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INTRODUCTION

This publication is devoted to the calculation @naphic work (individual work)
on electrical engineering. It contains the practoggc Ne 1 “Calculation of DC circuits”
and the practice topite 2 “Calculation of sinusoidal current circuits” aredaimed at
consolidating the theoretical knowledge of studemsthese topics and to practice
practical calculation skills appropriate electricatuits.

Four control problems (tasks) have been formulatethe practice topidve 1.

In Problem 1 (direct and inverse) electric circuits with a smuiof EMF and mixed
connection of loads must be calculated Phoblem 2 the calculation of an electrical
circuit with also a source of EMF has to be perdnusing equivalent transformation
of the circuit scheme with a star-connected load m delta-connected load, or vice
versa (YA transformation). IfProblem 3 the calculation of the electric circuit with two
EMF sources has to be done using mesh currenirolsiem 4 an electric current has
to be calculated in one branch using the methdchef/enin’s theorem.

Six control problems have been formulated in thactfice topicNe 2. Initially
calculations of single-phase electric circuits watisinusoidal voltage source and series
and parallel connection of loads must be carried Burther a single-phase electric
circuit with a voltage source and a mixed connectid loads using the symbolic
method must be calculated. The last three problarmascalculations of three-phase
circuits with a symmetric and asymmetric load caneé in star (Y) and in delta].

For the individual work of a student the varianfsirgput data are given, and
examples of solving typical problems samples as® g@iresented. Specific scope of
work specifies the lecturer who conducts a coufdeatures on the specified discipline.

The report on the calculation and graphic work niagsperformed in accordance
to a certain form. It begins with the title pagesaanple of which is given iAppendix.

At the report it is necessary to give completelgteshent of all problems and the
corresponding input data according to the varidna,accompanying schemes, the order
of calculations and their results, graphs and phdisgrams.

Diagrams and phasor diagrams must be drawn usotg &ecording to The State
Ukrainian Standards. Dependence graphs must berped with reference to the axes
of the standard letter designations of quantitres @nits of measurement.



PRACTICE TOPIC Ne 1
CALCULATION OF DIRECT CURRENT ELECTRIC CIRCUITS

Formulation of Problems
To calculate the practice topk 1, it is given a variant number for all problems.

Problem 1. Calculation of an electric circuit withone source of electromotive
force (EMF) with a series-parallel connected resists.

For a given variant from in Table 1.1:

a) solve a direct Problem: draw a given electrotiaduit scheme and evaluate the
currents in all branches of this circuit. Use thducing and transformations and verify
the calculation by checking power balance of theses and loads;

b) solve an inverse Problem: evaluate EMF of thers®in the circuit if you

know the current, and all of the resistances.

Problem 2. Calculation of an electric circuit withone source of EMF by the
method of a delta-wye A-Y) transformation.

In the given variant in Table 1.2, draw a giverceieal circuit with the EMF in
the branch, which is specified in the table (ladtimn). The polarity of the EMF can be
random selected. Then you need to evaluate therdsrin all the branches by the

method of a delta-wye equivalent transformatiomsy(@ transformation).

Problem 3. Calculation of an electric circuit by the mesh-current method.

In the given variant in Table 1.3, draw a given tiolop circuit and evaluate the
currents in all branches by the mesh-current metAden you need to verify the
calculation by checking power balance of the saiesel load.

Problem 4. Calculation of an electric circuit by tre method of Thevenin’s
theorem.

According to the given variant, which is given iable 1.3, draw a electrical
circuit scheme and determine the current in thenddrawith resistancdr, by the

Thevenin’s theorem method.



Table 1.1 — Input data féroblem 1

Vari | Scheme . Direct Inverse
ant | number Resistance, Ohm problem problem
F‘:;OT R |R|R | R | R | R EV I, A
1 1 1 5 10 20 15 4 120 12
2 2 2 40 20 10 40 20 130 10
3 3 1 10 15 14 7 30 200 1,8
4 4 0,5 15 30 15 17 25 180 15
5 5 05| 20 20 10 36 10 90 1,6
6 6 1 4 30 70 9 30 100 10
7 7 2 20 10 10 45 20 240 1,8
8 8 1 6 45 30 24 12 140 2,5
9 9 1 4 60 15 60 40 130 10
10 10 1 6 20 10 15 16 120 6
11 11 2,5 10 30 12 60 5 270 4
12 12 2,5 4 50 30 20 15 150 3
13 13 2,5 15 8 13 10 9 90 2
14 14 1 25 15 8 5 8 135 6
15 15 2 7 18 5 10 15 90 12
16 16 15 7 4 3 6 5 220 3
17 17 2,5 20 35 25 5 60 140 9
18 18 1 10 6 4 12 8 100 6
19 19 2,5 24 15 10 30 6 210 3
20 20 1,2 15 9 4 21 6 135 8
21 21 1 20 10 20 8 12 110 10
22 22 2,5 20 20 24 10 25 240 15
23 23 1 20 15 60 20 7 100 6
24 24 2 12 30 20 30 12( 200 2,5
25 25 2 15 10 17 15 7 180 5
26 26 1 15 10 40 10 50 80 9
27 27 2,5 20 20 20 5 5 150 4
28 28 2 11 5 9 8 24 150 2
29 29 1 40 15 20 10 60 220 1
30 30 1 22 10 45 40 18 200 3
31 1 0,9 6 3 4 3 7 160 5
32 2 2 6 10 5 20 90 240 2,5
33 3 1 5 20 14 3 12 140 8
34 4 2,5 10 30 60 5 50 165 8
35 5 2 20 30 25 200 50 210 1
36 6 0,5 4 10 30 5 30 240 6
37 7 2 40 20 20 100 5 110 9




Vari

Scheme

Resistance, Ohm

Direct

Inverse

ant | number problem problem
ng’T R |R|R | R | R | R EV I, A
38 8 2 9 24 24 70 30 100 8
39 9 0,5 7 30 60 30 70 190 6
40 10 2 16 12 20 5 18 70 9
41 11 1 5 6 30 6 7 180 3
42 12 1 8 10 14 12 48 130 15
43 13 2 60 10 7 15 7 150 4
44 14 2,5 50 90 21 60 21 125 1,8
45 15 2 12 60 13 80 80 220 4
46 16 0,5 30 10 20 30 5 250 4,8
47 17 1 10 5 10 6 4 80 6
48 18 1 3 4 5 10 10 130 10
49 19 1 5 19 70 30 5 90 4
50 20 0,5 20 40 10 10 20 100 6
51 21 1 12 3 4 5 7 90 4
52 22 2,5 30 40 30 19 40 45 1,2
53 23 1 30 6 30 120 4 200 2,5
54 24 1 6 15 10 15 60 100 10
55 25 25| 20 40 6 10 6 75 6
56 26 2 40 40 30 60 30 240 1,5
57 27 1 40 30 70 14 5 210 2,5
58 28 2 30 40 30 16 40 220 1
59 29 2,5 5 12 40 8 15 200 4
60 30 1 8 20 100 30 25 110 10
61 1 1 4 5 7 12 4 90 3
62 2 0,5 7 10 5 6 15 100 10
63 3 15| 48 16 3 6 15 120 2
64 4 1 10 100 25 7 20 150 4
65 5 1 40 80 52 25 80 105 0,8
66 6 1 4 3 6 8 10 120 6
67 7 25| 12 16 20 15 6 200 9
68 8 1 10 15 10 20 80 180 5
69 9 1 10 10 15 80 20 90 10
70 10 2,5 5 10 30 30 10 150 8
71 11 2 20 45 30 90 10 85 2,4
72 12 4 50 45 15 60 20 120 3
73 13 3 10 10 7 40 7 60 1,6
74 14 2,5 50 90 21 60 21 125 1,8
75 15 1 14 25 16 40 40 230 3




