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DISTRIBUTION NETWORKS

The network formed by connecting the distribution lines fed from one or
more points to each other in linear or different ways is called the distribution
network.

Distribution network types

Radial

Branch

Ring network
Interconnected network
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DISTRIBUTION NETWORKS

Multiple branch Radial network

T
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RING NETWORK

One point feeding —»q

} }

Two-point feeding >0

bbb
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DISTRIBUTION NETWORKS RING NETWORK
RING NETWORK WITH ONE POINT FEEDING

Ring sebeke iki koldan beslendiginden bu sebekede hat Uzerindeki
yuklerden biri vardir ki iki koldan beslenir. Bu yuk r noktasindaki yik olsun.
Ring sebeke bu r noktasindan kesilirse, her iki koldaki gerilim distmleri
esit olur. Sekil 5.38 de bu durum gosterilmistir. Her iki koldaki gerilim
dustimlerinin esit olmamasi, A’ ve A” noktalarinda gerilimlerin esit
olmadigini gosterir ki, bu durumda yuk akisi gerilimler esit oluncaya dek
surer.
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RING DISTRIBUTION NETWORKS

Figure 5.38.

The ring network is fed from both
branches. If it is disconnected
from the point where the load is
divided, the voltage drops in both
arms will be equal.
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RING DISTRIBUTION NETWORKS

Since the conductor type and cross section are the same in the ring network, the
voltage drop coefficients do not change. If it is written that the voltage drops in the
arms are equal, from the relation u=kLN;

u="Iky(N [%]

u=kKN, +Ny +Nj+---+N 4 +N',)1 +(1~12+r~13+---+1~1,_l +N',}2
+(N3 +---+Nr_1+N',)3 +---+(N,_, +N'r),_1 +N',I,J
=kl(Nm +Npp ++ Ny +N:)m+l.+(Nm—! Fesk N +N:}m *ee

+(Nr+l +N: }H-Z +N:1r+]J
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Let's write Nr-Nr" instead of Nr' and multiply Nr** by distances to obtain the
term

-Nr*(L1+L2+ ... + ... +L1).

Let us move this term to the right side of the equation and multiply Nr" by
distances and then gather them into the same parenthesis.

Ny +Np + N3+ + N +N Jp +(Np +N; 4o+ N+ N Vs
+(N3 +"'+Nr-l +Nry3 +"'+(Nr-—] +Nryr—l +err
Z(Nm +Nm—l +"'+Nr+l ym+1 +(Nm—l +"'+Nr+[ )Im +ee

+ N aglprn * N+l iy oot ly +l + g+t +141)

N, =P"-N,,; —+=Np =Ny, oldugu yazilirsa:
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RING DISTRIBUTION NETWORKS

(N{ +Ny + Ny 4+ N + N Jy +(Ngy + N3 -+ N +N Y5
+H(Ng 44+ Ny + N Yy +oe b (N N Yy + N
~(Npy +N g +00+ Negg Frnag ~(N et +++ Ny Yn == Nesrlea
+N,4.,41(l1 tly g et Ly g oot g )
N (g +ly 1 et g+l g+t + )
I S P T A A A +14)
=P"( 1y +ly oAl gy oot g )
If the term (il et Ll gy et D + )
is written in open form and and the terms with factor L1 are written in the first paranthesis, the terms

with factor L2 are written in the second paranthesis, and so on.... and if the term on the right side of
the equation is written as equal to the length of the ring network:
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(N +Ngy+Ng ook Nyg + N+ Ny +-+ Ny +Np Yy
+(N2+N3’+---+?:I-;_l+Nr+N,+i+---+Nm_1+Nm)'2
+(Ng++ Ny #Np + Ny 4o+ Npy  + N J
Hu . _

+ (N + N, +Npyg +o+Np g + N Yo

+H(N, + N+ +Np  +Np ¥
-+(Nr+]+"'+Nm-l+.ﬂmyr+l

Foee

+(Nm—l +Nm)’m—l

+Nplm =

=P - o
P":(Nl+---+Nm)ll+(N2+---+Nm)I!2+-~+(Nm_1+Nm)lm_1+lem
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RING DISTRIBUTION NETWORKS

This equation can be written as:

