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1 GENERAL INSTRUCTIONS 

1.1 The aim and the task of the calculation-graphic work 

One of the most important stages of independent student’s work in 

the studying of Theoretical Electrical Engineering (TEE) is the fulfilling of 

calculation-graphic work, which helps to master the material of discipline. 

The CGW on the example of electric circuits, which are similar to 

existing ones (three-phase electrical circuits with different schemes of load 

connection in steady-state modes), provides the practical application of im-

potant section of the Theoretical Electrical Engineering course: three-phase 

electrical circuits in nominal and damage modes. This CG work is designed 

to help solving this problem. Students have the opportunity to apply the 

knowledge gained after studying TEE course, for simulating and calculat-

ing real electrical circuits. 

The tasks assume the obtaining of mathematical models of three-

phase circuits, the calculation and research of several steady-state modes 

and their analysis. 

1.2 Contents and the volume of the work 

This course work consists of two different parts: "The calculation of 

Wye-wye connection in nominal and damage modes" and "The calculation 

of Wye-delta connection also in nominal and damage modes". The explana-

tory report must include calculations of different conditions, figures, dia-

grams and graphs. 

The contents of the explanatory report: - a title-page; - the technical 

task to the calculation-graphic work; - an abstract; - contents. The essence 

of the explanatory report: - explanations to computations and independent 

calculations; - checking up of rightness of the calculations; - conclusions; - 

the list of used original sources; - appendixes. 

1.3 The organization and the leadership of the СGW 

1.3.1 The lecturer is a manager (a leader) of the course work. He 

conducts practical lessons on theoretical electrical engineering in the group. 

1.3.2 All students' questions on using, checking up and designing this 

course work must be decided at the weekly lecturer's consultations accord-

ing to his time-table. 
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2. THREE-PHASE CIRCUITS 

2.1 Three-phase System of Electromotive Forces 

Suppose we have a system of three ac electromotive forces (e.m.f.s) 

of a certain frequency such that their amplitudes are equal but these e.m.f.s 

are displaced from one another by 120o in time. Such a set of three sinusoi-

dal e.m.f.s make up a so-called symmetrical three-phase system of electro-

motive forces. The instantaneous values of such e.m.f.s are shown in Fig. 

2.1 a , and their vector diagram is in Fig. 2.1b . 

 
Fig. 2.1 Three-phase system of e.m.f.s. 

The electromotive forces for a three-phase system are supplied by a 

three-phase generator (alternator). Such a generator has three identical 

(phase) coils displaced at 120o from one another, and the sine wave e.m.f.s 

induced in them, also displaced at 120o in time phase. The beginnings of 

coils (windings) can be marked out with A, B and C. 

In particular, we call this system a three-phase balanced systemo. For 

a balanced three-phase system, it follows from Eq. (2.1), that the phasor 

sum of these three electromotive forces is zero. 

We may mathematically express this system of e.m.f.s as 

 tUtEe mmA == sinsin   

 )120(sin)120(sin o
m

o
mB tUtEe −=−=  (2.1) 

 )120(sin)120(sin o
m

o
mC tUtEe +=+=   

These electromotive forces are marked as follows. One of them is 

marked as AE . The one leading it is CE  and the one lags behind it, BE . 
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2.2 A Three-phase Circuit. Phase and Line Quantities 

A three-phase circuit is a combination of three-phase supply, a three-

phase load, and connecting wires. The most common types of interconnec-

tions are wye connection and delta connection. Consider "wye-wye" con-

nection with a neutral wire (see Fig. 2.2). Three-phase circuits may be 

symmetrical (or uniform) and asymmetrical. 

 

Fig. 2.2. Wye-wye connection with a neutral wire. 
 