Vari

Scheme

Resistance, Ohm

Direct

Inverse

ant | number problem problem
ng’T R |R|R | R | R |R EV LA
76 16 0,5 20 60 30 20 5 130 4,8
77 17 1 15 20 10 4 14 160 2
78 18 2,5 4 10 6 20 12 220 4
79 19 2 10 38 140 60 10 180 4
80 20 1 5 10 10 15 10 110 16
81 21 2 24 6 8 10 14 180 2
82 22 1 30 10 10 10 18 100 2,5
83 23 2 60 14 20 80 18 300 2
84 24 2,5 20 30 30 15 15 100 15
85 25 2,5 20 40 6 10 6 75 6
86 26 1 20 20 15 30 15 150 3
87 27 2,5 35 30 70 5 9 160 2
88 28 1 10 30 10 8 20 110 6
89 29 25| 20 10 20 50 10 75 4
90 30 2 16 40 200 60 50 220 2,5
91 1 1 3 40 50 10 6 190 5
92 2 2 5 12 3 36 6 220 7,5
93 3 2 15 35 4.5 4 60 225 14
94 4 2 8 30 20 7 80 150 6
95 5 2,5 10 8 4 30 9 120 2,5
96 6 15 6 20 5 16 60 180 4
97 7 1 4 5 7 30 17 260 4,5
98 8 1 2 20 80 90 10 120 10
99 9 2 6 45 30 10 15 170 7,5
100 10 2 11,5 15 10 40 24 270 6
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Figure 1.1 (continued)




Figure 1.1 (continued)
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Table 1.2 — Input data féroblem 2

Vari | Scheme Resistance, Ohm EMF
ant | pumber g, Ro RR | Re | R | R | EV [Branch
Fig. 1.2
1 1 10 40 20 8 20 20 200 bc
2 2 30 14 18 30 7 1% 250 ac
3 3 30 30 14 30 70 10 160 bc
4 4 12 24 36 7 74 16 210 cd
5 5 8 10 30 30 30 20 180 bd
6 6 12 5 40 40 20 14 250 ad
7 7 20 5 30 30 30 5 150 cb
8 8 14 40 7 80 54 80 180 ac
9 9 10 20 30 65 8 50 150 hbd
10 10 4 7 18 12 6 8 90 ac
11 11 20 10 10 6 85 5 175 cd
12 12 3 9 33 33 33 69 16p ad
13 13 8 36 24 11 12 24 270 ed
14 14 18 4 48 48 44 64 200 ab
15 15 25 5 13 20 5 1% 300 ed
16 16 5 10 8 2 10 10 150 e6cC
17 17 8 20 10 20 17 5 170 «d
18 18 14 20 30 50 2% 30 200 cd
19 19 3 9 6 17 4 4 28% ac
20 20 8 2 6 6 6 13 13% cd
21 21 10 4 6 5 3 1@ 90 «ad
22 22 12 24 12 7 17 24 150 cd
23 23 19 9 33 33 33 4 13b ab
24 24 10 6 50 40 25 10 250 ed
25 25 4 28 60 14 60 60 27D sc
26 26 9 6 3 2,5 37 9 180 «ad
27 27 3 5 3 2 2 3 90| ab
28 28 6 2 7 20 10 20 160 «ad
29 29 2 24 24 22 24 7| 180 ac
30 30 11 30 3 8 30 40 300 scC
31 1 4 5 20 30 50 9 150 ab
32 2 8 7 6 12 18 4 180 scC
33 3 4 40 30 60 [0 1% 210 ac
34 4 18 10 12 12 4,6 3 180 «d
35 5 12 12 24 4,5 9 32 300 ac
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Vari | Scheme Resistance, Ohm EMF
ant Rgmber =X R Re R | R | R | EV |Branch
Fig. 1.2
36 6 75 5 75 4 45 7% 200 bd
37 7 18 18 18 4 9 6 180 ad
38 8 14 5 28 3 8 14 14% bd
39 9 10 10 15 5 12 2% 120 cd
40 10 14 6 12 36 24 8 240 ad
41 11 9 9 9 37 7 4 90| hd
42 12 8 18 36 36 36 12 240 cd
43 13 12 28 8 62 13 11 250 bc
44 14 10 20 30 30 30 3 300 ad
45 15 50 40 26 10 5 10 250 bc
46 16 51 5l 13 51 43 18 226 ab
47 17 6 7 4 18 12 8 180 bc
48 18 14 20 8 50 15 30 21p ac
49 19 12 3 13 7 6 18 270 ab
50 20 1 9 6 6 24 6 120 ac
51 21 32 2 24 24 24 4 200 bc
52 22 12 3 12 4 7 24 140 ac
53 23 68 8 36 36 34 7 175 bc
54 24 5 15 10 9 15 1% 300 ad
55 25 30 10 70 30 4 30 24P ab
56 26 11 27 55 17 18 g 240 bd
57 27 6 3 6 4 18 6 100 bc
58 28 10 20 8 10 2 5 210 bd
59 29 20 7 4 12 409 40 150 ab
60 30 9 13 27 9 9 5 300 ac
61 1 20 6 32 20 8 10 300 bd
62 2 25 15 10 5 15 1% 990 cd
63 3 10 10 17,5 60 7,5 g 240 bd
64 4 2 5 10 20 10 35 200 ab
65 5 20 5 30 30 30 5 150 cb
66 6 12 5 40 40 20 14 250 ad
67 7 45 5 10 20 30 1% 300 ac
68 8 15 30 75 6 4% 60 240 ad
69 9 6 42 24 24 24 5 220 ac
70 10 3 6 4 18 6 6 150 «d
71 11 18 5 12 3 12 42 21b e6cC
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Vari | Scheme Resistance, Ohm EMF
ant Rgmber =X R Re R | R | R | EV |Branch
Fig. 1.2
72 12 5 9 45 45 43 6% 200 ed
73 13 9 18 10 8 6 12 190 ad
74 14 6 24 3 4 36 12 240 e6cC
75 15 10 2 6 8 10 5% 180 ab
76 16 2 13 10 2 8 2 140 cd
77 17 51 11 57 10 5/ 5¢Y 150 ac
78 18 35 5 15 30 15 7 200 ed
79 19 12 4 8 2 6 1§ 120 6cC
80 20 3 3 3 3 2 5 270 ed
81 21 20 5 3 5 13 25 260 ab
82 22 4 60 9 30 22 10 20D e&d
83 23 5 20 25 7 2 10 155 cd
84 24 34 12 4 8 18 6 180 ac
85 25 7 12 6 12 12 86 300 cd
86 26 12 12 12 20 3 2 295 ac
87 27 20 40 15 10 20 5 200 cd
88 28 4 6 36 20 20 10 300 ab
89 29 7 24 24 7 24 22 225 bc
90 30 5 18 84 4 18 18 300 bd
91 1 1 20 2 6 20, 10 22% ac
92 2 15 2,5 15 30 5 4% 240 ab
93 3 65 5 45 45 43 5 170 ad
94 4 12 9 3 6 24 172 180 bc
95 5 10 7 8 4 4 11 180 ab
96 6 2 16 5 10 10 3 120 ac
97 7 15 20 15 9 2 4 12% bd
98 8 5 25 15 15 15 2b 90 bc
99 9 26 1 10 30 10 2 235 ab
100 10 20 30 60 9 30 30 120 bc
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Figure 1.2
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Figure 1.2 (continued)
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Figure 1.2 (continued)
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Table 1.3 — Input data féroblem 3 andProblem 4