(Nj#o+ Ny =Py +(Ny ++ Ny =P"Yg +(Ny 4o+ Ny =P W3+

+(Nm—1 +Np, -P“)Im—-l +(Nm _P")lm =Pl =0 (1)
This last equation shows that, If the ring network is opened at point |
and converted to a radial network that is being fed from two points,
The powers P* and P" drawn in opposite direction from point | can be
used to calculate voltage drops as in radial networks.

o B P, P, Proi Pa &
B
P' NI NZ NJ Nr-l Nr Nr" 1 Nm—l Nm P.
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A B P, P, Pos Pa av

Flgure 539 x Il l 12 l IJ l IH { Il l ll*l , Im-ll [m ] lm+l x

P. NI NZ NS Nr-l Nr Nrt] Nm—! .Nm P-

Actualy, the powers drawn from the line that is fed from the point I' in Figure 5.39 will be
Pl :N[+N2 +N3+"'+Nm_]+Nm—P" . .
Since the voltage drop between points

Py =Ny +N3+-++Npy g +Npy =P I"and I" supposed to be zero, the

Py =N3+-+Np_ +Np —P" following equation is written.
P. =N, ~P" m
m-1~"m Zl)i [i
IJm =-P" " i=1 (526)
Tt

www.altas.org Electric Power Distribution Systems Chapter 5- 14




RING DISTRIBUTION NETWORKS

m
Since  P%+P"= ZPi Then, P’ can be calculated, too.
i=l

After calculating P' and P", in Figure 5.39, we proceed untill the shared load
where the power driven from the beginining of the line becomes equal to P’ or
P". Then at this point the network is cut and separated into two radial parts.
The voltage drop in both radial parts will be equal. Therefore, it will be
sufficient to make the calculations for one of them.

Equation (5.25) shows that, the loads in a radial network fed from two ends
can be mowed to the feeding points. Therefore, The powers P* and P" at both
ends of the line can be used instead of powers N driven from various points
along the line as shown in Figure 5.40.
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I P# P? P‘] P: I"
Figure 5.40. . -
The powers P" and P" at both ends of the l, l I I, .
line can be used instead of powers N
driven from various points along the line. P N, N, N, N, p
- ! |
P =N1 +N, +Nj +"‘+Nx
P?_ =N2 +N3 +"-+Nx m
P3=N3+---+N ZPi[i pr— P[[['I-P:[z +P313 +-..+Px]x
X Pn= 1-.=1 1
l
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RING DISTRIBUTION NETWORKS

If there is just one load N connected to the line;

P,=N

]. A I I' AI A" I’
-—— F p — = e p S
| | j l F
_ @. ! N \ )
Ring network P PP Radial network
L L - l u -
Figure 5.41. P'and P" components of tho load N.
P"= N£ (5.27.1) . ,
1 These equations can also be obtained by
getting the load torque with respect to
" ointsI'and I".
P'=N—{ (5272 P
)
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L - A I _ T A A" r
If torque is applied in Figure b "o r l "
5.41 for (5.27.1) PN r r
A GR— . ‘ |
l' 1 " 1'
P"=N7 N/'-P"/ =0 - P"-_-NT
NI'-P'1=0 - P=NL

The ring network has been converted to radial
network in Figure 5.41b.

u= kP'l’ Or — kPIIlH
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RING DISTRIBUTION NETWORKS

The cross-section of the undergraund cables used in the network

EXAMPLE o . .
shown in Figure is to be determined.
The highest allowable voltage drop limit is 5%.
400231V
60 kW
6 kW 25 Wnﬁi m£5 m&’..‘) ﬂﬁj mﬁs m"%"/‘.
6 kW g
6kW  GkW 6kW 6kw 6kW 6kW 6kW
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Let us convert the ring network to a radial network first.
r A B ¢ D E F M N P
IIZOmlSOmlSOml’TOmI somlzsml 25ml 25m lzsmI
P’ 15kW 25kW 20kW 60kW 6KkW 6kW 6kW GkW P
m
2 P.l. po 180.120+165.80+140.50+120.70+ 6050+ (54 +48+42+30+24+18+12+6).25
Pu o 1=] 620
i = 96,694 kW

P'=180-96,694 =§3,306 kW

In order to reach the power 83.306 kV drawn from the line, starting
from the beginning of line we get 60 kW connected to the points A, B
and C, and 23.306 kW of 60 kW connected to the shared point D.
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RING DISTRIBUTION NETWORKS

Then, the % voltage drop: |u = k(N [%]

" u %S
k2 = =
3 Y Bi;  83306.0,120+68.306.0,080+43306.0,050+23306.0,070

=%0,260

Therefore, From Tablae 5.11; For  3x70/35 mm® YVV
k3 =%0,222  ischosen

Check the voltage drop for this cable:

w=ky S Bl =%0,222.19.258 = %4275
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If the voltage drop calculation is done for the other branch, the result would
be obtained.

