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 𝑀 =
𝜋

4
𝐷2𝑙Â�̂�𝑟 cos𝜑𝑟 

 

 
𝑖0 =

1

3
(𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐) 

𝑖0 = 0



 𝑖𝑎 = 𝐼𝑚 sin𝜔𝑠𝑡 
 

 
𝑖𝑏 = 𝐼𝑚 sin (𝜔𝑠𝑡 −

2𝜋

3
) 

 
 

𝑖𝑐 = 𝐼𝑚 sin (𝜔𝑠𝑡 +
2𝜋

3
) 

 

[

𝑖𝑑
𝑖𝑞
𝑖0

] =
2

3

[
 
 
 
 
 cos 𝜗 cos (𝜗 −

2𝜋

3
) cos (𝜗 +

2𝜋

3
)

− sin 𝜗 − sin (𝜗 −
2𝜋

3
) − sin (𝜗 +

2𝜋

3
)

1

2

1

2

1

2 ]
 
 
 
 
 

 [
𝑖𝑎
𝑖𝑏
𝑖𝑐

] 

 

 
𝑈𝑑 = 𝑅𝑠𝐼𝑑 +

1

𝜔𝑛

𝑑𝜓𝑑

𝑑𝑡
− 𝜓𝑞 

 
 

𝑈𝑞 = 𝑅𝑠𝐼𝑞 +
1

𝜔𝑛

𝑑𝜓𝑞

𝑑𝑡
+ 𝜓𝑑 

 
 

𝑈0 = 𝑅𝑠𝐼0 +
1

𝜔𝑛

𝑑𝜓0

𝑑𝑡
 

 

𝑑𝜓/𝑑𝑡

 
𝑈𝑒 = 𝑅𝑒𝐼𝑒 +

𝑑𝜓𝑒

𝜔𝑛𝑑𝑡
 

 
 

0 = 𝑅𝑘𝐷𝐼𝑘𝐷 +
𝑑𝜓𝑘𝐷

𝜔𝑛𝑑𝑡
 

 
 

0 = 𝑅𝑥𝐼𝑥 +
𝑑𝜓𝑥

𝜔𝑛𝑑𝑡
 

 



 
0 = 𝑅𝑘𝑄𝐼𝑘𝑄 +

𝑑𝜓𝑘𝑄

𝜔𝑛𝑑𝑡
 

 

 𝜓𝑑 = (𝑋𝜎 + 𝑋ℎ𝑑)𝐼𝑑 + 𝑋ℎ𝑑𝐼𝑒 + 𝑋ℎ𝑑𝐼𝑘𝐷 
 

 𝜓𝑒 = 𝑋ℎ𝑑𝐼𝑑 + (𝑋ℎ𝑑 + 𝑋𝜎𝑟 + 𝑋𝜎𝑒)𝐼𝑒 + (𝑋ℎ𝑑 + 𝑋𝜎𝑟)𝐼𝑘𝐷 
 

 𝜓𝐷 = 𝑋ℎ𝑑𝐼𝑑 + (𝑋ℎ𝑑 + 𝑋𝜎𝑟)𝐼𝑒 + (𝑋𝑚𝑑 + 𝑋𝜎𝑟 + 𝑋𝜎𝐷)𝐼𝐷 
 

 𝜓𝑞 = (𝑋𝜎 + 𝑋ℎ𝑞)𝐼𝑞 + 𝑋ℎ𝑑𝐼𝑥 + 𝑋ℎ𝑞𝐼𝑄 
 

 𝜓𝑥 = 𝑋ℎ𝑞𝐼𝑞 + (𝑋ℎ𝑞 + 𝑋𝜎𝑟 + 𝑋𝜎𝑥)𝐼𝑥 + (𝑋ℎ𝑞 + 𝑋𝜎𝑟)𝐼𝑄 
 

 𝜓𝑄 = 𝑋ℎ𝑞𝐼𝑞 + (𝑋ℎ𝑞 + 𝑋𝜎𝑟)𝐼𝑥 + (𝑋ℎ𝑞 + 𝑋𝜎𝑟 + 𝑋𝜎𝑄)𝐼𝑄 
 

 𝑀𝑒 = 𝜓𝑑𝐼𝑞 − 𝜓𝑞𝐼𝑑 
 

𝑇𝑑0
′  

 
𝑇𝑑0

′ =
1

𝜔𝑛𝑅𝑒

(𝑋𝜎𝑒 + 𝑋𝜎𝑟 + 𝑋ℎ𝑑) 