Vari | Scheme EMF, V Resistance, Ohm
ant ][‘o“rmber ELV|EAV| R | R | R | R | R | R
Fig. 1.3
1 1 90 70 6 15 6 8 5 12
2 2 100 30 6 1 8 6 7 20
3 3 170 95 4 5 18 6 10 6
4 4 130 220 10 17 14 8 7 20
5 5 150 85 13 6 9 2 10 7
6 6 90 100 6 3 7 12 4 8
7 7 125 155 4 2 21 3 4 11
8 8 150 50 5 4 6 14 9 16
9 9 120 40 8 10 12 13 6 30
10 10 90 80 2 4 4 7 10 5
11 11 130 160 4 2 10 4 20 18
12 12 60 30 33 4 12 5 1 5
13 13 145 160 10 5 15 10 25 10
14 14 100 60 5 21 10 6 9 2
15 15 110 75 12 7 15 4 3 10
16 16 270 120 9 9 7 9 2 17
17 17 240 100 1,5 5 14 8 10 1P
18 18 110 55 10 10 15 20 15 15
19 19 195 480 5 35 15 2( 15 15
20 20 100 100 7,5 15 15 4 4% 1b
21 21 90 75 12 6 3 15 4 3
22 22 35 40 7 10 4 2 3,5 8
23 23 70 55 60 10 10 5 4 1%
24 24 100 80 7 5 8 8 12 7
25 25 70 110 20 14 8 2 25 6
26 26 150 55 4 5 4,5 7 2 16
27 27 190 135 26 6 10 24 5 15
28 28 75 70 5 3 10 15 10 2
29 29 135 90 2 11 10 0,% 5 0,b
30 30 120 50 11 4 2 4 7 6
31 1 270 210 12 30 12 16 10 24
32 2 150 135 10 12 10 3( 11 56
33 3 80 25 1 3 5,5 34 3 1,5
34 4 195 330 20 34 28 16 14 40
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Vari | Scheme EMF, V Resistance, Ohm
ant ][‘ourmbef ELV|EV| R | R | R | R | R
Fig. 1.3

35 5 130 110 9 4 20 35 4 2
36 6 140 105 12 4 5 4 15 17
37 7 55 150 4 3 10 5 15 4
38 8 110 70 5 6 40 2 1 6
39 9 140 160 10 3 6 8 16 8
40 10 40 35 1 6 5 2,5 1 17
41 11 120 40 1 6 4 11 2 1,5
42 12 40 110 14 4 15 6 3 2
43 13 125 35 12 2 25 4 3 7
44 14 185 210 6 11 5 10 9 30
45 15 90 90 6 6 6 1 4 16
46 16 125 145 6 9 5 15 2 3
47 17 110 30 5 24 6 6 6 4
48 18 150 75 1 14 5 5 1 9
49 19 130 20 8 10 6 5 15 3
50 20 70 130 10 15 16 10 17 6
51 21 120 50 10 2 4 4 6 3
52 22 105 195 15 5 5 10 20 28
53 23 90 70 60 10 10 5 9 20
54 24 100 120 3 9 8 8 172 12
55 25 80 220 15 14 8 2 25 6
56 26 300 110 8 10 9 14 4 32
57 27 200 135 20 7 10 3( 5 15
58 28 150 140 10 6 20 3( 20 4
59 29 270 180 4 22 20 1 10 1
60 30 240 100 22 8 4 8 14 12
61 1 180 140 3 7,5 3 4 2,5 6
62 2 50 45 5 6 5 15 5,5 28
63 3 240 75 2 6 11 68 6 3
64 4 130 220 5 8,5 7 4 3,5 10
65 5 80 80 3 21 2 6 5 11
66 6 120 150 4 4 8 10 3 5
67 7 360 300 16 8 26 14 30 27
68 8 110 70 10 4 5 7 3 7
69 9 90 95 15 5 10 5 20 30
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Vari | Scheme EMF, V Resistance, Ohm
ant ][‘o“rmber ELV [E,V | R | R | R | R | R | R
Fig. 1.3

70 10 160 | 140 2 12| 10 5 2 24
71 11 240 80 2 12 8 22 4 3
72 12 40 40 3 8 18 4 5 14
73 13 60 120 4 2 10 2 5 2
74 14 120 | 150 7 5 2 9 3 15
75 15 210 | 170 6 4 3 5 4 10
76 16 55 65 2 3 10[ 30 4 16
77 17 100 | 200 4 5 6 121 12 8
78 18 120 60 1 12 6 10 20 10
79 19 240 90 1 6 12| 1 12 1%
80 20 100 50 20| 24 2 8 21 10
81 21 50 20 10 2 5 6| 25 20
82 22 140 | 160 14| 20 8 4 7 16
83 23 140 | 110 30 5 5| 25 2/ 75k
84 24 230 | 160 11 6 8 8 15 7
85 25 40 155| 15| 14 8 7 25 6
86 26 130 85 3 5 5 6 2 15
87 27 150 80 9 10 5 14 8 8
88 28 90 75 6 9 10 9 3 5
89 29 155 | 170 15 5 100 27 20 1B
90 30 65 25 | 55 2 1 2l 35 3
91 1 110 | 230] 30 4 200 12 6 16
92 2 40 90 6 2 4 3 6 4
93 3 130 [ 220 9 10 3 9 8 3
94 4 145 70 2 10 10 2 3 6
95 5 105 15 11] 10| 16 1 5 12
96 6 160 | 100| 10 4 8 7 2 30
97 7 120 | 100 8 4 13 7 14 13
98 8 95 130 5 9 8 2 10 19
99 9 180 | 210| 15 5 20 5 20 40
100 10 50 95 2 4 5 5 25 2
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Figure 1.3
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Figure 1.3 (continued)
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Figure 1.3 (continued)
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Examples of the Problems solution

Example 1. Calculation of an electric circuit withone source of EMF at the
series-parallel (mixed) connected loads.
a) determine the currents in the branches of actr@ecircuit, the scheme of

which is shown in Fig. 1.4, and it is given EMF= 120 V; resistanceRy = 2 Ohm;

R1 =3 Ohm; Ry =25 Ohm; R3 =5 Ohm; R4 =20 Ohm; Rs =30 Ohm. Write the
equation of the power balance of the circuit aridutate it.

b) determine the EMF of energy sourdesnd currents in the branches of an

electric circuit, the scheme of which is shown ig.R.4, if the values of resistance of

resistors and the curreit= 4 A.

Solution.

a) direct Problem

We choose the positive directions of the curremthe all branches of the electric
circuit, according to the direction of the EMF, slmoon the scheme. We use the
method of consistent reducing of the initial schente non-branched by the method of
equivalent replacement of some parts of the schémeanother, as shown in
Fig. 1.4,b, c, d.

A1 Ry B Iy
\ I RS Re
C
a b c d

Figure 1.4
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We determine the equivalent resistances of the jpaud of the whole circuit after
reducing:

R23 = R2 + R3 25+5=30 Ohm; RBC = R4 RS 20130 =12 Ohm;

Ry+Rs 20+30

_ (Ri+Rgc) [Rpz _ (3+12)[30
R +Rgc +Ryz  3+12+30

=10 Ohm; R, =Ry + R, =2+10=12 Ohm.

Having receivedR., we can determine the currelgtthrough the EMF source

(Fig. 1.4,d) |0—§—1—_10 A, and then the voltage in the par€ (Fig. 1.4,c)

Uac =Rac [1g=10[10=100V and currents in parallel branches in the same pa
(Fig. 1.4,b) are equal to:

UAC _ 100 _6,67A1 |2:Uﬁ:£02 3,33A
R +Rgc 3+12 Roz 30

I =

Using currentl;, we can determine the voltage in the pa@ (Fig. 1.4,b)

Uge = Rge [1; =12[667=80 V and currents in its parallel branches (Fig. &)4,

The equation of the power balance of the circuiim 1.4,ais:

source Z H k

where the power of the EMF sourBg,, ¢ = E[1g =120[10=1200 W.

