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Iltem 1 (2 points). Analyse advantages and disadvantages of distribution network
configurations and bus schemes at substations and

their applications. Nz , 9

Item 2 (4 points). Allocate k\VAr compensation in the 12 =

10KV industrial distribution system as shown in Fig.

1. Followings are concerned parameters: H & D s

ri = 0.03Q; Q1 = 600kVAr Qc . 0 — ‘3 — 9_}
r. = 0.06Q; Q2 = 500kVAr rs 's Q6
rs = 0.04Q; Qs = 400kVAr D o D o

rs = 0.04Q; Qs = 250kVAr

rs = 0.08Q; Qs = 50KkVAr 1 4

re = 0.08Q2; IQl IQ4 Fig. 1

Total allocated compensation: Q. = 1000kVAr.

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

- Factory demands Fig. 2 ACSR-70 1 &

S1 = 1500kVA, cosgs = 0.8 9 3km :
1 ) 01

S2 = 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 “akm > &
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):

I = 0,03Q ; Q1 = 600 kVAr Qp2 Q2 Qb5“Q5
ro = 0,06Q2 ; oF = 500 kVAr
rs = 0,04Q ; Qs = 400 kVAr ?
T = 0,04Q ; 0Os = 250 kVAr . D 5
rs = 0,08Q ; Qs = 50 kVATr o,
re = 0,08Q ; Ob ()E:j ‘3 E_gbG
compensation amount of QOp = 1000kVAr r Qs
Solve * []r
Qo3 = Qa1 + Qs + Qs = 700kVAr 0 0 IQ
0 = Qos + 01 + Q» = 1800kVAr p1¥ Q1 Opa Q4
Ree1 = ra//vs//re = 0,02Q
ro3 = Reei+ r3 = 0, 06Q
Ree = ro3//ri//r2 = 0,015Q
(Q - (1800 -
Op1 = Q1 —~—~—5— = 600
.R .
2 ooxun D) Ko 1000) .0, 01
(Q - (1800 -
Q2 = Q2 =~ 55— = 500
.R .
2 ooKon D) Ko 1000) .0, 0T
Op3 = Op = Op1 — Qp2z = 1000 - 200 - 300 = 500kVAr
(Qoz - (700 -
Qbsa = Qar——v o =400 -
R .0,
_ 308?\(3\)]}&@1 500).0,02
(Qoz — (700 -
Qbs Qsa—~v 55— =250 -
R .0,
_ 20811){3\)7Art®1 500).0,02
0 (Qoz - (700 - -
b = A~ = -
.R .
_ Ok%%fll t®1 500).0,02

n

n N



Item 3 (4 points)
Zu1 = To.lm + J Xo.lm = 0,46.3 + 3 0,38.35=

Zuo = To.lus + 3 Xo.lm = 0,46.4 + 5 0,38.4 = 1,84 + #i,1,52Q

ZH2 /
Z12 = Yo.li2 + J Xo.l12 = 0,46.2,5 + 70,38.2,5 = E}Iﬂi5 + jO,9\,';T,’%
_ s\ 12
S1 = P1+jQ1 = 2000.0,8+j2000.0,6=1600+j1200 kVA &7 /
2 S12

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

T = (0,1244Tnax.1074)2.8760 = (0,124+5000.107%)2.8760 =
3410 (hour)

. K open

1
gk = X=1200+ j900(kVA)

s

, =% =1800+ j2400(kVA)

gk — g4 X = 3000+ j3300(kVA)

AP, = (Pf +Q12).R1 _ (12002 +9002)

1,38.10°® = 31,05kW
Uz 10° L t

ARyi = APui.7 = 31,05. 2405 = 74675 kWh/year

AP, = (P? - <?§)_R2 _ (18007 +224002)

dm

.1,84.107° =165,6kW

ARsz = APu2.7 = 165,6.2405 = 389268kWh/year

Sy =+/P2 +QZ =+/3000% +3300% = 4460KVA

2 2
AP, = N AP, +— [ S| Ap_ - 2.12,5+1.(ﬂ60) 42 =5111kW
1Sye 24000

2 2
AA, =N AP, T +Ni£ S ) AP 7= 2.12,5.8760+%.(%§8) 42.2405= 28178KWh

B dmB



AA = ARu1 + ARuzx + ARg= 74675+389268+281789= 745732kWh/year

AU, = PZ.RH2U+ Q-Xuy _ 1800.1,841+024oo.1,52_ 10 = 0.696kV

dm

Uz = Us - AUs2 = 10,5 - 0,696 = 9,804kV

2. K close

- SgZL'(ZH +ZH1)+§1L'ZH1 _ SgZL'(IH +|H1)+§1L-IH1

ZHl+ZZI.2+ZH2 IH1+IZI.2+IH2
& _ (1800+ 12400).555; 1200+ J900)3 _ 101 05, 1167368KVA
AU, = PhrRuz + QuaXypy _ 142105.184+167368.152 15 _ oy

u,, 10
vEy U,=U, —AU,, =105-0,516=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.

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

ri = 0.03Q; Q1 = 600KVAr

r, = 0.06Q; Q2 = 500kVAr
rs = 0.04Q; Q4 = 400kVAr
ra. = 0.04Q: Qs = 250kVAr
rs = 0.08Q2;

Total allocated compensation: Qc = 1000kVArr.

Item 3. Consider a distribution network feeding two
factories as Fig. 2. Followings are related parameters
- Factory demands

S1 = 2000kVA, cose: = 0.8

S, = 3000kVA, cosgz = 0.6
- OHL, ACSR-70 conductor, ro = 0.46Q2/km, Xo =
0.38Q2/km
- Distribution substation, two transformers 35/10kV
with following ratings

Sr = 4000kVA

AP, =12.5kW, AP, = 42kW

L Qs
2 5
[]r2 []rs
Qc ® 0 1 ai
oy
U []n
1 4
l. o
. ACSR-70
Fig. 2 3km

ACSR-70
4km

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

K\

Fig. 1

AC-70
2.5km

B

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 Qs 9
5

distribution network configurations and bus schemes " R

at substations and their applications. o

Item 2. Allocate kVAr compensation in the 10kV D 0

industrial distribution system as shown in Fig. 1.

Followings are concerned parameters: Qe )i 0 — L E_)
rn = 0.03Q; Q1 = 600kVAr r3 Is Qs
r. = 0.06Q; Q2 = 500kVAr H o o

r3 = 0.04Q; Qs = 400kVAr

rs = 0.04Q; Qs = 50kVAr 1 4

rs = 0.08Q; IQl Qs Fig. 1

Total allocated compensation: Q. = 1000kVAr.

Item 3. Consider a distribution network feeding two factories as Fig. 2. Followings are
related parameters
- Factory demands : ACSR-70
Fig. 2 3km
S1 = 3000kVA, cose1 =0.8

1

<

S2 = 4000kVA, cosp2 = 0.6 AC-70
- OHL, ACSR-70 conductor, ro = 0.46Q/km, X, = ':% 2.5km
0.38Q/km |
- Distribution substation, two transformers 35/10kV ACSR-70 KN
with following ratings T — %
Sr = 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.