42,694 kW 54,694 kW - 66,694 kW 78,694 kW 90,694 kW
36,694 kW 48,694 kW 60,694 kW 72,694 kW 84,694 kW 96,694 kW

D E F G H-. I J K L M N 1"

50 m 25“‘],25“‘ 5m | Z5m | 25m | 25m | 25m | 25m | 25m | 25m

36,694 kW 6kW 6kW 6kW 6kW 6kW 6kW 6kW 6kW 6kW GkW
u=Kkj z P;l; =%0,222[36,694.0,050 + (42,694 + 48,694 + 54,694 + 60,694 + 66,694
+72,694 + 78,694 + 84,694 + 90,694).0,025] = %4,275
If the ring network is opened between DE, then voltage drop in the branches ID and IE will be
up = %0,222(1 20.0,120+105.0,080+80.0,050 + 60.0,070) = %6,882

The voltage drop is over 5%.
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RING DISTRIBUTION NETWORKS

U =%0,222(60+ 54 +48+ 42+36+30+24+18+12+6)0,025 = %1832
If power loss equations are aplied.
APp = my;Pll = 0,0022(23,3062.0,070+ 43,3062.0,050 +68,3062.0,080
+833062.0120)=2,975 kW
APy =0,0022]36,694%.0,050 + (42,6947 +48,694% +54,6942 + 60,6947 + 66,6947
+72,694% +78,694% +84,6947 +90,6947 +96,694> Jo,025)= 2983
Total absolute power loss AP =2975+2,983=5958 kW

5,958
Total percentage power loss p= API-)—A%IOO_ = W.%IOO =%3,310
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Ring network fed from multiple points

EXAMPLE In the ring network fed from multiple points, the branches between
the two feeding points are considered one by one and calculated as in
the previous separation.

The cross-sections of the overhead aluminum line will be determined
in the ring grid fed from three points as shown in the figure. The
allowable voltage drop is 5%.

If the branches between the feeding points I-Il, ll-Ill and I-Ill in the
ring network are considered separately, from the relation (5.26)
and (5.27.1):
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RING DISTRIBUTION NETWORKS

400/231 V

120 kW
(0,80)

400/231 V 125 kW
(0,90)
400/231 vV
130 kW
(0,80)
125 kW
(0,80)
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P, P! I A A 11
Pe A <t 1 g P
00B1V M oom 1 1om ] 100 m ‘ 1 150 m

140 kW 4 'l

! (0.90) I (0,90) (0,90)

| 250 m |

400231V 125 kw ! I 100
(030) Pr = N.— = 140.— =56 kW
L 250
P; =N—P; =140-56=284 kW
v 400/231 v
(0,80) P.l
P;n _ z i 245.40+125.50 ~ 133750 kW
125 kW ] 120
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RING DISTRIBUTION NETWORKS

400/231 V

—_—

n P,

B C m g

—

400/231 V

400/231 V

D Pl 255.50+130.60
1 160

=128438 kW

|
'

125 kW P,
(0,90)

40m I 50 m 1 0m |

120 kW
(0,80)

120m

I B B [ 2 I
Al
40m 1 50m ! 30m

111,250 kW 8,750 kW
(0,80) (0,80

125 kW
(0,90)

Py =245-133,750=111,250 kW

Py = 255-128,438=126,562 kW

Electric Power Distribution Systems

Chapter 5 - 27
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400/231 V

120 kW

400/231 v

400/231 vV

11 Pul D E P| 1
: S0m | 60m I SOm |
| | |
P 125kW  130kW "
(080) (089
160 m |
I D E E 1
——

50 m l 60 m l 50m

125 kW
(0,80)

1,562 kW 128,438 kW
(0,80) (0,80)
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RING DISTRIBUTION NETWORKS

