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Example for solving a non-symmetrical fault – the phase interruption 

The generator non-symmetrical load may occur during operation because of failure of a 
switch pole in the three phase system, interruption of one or two phases, etc.  

The negative current sequence is formed in the generator stator when loaded non-
symmetrically. It results in the negative magnetic field that causes double frequency currents 
in the rotor which heat up the rotor.  

In this example the phase A is interrupted (see Fig. 1). 

 

Fig. 1 

The base values: 

Sv = 259 MVA; Uv = 15,75 kV → Iv = 9,494 kA 

Generator: 

ଵ௚ݔ ൌ ଶ௚ݔ ൌ ௗݔ
" ∙
ܵ௩
௚ܵ
ൌ 0,17 ∙

259
259

ൌ 0,17 

Transformer: 

ଵ௧ݔ ൌ ଶ௧ݔ ൌ ଴௧ݔ ൌ ௞ݑ ∙
ܵ௩
ܵ௧
ൌ 0,14 ∙

259
250

ൌ 0,145 

Network: 

ଵ௦ݔ ൌ ଶ௦ݔ ൌ
௦ܷ
ଶ

ܵ௞௦
∙
ܵ௩
ܷ௩ଶ

∙ ்݌
ଶ ൌ

400ଶ

16	000
∙
259
15,75ଶ

∙ ൬
15,75
420

൰
ଶ

ൌ 0,0146 

ܵ௞௦
ሺଷሻ

ܵ௞௦
ሺଵሻ ൌ

ଵ௦ݔ ൅ ଶ௦ݔ ൅ ଴௦ݔ
3 ∙ ଵ௦ݔ

→  ଴௦ݔ

଴௦ݔ ൌ 0,0121 
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Power line: 

ଵ௩ݔ ൌ ଶ௩ݔ ൌ ௩ݔ ∙
ܵ௩
ܷ௩ଶ

∙ ்݌
ଶ ൌ 6 ∙

259
15,75ଶ

∙ ൬
15,75
420

൰
ଶ

ൌ 0,0088 

଴௩ݔ ൌ 2,4 ∙ ଵ௩ݔ ൌ 0,021 

The generator voltage: 

௚݁
" ൌ 1,099 ∙ ݁௝∙ହ଼,ହ଻ଵସ° 

The network voltage: 

݁௦" ൌ 0,9303 ∙ ݁௝∙ସଷ,ଶଵହଽ° 

The diagram of sequence systems connection is shown in Fig. 2. All sequence systems are 
connected in parallel in the points of interruption.  

 

 

 

The Fig. 2 is simplified and redrawn in Fig. 3. The 
negative and zero sequences are replaced with reactances 
x2 and x0, finally with the reactance x20 = x2 // x0.  

 

 

   Fig. 3 

 

 

          Fig. 2 
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After interruption of one phase: 

ොଵݑ െ ොଵݑ
ᇱ ൌ ොଶݑ െ ොଶݑ

ᇱ ൌ ො଴ݑ െ ො଴ݑ
ᇱ  

ଓଵ̂௚ ൌ െଓଵ̂௦ ଓଵ̂௚ ൅ ଓ̂ଶ௚ ൅ ଓ̂଴௚ ൌ 0 

ଓଶ̂௚ ൌ െଓଶ̂௦ ଓଵ̂௦ ൅ ଓଶ̂௦ ൅ ଓ̂଴௦ ൌ 0 

ଓ଴̂௚ ൌ െଓ଴̂௦ 

 

Further: 

