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Fundamentals of Power Systems

PROBLEMS

QUESTION

A power transmission system consists of a three-phase 15 kV generator, a step-up
transformer, a 154 kV transmission line, a step-down transformer, a 10 kV distribution
line, a load bus and an industrial plant. Three-phase stator windings of the generator
are connected in wye. Step-up and step-down transformers are also both connected
in wye-wye. The neutral points of all wye connections are solidly grounded.

a. Draw a three-phase open circiut connection diagram of the system described

above
b. Draw a single line diagram of this system.
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Fundamentals of Power Systems PROBLEMS
Three-phase open circiut diagram
LOAD BUS
BUS 1 BUS 2 BUS 3 BUS 4 BUS 5
GENERATOR 15KV STEP-UP 1544y STEP-DOWN
F TRANSFORMER 184KV rransrormer 10KV 10 kv
[ ] INDUSTRIAL
fw PLANT
Transmission Distribution
Line Line
Single-line diagram
bl TRL b2 Transmission b3 TR2 b4 Distribution b
(J Line | CJ Line | LOAD
i ] Cl |
15 kV N N 154 kv Y Y4 10kv
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Fundamentals of Power Systems

PROBLEMS

QUESTION

A single line power system shown in Figure consists of main components
from generation to dissipation.

Draw an impedance diagram of this system.

T1 b3 T2 b4
Oaledtfo m Yo, T2 ®
k| e K3 K4 g K5 T1
ing DY T Y k7
15 kv 154 kV 10 kv
Generator SUT Transmission Line SDT Loads
Single-line diagram ‘
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Fundamentals of Power Systems PROBLEMS
ANSWER T1 b3 T2 b4
i : I M —% M)
: . kL | k2 K3 K4 3 K5
Sl_ngle-llne ;r A Y = Y k7 ﬁ
diagram l
15 kv 154 kV 10 kv
Generator SUT Transmission Line SDT Loads
JXs JX1 | JXy | JX1s I JX
Impedance | AT — |
diagram
: G M
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Fundamentals of Power Systems PROBLEMS
bl 1 o ) b3 T2 b4
1
JA @ i g i O o H 3 Load
A Ys <1 Ya

G

Single-Line diyagram

—(M)Y

DATA USED IN SINGLE-LINE DIAGRAMS

Generator G1 Generator G2 Transmission Line h1 Motor M

30 MVA 20 MVA 2,=2+3 Q/km éOGI\If\\//Ar Senkron (d_i_namik)

13,8 kv 13,8 kV = km ' Kondansatér

X=%8 X=%10 X=%12
Transformer T1 Transformer T2 Load

50 MVA 20 MVA 40 MW

13,8 kV A/ % 138kV 79,7kV A /23,81 kV 6,6 kV

X=%5 X=%6 0,80 geri
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DATA USED IN SINGLE-LINE DIAGRAMS
Generator Data

Transmission Lines

Sy : Nominal power

Uy : Nominal line voltage km.

Line impedance or total impedance per

%X : Reactance and resistance of the Load

windings in percentages.

Connection type of the windings Py active power

Power factor
Transformers

Uy nominal line-to-line voltage

Sy : Nominal 3-phase power

Uy, ve Uy, : Nominal input/output voltages

%X : Reactance and resistance of the windings in percentages.
Connection type of the windings
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PROBLEMS

Fundamentals of Power Systems

QUESTION

Obtain the impedance diagram of the power system represented by following
single-line diagram. Show each step.

T1 b3 T2 b4
b1l b2 h1 D_@
g——D 1 3 gij k6
k1 | k2 K3 ka4 3 k5 \ﬁ
ing A Y Y y
15 kv 154 kV 10 kv
Generator SUT TransmissionLine SDT Loads

Single-line diagram
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PROBLEMS

Fundamentals of Power Systems

ANSWER bl T1 o b3 T2 b4
@—D—ﬂ—g g h k6 :
. . KL | k2 k3 K4 3 K5 1
Single-line f( N <7 Y
diagram 15kV 154 kv 10 kV
Generator SUT Transmission Line SDT Loads
| L : Ay
Impedance i e I I
diagram
AT Z1yp Z1sg M

Very
complicated?
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Fundamentals of Power Systems PROBLEMS

ANSWER

?

There are three voltage circuits. These different voltage levels must be considered
when constructing the impedance diagram given below. This issue will be discussed
in next examples.