For star connection the ends of three phases are connected together 

to form a node called a neutral point N or O (for the phases of generator) 

and n or O' (for the phases of load). The wire connecting the neutral points 

of the alternator and the load is referred to as the neutral wire. The neutral 

wire carries a neutral current, NI  or oI , the positive direction for which is 

from n to N. The wires connecting the terminals A, B and C of the generator 

and the terminals a, b and c of the load are termed the line wires. The cur-

rents in them are referred to as line currents, AI , BI , CI . 

The voltage between two wires is termed the line voltage. As with 

any voltage, it symbol has a two-letter subscript, for example, ABU , which 

is the line voltage between the terminals A and B. The symbol for the mag-

nitude of the line voltage is lU . 

The voltage between the beginning and the end of a phase, or the volt-

age from line to earth is called a phase voltage, pU . The currents in the line 

wires are referred to as the line current. 
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2.3 Relationship between Line and Phase Voltages and Currents 

Between phase and line e.m.f.s, voltages and currents exist certain 
relationships for symmetrical circuits. For a wye (star) connection the line 
voltages are related to the phase voltages such that 

 BAAB UUU −=   

 CBBC UUU −=  (2.2) 

 ACCA UUU −=   

where ABU , BCU  and CAU  are the line voltages in a wye-connected 

three-phase generator; AU , BU  and CU  are the phase voltages in a wye-

connected generator. When we have a symmetrical load in a wye connec-

tion, that is CBA ZZZ == , the line voltages are 3  times more than the 

phase voltages. These relationships of the phase voltages and line voltages 
are illustrated in the phasor diagram of Fig. 2.3. 

From the vector diagram, the line voltage may be visualized as the 
base of an equivalent triangle having acute angles of 30o (Fig. 2.3) 

 p
o

pABl UUUU === 330cos2  (2.3) 

The line currents in a wye supply are equal to the phase currents as 

line and phase wires are connected in series: phl II = . 

 
Fig. 2.3. The phasor diagram of line and phase voltages. 

Three-phase circuits are a modification of circuits carrying currents, 

and as such they can be solved by the same methods as single-phase sinus-

oidal circuits. Symbolic notation and vector diagrams are also applicable to 

three-phase circuits. 
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2.4 The Calculation of Wye-to-Wye with a Neutral Wire 

For calculation such a circuit we can use the symbolic method of cal-

culation and some known laws: Ohm's law, Kirchhoff's laws, mesh-current 

method, node-analysis method, superposition theorem and so on. 

If there is no impedance in a neutral wire in the circuit of Fig. 2.2, 

the potential at point n is the same as at point N, and two points are actually 

a single point Then three branches carry the following currents: 

 
C

C
C

B

B
B

A

A
A

Z

E
I

Z

E
I

Z

E
I === ;; . (2.4) 

By Kirchhoff's current law the current in the neutral wire is the vec-

tor sum of the phase currents: 

 CBAN IIII ++=  (2.5) 

If the load is balanced ( CBA ZZZ == ), the current NI is zero. If 

the load is unbalanced, then the current NI  is other than zero. 

Example 2.1. Consider unbalanced load. Phase voltage of the alterna-

tor in Fig. 2.2 is 120V. The phase impedances: ;30== RZ A  

== 80LjZ B ; =−= 80CjZ C . Find a current in a neutral wire. 

Solution: Write phase voltages in a complex form: 

 VeUU
oj

pA 1200 == ;  

 VeeUU
oo jj

pB
120120 120 −− == ;  

 VeeUU
oo jj

pC
120120 120== .  

Calculate phase currents for each phase separately: 

A
Z

E
I

A

A
A 4

30

120
=== ;        Ae

e

e

Z

E
I

o

o

o

j

j

j

B

B
B

210

90

120

5.1

80

120 −
−

=== ;  

 Ae

e

e

Z

E
I

o
o

j

j

j

C

C
C

210

90

120

5.1

80

120

0
===

−
.  
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Fig. 2.4 The vector diagram 

 

Current AI  is in phase with AE . Current BI  is lagging with BE . 