Voltage drop coefficients from (5.12)

u %5

K3y = - — %0,595
3.1 S pl 840,100 '

For k3"=0.595% (PF=0.90) from Table 5.18, the selected conductor will be Poppy.
For poppy:
w=kiyy 3 Pili = %0,568.84.0,100 = %4,771
u %35

B o _ =%1,124
3,T1-1M ZPili 111,250.0,40 ()

For k3"=1.10% (PF=0.80) from Table 5.18, the selected conductor will be Lily.
For lily:

=k yom 3, Pili =%11.111,250.0,040 = %4,895

www.altas.org
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Although PF=0.80 was taken in the II-lll arm, there is also a load with PF=0.90 in this arm. Therefore,
the voltage drop in the branch Il will be smaller and power DP will flow from the branch Il to the

branch Ill. According to this:

uy = %L10(111,250+ AP)0,040
uyy = %1,10(8,750—AP)0,080 +%1,04.125.0,030

Since Uy =upy ={> AP =1,705 kW

I B B c n
40m l 50 m l 30m

109,545 kW 10,455 kW 125 kW
(0,80) (0.80) (0,50)

u=%1,10.109,545.0,040 = %4,820

www.altas.org
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RING DISTRIBUTION NETWORKS

If the voltage drop calculation is made for arm I, the same result is obtained.

u=%110.10,455.0,080 +%1,04.10,125.0,030 = %4,820

u %S5

k3 jom = = = %0,779
MUY Ry 128438050

Can a smaller conductor size be chosen for this recalculated and decreasing

voltage drop?
If the calculation is made, it is seen that it cannot be selected.

For k3"=0.750% (PF=0.80) from Table 5.18, the selected conductor will be Pansy.
For Pansy:

w=kyyy » Pl =%0,750.128,438.0,050 = %4816
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400/231 V

120 kW
(0,80)

%

400/231V 125 kW
(0,90)
Q T~
The selected conductor 57'/
sizes are wrtten on the
figure.
400/231 V
130 kW
(0,80)
125 kW
(0,80)
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RING DISTRIBUTION NETWORKS

7.5 kW (0,80)

400/231 V

Problem 1. Sekil 5.50 deki yeralti kablolarindan kurulu géz sebekeden toplu ve
yayil: yilkler beslenmektedir. Yeralt: kablolarnin kesitini saptaymiz.

Izin verilen gerilim diistimii %5 dir.

(08°0) ™Y/M 001

B
~ 5,5 kW (0,90)

Coziim: Yayili yiiklerin bilesenleri alnmig ve toplu yiiklerle toplanmistir. Toplam
yiikler, GK lar1 ayr1 ayr1 goz Oniine almarak agagidaki seklin iizerine yazilmigtir.

11,5 kW (0,80)
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400/231 V
IKW 3.5 kW (0,%0)
2 3 -
"= { 7.5 kW (0,80) W (040 §
v 2,5 kW 35 B0) | 2
< L 4 kW (0.80) } ;
= { 2,5 kW
2 {10 kW
= | 25kw
4 kW (0,80)
2 {3-5 kw 5,5 kW (0.90)
o
LS kW 11,5 kW (0,80)
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RING DISTRIBUTION NETWORKS

Once, GK lan goz dniine alinmayacaktir.

Goz sebeke, besleme noktast olan I noktasindan agilarak diiz sebekeye
doniistiriiliirse, [5.26] dan:

62 54,5 45 32 2

P ot A, 202 B i e D aDe E e P
I 70 m l 80 m J 70m l 60 m * 50 m l 50 m 1 60 m T
P’ 7.5 9.5 13 4 15 13 P

| 440 m |

g b |
pu_ 62.70+54,5.80+45.70+32.60+28.50+13.50 _ 655

440
P'=62-35,955=26,045 kW
Bu sonug, giz gebekenin C noktasindan kesilmesi gerektigini gosterir. C noktasimin

solundaki yiikler 7,5+9,5=17 kW oldugundan, C noktasina bagli olan yiikler 26,045-17
=9.045 kW ve 13-9,045=3,955kW tir.
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" %5

ky= =%1,269
T 9,045.0,070+18,545.0,080 +26,045.0,070
P P A B c ¢ D E F o g
70 m 80 m 70 m 60 m 50 m 50 m 60 m
7.5(0,80) 5.5(0,90) 1.5 . 4 15 5,5
4(0,80) 7,545 (0.80) 3,955 (0.80) 7,5 kW (0,80)
11,5 (0,80)
AP -AP