Arithmetic sum of loads power:

6
1212 iRl 2 e Rl2 R 2 4 Rl 2 =
2 Moadk = Rolg + Ril i+ Rol 2 + Rgl 7 + Ryl 4 + Ryl =

= 20102 +3[B672 + 25[B33% + 5[B33° + 20(42 + 30[RG72 =
=200+13347+27722+5544+ 320+ 21387 =1200W.

If the powers values are not equal, then we caleullae relative error, which
should be less than 5 percent

24



I:)source - Z I:’Ioad,k

n
0= B k=l [100% < 5%

source

If this condition is not met, the problem is nolveal correctly.
b) inverse Problem

Voltage in the part BC (Fig. 1.8) is equal to:
Upc =Rpc [11=12[4=48 V.

Currents in parallel branches in this part (Fig, ) are equal to:

Voltage in the part AC (Fig. 1.4) is:
UAC = Il[R1+UBC =4[3+48=60 V.

The current in the branch with resistariRgy (Fig. 1.4,b) is:

According to Kirchhoff's current law (Kirchhoff'sirkt law), we can determine

the source current for node(Fig. 1.4,b)

|0 = |1+ |2 =4+2=6 A.
We can determine the voltage of the source EMF. (Efjd)
E=R. [lg=12[6=72 V.

Example 2. Calculation of an electric circuit withone EMF source by the

method of a wye-delta (YA) transformation.

EMF sourceE is connected to the bran@rA in the electric circuit shown in

Fig. 1.5. The direction of the EMF is pointed froxmdeD to nodeA. Parameters of the
elements of the circuit:£E=60 V; Ri=80hm; R, =10 Ohm; Ry =20 Ohm;
Ry = 15 Ohm;Rs = 7 Ohm;Rs = 9 Ohm.

25



Determine the currents in the branches of an @teciicuit using the method of
converting the delta-connected resistances integannvalent wye (star) connection and

vice versa. Write the equation of the power balaegeation of the circuit and
calculate it.

Figure 1.5 Figure 1.6

Solution

Previously we must choose the positive directionsuorents in the branches of
the circuit, as it is shown in Fig. 1.5. If the @nt direction will be different from the
one we have chosen, then in the calculation optbblem there will be a sign “-".

To solve the problem we use transformations, fangxe, of three resistancBg,
R; and Ry, which are delta connected between node® and C (Fig. 1.5), in an
equivalent Y-connected with resistanéasRs andR: and the central node (Fig. 1.6).
Determine the equivalent of the Y-connection resises:

_ Ry[Rg _ 10020
AT Ry+Rg+R; 10+20+15

= 444 Ohm;

_ RplRy _ 10015
R, +Rg+R; 10+20+15

_ RglRy _ 20115
Ry,+Ry+Ry 10+20+15

= 333 Ohm;

=667 Ohm.
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Equivalent electrical circuit scheme of the repfaeat is given on the Fig. 1.7,

where it's shown the

directions of the currents
through the resistances that are

not taken to the

transformation.

Determine the equivalent

resistance between nodd3

and D and transform the

Figure 1.7

electric circuit in Fig. 1.7a to
the equivalent electric circuit shown in Fig. 1o7,

R = (Re*Re) [(Re +Re) _ (333+7)[(667+9) _ ¢z o,
Rg+Re+Ro+Rs  333+7+667+9

Equivalent resistance of the whole circuit (Fig.,b) is
Re =R + R, +Rop =8+ 444+ 623=1867 Ohm.

Current through the EMF source is equal to

Voltage between nod&€3D (Fig. 1.8,b) is
Uop =Rop [17=623[321=20 V.

We can determine the currertsand | in the parallel branches (Fig. 1aj;

_Uop = 20 _ g4 Uop _ 20

= = N P
Rg+Rg  333+7 ® " Rc+Rg 667+9

According to Kirchhoff's voltage law, for the lodf (Fig. 1.5), when bypassing

I =128 A.

it clockwise, we receive the equation
R4[|4 +R6“6 - R5[|5 =0;

from this equation we can determine the current

27



Rs[ls—Rellg _71194-9(128
Ry 15

According to Kirchhoff’'s current law for currents ibranches which are

= 014 A.

|4=

connected in nodB (Fig. 1.5), we have the following equatioh, -1, — 15 =0; from
this equation we determine the curren =1, + 15 = 014+ 194= 208 A.

According to Kirchhoff's current law for currentsf dranches which are

connected in nod€, we have the equationl; +1, —15=0; from this equation we
determine the current; =1, -1, =128- 014= 114 A.

The equation of the power balance for the cireufig. 1.5
6
Fsource= 2 Rk »
k=1

where the power of the EMF sourckg e = Ell1 =600321=1926 W; sum of load

powers:

6
p Rk=RIOf+Ry05 +Re05 +Ry 07 +Rs (5 +Re 1§ =
=1
=8[B217 +10[R08 + 201142 +15[D142 + 71942 + 9128 =
=8243+4326+ 2599+ 029+2634+14,75=19306W.
Calculating percentage error, we have
6
Psource_ 2 H,k

5= LG Volo 77 _|
PSOUI‘CG ‘

1926-19306
1926

[100% = 024%

would be considered as acceptable.

Example 3. Calculation of an electrical circuit bythe mesh-current method.

The scheme for an electric circuit is shown in Eig, determine the currents in

all branches, using the mesh current method ofitatlog loop currents, i, =100 V;

E,=50V; R =R, =8 Ohm;R, =100hm; R, =7 Ohm; R, =9 Ohm; R; =130hm.

28



Solution

Selection of the independent loops |, Il, I, dgwtion of the circuit currents

direction 1,4, I,,, 133 and the direction of bypassing the loops are shiovfig. 1.8.

The system of equations for loops |, Il and

Il is as follows:

R+ ROy + Rglas = By
Rop g+ Ry Uy + Ryg g = Epy; (1)

Figure 1.8 Ry Oyp + Ry gy + Reg U g5 = By,

where the loop EMFE;; =E, =100 V; E,, =E; =100 V; Ez3=E, =50V,

total loop resistances of the loops:

R;=R +R,=8+10=18 Ohm; R,,=R,+R;+R,+R;=10+7+9+8=34 Ohm;

Rs3 = Rg + Rg =8+13=21 Ohm,

mutual resistance of loopR;, = R,; = R, =10 Ohm; Ry3 = Ry, = R; =8 Ohm;

Ri3=R3; =0 (loops | and Ill are not connected). ResistanBes=R,,, R,; = R;,

written with a “+” sign because the loop curremtshiem coincide.

After substituting the numerical values, the systéraquations (1) has the form:

180,,+100,, +00,,=10Q
o0, +340,,+80,,=10Q (2)
oad,,+80,,+210,, =50,

18 10 O
the common determinant of whigh=10 34 8.