 

 
𝑇𝑑

′ =
1

𝜔𝑛𝑅𝑒 
(𝑋𝜎𝑒 + 𝑋𝜎𝑟 +

𝑋𝜎 ∙ 𝑋ℎ𝑑

𝑋𝜎 + 𝑋ℎ𝑑
) 

 



 
𝑇𝑑0

′′ =
1

𝜔𝑛𝑅𝑘𝐷
(𝑋𝜎𝐷 +

𝑋𝜎𝑒(𝑋𝜎𝑟 + 𝑋ℎ𝑑)

𝑋𝜎𝑒 + 𝑋𝜎𝑟 + 𝑋ℎ𝑑
) 

 
 

 

𝑇𝑑
′′ =

1

𝜔𝑛𝑅𝑘𝐷
(𝑋𝜎𝐷 +

𝑋𝜎𝑒𝑋𝜎𝑟𝑋𝜎 + 𝑋𝜎𝑒𝑋𝜎𝑟𝑋ℎ𝑑 + 𝑋𝜎𝑒𝑋𝜎𝑋ℎ𝑑

𝑋𝜎𝑒𝑋𝜎 + 𝑋𝜎𝑒𝑋ℎ𝑑 + 𝑋𝜎𝑟𝑋𝜎 + 𝑋𝜎𝑟𝑋ℎ𝑑 + 𝑋𝜎𝑋ℎ𝑑
) 

 

 
𝑋𝑑(𝑠) = 𝑋𝑑

(1 + 𝑠𝑇𝑑
′)(1 + 𝑠𝑇𝑑

′′)

(1 + 𝑠𝑇𝑑0
′ )(1 + 𝑠𝑇𝑑0

′′ )
 

 𝑋𝑑 = 𝑋ℎ𝑑 + 𝑋𝜎 
 

 
𝑋𝑑

′′ = 𝑋𝑑

𝑇𝑑
′𝑇𝑑

′′

𝑇𝑑0
′ 𝑇𝑑0

′′ = 𝑋𝜎 +
𝑋ℎ𝑑𝑋𝜎𝑅𝑑

𝑋ℎ𝑑 + 𝑋𝜎𝑅𝑑
 

 
 

𝑋𝜎𝑅𝑑 = 𝑋𝜎𝑟 +
𝑋𝜎𝑒𝑋𝜎𝐷

𝑋𝜎𝑒 + 𝑋𝜎𝐷
 

 

 
𝑋𝑑

′ ≈ 𝑋𝑑

𝑇𝑑
′

𝑇𝑑0
′ = 𝑋𝜎 +

𝑋𝜎𝑒𝑋ℎ𝑑 + 𝑋𝜎𝑟𝑋ℎ𝑑

𝑋𝜎𝑒 + 𝑋𝜎𝑟 + 𝑋ℎ𝑑
 

 

 1

𝑋𝑞(𝑠)
= (

1

𝑋𝑞
′′

−
1

𝑋𝑞
′
)

𝑠𝑇𝑞
′′

1 + 𝑠𝑇𝑞
′′

+ (
1

𝑋𝑞
′
−

1

𝑋𝑞
)

𝑠𝑇𝑞
′

1 + 𝑠𝑇𝑞
′
+

1

𝑋𝑞
 



 

 
𝑀𝑎 − 𝑀𝑒 = 𝐽

𝑑𝜔𝑚

𝑑𝑡
=

𝐽

𝑝

𝑑𝜔

𝑑𝑡
  

 

