Q
|V |

)(k)
2.4 DC Power Flow Method
{Q ≈ 0, |V | = 1.0, GLn ≈ 0} : δ = −B−1P

3 Short Circuit Analysis by Symmetrical Components Analysis

A ≡

 1 1 1
1 α2 α
1 α α2

 α ≡ 1∠120◦

Īabc = A · I0+−

V̄ abc = A · V 0+−

Z̄abc = A ·Z0+− ·A−1 Z̄0+− = A−1 ·Zabc ·A
3.1 3 Phase Fault
V 0 = V − = 0 I0 = I− = 0
V̄ abc = Z̄faultĪabc Īabc = A · Ī0+−

3.2 Single Line to Ground Fault
I0 = I+ = I− = V +

Z0+Z++Z−

V 0 = I0Z0 V + = V − I+Z+ V − = I−Z−

3.3 Line to Line Fault
I0 = 0 I+ = −I− = V +

Z++Z−

V 0 = 0 V + = V − = V + · Z−

Z++Z−

3.4 Double Line to Ground Fault
I+ = V +

Z++(Z0∥Z−) I− = −I+ · Z0

Z0+Z− I0 = −(I+ + I−)

V 0 = V + = V −

4 Synchronous Machines
IM,rotor

d2θrotor
dt2 = τ⃗net = τ⃗mech − τ⃗elec

2H
ω⊜

(
ω⃗rotor(t)

ω⃗⊜
rotor

)
d2δ(t)
dt2 = Pnet = Pmech − Pelec H ≡

1
2 IM,rotorω

2
rotor

Srated

X(t) =
Npoles
2 Xrotor(t) X ∈ {α⃗, ω, δ} ω⊜ =

Npoles
2 ω⃗⊜

rotor

4.1 Transient Stability Model
Ī = |P|

|Vbus|·pf∠
(
− cos−1 pf

)
E′ = Vbus+ȷXeqI PE = |E′||Vbus|

Xeq
sin δ
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