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Item 1 (2 points). Analyse advantages and disadvantages of distribution network 

configurations and bus schemes at substations and 

their applications. 

 

Item 2 (4 points). Allocate kVAr compensation in the 

10kV industrial distribution system as shown in Fig. 

1. Followings are concerned parameters:  

r1   =  0.03 ;  Q1  =  600kVAr   

r2   =  0.06 ;  Q2  =  500kVAr 

r3   =  0.04 ;  Q4  =  400kVAr 

r4   =  0.04 ;  Q5  =  250kVAr 

r5   =  0.08 ;       Q6  =    50kVAr 

r6   =  0.08 ;  

Total allocated compensation: Qc = 1000kVAr. 

 

Item 3 (4 points). Consider a distribution network feeding two factories as Fig. 2. Followings 

are related parameters 

- Factory demands 

S1 = 1500kVA, cos1 = 0.8 

S2 = 3000kVA, cos2 = 0.6 

- OHL, ACSR-70 conductor, ro = 0.46/km, xo = 

0.38/km  

- Distribution substation, two transformers 35/10kV 

with following ratings 

Sr = 4000kVA  

Po  = 12.5kW, PI  = 42kW  

Maximum loss hours of 4000 hour is applicable for both two loads. 

Question 1. Determine annual energy loss of the whole distribution network in the case of 

opening switch K. 

Question 2. In the case of closing switch K, how does the voltage of bus 2 change, given the 

operating voltage at the 10kV bus of distribution substation is 10.5kV? 

 
Notes : Open-book exam. 

Fig. 1 
Q1 

• 

• 1 

r1 

r3 

Q4 

• 

• 4 

r4 

r6 
• 
6 3 

Q6 

0 
Qc 
 

 

• 2 

Q2 

• 5 

Q5 

r2 r5 

AC-70 

2.5km 

1 
Fig. 2 

2 

ACSR-70 

3km 

2S  

1S  

ACSR-70 

4km 

K 



Solution : 

Item 2 (4 points): 

 

r1   =  0,03 ;  Q1  =  600 kVAr   

r2   =  0,06 ;  Q2  =  500 kVAr 

r3   =  0,04 ;  Q4  =  400 kVAr 

r4   =  0,04 ;  Q5  =  250 kVAr 

r5   =  0,08 ;       Q6  =    50 kVAr 

r6   =  0,08 ;  

compensation amount of : Qb = 1000kVAr 

 

Solve  

 

Q03 = Q4   + Q5 + Q6 = 700kVAr 

Q    = Q03 + Q1 + Q2 = 1800kVAr 

Rt®1 = r4//r5//r6 = 0,02 

r03 = Rt®1+ r3 = 0,06 

Rt® = r03//r1//r2 = 0,015 

  

Qb1 = Q1 -                        = 600  -                                           = 200kVAr 

 

  

Qb2 = Q2 -                        = 500  -                                           = 300kVAr 

 

 

Qb3 = Qb - Qb1 - Qb2 = 1000 – 200 - 300 = 500kVAr 

 

  

Qb4  =  Q4 -                        =  400 -                                    = 300kVAr 

 

  

Qb5  =  Q5 -                        =  250 -                                    = 200kVAr 

  

  

Qb6  =  Q6 -                        =    50 -                                    = 0kVAr 
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Item 3 (4 points) :  

ZH1 = ro.lH1 + j xo.lH1 = 0,46.3 + j 0,38.3 = 1,38 + j.1,14 

ZH2 = ro.lH2 + j xo.lH2 = 0,46.4 + j 0,38.4 = 1,84 + j.1,52 

Z12 = ro.l12 + j xo.l12 = 0,46.2,5 + j0,38.2,5 = 1,15 + j0,95 

S1 = P1+jQ1 = 2000.0,8+j2000.0,6=1600+j1200 kVA 

S2 = P2+jQ2 = 3000.0,6+j3000.0,8=1800+j2400 kVA 

 = (0,124+Tmax.10-4)2.8760 = (0,124+5000.10-4)2.8760 = 3410(hour) 

1. K open 
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A = AH1 + AH2 + AB= 74675+389268+281789= 745732kWh/year 
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2. K close 

2121

111122

2121

111122'

2

.).(.).(

HH

HH

HH

HH
H

lll

lSllS

ZZZ

ZSZZS
S

++

++
=

++

++
=


  

kVAj
jj

SH 68,167305,1421
5,9

3).9001200(5,5).24001800('

2 +=
+++

=  

kV
U

XQRP
U

dm

HHHH
H 516,010.

10

52,1.68,167384,1.05,1421.. 32

'

22

'

2'

2 =
+

=
+

= −  

VËy kVUUU HH 984,9516,05,10'

2

'

2 =−=−=   

Therefore, K close the voltage at node 2 increase from 9,804kV to 9,984kV.  
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Item 1. Analyze advantages and disadvantages of distribution network configurations and 

bus schemes at substations and their applications. 

 

Item 2. Allocate kVAr compensation in the 10kV 

industrial distribution system as shown in Fig. 1. 

Followings are concerned parameters:  

r1   =  0.03 ;  Q1  =  600kVAr   

r2   =  0.06 ;  Q2  =  500kVAr 

r3   =  0.04 ;  Q4  =  400kVAr 

r4   =  0.04 ;  Q5  =  250kVAr 

r5   =  0.08 ;         

Total allocated compensation: Qc = 1000kVAr. 

 

Item 3. Consider a distribution network feeding two 

factories as Fig. 2. Followings are related parameters 

- Factory demands 

S1 = 2000kVA, cos1 = 0.8 

S2 = 3000kVA, cos2 = 0.6 

- OHL, ACSR-70 conductor, ro = 0.46/km, xo = 

0.38/km  

- Distribution substation, two transformers 35/10kV 

with following ratings 

Sr = 4000kVA  

Po  = 12.5kW, PI  = 42kW  

Maximum loss hours of 5000 hour is applicable for both two loads. 

Question 1. Determine annual energy loss of the whole distribution network in the case of 

opening switch K. 

Question 2. In the case of closing switch K, how does the voltage of bus 2 change, given the 

operating voltage at the 10kV bus of distribution substation is 10.5kV? 

 
Notes : Open-book exam. 
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Item 1. Analyze advantages and disadvantages of 

distribution network configurations and bus schemes 

at substations and their applications. 

 

Item 2. Allocate kVAr compensation in the 10kV 

industrial distribution system as shown in Fig. 1. 

Followings are concerned parameters:  

r1   =  0.03 ;  Q1  =  600kVAr   

r2   =  0.06 ;  Q2  =  500kVAr 

r3   =  0.04 ;  Q4  =  400kVAr 

r4   =  0.04 ;   Q5  =    50kVAr 

r5   =  0.08 ;  

Total allocated compensation: Qc = 1000kVAr. 

 

Item 3. Consider a distribution network feeding two factories as Fig. 2. Followings are 

related parameters 

- Factory demands 

S1 = 3000kVA, cos1 = 0.8 

S2 = 4000kVA, cos2 = 0.6 

- OHL, ACSR-70 conductor, ro = 0.46/km, xo = 

0.38/km  

- Distribution substation, two transformers 35/10kV 

with following ratings 

Sr = 5000kVA  

Po  = 12.5kW, PI  = 42kW  

Maximum loss hours of 4500 hour is applicable for both two loads. 

Question 1. Determine annual energy loss of the whole distribution network in the case of 

opening switch K. 

Question 2. In the case of closing switch K, how does the voltage of bus 2 change, given the 

operating voltage at the 15kV bus of distribution substation is 16kV? 

 
Notes : Open-book exam. 
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