 
𝑚𝑎 − 𝑚𝑒 = 𝑇𝐽

𝑑𝑛

𝑑𝑡
 

 

 𝑇𝐽

 
𝑇𝐽 =

𝐽 ⋅ 𝜔𝑚,𝑛

𝑀𝑛
=

𝐽 ⋅ 𝜔𝑚,𝑛
2

𝑆𝑛
=

𝐽 ⋅ 𝜔𝑛
2

𝑝2 ⋅ 𝑆𝑛
 

 

 
𝐻 =

1

2
𝑇𝐽

(2.34) 

 

 
𝐽
𝑑𝜔𝑚

𝑑𝑡
= 𝑀𝑎 − 𝑀𝑒 

 
 𝑀𝑎 = 0 

 
 

𝐽
𝑑𝜔𝑚

𝑑𝑡
= −𝑀𝑒 →

𝑑𝜔𝑚

𝑑𝑡
= −

𝑀𝑒

𝐽
 

 



 
𝑊 =

1

2
⋅ 𝐽 ⋅ 𝜔𝑚,𝑛

2  

 

𝐽

 
𝐽 =

2𝐻 ⋅ 𝑆𝑛

(2𝜋 ⋅ 𝑛𝑛)2
 

 
 

𝑊 = 𝐻 ⋅ 𝑆𝑛

(2𝜋 ⋅ 𝑛(𝑡))
2

(2𝜋 ⋅ 𝑛𝑛)2
= 𝐻 ⋅ 𝑆𝑛 (

𝑛(𝑡)

𝑛𝑛
)

2

 

 

 
Δ𝑊 = 𝐻 ⋅ 𝑆𝑛 ((

𝑛(𝑡1)

𝑛𝑛
)

2

− (
𝑛(𝑡2)

𝑛𝑛
)

2

) 



 

  GT41 GT42 DT1 DO3 

𝑈𝑛 𝑘𝑉 20 20 21 22 

𝑆𝑛 𝑀𝑉𝐴 343 343 395 453 

𝑃𝑡𝑢𝑟𝑏 𝑀𝑊 282 282 377,5 395 

𝑄𝑚𝑖𝑛 𝑀𝑣𝑎𝑟 -145 -145 -100 -140 

𝑄𝑚𝑎𝑥 𝑀𝑣𝑎𝑟 270 270 200 215 

cos𝜑  0,82 0,82 0,95 0,88 

𝑛 min−1 3000 3000 3000 3000 

𝑟𝑆 𝑝. 𝑢. 0,00096 0,00096 0,00148 0,001 

𝑥𝑑 𝑝. 𝑢. 2,2751 2,2751 2,21 2,219 

𝑥𝑑
′  𝑝. 𝑢. 0,2768 0,2768 0,384 0,313 

𝑥𝑑
′′ 𝑝. 𝑢. 0,2027 0,2027 0,33 0,239 

𝑥𝑞 𝑝. 𝑢. 2,2169 2,2169 2,23 2,108 

𝑥𝑞
′  𝑝. 𝑢. 0,423 0,423 0,884 0,683 

𝑥𝑞
′′ 𝑝. 𝑢. 0,2003 0,2003 0,363 0,262 

𝑥𝜎 𝑝. 𝑢. 0,1716 0,1716 0,24 0,199 

𝑇𝑑
′  𝑠 1,593 1,593 0,98 1,03 

𝑇𝑞
′ 𝑠 0,278 0,278 0,85 0,63 

𝑇𝑑
′′ 𝑠 0,035 0,035 0,03 0,03 

𝑇𝑞
′′ 𝑠 0,035 0,035 0,07 0,06 

𝑇𝐽 𝑠 12 11,2 14,3 11 

Nr. 𝑃 −𝑄 +𝑄 
- MW Mvar Mvar 

1 0 -135 270 

2 50 -134 269 

3 150 -125 252 

4 285 -95 195 

5 335 -80 70 

6 343 0 0 



 