Bu gerilim digiimii katsayis: igin, gizelge 5.11 den, k; =%0,956 ya kargilik olan
3x16/10 mm” kablo segilir. Bu kablo igin, GK lari goz 6niine alinarak, [5.12] den:

u'=%0,956[1,5(0,070 + 0,080 + 0.070)]+ %0,986.5,5(0,080 + 0,070)
+%1,00(7,345.0,070+11,545.0,080 +19,045.0,070) =%3,9 1 4
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RING DISTRIBUTION NETWORKS

Goz sebeke GK lan goz oniine alinmadan kesildiginden, GK larimn farkli olmasi
nedeniyle her iki koldaki gerilim diistimleri egit olmayacaktir. Esitligin saglanabilmesi
igin, kesilen yiikiin bir pargasindan &biir pargasina AP giicii akacaktir.

Bu durumda, her iki kol i¢in, [5.12] den:
(1) u'=%0,956[1,5(0,070 + 0,080 + 0,070)]+ %0,986.5,5(0,080 + 0,070)
+%1,00(7,545+ AP)0,070+ (11,545 + AP 0,080 + (19,045+ AP)0,070]
= %(3,91383+0,22AP)
(2) u"=%0,956(4.0,050+19.0,050 +24,5.0,060)
+%1,00[(3,955 - AP)0,160 + (11,455 AP )0,060] = %(3,82482 — 0,22AP)

Gerilim diigiimlerinin esit oldugu yazihrsa: 3,91383+0,22AP = 3,82482—-0,22AP
AP =-0,202 kW

www.altas.org Electric Power Distribution Systems Chapter 5 - 37

RING DISTRIBUTION NETWORKS

Sonug gerilim diigiimii, (1) den:

u'= %[3,91383+0,22(=0,202) | = %3,86939

Obiir kol igin de aym gerilim diisiimii elde edilir. (2) den:
u"=%[3,82482 —0,22(-0,202) ]| = %3,86926

Sonug: u =%3,869 < %5

oldugundan, segilen 3x16/10 mm’ YVV kablo uygundur.
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RING DISTRIBUTION NETWORKS

Problem 2. [ uzunlugundaki g6z sebekenin her bir yanisindan yiik yogunlugu j ve 2j
olan diizgiin yayil ytikler gekilmektedir. Sekil 5.51. Hat boyunca kablo kesiti aymidir.

a) Gerilim diigiimiinii hesaplayimz.

b) Aym gerilim diisiimiinii veren, / boyunca ayni olan j, yiik yogunlugunu bulunuz.

Uniformly distributed loads with densities j and 2j are drawn from
each half of the ring network of length L.

The figure shows this situation.
The cable cross-section is the same throughout the line.
a) Calculate the voltage drop.

b) Find the charge density j, that is the same across L, giving the
same voltage drop.

Answer:
ix =1,53125j
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The ring network is cut from the section with the higher load density (up to point
SOLUTION:

(a)

Since the voltage drops will be equal

x2 +] 2x+—
4

B) and the bulk loads are separated into its components.

J , 2 The voltage drops in branches:

n Al x BB uz)x

I'l
() uyp = k[jx.x +j[2x +£—)%]
il ith-0 .

(1 Y
n Tx 13'3"1 )% r-' 2) “["=k3[z—x]

joerd) i i id-»

Subtitute this results into (1) and (2);

2 2
n= kj[éu%) u =[%) kjl?
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RING DISTRIBUTION NETWORKS

SOLUTION:

(b)

Let’s separate the ring network right in the middle.