AR I ALIA 1 411k 1 LI I
G _ M
Impedance diagram
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QUESTION Two separate loads with P,=720 kW power and 0.75 lagging power factor and
P,=1.35 MW power with 0.80 lagging power factor are fed over a 15/0.525 kV,
2.5 MVA transformer as shown in the figure. The voltage of the busbar B; is
kept constant at Ug;=15 kV. Create the impedance diagram for this system.
Eil TR ¥ P=T20KW
| %% Cos (P, = 0.80 lagging
15kV  Uyp=15kV s P,=1.35MW
Uns=525 V Cos (P, = 0.75 Lagging
Sy=2.5 MVA S00V
Ugc=%6
Ug=%1
www.altas.org Electric Power Distribution Systems Chapter 1 - 14
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Fundamentals of Power Systems PROBLEMS
ANSWER Bl TR B2
| SC —— P,=720 kW (0.80)
I >
15 kv L, P,=1.35 MW (0.75)

{9 500 V 4;

Voltage circuit 1 Voltage circuit 2
www._altas.org Electric Power Distribution Systems Chapter 1 - 15
Fundamentals of Power Systems PROBLEMS

ANSWER » There are two different voltage circuits in this system.

* One of these voltage circuits should be selected as the operating
circuit and the values in the other circuit should be transferred to
this operating circuit.

* %ug; and %ug values are given in the figlire as transformer data.

ASIDE What are | %ug. and %u %Ugc
%uy
%ugc : Short circuit voltage.

%Ug : The voltage that causes Cooper losses %uUg
under full load.

%uy : The voltage that causes magnetizing 94, = \/(%usc )2 — (%ug )z
losses under full load.

www._altas.org Electric Power Distribution Systems Chapter 1-16
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Fundamentals of Power Systems PROBLEMS
ANSWER | | The impedance values of the transformer on LV side:
2 2
Ry =%, Uiy =(1) U527 60011 Q
100S 100x2.5
Yoty = \(%uge ) - (%) =62 -1 =5.916
[ -0 525°
Xy = Youy —2¥ = 5916 0525 _0.0065 @
11008y 100x2.5
Z@ LV
Lrvy Rpy Ty = 00011+ 700065 Q. hotormer impedance on
Zow=Zrrv]0 = 0.006592|80.39° O 525V LV side:

www._altas.org
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Fundamentals of Power Systems PROBLEMS
ANSWER | | The impedance values of the transformer on HV side:
U} 15%
N M| =i).9°£2
A T W ) ig0xa3
Youy = \/(%usc ) —(%ug ) =6 -1 =5.916
2 2
Xy = Yoty Ysiv _ 591615 _ 53044 0
1008y 100x2.5
Z@ HV
Zryv =Ry Ty = 0.9+ j5.3244 Q ,
STy AT L Transformer impedance on
Zrav=Z1v|0 =5.3999/80.39° Q 15 kV HV side:

www.altas.org
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Fundamentals of Power Systems

PROBLEMS

ANSWER

The impedance values of the loads on LV side:

The loads P1 and P2 given in this problem are shown with their impedance
equivalents. These loads could also be represented as load currents. Because these
loads will draw constant current with their constant impedance at constant active

power and power coefficient.

Power values per phase: If the L-L voltage of the busbar B, is kept constant at
5 hase-neutral voltage is then:
P, =—% kW/faz 500 V, the phase-neutral voltage is the
U 500
720 VLN:—:—=288.675 V
P =—-=240 kW/faz B B
P,= g =0.45 MW /faz
www.altas.org Electric Power Distribution Systems Chapter 1-19

Fundamentals of Power Systems

PROBLEMS

ANSWER

The impedance values of the loads on LV side:

n Impedances can also be calculated directly from
LOAD IMPEDANCES 3-phase power and phase-to-phase voltages.
P s 720
Vix Vin Vix Vix Stisg™ —=f = =900 KVA
ZL = Y 2 = —Cosp = —— Cos ¢, 0.80
IPh P1¢ P1¢’ 1¢ _ PL23¢) 1.35
Z@LV I Zew
\% (m)Z 2 ’
Zy =N o5 =~ 0.80=0277 O 7, =Y _ S0 00
Py 240 000 Stisg  900x10°
2
500 2 2
Vi (f) Zigo=—i = 2% 13890
Zipv="Ecosp =——x0.75=0.1389 Q L2LV = g U
Ly —p AT 40x10° Sy 1810
www._altas.org Electric Power Distribution Systems Chapter 1 - 20
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PROBLEMS

Fundamentals of Power Systems

ANSWER

The current values of the loads on LV side: | @ LV

Load currents van also be used to represent loads instead of load impedances. Phase currents can be
calculated directly using L-N voltages and powers per phase, or using 3-phase circuit values.

