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Item 1 (2 points). Analyse advantages and disadvantages of distribution network
configurations and bus schemes at substations and
their applications. Q: Qs

2 5

Item 2 (4 points). Allocate KV Ar compensation in the
10kV industrial distribution system as shown in Fig.
1. Followings are concerned parameters:

rn = 0.03Q; Q1 = 600kVAr Qc

r, = 0.06Q ; Q2 = 500kVAr Qs
rs = 0.04Q; Qs = 400kVAr

rs = 0.04Q; Qs = 250kVAr

rs = 0.08Q2; Qs = 50kVAr

re = 0.08Q2; Fig. 1

Total allocated compensation: Qc = 1000kV/Ar. Q Q

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

are related parameters

- Factory demands : ACSR-70 1
S; = 1500kVA, cose; = 0.8 3km

S> = 3000kVA, cosp2 = 0.6 AC-70
- OHL, ACSR-70 conductor, ro = 0.46Q/km, Xo = ':% 2.5km
0.38Q/km i
- Distribution substation, two transformers 35/10kV ACSR-70 3\ ,
with following ratings T Akm > S,
Sr = 4000kVA

AP, =12.5kW, AP, =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.




Solution :

Item 2 (4 points):

rn = 003Q:; Qi = 600kVAr Qrz Q2 Qus Qs
r. = 0,06Q ; Q2 = 500 kVAr
rs = 0,04Q; Qs = 400 kVAr
rs = 0,04Q; Qs = 250 kVAr
rs = 0,08Q2; Qs = 50kVAr

re = 0,08Q ;
compensation amount of : Qp = 1000kV Ar

Solve

Qoz =Qs4 + Qs+ Qs =700kVAr
Q =Qoz+ Q1+ Q2= 1800kVAr
Rie1 = rallrslire = 0,02Q2

ros = Rier+ 13 = 0,06Q2

Ri® = roa3//ri/lr, = 0,015Q

- R 1 -1 .0,01
Qb1 =Q1- (Q- Qv)-Re =600 - (1800 - 1000).0,015 = 200kV Ar
r 0,03
Oy =0, Q QRe _ o0 (1800-10000015 00
R2 0,06
Qbz = Qb - Qo1 - Quz = 1000 — 200 - 300 = 500kVAr
B (Qos - B (700 - 500).0,02 B
Qs = Qi- 5 YR = 400- 0.04 = 300kVAr
_ (Qos - B (700 - 500).0,02 B
Qbs = Qs - “Qw)Rer - 250 - 0.08 = 200kVAr
(Qos - 50 - (700 - 500).0,02 — OKVAr

Qbe = QG - —Qbs).Rt®1 = 0’08



Item 3 (4 points) : Ss SHi1

Zur = Tols + Xoli1 =0,46.3+j0,383=138+j.1140 § 1 M =}

Zro = ol + ] Xo.lnz = 0,46.4 + 0,38.4 = 1,84 + j.1,520 ze 2n

Z12 = lo.li2 + j Xo.l12 = 0,46.2,5 +j0,38.2,5 = 1,15 + j0,95Q2 SHzl Zn \/:::,

S1 = P1+jQ1 = 2000.0,8+j2000.0,6=1600+j1200 kKVA 2/ 212
Siz

Sz = P+jQ2 = 3000.0,6+j3000.0,8=1800+j2400 kVA

7= (0,124+Tmax.10%)2.8760 = (0,124+5000.104)2.8760 = 3410(hour)
1. K open

S,, =S, =1200+ j900(kVA)

Sy, =S, =1800+ j2400(kVA)

S =S, +S, =3000+ j3300(kVA)

AP, = (R +Q7) , _ [1200°+900°)

<R T 11,38.10°° = 31,05kW
Uz, 10

AAH1 = APu1. 7= 31,05. 2405 = 74675 KWh/year

i )b

2

.1,84.107° =165,6kW

dm

AAR2 = APnH2. 7= 165,6.2405 = 389268kWh/year

Sy = /P2 +QZ = /3000 +3300° = 4460kVA

2 2
AP, = Ny APy +——| S5 | AP, = 2125+ L[240 45 51 11kw
214000

B dmB

2 2
AA, = N,AP, T +Ni[ Se J AP 7= 2.12,5.8760+%.(%§8) 42.2405 = 281789k Wh

B dmB

AA = AAn1 + AAn2 + AAg= 74675+389268+281789= 745732kWh/year

AU = PrRus +Q, X, _ 1800.184 +2400.1,52
e U - 10 '

107 = 0,696kV

dm

U2 = Uy - AUn2 = 10,5 - 0,696 = 9,804kV




2. K close

_ Sp(Ziy +Z1) +S1-Zy _ Syellyy +141) + Sy by

Sz -
Ly + 2y + 2y, iy +1o + 1,
§, - (1800 + 12400).5,9554- (1200 + j900).3 142105+ j1673,68KVA
AU, < PhiRus +Qua Xy 142105184 +167368.152 15 oo

U,, 10
VEy U, =U, —AU,,, =10,5-0,516 = 9,984kV

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. 0 o
2 5

Item 2. Allocate kVAr compensation in the 10kV
industrial distribution system as shown in Fig. 1.
Followings are concerned parameters:

rn = 0.03Q; Q1 = 600kVAr

r 0.06Q) ; Q2 = 500kVAr Qc
r3 = 0.04Q; Qs = 400kVAr

rs 0.04Q) ; Qs = 250kVAr

rs = 0.08Q;

Total allocated compensation: Qc = 1000kVAr.
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Item 3. Consider a distribution network feeding two
factories as Fig. 2. Followings are related parameters
- Factory demands : ACSR-70 1

Fig. 2 3Kkm S,
S1 = 2000kVA, cosp: = 0.8

S2 = 3000kVA, cosgpz = 0.6
- OHL, ACSR-70 conductor, ro = 0.46Q/km, X, = ':%
0.38Q/km |
- Distribution substation, two transformers 35/10kV ACSR-70 .
with following ratings “akm S,
Sr = 4000kVA
APy =12.5kW, AP, = 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.

Q2 Qs

Item 2. Allocate kVAr compensation in the 10kV
industrial distribution system as shown in Fig. 1.
Followings are concerned parameters:

rn = 0.03Q; Q1 = 600kVAr

r, = 0.06Q ; Q2 = 500kVAr
rs = 0.04Q; Qs = 400kVAr
rs = 0.04Q ; Qs = 50kVAr
rs = 0.08Q2;

Total allocated compensation: Qc = 1000kVAr.

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

related parameters

- Factory demands 0 2 ACSR-70 1
S; = 3000kVA, cose; = 0.8 3km

S> = 4000kVA, cosp2 = 0.6 AC-70
- OHL, ACSR-70 conductor, ro = 0.46Q/km, Xo = ':% 2.5km
0.38Q/km i
- Distribution substation, two transformers 35/10kV ACSR-70 K3 ,
with following ratings ~Akm > S,
S = 5000kVA

AP, =12.5kW, AP, =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.