5 Jx

In order for this voltage drop to be equal to the voltage drop in (a);

2 (1V. : ;
Kis ?=(1_6-) kjl '::> ix = 1,53125j
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Underground cable is uased to supply power to bulk loads in ring
EXAMPLE: network shown in the figure. Determine the cross-sections of the cables.
The allowable voltage drop is 5%.
o GEW  GkW 6kw Gkw 6kW 6kW kW
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RING DISTRIBUTION NETWORKS

E point s taken as the nodal point of the star and
considering that the 60 kW load is fed from the
AE=250 m line,

lpr=0,250 km — 2P1=60.0,250=15 kWkm
A'-E

Ion =0,320 km —

z PI=20.0,050+45.0,080+60.0,120 =11,8 kWkm
A"SE

6 kW

6kW  GkW 6kW 6 kW 6kw 6kW 6 kW
Iam=0300km — ) PI=(6+12+18+24+30+36+42+48+54+6()0,025=825 kWkm
A"SE :

Iprd gn + 1 pnl gm +1pml o0 = 0,251 _ 0,250(8,25—11,8)+0,320(8,25~15) _

B -12,141 kW
0,250(11,8—8,25)+0,300(11,8—15) Al
Paar = 0,251 =02 KW || pi_60-(0,289+12,41)=47,570 kW
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From the equality of voltage drops;

u'=k;P'l s =k3.47,570.0,250 =11,892k 4

u'=ky D Pl+k3.0,289.0320 =k3.118+ k3.0,09248 = 11,892k
A"—>E

[ Y PI4K3.12,141.0,300 =K5.8,25+k3.3,6423 = 11,892k

A"—E

- 1,=250 m L‘Q .
%

From Table 5.11; ] = %S = %0,420
T 11,892 ’

3x50/25 mm* YVV ]  isselected.
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Gerilim diistimiinii %5 sinirina yaklagtirmak igin, A'E kolunun kesiti bir alt kesit
olan 3x35/16 mm® segilirse, k3 o =%0,434, k3 z» =k3 om=%0,321 oldugundan,

[5.29.2] den:
Poo %0,434.0,250(%0,32 1.1 L8 ~%0,321.8,25)+ %0,321.0,300(%0,32 1.1 L8 —%0,434.15)
A2 %0,434.960,321.0,250.0,320+ %0,3212.0,320.0,300+ %0,32 1.%0,434.0,300.0,250
—0,1385
=‘“—,‘_="‘4,399 kW A = -
0.031436 Poa 16,525 kW

P'=60-(4,399+16,525)=39,076 kW
Gerilim dilgiimleri, [5.12] den  W'= %0,434.39,076.0,250 = %4,240 < %5
u"=%0,321(1 1,8+ 4,399.0,320) = %4,240 < %5
u"'=%0,321(8,25+16,525.0,300) = %4,240 < %5

oldugundan, segilen kesitler uygundur.
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Ornek 1. Ug fazli OG dagitim hattindan ¢=0,90 geri GK ile P=60 MW etkin gii¢
iletilecektir. Hat sonu gerilimi 60 kV, hattin uzunlugu 20 km, hattin empedansi

z,, =(0.117+j0,363) Q/km dir.
Hat bag1 gerilimi, hat bagindaki etkin ve tepkin giig, hattaki etkin ve tepkin gii¢ kaybi,
iletim verimi hesaplanacaktir.

Z:=(0,117+j0,363) Q/km

OG dagitim hattinin tek hat semast: - ;
§ 1 — i — P—_sn_Mv»
T — - 1 L cos©=0,90
U, U=60 kV
I 1=20 km |
Z,=(0,117+j0,363) Q/km S ki
Bir iletkenli yema: — =0 000
|
v, V=60/3=34,641 kV
Diisiinsel iletken
/=20 km
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Z=(0,11740,363) Diam P/3=20 MW Hat bag: gerilimi:
{F L =1 =
= cos(=0,90
. V,=V+IZ,
v, V=60/3=34,641 kV

Z, =Z,1=20(0,117+j0,363)= 7,628|72,14° Q

Diisiinsel iletken

=20 km AV=4_893 kV
& ' ; =18,186 KV
P et (EAIS KA M‘W’”
Veosg  (60/4/3)090 0 :
& V=34,641 kV
P
Veya, 1= = =0,6415 kA) 8 fees STV
e Ucosp 3.60090 S

Vi =2 j00+0,6415)-25,84°7,62872,14° = 34,641+ 4,89346,30°
~0 =TI | . o il

=34,641+ 4,893(0,691+ j0,723)= 38,022+ j3,538 = 38,1 86|5,32° kV

U, =+/3.38,186=66,140 = 66 kV
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*