(𝑈𝑒)

 



 

 





 

 



 





 



f

P

s1

s2

f0

fn

P2 P1P0

𝑓0  𝑃0

 

 

 𝜔𝑟𝑒𝑓

 

𝐺(𝑠) =
𝑠 ⋅ 𝑋

𝑊
𝑍

1 + 𝑠
𝑌
𝑍

+

𝑊
𝑍

1 + 𝑠
𝑌
𝑍

 

 



 
𝐾𝑃 =

𝑊

𝑍
 

 
 

𝐾𝐷 =
𝑊

𝑍
 

 
 

𝑇1 =
𝑌

𝑍
 

 
 𝑇𝑑 = 𝑋 

 





GAST2A

DT

PT1

PGT

PDT

PT





 

 

 

 

 

 𝑇𝐽𝑚

 

𝑇𝐽𝑚 =
∑ 𝑃𝑛𝑖 ⋅ 𝑇𝐽𝑖

𝑛 
𝑖=1

∑ 𝑃𝑛𝑖
𝑛 
𝑖=1  

  

 

 

∑𝑃𝑖

𝑛 

𝑖=1

= Δ𝑃𝐿 + Δ𝑃𝑣 

 

 Δ𝑓

𝑓𝑛
= Δ𝑛𝑠𝑜𝑙𝑙 − 𝜎𝑖

Δ𝑃𝑡𝑖

𝑃𝑛𝑖
 

 



 Δ𝑃𝑡𝑖

𝑃𝑛𝑖
= −

1

𝜎𝑖

Δ𝑓

𝑓𝑛
 

 

 Δ𝑃𝑡𝑖 = Δ𝑃𝑖 
 

 Δ𝑓

𝑓𝑛
= −𝜎𝑖

Δ𝑃𝑡𝑖

𝑃𝑛𝑖
= −𝜎 

Δ𝑃𝐿 + Δ𝑃𝑣

∑ 𝑃𝑛𝑖
𝑛 
𝑖=1

 

 

 

𝜎 =
∑ 𝑃𝑛𝑖

𝑛 
𝑖=1

∑
1
𝜎𝑖

𝑃𝑛𝑖
𝑛 
𝑖=1  

  

 

 Δ𝑃𝑡𝑖

𝑃𝑟𝑖
=

𝜎

𝜎𝑖
 
Δ𝑃𝐿 + Δ𝑃𝑣

∑ 𝑃𝑛𝑖
𝑛 
𝑖=1
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s s

R1 R2X1s X2s

Xh Rfe

w1 : w2

U1 U2

 

 

 

𝜑



R1 Ls

Rm

Lm

u1=Û1 sin(wt+a)

 
�̂�1 sin(𝜔𝑡 + 𝛼) = 𝐿

𝑑𝑖0
𝑑𝑡

+ 𝑅 𝑖0 

 
 𝐿 = 𝐿𝜎 + 𝐿𝑚 

 
 𝑅 = 𝑅1 + 𝑅𝑚 

 

 𝐿𝑚𝑖0 = 𝑁1𝜑 
 

 
 

𝑁1

𝑑𝜑

𝑑𝑡
+ 𝑁1

𝑅

𝐿
 𝜑 = �̂�1sin (𝜔𝑡 + 𝛼) 

 

 𝜑 = 𝜑𝑝 + 𝜑𝑡 
 

 𝜑𝑝 = �̂�sin (𝜔𝑡 + 𝛼 − 𝜃) 
 

 
�̂� =

�̂�1

𝜔𝑁1
 



 

𝑅 ≪ 𝜔𝐿

 
𝜃 = arctan (

𝜔𝐿

𝑅
) ≈ 90° 

 
 𝜑𝑝 = −�̂� cos (𝜔𝑡 + 𝛼) 

 

 
𝜑𝑡 = 𝐶 𝑒−(

𝑅
𝐿
)𝑡 

 