: P 4
= Using per-phasevalues:  I,,=—=¢ = 240x10° ___ 103923
E Vincosg (288.675)(0.80)
P §
oc -t 0xI0 _,00 46
oz Vincosg, (288.675)(0.75)
=
) Using three-phase values: By 720 10°
I;,= = =1039.23 A
J3 Vi cose 3 x500%0.80
P .. 6
L I L) LAY PP

L.= -
" 3V, cosp, +f3 x500%0.75

www._altas.org Electric Power Distribution Systems Chapter 1 -21

Fundamentals of Power Systems PROBLEMS
ANSWER | | The current values of the loads on LV side: | @ LV
E Angles related to power coefficients ¢, = cos™'(0.80) = 36.86"
g given for loads: ¢, = 00571(0.75) =41.4°
n:: Thus, the load currents can be I; ;v =1039.23-36.86° A
o expressed as phasors.

| @ LV I,y =2078.42-41.4° A

These are the load currents at low voltage side of the transformer.

These current values calculated for the 500 V low voltage circuit must be
transferred to 15 kV circuit so that they can be used together with the Z,,
in the 15 kV high voltage circuit. This transfer can be accomplished using the
transformer’s turn ratio.

www._altas.org Electric Power Distribution Systems Chapter 1 - 22
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Fundamentals of Power Systems PROBLEMS

ANSWER | | The current values of the loads on HV side: | @ HV

N _ Uy 15KV Lyy . 0525kV
N, Ugy 0525kV Iy '—:> INHV_INLVW

Ignoring the losses, we can assuming that the power

on both sides of the transformer would be equal. UNHVINHV = UNLVINLV
Ui 0.525
L gy = Ly —=~=1039.23-36.86° (—) =36.373|-36.86" A

Ui v
Lopv =Ly UN“‘ =2078.42 411.4"( =72.7447|-41.4° A

NHV

0.525 }

I iy =36.373236.86° A
| @ HV | I, =72.7447]-414° A

www._altas.org Electric Power Distribution Systems Chapter 1 - 23
Fundamentals of Power Systems PROBLEMS
ANSWER

Configuring the impedance diagrams as separate circuits according to the voltage
levels (lower and hiher voltage sides) of the transformers makes the operations
complicated and difficult. Therefore it is better to configure the impedance diagrams
as a whole circuit instead of separating them into the lower and upper voltage circuits.

The impedance diagram can also be formed as a single circuit without using the per-
unit values. However, in this case, all values in the circuit must be transferred to either
the lower voltage circuit or the higher voltage circuit.

The next examples explain this issue.

B2
‘ ZT 1S ﬁﬁ Z L2 ZLI
Voltage circuit 1 Voltage circuit 2
www.altas.org Electric Power Distribution Systems Chapter 1 - 24
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Fundamentals of Power Systems PROBLEMS

QUESTION Obtain and draw the Impedance diagram of the power
system given in the previous example for the following
voltage circuits.

a. For low voltage circuit
b. For the upper voltage circuit.

B2
'@Az Zy,
Voltage circuit 1 Voltage circuit ZT -
www._altas.org Electric Power Distribution Systems Chapter 1 - 25
Fundamentals of Power Systems PROBLEMS
ANSWER 2 =

Ny Ugyy 15
Ry Uy D525

r
V po=aVy,

s )
L', =aZp,

L', = a22L1
@ HV Impedance diagram with all values at Impedance diagram with all values at
primary side (HV side for this examle) @ LV secondary side (LV side for this examle)

www._altas.org Electric Power Distribution Systems Chapter 1 - 26
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Fundamentals of Power Systems PROBLEMS

Obtain and write down all of the required circuit elemnts shown

ANSWER in the curcuit @LV side.
I;, =1039.23-36.86° A

From previous example: QL
Lo =deryry =00011 4 j I, =2078.42-41.4° A
Lys = Ly =Y + 70.0065 Q L2

Zrg =Zpy =0.006592/80.39° O

Assume Vg, at reference

@ LV Msf% 0° v @ LV
X ¥ x Z,,-0277|36.86° Q
@ LV

Z,,-0.1389|41.4° ©

V' =V, +(1,+1, )2 Volt

www._altas.org Electric Power Distribution Systems Chapter 1 -27

Fundamentals of Power Systems PROBLEMS

Obtain and write down all of the required circuit elemnts shown

ANSWER in the curcuit @LV side.