0 82
Solving it by the elements of the first line, wedi

18100 34 8 10 8 10 3
A=[10 34 8=(-D)*'ms +(-)*2 10 +(-D)**3m =
8 2 02 0 8
0 82
=18[(34[21-8[8) —10{1021- 0[8) + 0=11700- 2100= 960Q
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Auxiliary determinants of the system are obtainexanf the general determinant
by replacing columns 1, 2 and 3 with the EMF colunfithe system of equations (2),

namely:
100100 34 8 100 8
A, =[100 34 8=(-1)*'1mo0 +(-)*2 00 =
8 2 50 2
50 8 21
=100{34[21-8[8) —10{10021- 508) = 65000-17000= 48000
16 100 100 8 10 8
A,,=[10 100 8 :(—1)1+1EL8#] J+(—1)1+2 moo# J:
50 2 02
0 50 21
=18[{100C21- 508) —100{1021~ 0[B) = 30600~ 21000= 9600
18 10 10 34 10 10 10
Nz =[10 34 100=(-)**'n08 +(-D¥*2no +
8 5 0 50
0 8 50

10 3
+(-p¥3 moo#o 84‘ =18[{3450-1008) - 10{1050-0100) +
+1000{LOB - 0[34) = 16200- 5000+ 8000=19200

Loop currents are equal to:
_ D, _48000_ . _ Dy, _9600_, . _ By _19200_, ,

They determine the currents in the branches aswsl
l;=1,,=5A; I,=1;+1,,=5+1=6A;
l3=1,,=1A; Ig=1l,,+Il33=1+2=3A; Ilg=I133=2A.
Equation of the power balance
E 0, +E, g =R O +R,0F +Ry 05+ R, 05 +Rs 05 + R g ;

10C[6+50[2=8[5%+1C[6° +7[1%> +9[1%> +8[3° +13[2? :
700 W = 700 W.

30



Example 4. Calculation of an electrical circuit bythe Thevenin's theorem
method.

Determine the current; in a branch with resistandg, in the electric circuit,
which is shown in Fig. 1.9, ifg; =120V; E,=60V; R =8 Ohm; R, =5 Ohm;
R; =4 Ohm;R, = 6 Ohm;R; = 10 Ohm;R; = 15 Ohm.

Solution

We replace the electric circuit without a sectidrth@ circuit with resistancé

with Thevenin’s generator (in Fig. 1.9 it is cidldy a dashed line). Thevenin’s
generator (Fig. 1.10) is characterized by the vatieEMF (EMF of Thevenin’s

generatort.y) and internal (equivalent resistand), .

I
a ) K o Ko |
— I I
R| | ¢ :
LR R; |
I

|
b I
R A 5

Figure 1.9 Figure 1.10

The EMF is equal to the no-load voltage,, across the open terminaso of
the circuit (Fig. 1.11),E.,=U 4 - The total equivalent resistanéggy is equal to the

input resistance of the circuit according to Fi§. hetween the terminagsb, when the

circuit becomes passive (Fig. 1.12), i.e. all EME aqual zero, and in the branches

Ry o instead of real EMF their internal

a L™ R,

resistances are stored.

Figure 1.11
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Currentl4 in the given circuit (Fig. 1.16) is determinedthg formula

|, = Eeg _ Usbnl .
""R+Rg R +Ry

For the circuit shown in Fig. 1.11, we determine toltageU ,,,, according to

(1)

Kirchhoff's voltage law for the loopa-c-d-b-a (circuit 1ll) when bypassing it
counterclockwise

El = |3n| [R3 +Uabn| , Where
Uson = B~ I3nl [Rs. (2)

To determine the currengy we use the mesh current method.

For two independent loops | and Il, by bypassirgrticlockwise, we can write

the equation according to Kirchhoff's voltage lawgeneral:

{R11D11"‘ R, Uy = By

_ (3)
Roa Uyg + Rop Uy = By,

where the loop EMF:

E,=E -E,=120-60=60V;

E,,=E, =60V,

total (own) resistances of loops:

R,=R;+R, + R, =4+6+10=20 Ohm;

Ry, = Rg + Ry =10+15=25 Ohm,

mutual resistance of loops B, = R,; = —R; =-10 Ohm.

After substituting the numerical values, the systéraquations (3) has the form:

20['11_10['22 = 60;
_1O|:Illl+ 25['] 22 = 60

The general determinant of the system is
20 -1
-10 2

j = 2025 (-10) [{~10) = 400Q
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The determinant of the system needed to find theeotl , = 1, is

60 -1
1:

= 60[25- 60[{-10) = 2100
60 25

A, 2100
Thenl{;=lay=—2=""=525A.
117 lanl = 1 = 0 2

After substituting the numerical values in equati@h
U,bnl =E1—l3n [Rg=120 — 5,254 =99 V.

Figure 1.12

We determine the equivalent resistariR:g for Fig. 1.12 as:

R, = RslRs _ 10115 _
R +R;, 10+15

Ohm;
Rysg = Ry + Rjg =6+ 6=12 Ohm;
Reg — R2+M:5+ﬂ:8 Ohm.
R3+ R456 4+12
We determine the currehtas
_ Uwbn _ 99

CRi+Rg 10+8

l1
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PRACTICE TOPIC Ne 2
CALCULATION OF ELECTRIC CIRCUITS OF SINUSOIDAL CURR ENT

Formulation of Problems
The formulation of practice topic 2 consists of tiext Problems.
The content of the assignment, i.e. the total nuroab@roblems and their specific
numbers, may be varied by the teacher dependirigeoscope of the training course.
Each student is given a variant of input for thieeds ¢, Z;, Z,), used in all

Problems (Table 2.1).

Problem 5. Calculation of a single-phase electricircuit with a sinusoidal
voltage source and a series connection of loads.

To calculate the electrical circuit in Fig. 2.1 hvia series connection of loads
Z,,2Zy, Z,, parameters which must be taken from the Talle

The energy source voltagelis= 220 V and its frequency is equ
to 50 Hz.

Calculation volume a) draw the electrical scheme
Fig. 2.1 with the ideal elements of substitution edch load;
b) determine the current in the circuit, the vadsgcross each loa
active and reactive power of the source and lagdsyild a phasor
diagram of the current and voltages of the sourzk al loads; Figure 2.1
d) check the solution of the Problem with the helpghe phasor
diagram and balance of active and reactive powdaikd the sinusoidal time functions of
the current and voltage of the energy source.

~

Problem 6. Calculation of a single-phase electricircuit with a sinusoidal
voltage source of electrical energy and a parallebnnection of loads.
Calculate the electrical circuit in Fig. 2.2 witharpllel connection of loads

o ~U o ZarZp Ly the parameters of which are definedPioblem 5 The
I / Z, voltage source i = 127 V and its frequency is equal to 50 Hz.
—— 1 ® Calculation volume a)draw the electrical circuit in
[j Iﬁl Fig. 2.2 with the ideal elements of replacement dach load;
G 1 b) determine all currents in the circuit, activel asactive power of
Iy :IZY the source and loads; c) build a phasor diagramolifge and

currents of all loads; d) check the solution of Bteblem by means

Figure 2.2 of the phasor diagram and balance of active arativegpower.
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Problem 7. Calculation of a single-phase electricircuit of sinusoidal voltage

source and a mixed loads connection using the syniicamethod.
Carry out the calculation of the electrical circirit

Fig. 2.3 with a mixed connection of loads, Z;, Z,, which

parameters are defined Hroblem 5. The voltage source is
U =220V and its frequendyis equal to 50 Hz.

Calculation volume: a) draw the equivalent electrical
scheme in Fig. 2.3 with ideal elements insteadashdoad;
b) determine the currents in the circuit, activel aeactive
power of the energy source and loads; c) build asph
diagram of voltages and currents; d) check thetisoiuof
the Problem using a phasor diagram and the balafreetive and reactive powers.

Figure 2.3

Problem 8. Calculation of a three-phase electric uit with a balanced load

connected in wye.
/ . Za Zg In a three-phase circuit with line voltage
Aot M1} U, =380V a balanced load is switched on as a
series connection of the loads, , Z; in each

; fr; b Iy Za Zﬂ .
# Bow—0o——"1— 1—¢n phase (Fig. 2.4). The load, , Z; are the same as
& y 7 % in from Problem 5.
fot B% =y T . Calculation volume: a) draw the electrical
_ scheme of replacement of three-phase circuit with
Figure 2.4 ideal elements instead of loads; b) determine phase

and line currents, as well as active and reactiveep; c) build a phasor diagram.