 𝐶 = �̂� cos 𝛼 ± 𝜑𝑟  
 

 
𝜑𝑡 = (�̂� cos 𝛼 ± 𝜑𝑟)𝑒

−(
𝑅
𝐿
)𝑡 

 

 
𝜑 = −�̂� cos(𝜔𝑡 + 𝛼) + (�̂� cos 𝛼 ± 𝜑𝑟)𝑒

−(
𝑅
𝐿
)𝑡 

 

𝜑𝑟 𝛼 = 𝜋/2 

𝜑 = 0

𝛼 = 0 𝜑 ≈ 2�̂� + 𝜑𝑟



 
𝑖0 = 𝑁1  

𝜑

𝐿
 

 

𝐿0 𝑅0

𝛼  𝜑𝑟

 𝜇𝑟

 
𝐿𝑚 = 𝜇0𝜇𝑟

𝐴

𝑙
𝑁1

2 

 

𝜑

�̂�



 
𝐿𝑚

𝐿𝑚
′

=
𝜇0𝜇𝑟

𝐴
𝑙
𝑁1

2

𝜇0𝜇𝑟
′ 𝐴

𝑙
𝑁1

2
=

𝜇𝑟

𝜇𝑟
′
 

 
 𝐿𝑚

′ = 𝐿𝑚

𝜇𝑟

𝜇𝑟
′
 

 

 

𝑅𝑚
′

𝑅𝑚
=

𝑃0
′

𝑖0
′2

𝑃0

𝑖0
2

=
𝑃0

′ ⋅ 𝑖0
2

𝑃0 ⋅ 𝑖0
′2 

 

𝐵0 𝐵0′

 𝑃0

𝑃0
′ =

𝐵0
2

𝐵0
′2 

 
 

𝑃0
′ = 𝑃0

𝐵0
′2

𝐵0
2  

 

𝐿 ≈ 𝐿𝑚

 
𝑖0
𝑖0
′ =

𝑁1
𝜑
𝐿𝑚

𝑁1
𝜑′

𝐿𝑚
′

=
𝐵0𝐿0

′

𝐵0
′𝐿0

=
𝐵0𝜇𝑟

′

𝐵0
′𝜇𝑟

 

 
 

𝑖0
′ = 𝑖0

𝐵0
′𝜇𝑟

𝐵0𝜇𝑟
′
 

 

 
𝑅𝑚

′ = 𝑅0

𝐵0
4𝜇𝑟

′2

𝐵0
′4𝜇𝑟

2
 

 

 𝑅 = 𝑅𝑚
′ + 𝑅1 

 
 𝐿 = 𝐿𝑚

′ + 𝐿𝜎 
 

 
𝜑 = −�̂� cos(𝜔𝑡 + 𝛼) + (�̂� cos 𝛼 ± 𝜑𝑟)𝑒

−(
𝑅
𝐿
)𝑡 

 



 
𝑖0 = 𝑁1  

𝜑

𝐿
 

 
𝐼(𝑡)0,𝑝𝑢 = 𝐼0,𝑝𝑢 ∙ 𝑒−

𝑡
𝜏 

 
 

𝐼0,𝑝𝑢 =
𝐼0
𝐼𝑛

 

 

𝐼𝑝𝑢

𝜏

 
𝑄(𝑡) = √3 ∙ 𝑈 ∙ 𝐼(𝑡)0,𝑝𝑢 ∙ 𝐼𝑛 = 𝑆𝑛 ∙ 𝐼0,𝑝𝑢 ∙ 𝑒−

𝑡
𝜏 

 



L

n·C
USVC

ISVC

 
𝑄(𝑡) =

𝑈2

𝑋(𝑡)
 

 



Zeit t

Spannung u (p.u.)

