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The paper is dedicated to investigation of ultra-high voltage long-distance transmission lines with con-

trolled shunt reactors installed to compensate for line parameters and with synchronous condensers to 

increase small signal stability. The operating conditions of a 4000 km line are considered. The effect of 

installation sites and capacity of synchronous condensers on transmission limits is analyzed. It is shown 

that using coordinated control of means of shunt compensation on ultra-long transmission lines allows to 

significantly increase not only the limit of transmission power, but also the level of small signal stability 

for these lines. 
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. 1.       К   2020  

Fig. 1. Development of ultra-high voltage networks in China to 2020 
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Fig. 2. Simplified diagram of transmission system with one synchronous condenser 
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 1  

м  о  о о    м  мо о  P = 1,02 о. . 

T a b l e  1  

Optimal settings of control systems for power transmission limit P = 1.02 p.u. 

 

 i 
Ui, . . Bi, . . 

   Кi (KRi),  (KG) 

  (KSC) 

  -

 

  -

 

  -

  

  -

 

1 1,001 –0,0194 
KG_0u = –6,658 KG_1u = –9,281 KG_0 = 0,019 KG_1 = –0,131

KR1_0u = –99,766 – KR1_0 = 4,05 KR1_1 = –1,379

2 1 0,0236 KR2_0u = –99,701 – KR2_0 = 3,267 KR2_1 = 1,816

3 1,001 0,0223 KR3_0u = –99,811 – KR3_0 = 3,365 KR3_1 = 1,883

4 1 0,0012 KR4_0u = –72,344 – KR4_0 = 3,174 KR4_1 = 0,999

5 1,001 –0,0018 
KR5_0u = –10,199 – KR5_0 = 2,074 KR5_1 = 0,328

KSC_0u = –5,314 KSC_1u = –0,1 KSC_0 = –0,019 KSC_1 = 1,408

6 1,001 –0,0018 KR6_0u = –46,925 – KR6_0 = 2,212 KR6_1 = –1,353

7 1 –0,0258 KR7_0u = –84,797 – KR7_0 = 3,042 KR7_1 = –1,246

8 1 –0,032 KR6_0u = –46,034 – KR6_0 = 2,214 KR6_1 = –1,643

9 1 – – – – –
 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

3

2.8

2.6

2.4

2.2

2

1.8

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

1

2

, 1/

P, o.e.

 
 

. 3.         

     P = 1.02 .  (1)      0,1  1,0 . . (2) 

Fig. 3. Change in damping degree for dominant eigenvalue when tuning for power transmission  

of P = 1.02 p.u. (1) and for two operations of 0.1 and 1.0 p.u. (2) 
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Fig. 4. Change of dominant eigenvalues when tuning for two operations 
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 2  

м  о  о о    м  мо о  P = 1,08 о. .  

 м  о м  ом о м   

T a b l e  2  

Optimal settings of control systems to power transmission limit P=1.08 p.u. with three synchronous condensers 

 

 i 
Ui, . . Bi, . .

     

  -

  

  -

 

   

  

  -

  

1 1,001 0 – – – – 

2 1,001 0,075 – – – – 

3 1,001 0,062 KSC3_0u = –6,439 KSC3_1u = –8,727 KSC3_0 = 1,695 KSC3_1 = –1,661 

4 1,001 0,0488 – – – – 

5 1,001 0,0364 KSC5_0u = –14,556 KSC5_1u = –0,636 KSC5_0 = 4,709 KSC5_1 = 1,545 

6 1,001 0,0247 – – – – 

7 1,001 0,0152 KSC7_0u = –6,877 KSC7_1u = –4,125 KSC7_0 = 4,167 KSC7_1 = –0,418 

8 1 0 – – – – 

9 1,001 0 – – – – 
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Fig. 5. Angle fluctuations under small disturbance (power step 0,005 p.u.) on maximum power transmission 1,08 p.u. 
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T a b l e  3  

Power transmission limits at various locations  

and capacities of SC installation 
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  о о  м  К 

T a b l e  4  

Optimal settings of control systems  

to power transmission limit P = 1,1 p.u.  

with different SVC time response 

 

 i 
Ui, . . Bi, . . 

  

К  i 

1 1,001 0,0074 0,818 

2 1,001 0,0918 0,499 

3 1,001 0,0774 0,604 

4 1,001 0,0637 0,357 

5 1,001 0,0506 0,429 

6 1,001 0,0382 0,303 

7 1,001 0,0292 1,353 

8 1 0,0107 0,523 

9 1,001 – – 
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Fig. 6. Fluctuations of synchronous condenser reactive power under small disturbance on power transmission 

(  –SC3;   – SC5;   – SC7) 
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