Problem 9. Calculation of a three-phase electric @uit with a balanced load
connected in delta.
I In a three-phase circuit with line voltage
- U =380V a balanced load is switched on as

series connection of the loads,,Z, in each
phase (Fig.2.5). The loadg, , Z, take from

Problem 5

Calculation volume a) draw the electric
equivalent scheme of three-phase electric circuit
Figure 2.5 with ideal elements instead of the loads;
b) determine phase and line currents, as well as

active and reactive power; c) build a phasor diagra

Ao
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Problem 10. Calculation of a three-phase electricircuit with an unbalanced
load connected in wye with the neutral wire.

o g Lo
do—+=o—+—1 |
;B Jlllrill h "Irlr? Zﬂ
i‘.
C Ie ¢ 1. :I/"T
I
fa"-'re -}
Figure 2.6

In a three-phase network with Iline voltage
U_ =380V the load<_, ZB, ZY are switched on in the

phases (Fig. 2.6), which due to their inequaligdeto an
unbalanced circuit load. The loads parameters
Z,, ZB, ZY are taken fronfProblem 5.

Calculation volume a) draw a three-phase electric
circuit with ideal elements instead of the loads
Z,, Zy, Z,; b) determine the phase and line currents, as

well as the current in the neutral wire; c) deterenthe active and reactive power;

d) build a phasor diagram.

Table 2.1 — Input data of AC load parameters

Ro [ L[ Co [ R [ L [ G | R L. |G,
Ohm mH uF Ohm mH uF Ohm mH uF

1 12 50,96 12 - 199,04 - 76,43 -

2 7 76,43 5 - 265,39 20 - -

3 20 - 212,31 10 95,54 - - - 127,39

4 25 - 12 50,96 - 10 - 90,99

5 8 19,11 - - 176,93 10 63,69 -

6 - 79,62 20 47,77 - - - 127,4

7 12 50,96 12 - 79,62 - 152,8) -

8 5 - 265,39 15 63,69 - 25 - -

9 16 38,22 7 76,43 - - - 63,69
10 12 50,96 12 - 199,04 - - 133
11 - - 144,76 24 101,91 - 12 15,92 -
12 7 76,43 12 - 636,94 - - 83,81
13 - 63,69 24 22,29 - 16 - 265,39
14 10 - 12 - 199,04 7 76,43 -

15 12 50,96 8 - 530,79 - - 106,16
16 24 - 176,93 6 25,48 - - 101,91 -
17 20 - 15 63,69 - 5 - 265,39
18 - 63,69 10 - 318,47 10 31,8% -
19 18 76,43 - - 79,62 12 - 199,04
20 17 25,48 5 38,22 - - - 199,52
21 - - 96,51 30 41,4 - 15 63,69 -
22 15 25,48 5 38,22 - - - 159,24
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Rl b | G | R | e | G [ RO LG

Ohm mH uF Ohm mH uF Ohm mH uF
23 27 114,65 - - - 63,69 13 44,59 -
24 9 41,4 - 13 28,66 - - - 106,16
25 7 - 132,7 7 76,43 - 25 - -
26 - 105,1 - 20 - 212,31 24 - 454,96
27 12 - 199,04 12 50,96 - 20 - -
28 - - 90,99 20 47,77 - 20 - 212,31
29 16 38,22 - 12 50,96 - - - 199,04
30 - - 79,62 20 63,69 - 20 63,64 -
31 20 - - 7 - 132,7 5 38,22 -
32 12 199,04 12 50,96 - 22 - -
33 15 63,69 - 20 47,77 - - - 144,76
34 30 - 79,62 30 127,39 - - 159,24 -
35 - 79,62 - 10 - 212,31 15 - 318,47
36 6 25,48 - 16 38,22 - - - 72,38
37 - - 95,51 15 41,4 - 15 63,69 -
38 24 57,32 - 15 31,85 - - - 113,74
39 18 - 132,7 10 - 212,31 - 124,2 -
40 11 - 167,17 11 60,67 - - 121,34 -
41 24 57,32 - 24 - 176,93 - - 114,65
42 18 - 132,7 18 76,43 - 14 - -
43 - 127,39 - 30 - 79,62 15 - 159,24
44 5 - 265,39 15 63,69 - 10 - -
45 12 50,96 - 8 - 530,78 - - 106,16
46 6 25,48 - 16 38,22 - - - 159,24
47 7 76,43 - - - 66,35 12 - 636,94
48 - - 106,16 20 47,77 - 10 143,31 -
49 8 19,11 - 12 50,96 - - - 144,76
50 14 - 66,35 14 152,87 - 50 - -
51 20 95,54 - 10 31,85 - - - 159,24
52 - - 127,39 20 - 212,31 20 127,39 -
53 24 - 99,52 24 101,92 - 40 - -
54 - 105,1 - 30 - 244,98 20 - 159,24
55 30 - 212,31 10 47,77 - - 79,62 -
56 - 63,69 - 20 63,69 - 20 - 212,31
57 16 - 132,7 - - 132,7 24 76,43 -
58 18 82,8 - 26 57,32 - - - 53,08
59 20 - - 18 - 132,7 18 76,43 -
60 - - 117,96 10 117,83 - 12 - 318.47
61 40 95,54 - 7 76,43 - - - 318,47
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Ro [ L[ Co [ R [ [ G | R L. |G,

Ohm mH uF Ohm mH uF Ohm mH uF
62 20 - - 12 - 199,04 12 50,96 -
63 25 111,46 - 20 - 212,31 22 - -
64 22 - - 5 38,22 - 5 - 265,39
65 - 159,42 - 40 95,54 - 14 - 66,35
66 18 76,43 - 18 - - 9 - 79,62
67 - - 159,24 30 111,46 - 20 - 212,31
68 18 - 132,7 18 - - 9 127,39 -
69 20 - 212,31 30 111,46 - - - 159,24
70 40 - 106,16 7 - 132,7 - 31,85 -
71 20 - - 12 50,96 - 12 - 199,04
72 - 127,39 - 20 - 159,24 20 63,69 -
73 15 - 66,35 15 146,5 - 50 - -
74 - 114,65 - 20 - 212,31 20 - 88,46
75 20 63,69 - 25 - 159,24 - 114,65 -
76 8 19,11 - 8 - 530,79 20 - -
77 - - 127,39 25 15,92 - 25 - 636,94
78 40 - 79,62 - 127,39 - 20 63,69 -
79 17 31,85 - 12 15,92 - - - 127,39
80 - - 117,95 27 104,14 - 15 63,69 -
81 - 159,24 - 24 - 132,7 20 - 79,62
82 - - 95,64 20 58,28 - 20 - 174,03
83 10 - 183,87 10 55,16 - 30 - -
84 12 38,6 - 18 - - 30 - 79,62
85 - - 83,81 19 60,51 - 11 63,64 -
86 12 - 199,04 25 - - 12 50,96 -
87 25 - - 12 50,96 - 9 - 79,62
88 22 - - 22 - 83,59 22 121,34 -
89 - 89,17 - 28 - 113,74 12 50,96 -
90 35 - 90,99 30 - - 10 31,85 -
91 12 50,96 - 20 - 212,31 - - 144,76
92 18 - 132,7 - 63,69 - 20 47,71 -
93 - 70,06 - 24 - 454,96 25 - 127,39
94 - - 144,76 27 88,46 - 15 - 398,09
95 16 28,66 - - - 144,76 12 - 636,94
96 - - 127,39 20 47,77 - 15 - 159,24
97 - 79,62 - 15 - 159,24 7 76,43 -
98 - - 144,76 18 76,43 - 12 50,96 -
99 20 - 212,31 - 70,06 - 18 - 132,76
100 15 63,69 - 22 - 83,59 25 - -
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Examples of the Problems solution