ଵݔ ൌ ଵ௚ݔ ൅ ଵ௧ݔ ൌ 0,315 

௦ݔ ൌ ଵ௦ݔ ൅ ଵ௩ݔ ൌ 0,0235 

ଶஊݔ ൌ ଶ௧ݔ ൅ ଶ௚ݔ ൅ ଶ௩ݔ ൅ ଶ௦ݔ ൌ 0,3385 

଴ஊݔ ൌ ଴௧ݔ ൅ ଴௦ݔ ൅ ଴௩ݔ ൌ 0,1783 

ଶ଴ஊݔ ൌ /ଶஊݔ ⁄଴ஊݔ ൌ 0,117 

ଓଵ̂௚ ൌ െଓଵ̂௦ ൌ
݁̂௚ᇱᇱ െ ݁̂௦

݆ ∙ ሺݔଵ ൅ ଶ଴ஊݔ ൅ ௦ሻݔ
ൌ 0,6996 ∙ ݁௝∙ଵଽ,ଶଷଷଵ° 

ොଵݑ ൌ ݁̂௚ᇱᇱ െ ݆ ∙ ଵݔ ∙ ଓଵ̂௚ ൌ 0,9743 ∙ ݁௝∙ସ଼,ସଽହ଻° 

ොଵݑ
ᇱ ൌ ݁̂௦ െ ݆ ∙ ௦ݔ ∙ ଓଵ̂௦ ൌ ݁̂௦ ൅ ݆ ∙ ௦ݔ ∙ ଓଵ̂௚ ൌ 0,9371 ∙ ݁௝∙ସସ,ଵଷସ° 

 

Fig. 4 

Further (as shown in fig. 4): 

ଓଶ̂௚ݔଶஊ ൌ ଓ̂଴௚ ∙ ଴ଶஊݔ ൌ െଓଵ̂௚ ∙
ଶஊݔ ∙ ଴ஊݔ
ଶஊݔ ൅ ଴ஊݔ

 

ଓଶ̂௚ ൌ െଓଵ̂௚ ∙
଴ஊݔ

ଶஊݔ ൅ ଴ஊݔ
ൌ 0,2413 ∙ ݁ି௝∙ଵ଺଴,଻଺଻° ൌ െଓଶ̂௦ 

ଓ଴̂௚ ൌ െଓଵ̂௚ ∙
ଶஊݔ

ଶஊݔ ൅ ଴ஊݔ
ൌ 0,4583 ∙ ݁ି௝∙ଵ଺଴,଻଺଻° ൌ െଓ଴̂௦ 
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Further: 

ොଶݑ ൌ െଓଶ̂௚ ∙ ݆ ∙ ሺݔଶ௧ ൅ ଶ௚ሻݔ ൌ 0,0761 ∙ ݁௝∙ଵ଴ଽ,ଶଷଷ°	 

ොଶݑ
ᇱ ൌ െଓଶ̂௦ ∙ ݆ ∙ ሺݔଶ௦ ൅ ଶ௩ሻݔ ൌ 0,0057 ∙ ݁ି௝∙଻଴,଻଺଺ଽ° 

ො଴ݑ ൌ െଓ଴̂௚ ∙ ݆ ∙ ଴௧ݔ ൌ 0,0665 ∙ ݁௝∙ଵ଴ଽ,ଶଷଷ° 

ො଴ݑ
ᇱ ൌ െଓ଴̂௦ ∙ ݆ ∙ ሺݔ଴௦ ൅ ଴௩ሻݔ ൌ 0,0153 ∙ ݁ି௝∙଻଴,଻଺଺ଽ° 

The voltage in the fault point on the HV network side: 

൥
ො஺ݑ
ො஻ݑ
ො஼ݑ
൩

ாௌ

ൌ ሾܶሿ ቎
ොଵݑ
ᇱ

ොଶݑ
ᇱ

ො଴ݑ
ᇱ
቏ ൌ ቎

0,9285 ∙ ݁௝∙ସଶ,ଽ଺ସ°

0,9490 ∙ ݁ି௝∙଻ହ,ହ଴ସ°

0,9341 ∙ ݁௝∙ଵ଺ସ,ଽଶଽ°
቏ ሾ݌. .ݑ ሿ 

Where T-1 is transformation matrix between the sequence system and phase system: 

ሾܶሿ ൌ ൥
1 1 1
ܽଶ ܽ 1
ܽ ܽଶ 1

൩, ܽ ൌ ݁௝
మ∙ഏ
య  

The voltage on the transformer side: 

൥
ො஺ݑ
ො஻ݑ
ො஼ݑ
൩

்ଵ

ൌ ሾܶሿ ቎
ොଵݑ
	

ොଶݑ
	

ො଴ݑ
	
቏ ൌ ቎

1,0514 ∙ ݁௝∙ହହ,ଶ଼଺°

0,9490 ∙ ݁ି௝∙଻ହ,ହ଴ସ°

0,9341 ∙ ݁௝∙ଵ଺ସ,ଽଶଽ°
቏ ሾ݌. .ݑ ሿ 

Note: The voltage of non-affected phases must be equal. 