@ LV

The phasor diagram at LV side.

lrs=list]os

www._altas.org Electric Power Distribution Systems Chapter 1 - 28
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Fundamentals of Power Systems

PROBLEMS

QUESTION
@ HV

15 THV
0.525 o

jXG Ve

=Zrav|€

RTP

YB2 =aVp,
2y, = azsz

¢ 2
Ly, =aZy,

Obtain and write down all of the required circuit elemnts shown

in the curcuit @HV side. The PRIMARY.
Lrrr =Ry Koy = 094 75,3244

Z o6 =5.399980.39° O

1Xrp

Iy = 72.7447|-41.4° A

V= 5\;)9 |0° v reference
Z', . =220.277 [36.86° O
=226.122 |36.86° Q

Z',,=a0.138941.4° Q

~113.38/41.4° Q @ HV

Vi1=V'g, 1" +1', )2 Volt

Electric Power Distribution Systems

Chapter 1 - 29

Fundamentals of Power Systems

PROBLEMS

ANSWER
@ HV

Obtain and write down all of the required circuit elemnts shown

in the curcuit @HV side.

The phasor diagram at HV side.

— b — b b
Ip=l1s=l 1+

www.altas.org
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Fundamentals of Power Systems PROBLEMS
ANSWER V=22 oo v

, V - B T L -1039.23-36.86° A
1 (e = M = s
]XG —El RTS JXTS =Ll

I, =2078.42|-41.4° A

0.0011+ j0.0065 QQ |
Z,,=0.277|36.86° ©
Z,,=0.1389|41.4° O

@ LV

Source voltage and
reactance are not—
given

500
. g Vg =—F o
JXe Yo Ry jXop / ru_%ﬁm—ms A

3
@ HV Loy =09+ j5.3244 O L =T27M4741.4° A
Source voltage and P
reactance are not 7' ,=113.3841.4° O 2 (36.86° Q

given =

I\.)
I\)

www._altas.org Electric Power Distribution Systems Chapter 1 - 31
Fundamentals of Power Systems PROBLEMS
QUESTION

In the system whose impedance diagram is obtained in the previous
example, if the voltage of the busbar Bl is kept constant at 15 kV,
answer the following.

a. Whatwill be the voltage value of the B1 busbar?
b. Whatis the power factor in the B1 and B2 busbars?
NOTE : Take the voltage of the B2 busbar as reference.

HINT: Since V, voltage is not known, I, and |, load currents can
be written as dependent on V, voltage.

www._altas.org Electric Power Distribution Systems Chapter 1 - 32
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Fundamentals of Power Systems PROBLEMS
ANSWER
- p 3

o Puse ___ 720x10 _300000 [ 300000 4o e00 4] [@LV

ﬁVLLS cos @, NE] XﬁVLNS x0.80  Vixs LNS
Bises 1.35x10° 600 000 600 000

L.= - = A I..,= _41.40 A LV

2 8B V15 COSQ, 3 ><\/§VLNS><O.75 Vins — Vins @
Zys = Ryg+X g = 0.0011+ j0.0065 Q

3
Ipg =1, 1, = 00000) 36870+ 900 900) 4 4o A, @Lv
LNS LNS
899 319.2806 .
g =1 1), :L(69o 000 7576 780) A. brs = Vixng SR

LNS

www._altas.org Electric Power Distribution Systems
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Fundamentals of Power Systems

PROBLEMS

ANSWER| " Details
Ig =1t
300 000 (. 36,875 — jinze.87 )
~ 300 000 600 000

(0.80—70.60)+

2 2

~ 240 000 3 180 000 . 450 000 —j396 780

600 000

(0.75-

(cos 41.4° —jsin 41.4°)

2

j0.6613)

Vz Vz Vz
_ 690 000 _ .576 780
v, . v,
1
Irg = (690 000- j576 780) A.
LNS

v,

www.altas.org Electric Power Distribution Systems
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Fundamentals of Power Systems PROBLEMS
ANSWER Voltage drop on transformer:
319.
@Lv AV rg = Zrglys =(0.00659 80‘390)[899_\;ﬂ -39.89°J
LNS
5926.514
AV, =—|40.5° @ LV
Vins
The value of the busbar B1 voltage transferred to the low voltage
circuit