Current CI  is in leading with CE . Their algebraic sum gives the current in 

a neutral wire NI  the value of which may be found as following: 

 

.04.1235.048.1235.048.14

5.15.14 210210

Ajj

eeIIII
oo jj

CBAN

=−−+−=

=++=++= −
  

2.5 The Calculation of Wye-to-Wye without a Neutral Wire 

If the load is unbalanced the voltage appearing between the neutral 

points - the bias neutral voltage - can be found by the formula 

 
CBA

CCBBAA
N

YYY

YEYEYE
U

++

++
=  (2.6) 

Now we can find the phase currents through the load 

 aNA
a

NA

a

a
a YUE

Z

UE

Z

U
I −=

−
== )( ; (2.7) 

 bNB
a

NB

b

b
b YUE

Z

UE

Z

U
I −=

−
== )( ; (2.8) 

 cNC
c

NC

c

c
c YUE

Z

UE

Z

U
I −=

−
== )( . (2.9) 
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where cba UUU ,,  are phase voltages at the load, cba YYY ,,  are phase 

admittances, that is the values inverse to complex impedances. 

 
Fig.2.5 

Example 2.2 (Fig.2.5.). Determine currents and voltages and draw a 

vector diagram in the circuit without a neutral wire, for 

=== 10,20,50 bap ZZVE , −= 20jZ c . 

Write phase voltages in a complex form: 

 VeEU
oj

pA 500 == , VeeEU
oo jj

pB
120120 50 −− ==   

 VeeEU
oo jj

pC
120120 50== .  

Calculate complex phase admittances: 

 105.0
20

11 −===
a

a Z
Y ;   11.0

10
11 −===

b
b Z

Y ;  

 
190

90
05.005.0

20

11 −

−
==== je

e
Z

Y
o

o
j

jc
c .  

For the asymmetrical load the neutral voltage shifting appears be-

tween neutral nodes. We define it, using Eq. (2.4). 

 =
++

++
=

−

05.01.005.0

05.0501.05005.050 90120120

j

eee
U

oo jjoj

N  

 Vej
j

j oj13262.3166.23981.20
05.015.0

58.5165.2 −=−−=
+

−−
= . 
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Fig. 2.6 

Find the currents. using Eq. (2.7), (2.8), (2.9): 

;74.3183.155.305.0)45.2985,2350(
18

AejjI
oj

a =+=++=

;002.11.0)45.2985,233.4325(
102

AejjI
oj

b
−

=++−−=  

.354.305.0)45.2985.233,4325(
177

AejjjI
oj

c
−

=+++−=  

The vector diagram for this problem one can see in Fig. 2.6. 

2.6 The Calculation of Damage Conditions 

There are two damage rates in three-phase circuit: a short circuit of 

any phase and an open circuit of a phase. 

Example 2.3. Symmetrical load )100240( jZZZ cba +===  is 

connected up by way of line wires with line impedances 

+= )4030( jZ l  to the generator with the phase e.m.f. VEp 220= . 

The impedance of a neutral wire 2040 jZ N += . 

Calculate damage conditions for three cases: 

- a short circuit in phase A (there are impedances Zi in line wires); 

- a short circuit in phase A (without impedances Zi in line wires and 

a neutral wire); 

- an open circuit of a line wire between nodes A  and a . 



 12  

Consider the first case: short circuit in phase A with imped-

ances Zi in line wires. 

 
Fig.2.7. A short circuit of a load in the phase A 

When a short circuit in phase A, (Fig. 2.7.), it is asymmetrical load, 

an = , and bias neutral voltage appears between nodes “a” and “N”. 