Example 5. Calculate an electrical circuit with Un
series connection of loads,, Z, and Z,, the scheme ol It Ry iy
which is shown in Fig. 2.1. The current voltageuea ian = nhiy
U=200V, its frequencyf =50 Hz. Parameters of idei(; Ry D‘Uﬁ
elements of the loadsR, =20 Ohm; L, =47,/7 mH; X,
R; = 233 Ohm; C, =79 62uF. 0 H
Calculation volume a) draw the electrical schen Uy

in Fig. 2.1 with the ideal elements of substitutmineach
load; b) determine current in the circuit, voltagesoss
each load, active and reactive power of the saamceloads; c) build a phasor diagram of
the current and voltages of the source and allstoddcheck the solution of the Problem
with the help of phasor diagram and balance ovadcind reactive power; e) build the
sinusoidal time functions of the current and vddtad the energy source and draw these
functions.
Angular frequency of current and voltage is
w=2nf = 2[B1450=314s".
Inductive reactance of the loaf], is
X o = WL, =314047,7700° =15 Ohm.
Capacitive reactance of the loat], is
1 1
Key = = -6
wlC, 31407962010
Resistance, reactance and impedance of the aordingly are:

R=R, + R; =20+233=433 Ohm; X =X, = X¢, =15-40=-250hm;

Figure 2.7

=40 Ohm.

Z=[R?+ X2 =433 + (-25)2 =50 Ohm.
The RMS (root mean square) current value in thetredal circuit we define as

122229044
Z 50
The phase shift angle between the current phasdréha source voltage is
-25

X
= arctg— = arctg—— = —-30°.
o g R g 43,3
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Impedances of the loads are:
Zy =R+ X2, =207 +15* = 25 Ohm;
Zy = Ry =233 Ohm; Z, = X, = 400hm.
The voltages RMS values across the loads are:
U, =12Z,=4125=100 V; Ug =125=41233=932 "V,
U,=12Z,=4[40=160V.
Phase difference angles between the current phlasamd voltages phasors
Ugq, Up, U, across the loads are:

X 15
= arctg—=* = arctg—— = 36 87°;
b, Ql—R(x 9—20 8
0 0
= arctg— = arctg—— = 0°;
g gR13 9533

—_ x _
0, = arctg—ocy = arctg—(;10 =-90°.

| Figure 2.8 shows a phasor diagram. Let’s
. explain the order of solving.

For the circuit in Fig. 2.7 common is the
current for which we take the initial phase

P; =0°. Choose the current scale and draw a

phasorl along the horizontal axis. Next, choose
the voltage scale and draw the voltage phasor of
r the source at an angfeclockwise relative to the
Figure 2.8 current phasorl, as well as voltage phasors
across the loadsdq, Ug, Uy at the appropriate phase shift anges ¢, ¢, relative to

the phasot .

Using the phasor diagram, we check the solutioedas Kirchhoff's voltage law
for a loop in Fig. 2.7. The phasor sum of load'#ages gives the voltage phasor of the
energy source, i.&J =U, +Ugz +U,, (Fig. 2.8), which on the accepted scale must baleq

to 200 V.
Total, active and reactive powers of the energycsorespectively are:
S =U [l =2004=800 VA,

P =U [0 [tosp = 2004 [¢tos30) =692,8 W, ? 2
Q =U 0 3ind = 20004 3in(-30°) = —400 VAr. S @
The ratio of these powers is shown in Fig. 2.9 gighreir 12574
triangle. Figure 2.9
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According to the balance of active powers
P =R,0%+R;1°=2004"+233[4° =6928 W,
which coincides with the active power of the source
According to the balance of reactive powers
Q =X, 0%~ Xg, 0% =154"-404° =-40C var,
which coincides with the reactive power of the seur
The amplitude values of current and voltage ofthergy source are:
|, =20 =/2@ =566 A; U, =2 =~/2[200=282 V.
Sinusoidal time functions of current and voltagéhefenergy source are:
i =1 [sin(ot +y,) = 566[sin314t A;
u=U,sin(ot+y,) =28283in(314t —30°) V,
where the initial phase of the current is alreadyepted (), = 0°), and the initial phase
v, find, remembering that the angbe=y,, —v;: @, = ¢ + ¢, =-30° +0° = -30°.
Graphs of current and voltage sine curves are dvetvem using no time scaleand

a multiple of its scaleot, which is more convenient when building these lgsapn the
Table 2.2 are shown the calculations of current\ailge for different valuest and in

Fig. 2.10 are shown the graphs of time functigbsandu(t).

Table 2.2 — The value of current and voltage oktiergy source depending on time
ot [ [ n]n]nlan]sn| [7n]4n[3n]sn[im],,

rad 6 | 3| 2| 3] 6 6| 3| 21| 3| 6

g(;;;d O | 30| 60| 90| 120 150| 180, 210| 240 | 270{ 30Q 330| 360

i, A| 0 |283|] 49| 5668 49 2830 |[-2,83 -49 |-566/-4,9 |-2,83] O
u,vi[-141| 0 | 141| 245| 283| 245| 141] 0 |-141] -245| -283 -24% -141
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Figure 2.10

Example 6. Calculate the electrical circuit with a paralleinoection of the loads
Z,,Zs and Z,, the electrical scheme of which is shown in Fig. @arameters of which

are defined inProblem 5. The voltage valuéJ =220V and its frequence= 50 Hz.
Parameters of ideal elements of the lodgs=24 Ohm; X, =32 Ohm; R; = 200hm;

X =200hm; X, =80 Ohm.
Calculate the electrical circuit in Fig. 2.2 witharpllel connection of loads
Z,,2Zy,Z,, the parameters of which are defined in Problenille source voltage

U =220V at a frequency 6 50 Hz.
Calculation volume a)draw the electrical scheme in Fig. 2.2 witle tideal

elements of replacement for each load; b) deterroureents in the circuit, active and
reactive power of the source and loads; c) drahesqr diagram of voltage and currents of
all loads; d) check the solution of the problemnigans of a phasor diagram and balance

of active and reactive power.
Solution
In the Fig. 2.11 is shown the electrical scheméehef

- o Substitution of the electricalal circuit in
Fig. 2.2 with ideal elements instedq, Z,, Z,.

| ® The impedances values of the parallel branches are
equal to:

— Ve Z, =[R2 +(~Xg,)? =24 +(-32)% =40 Ohm;

Zy =R + X2, =207 + 207 = 2828 Ohm;

Figure 2.11 Z, =X, =800hm.
The RMS values of currents in the parallel braneiies
|a:i:£0:5,5A; IBZH:EZ 778 A; | :E:@:ZJSA_
., 40 Z; 2828 ! Z, 80
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Phase difference angles between the current phasprbs;,l, and voltage
phasorJ :

- X -32
= arct Ca — arct =-5313;
b, giRa 9—24 3L

X
bp= arctg—=> = arctg@ =45;
R, 20

¢, =90° (inductive element).

To determine the source current, we use a phasgrain (Fig. 2.12), where the
phasors are built at these scales. We are thedirstild a voltage phasas . Its initial

phase is accepted arbitrarily (= 0°). Current phasorg,,l; and |, we construct using
the initial phases. Becauge, = 0°, the initial phases are determined by formulas:

Wiy =0, =531%F; Wy, =0 =45 i, ==¢, =-90".