The currents flowing from the transformer to HV network: 

൥
ଓ஺̂
ଓ஻̂
ଓ஼̂
൩

	

ൌ ሾܶሿ ቎

ଓଵ̂௚
	

ଓଶ̂௚
	

ଓ଴̂௚
	
቏ ൌ ൥

0
1,066 ∙ ݁ି௝∙ଵଵ଴,ଽଵ଻°

1,066 ∙ ݁௝∙ଵସଽ,ଷ଼ଷ°
൩ ሾ݌. .ݑ ሿ 

The generator currents: 

The zero sequence is closed in the triangle (delta) winding, the positive sequence is turned by 
the angle -30°, the negative sequence is turned by the angle +30°. 

ଓଵ̂௚∆ ൌ 0,6996 ∙ ݁௝∙ሺଵଽ,ଶଷଷଵିଷ଴ሻ° ൌ 0,6996 ∙ ݁ି௝∙ଵ଴,଻଺଺ଽ° 

ଓଶ̂௚∆ ൌ 0,2413 ∙ ݁௝∙ሺଵ଺଴,଻଺଻ାଷ଴ሻ° ൌ 0,2413 ∙ ݁ି௝∙ଵଷ଴,଻଺଻° 

ଓ଴̂௚∆ ൌ 0 

൥
ଓ஺̂
ଓ஻̂
ଓ஼̂
൩

ீ

ൌ ሾܶሿ ቎

ଓଵ̂௚∆
	

ଓ̂ଶ௚∆
	

ଓ̂଴௚∆

቏ ൌ ቎
0,6155 ∙ ݁ି௝∙ଷ଴,଺ଵ଻°

0,6155 ∙ ݁ି௝∙ଵଵ଴,ଽଵ଻°

0,9409 ∙ ݁௝∙ଵ଴ଽ,ଶଷଷ°
቏ ሾ݌. .ݑ ሿ 
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൥
ଓ஺̂
ଓ஻̂
ଓ஼̂
൩

	

ൌ ቎
5,844 ∙ ݁ି௝∙ଷ଴,଺ଵ଻°

5,844 ∙ ݁ି௝∙ଵଵ଴,ଽଵ଻°

8,933 ∙ ݁௝∙ଵ଴ଽ,ଶଷଷ°
቏   ሾ݇ܣሿ 

The ground current: ଓ௭̂ ൌ 3 ∙ ଓ଴̂௚ ൌ 1,375 ∙ ݁௝∙ଵଽ,ଶଶ଻°	ሾ݌. .ݑ ሿ 

መ௓ܫ ൌ 0,489 ∙ ݁௝∙ଵଽ,ଶ°		ሾ݇ܣሿ 

Fig. 5 

The calculation shows that interruption of one phase causes non-symmetry – it can be 
calculated as the ratio of the negative and positive sequence: 

݅ଶ௚∆
݅ଵ௚∆

ൌ
0,2413
0,6996

≅ 34,5% 

The currents and voltages are shown in Fig. 5. These values are for the beginning of fault. For 
the steady state (the next calculation with subscript u) we assume: the calculation are for the 
same generator exciting current as before the phase interruption – so the generator can be 
modelled as the internal voltage behind the synchronous reactance: 

ො௙ݑ ൌ 2,581 ∙ ݁௝∙ଽ଴° behind the synchronous reactance ݔௗ ൌ 1,91. 

The transformer negative reactance is unchanged. The generator negative reactance equals to 
the subtransient reactance for the steady state.  