AVip =V +AVs | @LV

Since the B1 busbar voltage is constant at U1=15 kV,

15

NE)
This value will remain constant. Its transferred value to the low
voltage circuit:

www._altas.org Electric Power Distribution Systems Chapter 1 - 35

Fundamentals of Power Systems PROBLEMS

ANSWER _ S
Vi =‘%[%}=%(%J:03031kv Vip =0.3031[6 kV
) V3 Vo, =303.18 V

AV'ip = Vig+AVig

5956.514
303,119 =V +———140.5°

TS
5956.514(

@Lv

303.18 =Vt c0s40.5% + jsin40.5° )

TS
Vi, +4504.15 5 3848.96

VT S VT S

303.15=

www.altas.org Electric Power Distribution Systems Chapter 1 - 36
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Fundamentals of Power Systems

PROBLEMS

ANSWER

2
303,15 —rs 450415 384696

TS VTS

2 a E
031 [yTS +4504.15J +[3848.96]
VTS VTS

2 2 2
(303.1)2_{\_&&4504-15] {3848.96]
VTS VTS

Vis=( V3 +4504.15) " +(3848.96)

2

www._altas.org
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Fundamentals of Power Systems

PROBLEMS
ANSWER | Vis+(82861.31) Vi +35101860.3=0 let: |x=Vig
x* +(82861.31)x+35101860.3=0
_—byb?—4ac  8286131+/(82861.31) —4(1)(35101860.3)
L 2a - 2(1)
+
.. = 82861.31;82009.69 ll> x, =82435.5
" - x, =425.81
Ince H=Nad @LV
Vigi =~/ | > [Vgg, =287.115V| [SUITABLE
Vigy =4/x, | > ‘VTsz =20.635 V‘ NOT SUITABLE
www.altas.org

Electric Power Distribution Systems
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Fundamentals of Power Systems PROBLEMS

ANSWER Since |V, =287.115/0° V

(287.115)° +4504.15 _3848.96

287.115 287.115
303.16 =302.8+13.4

303.16 =303.1]2.5°

Thus, if the busbar B1 voltage is kept constant at 15 kV, the relevant busbar voltages
according to the lower voltage circuit are obtained as follows.

@Lv Vip =303.112.5° V. The power factor at busbar B1
Cos (Pg;=C0s(39.89+2.5)=0.738

303.1)5 =

J=2.5"

Vi =287.1150° V.
Ips =3132.26]-39.89° A.

The power factor at busbar B2
Cos (Pg,=C0s(39.89)=0.767

www._altas.org Electric Power Distribution Systems Chapter 1 - 39

Fundamentals of Power Systems PROBLEMS

ANSWER Fasor diagram | @ LV

www._altas.org Electric Power Distribution Systems Chapter 1 - 40
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Fundamentals of Power Systems PROBLEMS

QUESTION

The sub-transient synchronous reactance of a generator with a
nominal value of 18 kV, 500 MVA is given as X”=0.25 pu. If the
operations will be carried out at 20 kV, 100 MVA base values, what
will be the pu value of the X” reactance at this new base?

ANSWER First find actual o . 182
value in Ohm XQ:XpuZBl |:{> X5=0.25 %
. 20°
Calculate new pu value with the new base ZBfﬁ
2
o ol
X, === —==0.25 . xgzomos
P 20° 500 | 20
100
www._altas.org Electric Power Distribution Systems Chapter 1 - 41
Fundamentals of Power Systems PROBLEMS
QUESTION | A power system section with two voltage zones is given in the figure.

The base values to be studied can be chosen randomly. However,
choosing one of the nominal label values or values close to one that
will make the calculations easier.

. Zonel \ Zone 2
25 kv 345 kv
@ |
MVA )L H W
24 kv < H %+‘45 Q o
X.=18% 150 MVA .7
25 kV/345 kV
& X15=12%
www._altas.org Electric Power Distribution Systems Chapter 1 - 42
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Fundamentals of Power Systems PROBLEMS

Zone 1: Sg; =100 MVA, Vg, = 25 kV
Zone 2: Sy, =100 MVA, Vg, = 345 kV

Based on these base values, current and impedance base values can also
be calculated.