 
NCBA

CCBBAA
N

YYYY

YEYEYE
U

+++

++
=  (2.10) 

At first we calculate complex branch admittances: 

153

53
)016.0012.0(02.0

50

11 −− −==== je

e
Z

Y
o

o

j

jl
A ;  

;)0015.0003.0(0033.0

14.304

11 127

27

−− −===
+

= je

e
ZZ

Y j

jlb
B o

127 )0015.0003.0(0033.0 −− −=== j
BC eYY ; 

127

27
)01.002.0(022.0

72.44

11 −− −==== je

e
Z

Y
o

o

j

jN
N . 

Determine the bias neutral voltage: 
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=
−+−+−+−

++
=

−−−−

01.002.00015.0003.000115.0003.0016.0012.0

022.01270033.012702.0127
2712027120153

jjjj

eeeee
U

oooo jjjojj

N

Vej

e

e o

o

o

j

j

j
20

37

57

87.78525.27915.73

048.0

761.3 −

−

−

=−== . 

Calculate the phase currents by Ohm's law: 

=−==−=
−−

)87.78127(02.0)(
2053 oo jj

aanaNAA eeYUYUEI

ojej 42973.2007.2193.2 −=−= A; 

=−==−=
−−−

)59127(0033.0)(
512027 ooo jjj

bbnbNBB eeeYUYUEI

;808.0197.0784.0 166 Aej
oj−=−−=

=−==−=
−

)59127(0033.0)(
512027 ooo jjj

ccncNCC eeeYUYUEI

.938.0915.0207.0 103 Aej
oj=+−=  

The current in a neutral wire 

 Ae

e

e

Z

U
I

o

o

o

j

j

j

N

N
N

47

27

20

764.1

7.44

87.78 −
−

=== .  

Check up the calculation, using Kirchhoff's current law: 

 

.764.12.1203.1

915.0207.0197.0784.0007.2193.2

47 Aej

jjjI

oj

N

−=−=

=+−−−−=

  

Determine the phase voltage drops across the load and the voltage 

drops in line wires: 0=anU  

 VeeeIZU
ooo jjj

bbbn
14316623

1.210808.0260
−−

=== . 

 VeeeIZU
ooo jjj

cccn
12510323

858.243938.0260 === . 
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 VeeeIZU
ooo jjj

alAa
114253

655.148973.250 ===
− . 

 VeeeIZU
ooo jjj

blBb
11316653

40.40808.050
−−

=== . 

 VeeeIZU
ooo jjj

clCc
15610353

9.46938.050 === . 

A vector diagram for this condition is shown in Fig. 2.8. 
 

 
Fig. 2.8. A vector diagram for a short circuit in the phase A. 

Short circuit without resistance in line wires (see 2.7 when all 

Zl = 0) and without a neutral wire (ZN =∞). 

Consider this figure when emf E= 380 V, )100240( jZZZ cba +=== Ω. 

For this case ZA =0. Then admittance of phase A is equal to infinity, that is YA = 0. 

We can’t use formula (2.10), because it leads to an indefinite form 



. The bias 

neutral voltage is determined from the contour NAanN, for which in accordance 

with Kirchhoff's second law we have NaA UUE += . As at short circuit in 

phase A 0=aU , we’ve got 

BejUEU
oj

aAN
038003800380 =+=−=−= . 

Calculate phase (line) currents in intact phases B and C by Ohm's law 
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.16,1307,1358,1

)016,0012,0)(380329190()(

;16,1317,510,12

)016,0012,0)(380329190()(

97

157

Aej

jjYUUI

Aej

jjYUUI

o

o

j

BNCC

j

BNBB

=+−=

=−−+−=−=

=+−=

=−−−−=−=

 

Determine the phase (linear) current in the damaged phase A, using Kirch-

hoff's Current Law 

.8,2224,1868,13

)07,1358,117,510,12()(

53 Bej

jjIII

oj

CBA

−=−=

=+−+−−=+−=
 

Determine the phase load voltages in the intact phases B and C by Ohm's law  

.6589,3282,570

)4030)(07,1358,1(

;6589,3288,569

)4030)(17,510,12(

150

150

Bej

jjZIU

Bej

jjZIU

o

o

j

фCс

j

фBb

=+−=

=++−==

=−−=

=++−==

−

 

The vector diagram for this case 

 

The analysis of calculation and vector diagram shows that in the case of a short 

circuit in one  phase of  wye-wye connection, the values of phase voltages in intact 

phases are equal to the values of line voltages. 
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Short-circuit in some phases of a four-wire circuit, connected by wye-

wye, is unacceptable, because it leads to a short circuit of the corresponding 

phase winding of a generator. This is a dangerous emergency! 