Hat bagindan verilen etkin ve tepkin giig: S =3V,l

S, = 3.38,1865,32°.0,6415]25,84° = 73,489|3 1,16° =73,489(0,856+ j0,517) MVA

Py =73,489.0,856 = 62,9 MW
Hattaki etkin ve tepkin gii¢ kaybi:

Qq =73,489.0,517 =38 MVAr
P=60 MW ve Q = Ptg = 60.0,484 = 29 MVAr oldugundan:

AP =P, -P=62,9-60=2,9 MW

AQ=Q(—-Q=38-29=9 MVAr fletim verimi:
Bu sonug asafidaki yoldan da elde edilir:

sonug agagicax y n:[l —iAf—]%i00=[l--2—£)%100=%95
AP =3I2R, =3.0,641522,34=29 MW P 60

AQ =31%X,, =3.0,6415%.7,26=9 MVAr
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Bu problem, 8 sapma agisinin sifir oldugu varsaylarak, boyuna gerilim diigiimiinden
de yaklagik olarak hesaplanabilir.

AV = AV, =1(R}, cos @+Xy, sin@)
AV = 0,6415(2,34.0,90+7,26.0,436)= 3,382 kV
V, = V+AV =34,641+3,382 = 38,023 kV

U, =+/3.38,023= 65858 =66 kV

Yaluz boyuna gerilim diigiimiiniin alinmasi, Vo yerine, bunun gergel eksen

tizerindeki izdiisiimiiniin alinmasi demektir. Yapilan kiigiik hata bu basitlestirmeden
kaynaklanmaktadir. V,, =38186 kV olmasina karsin, V) cosd=38,186.c0s532°

=38,022 kV olmaktadir.
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Ornek 2. Ug¢ fazli OG dagitim hattinin uzunlugu 20 km, 6z biiyiiklikleri
R}, =0,295 Q/km, X}, =0,557 Q/km, hat sonu bilyiklikleri U=30 kV, S=8 MVA ve
cos@=0,90 (Geri) dir.

Hat bag1 bityiikliikleri ve iletim verimi bulunacaktir.

V hat sonu gerilimi gercel eksen iizerinde alinirsa:

Z,, =20(0,295+ j0,557)= 12,606|62,09° Q

L _S/3_ 8/3 _ _ - o
1= e 0,154 kA ;_0,154| 25,84° kA

v, = %[Q+ 0.154-25.84°.12,606[62,09° = 17,321+ 1,941}36,25°

=17,321+1,941(0,8064 + j0,5913)= 18,886 + jL148 =1 8,921|3,48° kV

Uy = V3. 8.921=32,772=328 kV
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P=Scosp=8.0,90=7,2 MW
Q=Ssinp=8.0,4359=3,5 MVAr

8, =3.18,92 1|3,48°.O,154|25,84° =8,742{29,32° = 8,742(0,872 + j0,490) MVA

Py =8,742.0,872=7,62 MW AP =7,62-72=0,42 MW =420 kW

Qg =8.742.0,490 = 4,28 MVAr AQ=428-35=0,78 = MVAr= 780 kVAr

Gerilim regiilasyonu:
Gerilim regiilasyonu = %(R p €os @+ X, sin ¢)%100

0,154

= (5,9.0,90+11,14.0,4359)%100 = %9
17,321
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Ornek 3. Ug fazli kisa iletim hattmin uzunlugu 120 km, empedans: Z'h =(0,1+j0.4)
Q/km, hat sonu gerilimi 154 kV, hattin A noktasindan iletilen giig S , =(50+ j40)
MVA, kompanzasyon yapilan B noktasindan iletilen gii¢ S = (50—j40) MVA dir.

U=154 kV
Us Z'=(0,1+j0.4) Qkm =1
% — — 1 b
ATT
=120km . - é

a) Yiik akuni ve faz agis,

b) A noktasindan ¢ekilen akim ve faz agisi,
¢) Hat bag1 gerilimi ve sapma agisi,

d) Hat bagindaki etkin ve tepkin giigler,

e) Hattaki etkin ve tepkin gii¢ kayiplari ile iletim verimi hesaplanacaktir.
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a) U=154 kV barasindan yiikiin ¢ektigi gii¢, bu baraya A ve B noktalarindan iletilen