Wenn u > 0,2

dann Start

tQ=0 

Q 

berechnen

Parameter

Sn, t, Î pu

Admittanz bsvs (Mvar)

Steuerwinkel gatea

tQ

𝑆𝑛 = 300 𝑀𝑉𝐴

𝐼𝑝𝑢 = 4,4

𝜏 = 1,5 𝑠



svs controller 

slot0 0

1

0

1

0
bsvs

gatea

u svs slot

ElmSvs*

 

 

 
𝑃 = 𝑃0 (𝑎𝑃 (

𝑢

𝑢𝑛
)
𝑒𝑎𝑃

+ 𝑏𝑃 (
𝑢

𝑢𝑛
)
𝑒𝑏𝑃

+ 𝑐𝑃 (
𝑢

𝑢𝑛
)
𝑒𝑐𝑃

) 

 
 

𝑄 = 𝑄0 (𝑎𝑄 (
𝑢

𝑢𝑛
)
𝑒𝑎𝑄

+ 𝑏𝑄 (
𝑢

𝑢𝑛
)
𝑒𝑏𝑄

+ 𝑐𝑄 (
𝑢

𝑢𝑛
)
𝑒𝑐𝑄

) 

 

𝑐𝑃 𝑐𝑄 

 𝑐𝑃 = 1 − 𝑎𝑃 − 𝑏𝑃 
 

 𝑐𝑄 = 1 − 𝑎𝑄 − 𝑏𝑄 
 

𝑎𝑃 = 𝑏𝑃 = 𝑎𝑄 = 𝑏𝑄 = 0

𝑐𝑃 = 𝑐𝑄 = 1 

Exponentialparameter Konstante Aufnahme von 

0 Leistung 

1 Strom 

2 Impedanz 







 

R‘ L‘

C‘/2 C‘/2

 

 

𝑍𝑊 = √
𝑅′ + 𝑗𝜔𝐿′

𝐺′ + 𝑗𝜔𝐶′
 

 

 

𝑍𝑊 = √
𝐿′

𝐶′
 

 
 

𝑆𝑛𝑎𝑡 =
𝑈2

𝑍𝑤
 

 

 𝑄 = 𝐼2𝜔𝐿 − 𝑈2𝜔𝐶 = 0 
 



 

Xrea

Rrea

Xe

Re

 
𝑄𝑟𝑒𝑎 =

𝑈𝑛
2

𝑋𝑟𝑒𝑎
 

 
𝑅𝑟𝑒𝑎 =

𝑋𝑟𝑒𝑎

𝑞𝑓𝑟𝑒𝑎
 

 

𝑞𝑓𝑟𝑒𝑎
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/5
-6
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K
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D
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S2

/1
-2

≈
 

0AU

106/3 1000

≈
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/1
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KD1

KD3

RU31

RU30

RU32

RU33

RU1

RU4

RU3

RU2
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𝜔𝑟𝑒𝑓,𝑛𝑒𝑢 = 𝜔𝑟𝑒𝑓,𝑎𝑙𝑡 +

𝑓𝑛𝑒𝑢 − 𝑓𝑎𝑙𝑡

𝑓𝑛
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d𝑓

𝑑𝑡
= −154,5

𝑚𝐻𝑧

𝑠
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𝐴

𝑚
 

𝑉𝑠

𝑚2
 

m 

s 

A 

A 

A 

A 

A 

A 

A 

A 

A 

𝑘𝑔 𝑚2 

m 

Nm 

Nm 

p.u. 

Nm 

p.u. 

Nm 

s-1 

s-1 

- 

𝛺 

𝛺 

𝛺 

𝛺  

𝛺 

MVA 

s 

s 

s 



s 

s 

s 

s 

s 

s 

kV 

kV 

kV 

kV 

Ws 

𝛺 

𝛺 

𝛺 

𝛺 

𝛺 

𝛺 

𝛺 

𝛺 

𝛺 

𝜗 rad 

𝜓0 Vs 

𝜓𝑑 Vs 

𝜓𝑒 Vs 

𝜓𝑘𝐷 Vs 

𝜓𝑘𝑄 Vs 

𝜓𝑞 Vs 

𝜓𝑥 Vs 

𝜔𝑛 s-1 

𝜔𝑚 s-1 

𝜔𝑚,𝑛 s-1 

𝜔𝑠 s-1 

 

 

- 

- 

- 

p.u. 

s 



p.u. 

s 

- 

MW 

MW 

MW 

 

 

𝑅1 p.u. 