An open circuit of the phase A, (Fig.2.9) the condition is also 

asymmetrical and a neutral voltage shift appears between “n” and “N”. 
 

 
 

Fig. 2.9. An open circuit in the line wire Aa. 

As 0=AU , Eq.(2.5) is used in the following condition: 

 
NCB

CCBB
N

YYY

YEYE
U

++

+
=  (2.11) 

 =
−+−+−

+
=

−−−

01.002.00015.0003.00015.0003.0

0033.01270033.0220 2712027120

jjj

eeee
U

ooo jjjoj

N  

Vej
oj179998.24284.0997.24 −=−−= . 

Calculate the phase currents and the current in the neutral wire: 

 −==−=
−− Oo jj

bbnbNBB eeYUYUEI
12027

127(0033.0)(  

 Aeje
ooj j14169.043.0537.0)998.24 179 −=−−=− ; 

 −==−=
− Oo jj

ccncNCC eeYUYUEI
12027

127(0033.0)(  

 Aeje
ooj j8769.0684.004.0)998.24 179 =+=−  
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AeeeYUI
oj

Oo jj
NNN

206559.0998.240022.0
17927 −===

−−
. 

Find the phase voltages and the voltage drops in line wires: 

 VeeeIZU
ooo jjj

blBb
8814153

5.3469.050
−−

===   

 VeeeIZU
ooo jjj

clCc
1408753

5.3469.050 ===   

 VeeeIZU
ooo jjj

bbbn
11823141

4.17926069.0
−−

===  

 VeeeIZU
ooo jjj

cccn
1102387

4.17926069.0 ===   

  

Fig. 2.10. A phasor diagram for the open circuit in the line wire Aa 

  2.7. Delta-Connected Load 

In a delta-connected load, phase currents cabcab III ,,  flowing 

through phase impedances cabcab ZZZ ,, . The positive direction of a cur-

rent flow is assumed to be clockwise. 

CABCAB UUU ,,  are the line voltages in a three-phase delta-

connected supply; 

cabcab UUU ,,  are the phase voltages in a delta-connected load; 

CBA III ,,  are the line currents in line wires connecting the supply 

and the load; 

cabcab III ,,  are the phase currents in a delta-connected load. 
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Fig. 2.11. The delta connection. 

If there are no impedances in line wires, the line voltages in a delta-

connected supply are equal to the phase voltages in a delta-connected load 

pl UU = . If the load is balanced, the line currents, however, 3  times 

more than the phase currents. If the load is unbalances, the line currents can 

be found in terms of the phase currents by Kirchhoff's current law: 

 caabA III −= ,  

 abbcB III −= , (2.12) 

 bccaC III −= .  

It is often necessary to determine currents in delta-connected circuit 

when there are line impedances in line wires. For this case the line voltages 

across the load aren't equal to the generator line voltages. 

That is why we must at first change delta-connected load into wye-

connected one (see Fig. 2.11). by the following formulas: 

 

.'