Substitute generator positive reactance for the steady state is: 

ଵ௚௨ݔ ൌ ௗݔ ∙
ܵ௩
௚ܵ
ൌ 1,91 

Assumed that internal network voltage is: 

ො௦ݑ ൌ 0,9303 ∙ ݁௝∙ସଷ,ଶଵହଽ° 

ଵ௨ݔ ൌ ଵ௚௨ݔ ൅ ଵ௧ݔ ൌ 1,91 ൅ 0,145 ൌ 2,055 
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According to Fig. 1 or Fig. 2, analogically as above: 

ଓଵ̂௚௨ ൌ െଓଵ̂௦௨ ൌ
௨ෝ೑ି௨ෝೞ

௝∙ሺ௫భೠା௫మబಂା௫ೞሻ
ൌ 0,938 ∙ ݁௝∙ଵଽ,ଶଶ଻° , where 

ଵ௨ݔ ൅ ଶ଴ஊݔ ൅ ௦ݔ ൌ 2,055 ൅ 0,117 ൅ 0,0235 ൌ 2,195  

ଓଶ̂௚௨ ൌ െଓଵ̂௚௨ ∙
଴ஊݔ

ଶஊݔ ൅ ଴ஊݔ
ൌ െଓଶ̂௦௨ ൌ 0,324 ∙ ݁ି௝∙ଵ଺଴,଻଻ଷ° 

ଓ଴̂௚௨ ൌ െଓଵ̂௚௨ ∙
ଶஊݔ

ଶஊݔ ൅ ଴ஊݔ
ൌ െଓ଴̂௦௨ ൌ 0,614 ∙ ݁ି௝∙ଵ଺଴,଻଻ଷ° 

ଓଵ̂௚௨ ൌ 0,938 ∙ ݁௝∙ଵଽ,ଶଶ଻° ൌ െଓଵ̂௦௨
ଓଶ̂௚௨ ൌ 0,324 ∙ ݁ି௝∙ଵ଺଴,଻଻ଷ° ൌ െଓଶ̂௦௨
ଓ଴̂௚௨ ൌ 0,614 ∙ ݁ି௝∙ଵ଺଴,଻଻ଷ° ൌ െଓ଴̂௦௨

  ሾ݌. .ݑ ሿ 

The phase currents of transformer T on the HV side:  

൥
ଓ஺̂
ଓ஻̂
ଓ஼̂
൩

்_௨

ൌ ൥
0

1,429 ∙ ݁ି௝∙ଵଵ଴,ଽଶଷ°

1,429 ∙ ݁௝∙ଵସଽ,ଷ଻଻°
൩   ሾ݌. .ݑ ሿ 

൥
ଓ஺̂
ଓ஻̂
ଓ஼̂
൩

்_௨

ൌ ൥
0

0,509 ∙ ݁ି௝∙ଵଵ଴,ଽଶଷ°

0,509 ∙ ݁௝∙ଵସଽ,ଷ଻଻°
൩   ሾ݇ܣሿ 

The ground current: ଓ௭̂ ൌ 3 ∙ ଓ଴̂௚௨ ൌ 1,843 ∙ ݁௝∙ଵଽ,ଶଶ଻°	ሾ݌. .ݑ ሿ 

መ௓௨ܫ ൌ 0,656 ∙ ݁ି௝∙ଵଽ,ଶଶ଻°		ሾ݇ܣሿ 

The generator current: 

ଓଵ̂௚௨∆ ൌ 0,938 ∙ ݁ି௝∙ଵ଴,଻଻ଷ° 

ଓଶ̂௚௨∆ ൌ 0,324 ∙ ݁ି௝∙ଵଷ଴,଻଻ଷ° 

ଓ௢̂௚௨∆ ൌ 0 because it is closed in the transformer Δ winding 

൥
ଓ஺̂
ଓ஻̂
ଓ஼̂
൩

ீ_௨

ൌ ቎
0,825 ∙ ݁ି௝∙ଷ଴,଺ଶଷ°

0,825 ∙ ݁ି௝∙ଵଵ଴,ଽଶଷ°

1,261 ∙ ݁௝∙ଵ଴ଽ,ଶଶ଻°
቏  ሾ݌. .ݑ ሿ 

቎
መ஺ܫ
መ஻ܫ
መ஼ܫ

቏

ீ_௨

ൌ ቎
7,834 ∙ ݁ି௝∙ଷ଴,଺ଶଷ°

7,834 ∙ ݁ି௝∙ଵଵ଴,ଽଶଷ°

11,975 ∙ ݁௝∙ଵ଴ଽ,ଶଶ଻°
቏  ሾ݇ܣሿ 