𝑅2 p.u. 

𝑅𝐹𝑒 p.u. 

𝑈1 kV 

𝑈2 kV 

𝑤1 - 

𝑤2 - 

𝑋1𝜎 p.u. 

𝑋2𝜎 p.u. 

𝑋ℎ p.u. 

 

 

𝐴 m2 

𝐵0
𝑉𝑠

𝑚2
 

𝐵0′
𝑉𝑠

𝑚2
 

𝐶 Vs 

m 

𝐿 Ωs 𝐿1 + 𝐿𝑚

𝐿𝑚 Ωs 

𝐿𝑚
′ Ωs 

𝐿𝜎 Ωs 

𝑁1 - 

𝑖0 A 

𝐼(𝑡)0,𝑝𝑢 p.u. 

𝐼0 A 

𝐼0,𝑝𝑢 p.u. 

𝐼𝑛 A 

𝑃0 W 

𝑃0
′ W 

𝑄 Mvar 

𝑅 Ω 𝑅1 + 𝑅𝑚



𝑅1 Ω 

𝑅𝑚 Ω 

𝑅𝑚
′ Ω 

𝑆𝑛 MVA 

kV 

𝑢1 V 

�̂�1 V 

𝛼 rad 
𝛼 = 𝜋/2 

𝜃 rad 

𝜇0
𝑉𝑠

𝐴𝑚
 

𝜇𝑟 - 

𝜇𝑟
′ - 

𝜏 s 

𝜑 Vs 

𝜑′ Vs 

�̂� Vs 

𝜑𝑝 Vs 

𝜑𝑟 Vs 

𝜑𝑡 Vs 

𝜔 s-1 

 

 

𝑎𝑃 - 

𝑎𝑄 - 

𝑏𝑃 - 

𝑏𝑄 - 

𝑐𝑃 - 

𝑐𝑄 - 

𝑒𝑎𝑃 - 

𝑒𝑎𝑄 - 

𝑒𝑏𝑃 - 

𝑒𝑏𝑄 - 

𝑒𝑐𝑃 - 

𝑒𝑐𝑄 - 

𝑃 MW 

𝑃0 MW 

𝑄 Mvar 

𝑄0 Mvar 

𝑢 p.u. 

𝑢𝑛 p.u. 

 



𝐶′ 𝜇𝐹

𝑘𝑚
 

𝐺′ 𝑆

𝑘𝑚
𝐼

𝐿′ H

𝑘𝑚
 

𝑅′ Ω

𝑘𝑚
 

𝑆𝑛𝑎𝑡

𝑈 V 

𝑍𝑤 Ω 

 

 

𝑞𝑓𝑟𝑒𝑎 - 

𝑄𝑟𝑒𝑎 Mvar 

𝑅𝑟𝑒𝑎 Ω 

𝑈𝑛 kV 

𝑋𝑟𝑒𝑎 Ω 

 

 

Δ𝑓 Hz 

𝑓𝑛 Hz 

Δ𝑛𝑠𝑜𝑙𝑙 Hz 

𝑃𝑖 MW 

𝑃𝐿 MW 

𝑃𝑛𝑖 MW 

𝑃𝑣 MW 

𝑃𝑡𝑖 MW 

𝑇𝐽𝑖 s 

𝑇𝐽𝑚 s 

𝜎 - 

𝜎𝑖 - 

 

 

𝑓𝑎𝑙𝑡 Hz 

𝑓𝑛 Hz 

𝑓𝑛𝑒𝑢 Hz 

𝜔𝑟𝑒𝑓,𝑎𝑙𝑡 p.u. 

𝜔𝑟𝑒𝑓,𝑛𝑒𝑢 p.u. 
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