;'

;'

cabcab

bcca
c

cabcab

abbc
b

cabcab

caab
a

ZZZ

ZZ
Z

ZZZ

ZZ
Z

ZZZ

ZZ
Z

++


=

++


=

++


=

 (2.13) 
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If there is a symmetrical load and the phase impedances are equal 

( cabaab ZZZ == ), the neutral voltage shift (or the bias neutral voltage) 

NU  is equal to 0. Then we can calculate currents: 

 
cl

C
C

bl

B
B

al

A
A

ZZ

E
I

ZZ

E
I

ZZ

E
I

'
;

'
;

' +
=

+
=

+
= . (2.14) 

The phase currents are 3  times less the line currents and angle shift 

between them is 30O (that is a phase current leads the corresponding line 

current). 

 
ooo jC

ca
jB

bc
jA

ab e
I

Ie
I

Ie
I

I 303030

3
;

3
;

3
===  (2.15) 

As the result we draw a vector diagram (Fig. 2.12). 

 

 
Fig. 2.12. A vector diagram for a symmetrical delta connection. 

Example 2.4. The load −=== )450500( jZZZ cabcab  is con-

nected up by way of line wires with line impedances += )4535( jZ l  to 

the symmetrical generator with the phase voltage equaled to VU p 380= . 

Calculate phase and line currents and voltages. 

Solution: Change a delta-connection into a wye-connection (see Fig. 

3.11). As we have a balanced load, one can use the following equation: 
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 =−==== − ojab
cba ej

Z
ZZZ 4223.22415044,166

3
''' .  

 VeUVeUVU
oo

j
C

j
BA

120120
380;380;380 ===

−
.  

Define phase impedances: 

=−++=+=== − oj
alcba ejjZZZZZ 2836.22715044.1664535 . 

Calculate line currents by Ohm's law: 

 Ae

e
Z

U
I

o

o

j

ja

A
A

28

28
67.1

36.227

380
===

−
.  

 Ae
Z

U
IAe

Z

U
I

oo j

c

C
C

j

b

B
B

14892 67.1;67.1 ==== − .  

Determine phase currents across the load by Eq. (2.15) (we can use 

these formulas as there is a symmetrical load in this problem): 

 
oo

o
o jj

j
jA

ab ee
e

e
I

I 5830
28

30 965.0
3

67.1

3
=== A;  

 
oo j

ca
j

bc eIAeI 17862 965.0;965.0 == − A.  

Define line and phase voltages: 

VeeeIZU
ooo jjj

ababab
585742 14.649965.068.672 === − ;  

VeIZU
oj

bcbcbc
10414.649 −== ; 

oj
cacaca eIZU 13614.649== V; 

ooo jjj
AlAa eeeIZU 802752 27.9267.157 === V; 

oj
BlBb eIZU 4027.92 −== V;   

VeIZU
oj

ClCc
20027.92== . 



 21  

At last we draw a vector diagram for this case. 

 
Fig. 2.13. A vector diagram for a symmetrical delta connection 

2.8 Damage Conditions in a Delta-Connected Load 

The first damage condition is an open circuit in any phase, for 

example, when phase bc is broken (see Fig. 2.14). 

As it is the asymmetrical wye connection without a neutral wire, a 

neutral voltage shift (bias voltage) appears between two neutral nodes: 

 
CBA

CCBBAA
N

YYY

YEYEYE
U

++

++
=   

There are such admittances in this case: 

                     

The phase currents may be determined by Eq. (2.7 - 2.9) as 

CNCCBNBBANAA YUEIYUEIYUEI −=−=−= )(,)(,)( , 

the voltages CcBbAa UUU ,,  in line wires and the phase voltages 

caab UU ,  are determined in a common way. 
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Fig. 2.14. An open circuit in phase bc 

 
Fig. 2.15. A vector diagram for OC in phase bc ( caab ZZ  ). 

The 2nd damage rate when there is a short circuit in phase bc. A 

∆-connected circuit changes into asymmetrical wye connection without a 

neutral wire (see Fig. 2.16). The neutral voltage shift: 

 
CBA

CCBBAA
N

YYY

YEYEYE
U

++

++
= , where phase admittances 

abcl

caab

caab
l

A
ZZ

ZZ

ZZ
Z

Y
+

=

+


+

=
11

; and 
l

CB Z
YY 1== . 