SOLUTION giiclerin karmagik toplamna esit oldugundan:
S=S,+8g =50+ j40+50~j40 =100 MVA
P=100 MW ve Q=0 MVAr oldugundan, faz agist sifirdir.
Yik akimu:
I= P/3 _ 100/3 0375 kA= 375 A V hat sonu gerilimi gergel eksen iizerinde alimirsa:
Veosg  (154/+3).1 1=0,3750° kA
* S, /3 (50+i A noktasindan g¢ekilen akim ve faz acisi:
by 1, =2af3_BO+J0)3 ¢ east 01500) kA N
v 154/43 I, =0,240 kA =240 A
1, =0,240[38,66° kA @ =38,66°, cos@, =0,78
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=12 i = @
¢) Hat bag1 gerilimi: Z,, = 120001+ j0.4)=49.477/75.96° 0

Vo=V+I1,Z, 154
A=A v, =
‘\/'3-_.

=88,912+11,874(0,7955 + j0,6060) = (98,358+ j7,196) kV
Vo =98,621[4,18° kv

1 0,240|- 38,66°.49‘477|—75,96° =88012+1 1.874|3 7,30°

Sapma agist:

Up =+/3.98,621=170,8 kV 5=4,8°

d) Hat bagindaki etkin ve tepkin giigler:

*

Sy =3V, 1, =3.98,62114,18°0,240[38,66° = 71,007]42,84° Py =8} MW
=71,007(0,7333 + j0,6800) = (52,069 +j48,285) MVA Qg = 48,3 MVAr
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e) Hattaki etkin ve tepkin gii¢ kayiplari: AP =Py —P=521-50=2,1 MW
AQ=Qy-Q=483-40=83 MVAr

fletim verimi:

2,1
n‘z[l --—A;]%IOO =[l—§)-]%100= %96
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Ornek 5. Gerilimi 30/6,3 kV, giicii 1600 kVA olan transformatérden 5 km uzunlu-
gundaki kablo ile gerilimi 6 kV, giicii 1,25 MW, cos@=0,84, N1=%495,5 olan motor beslenmektedir.

Transtormatériin kisadevre gerilimi w,=%6, bakir kayiplari P;=26,5 kW tir.
Kablonun 6z bitytiklikleri: R}, =0,304 Q/km, X}, =0,4 Q/km dir.

Vo ve Vy gerilimleri bulunacaktr.

1600 kKVA
30/6,3 kV
u, =%06 ,
P,=26,5 kW R;=0,304 (Vkm
X,=0,4 Q/km 1,25 MW
1B =5 km 8 n=%95,5
v, A V=6/3 kV ’
V gerilimi gergel eksen tizerinde alinmugtir.
Motorun ¢ektigi akim: P 1,25

I

- - =0,1499 kA = 1499 A
J3Ucosgn - +/3.6.0,84.0,955
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1=0.1499-32,86° kA
7. =500304+jo.4)- 251252.77° @

AL =12, - N1499=320.0 1433~ 03TT|I9.91° kV

V, gerilimi:
V,=V+AV, =-j—’_—|0°+0,377|1 9,91° =3,818568+ 0128385 =3,8211,93" kV
¥y =X AY =,

A barasinin 6 kV bazinda hesaplanan Vy, gerilimi B barasimn 6,3 kV bazina indirgenir:

Vo =Vyt= 3,821|1,93°{%)3 ]= 4,012[193° kV

Transformatoriin  alt gerilim devresine iliskin empedans;, [2.5] ve [2.14]
bagintilarindan: :
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u, U, - %6 632

T%100'S, %100 1,6

=1,488 Q

T

_P U7 _265.10763°
s? 1,6

Ry =0411 Q

X1 =yZ2 -R% =4/1,4882 —0,411% =1,430 Q

Zy =0,411+j1,430= l,488|73,96° Q

Transformatérdeki gerilim diigtimii:

AV =1Z; =0,1499|-32,86° 1,484/73,96° = 0,223}41,1 1° kV

Vg =V +AVy =4012]1,93°+0,22341,11° = 4,178+ j0,181 = 4,182,48° kV
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Ust gerilim devresine indirgeme yapilir:

Vi, =4l 82]2,48°{-3—(l]= 19.9142,48° kv
= —— 63 ——

Uy, =+/3.19914= 34,5kV
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End of the Chapter

Ring Networ

ks
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