ANSWER Select voltage and power base values for each zone. | AS|DE

For ZONE 1 . 00 MA ) )
Iy =——BL = =2309 A 7, -3 2" _c150
V3V 325kV Sg, 100
For ZONE 2 , ,
I, -—op - JOMVA _ 050 7z.=Vm 3" 11900
V3 Vg, f3345kV s, 100
www._altas.org Electric Power Distribution Systems Chapter 1 - 43
Fundamentals of Power Systems PROBLEMS
ANSWER Converting pu or % values to Ohms ASIDE

Generator and transformer impedances are given in % or pu. Their base values
are calculated on the basis of nominal voltage and apparent power.
2
ZB=V_N=E where Sn=TxwVn
IN SN
It is important to remember that the pu value is calculated by dividing actual
value to the base value. 7 S
2, =2 =7, cruar| =
Tz vi

This equation can be arranged to obtain the actual value in Ohms from the pu

value. V2
ZACTUAL :ZpuZB = Zpu S

N

www._altas.org Electric Power Distribution Systems Chapter 1 - 44
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Fundamentals of Power Systems PROBLEMS
ANSWER The impedance of the transmission line given in the question can
be divided by Z;, and converted to pu value. The impedance of the

transmission line can be divided by Z;, and converted to pu value.
7 —Zacrua _(10£745) Q
M Zy 1190 Q

Z,,=(0.0084+j0.0378) pu=(0.84+3.78) %

Generator and transformer impedances are already given as % or pu.
Their base values are the nominal values of the relevant unit. For
example, the generator has an impedance of 18% with a base of 50
MVA and 25 kV. These values must be transferred to the new base.

One way to perform this transfer is to first convert the pu values to
Ohm values and then divide them by the new base value.

www._altas.org Electric Power Distribution Systems Chapter 1 - 45
Fundamentals of Power Systems PROBLEMS
ANSWER Ohm values of generator and transformer impedances:

i 24
Lo SN | = 0,18 — [= j2.07 Q
GQ Gpu(SGNJ it (SOJ J

\'& 252
Lo =2 IRN = j0.12| = |=j05Q
TRQ TRpu{STRN} J (150} J

Now, these Ohm values are converted to pu values using the new bases;

ZGp = Log |_J207Q 70.3312 pu=33.12%
Zai 6.25

z 05Q .
7 =| =IRQ | _ = j0.08 pu =j8%
TRpu [ Zo, } 6250 7o PRTSA

www.altas.org Electric Power Distribution Systems Chapter 1 - 46
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Fundamentals of Power Systems PROBLEMS
ANSWER Pu value of generator voltage according to new base:
Vops = Vv |24 _ () 96 pu—96%
Ve, | 25

New equivalent impedance circuit with pu and/or % values

,5j33.12%

Xs
V,=96% @—ﬂfm X;=j8 % Z,=(0.84+,3.78) % L

X5,=133.12%
www.altas.org Electric Power Distribution Systems Chapter 1 - 47
Fundamentals of Power Systems PROBLEMS

QU ESTION A large generator is connected to the grid via a transformer. This
type of system is called a unit-linked system. The System data is
given as:

Generator: 450 MVA 25 kV Xg=85%
Transformer: 500 MVA 25kV/120kV  Xg=13%

Generator and transformer reactances are given in % at their nominal values. These
need to be converted to Ohm values.

(a) Draw a single-line diagram of this system.
(b) Draw the equivalent circuit of this system by showing the impedances in Ohms.

(c) Draw the equivalent circuit of this system by showing the impedances with pu values at the
base of 500 MVA .

(d) If a three-phase symmetrical short circuit occurs on the high voltage side of the transformer,
what will be the value of the current flowing through the generator windings?
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Sekil. Bir lambanin ve 3’li bir grup lambanin adi anahtarla

kumandasmin agik ve kapah semalar1
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Sekil. Tek fllioresan lamba tesisati
www._altas.org Electric Power Distribution Systems Chapter 1 - 59
General Topics of Electrical Engineering
M, e P
b A
R o—E33
M, o =
QO o— : — — —
& s
= @ = -
e e k
= 3~
Sekil. Bir ve U¢ fazl priz devrelerine RS @1 S 4
ait topraksiz ve toprakl: semalar S ] — o
D0 ¢ o i s — ——
www.altas.org Electric Power Distribution Systems Chapter 1 - 60

30



2/18/2024

General Topics of Electrical Engineering
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