Knowing the neutral voltage shift, one can determine currents. 
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Fig. 2.16. The circuit with a short circuit in phase bc. 

Phase currents of wye connection are found by Ohm's law: 

 ANA

caab

caab
l

NA
A YUE

ZZ

ZZ
Z

UE
I −=

+


+

−
= )(   

The currents in two parallel branches are determined by using so-
called "resolving of the total current": 

 
abca

ab
Aca

abca

ca
Aab

ZZ

Z
II

ZZ

Z
II

+
=

+
= ;   

More detailed description of this damage mode can be found in the 
schoolbook "Theoretical Electrical Engineering", chapter 5 “Three-phase 
Circuits”or in any textbook of the recommended literature. 

3 THE TECHNICAL TASK TO THE CGW 

3.1 Part 1. Wye-Wye connection 
3.1.1 The calculation of wye-wye connection with a neutral wire. 

Considering that the power supply is symmetric, one must consider the fol-
lowing modes of operation in a electric circuit: 
- calculate nominal mode of wye-wye connection with a neutral wire.; 
- calculate a short circuit in one of the phases of wye-wye connection with-
out a neutral wire when ZL = 0. 

3.1.2 Calculate phase currents and voltages for each mode, and con-
struct a combined vector diagram of currents and voltages. 

3.2 Part 2. Wye-Delta connection 
3.2.1 Сalculate of wye-delta connection for the following rates: 
- nominal mode; 
- open circuit in one of the phases. 
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3.2.2 Construct vector diagrams of currents and voltages for both 
modes. 

3.2.3 Calculate the values of active, reactive and apparent powers in 
three-phase wye and delta connections (for nominal rates). 

The figures of electric circuits are given in Fig. 4.1. 
Data for calculation of wye-connection are given in Appendix 2. 
Data for calculation of delta-connection are given in Appendix 3. 
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Fig. 3.1. The diagrams of three-phase electric circuits 
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Appendix 1 Data for calculation of Wye-connected load 
 

№ ZA=ZB=ZC, Ω ZL, Ω O.C. S.C. UL, V 

1 10+j10 5-j5 A-n b-n 220 

2 -j20 20 B-n c-n 380 

3 14+j14 -j28 C-n a-n 173 

4 20+j20 -j40 A-n b-n 220 

5 15-j15 5+j5 B-n c-n 380 

6 -j20 10+j10 C-n a-n 173 

7 20+j20 4+j4 A-n b-n 380 

8 10-j10 j5 B-n c-n 220 

9 j30 15-j10 C-n a-n 173 

10 30+j40 -j10 A-n b-n 380 

11 j15 10-j5 B-n c-n 173 

12 10+j15 -j5 C-n a-n 220 

13 10-j15 j5 A-n b-n 380 

14 j12 10 B-n c-n 173 

15 20-j20 -j5 C-n a-n 380 
 

Appendix 2 Data for calculation of Delta-connected load 
 

№ UL, ZAB=ZBC=ZCA, ZL, OC in ph. SC in ph. OS in l.w. 

1 200 24+j24 4+j4 ca - Aa 

2 100 12-j12 4-j4 - ab Cc 

3 220 11+j11 7+j7 bc - Bb 

4 150 -j30 j20 - bc Cc 

5 120 9-j9 9-j9 ab - Aa 

6 220 j24 -j16 - bc Bb 

7 380 12+j12 6+j6 ca - Aa 

8 150 15-j15 5-j5 - ab Cc 

9 380 j60 j20 bc - Aa 

10 220 12+j12 6+j6 - ca Bb 

11 380 24-j24 6-j6 ab - Cc 

12 220 15-j15 j10 - bc Bb 

13 380 30+j30 -j20 ca - Cc 

14 200 9+j9 5+j5 ab - Aa 

15 380 24+j24 -j8 - bc Bb 
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