According to Kirchhoff's current law (Fig. 2.11ya phasor of the source current is
the phasor sum of the currents of the paralleldives, i.el =1, +15+1, (Fig. 2.12). The

geometric addition of these phasors gives the valube source current on the basis of
measurements=9,7A and the phase shift angpe= 24°.

More accurate results can be obtained directly Bbjcutations, using the
decomposition of current phasors into active aadtige components: the first — parallel to
the phasoru , and the second is perpendicular to it. The drag@ phasors on
components is given on the phasor diagram (Fi@)2.1

loa
FTTT o ‘
Lor ’ LA
I £ =Y 20V
! : —_
i I
1 U
(P \\\\\]B
\PI"Y 9
Ly=1lyr L
Y v. N
B Y
| s
'Llr ___________________ da ™~ N
| ] I
| LBr =B
Sl lgg
Figure 2.12
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Active and reactive components of the load currents
la =1, COSY;  =55c05313 =33 A;
lga = 15 COSY;, = 7.78c0S(45°) =55 A;
l,a=1,cosy; = 2,75c0s90°) =0 A;
I, =1,siny;, =55sin5313° = 44 A;
g = Iﬁsin\piB = 7,78sin(-45°) =-55 A;
L, =1, siny; = 2,75sin(-90°) =-275 A.

Active and reactive components of the source curaad its RMS (root-mean-
square) value:

la=lya+lpa + 1,0 =33+55+0=88A;

a

|, =1y, + g +1,, = 44-55- 275=-385A;

r

| =12 +12 =./88 +(-385)? = 961A.

The phase difference angle of the current phdsas relatively to the voltage
phasorJ :

b=y, = —arctg:—r = —arctg%3 =2363.

Apparent, active and reactive source powers are:
S=U Il =22(09,61=21142 VA ; P=Scosp =21142[¢0s2363° =19369 W ;
Q=Ssing =21142(3in2363 =8474var.
According to the balance of active and reactivegrew
P=R, 07 +R; 0§ =24055° + 207,78 =19366 W,

Q=-Xg, 02+ X OF + X, 02 =-32055° + 207,78 + 80[R,75" = 8476 Var.

Example 7.Calculate the electrical circuit in Fig. 2.3 a& tmixed connection of the
loads Z,,Z; and Z, by asymbolic method, i.e. using complex numbers. Thergn

source voltagd) =127V, its frequency = 50 Hz. Parameters of the ideal elements of
loads:R, =8 Ohm; X, =15 Ohm; R13 = 160hm; Xq3 =120hm; XLy = 420hm.

In a three-phase circuit with line voltage = 380 V balanced load is activated when
connected in series with the loads , Z; in each phase (Fig. 2.3). The loags, Z; will

be taken froniProblem 5.

44



Calculation volume a) draw the electrical scheme of replacementi&etphase
circuit with ideal elements instead of the loagls Z;,Z, ; b) determine phase and line

currents, as well as active and reactive powelsuitd a phasor diagram.
Solution

The electrical scheme of substitution of the ele&krcircuit in Fig. 2.3 with ideal
elements is shown in Fig. 2.13. Currents, voltagyes also loads will be defined by a
symbolic method therefore ideal elements which amenected in series, unite in total
complex impedances. From the initial electricalesol according to Fig. 2.13 we come to
the electrical scheme with complex impedances andires (Fig. 2.14) where currents
and voltages are also represented in a complex form

y
|£\,_

flg

Figure 2.13 Figure 2.14
The values of complex impedances of branches iebedgc and exponential
forms are:

. 15
. ) arctg— .
Z,=R, + X, =8+15=& +158 @ 8 =170/ Ohm;

. -12
. . arctg— .
Zp =Ry~ jXgp =16~ j12=1/16° +(-12)° e 16 =20 387 Ohm:;

. 42
jarctg— .
Z,= X, =j42=42 © =42)° Ohm.

A part of electrical circuit with a parallel conien Zg and Z, replace with
equivalent complex impedance

, 2 4Z, _ 200& 137 2% 840! %** 840
ZB +ZY 16-j12+ j42 16+ 30 16 + 30 @jarct%
j5313° .
- % = 2471007 1% = 2471cos(-88°) + | sin(-88°)| = 2442~ j 378 Ohm
34[e

and we obtain a simpler scheme for Fig. 2114,
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Two loads connected in serigy, and Zy, for Fig. 2.14,b is replaced by one
impedance, which is equivalent to the impedandkeotvhole circuit (Fig. 2.14)
Z2.=2,+2Z,=8+j15+2442-378=3242+ j1122=
jarctg% .
=324 + 11222 @ 3242 =343[211%% Ohm

The complex value of source voltage=U [@%u =127r@/%° =127 v, if the initial

phase of this voltage is acceptpg = 0°.
Current source according to Ohm'’s law (Fig. 244,

jo° S
1 :% :% =370 1199 =35- j121A.
Z. 343@"°5%
The voltage across the lo& (Fig. 2.14.b)

U,=2,0, =179 B7@ 1199 =g29@/*%* =461+ j428 V.

The voltage value on the terminalb (Fig. 2.14,b) and, accordingly, on the loads
Zg andZy (Fig. 2.14a)

U, =2,0,=2471@ 18 3701199 =914% 12789 =g08- j428 V.
The currents in the parallel branches (Fig. 2a)4,

- j2789° e
s _Uap _ 9l4E€_ = 457[@18%8 = 451+ jO71A;
Zp 201”3087

-j2789° _ .
Qab — 914@3 - — 2'18@3—]117,89 :_1’02_ J:L93 A.
Zy 421190
Checking currents according to Kirchhoff's currlent (Fig. 2.1443):
I_B +I_'y :I_(x ’
451+ j0,71-1,02- j1,93=34S- 122 A (found earlierl , = 35— j121 A).

Checking voltages according to Kirchhoff's voltdge (Fig. 2.143):
U, +U g =U;
461+ j428+80,8-j428=12€9 V (acceptedJ =127 V).
A small difference in values is due to truncatinghe calculations.
Voltage ratioU =U, +U,, and currentsl, =15 +1, shown in Fig. 2.15 using a

phasor diagram at the specified scale. The steictuthe diagram is performed according
to the RMS values of currents and voltages and thitial phases. The RMS value of
voltage and current is defined as a module, andhitie phase is an argument in the form
of each complex number that determines the cuorentitage.
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Figure 2.15

The RMS values of currents and voltages and tmiiali phases:|, = 37 A,
l'IJia = _19,090; IB = 4157 A, LIJIB = 8,98), Iy = 2,18 A, l'IJiY 2—117,890’ U(x :62’9 V’

Wy, =4284° U, =914 V; @, =-2789°;U =127 V; g, =0".

The phasor diagram can also be build from realiaradjinary parts of complex
values of currents and voltages:

Ly, =35- 121 A; 13 =451+ jO71A; Iy =-102- j193 A;
U, =461+ 428 V; U, =808- j428 V; U =127V,
where the real values of the quantities:
I, =35A; 1Ig=4p1A; 1, =-102A; U, =461V; U, =808V; U' =127V,
imaginary values:
lo ==121A; 1g=071A; 1y =-193A;U; =428V ; Uy =-428V;U"=0V.

Complex power of the energy soursg,,.c=U 0, = P, cet | Quouce is defined as

the product of the complexes of voltage and coripigairrent of the energy source,
which are defined in an indicative (or algebramt.
Wiy,

Conjugate current complexl_;:I_QE_ determined from the source

1, =1, eVl by changing the sign in the exponent (or beforarreginary part, if the
algebraic form of a complex number is used).

Substitute the complexes of voltage and conjugateptex current source and
perform the transformation:

§source= Q El; = 127[3,7 @j 1909° = 469’9 @j 1909° -
=4699{cos190% + jsin1909°) = 4441+ j1557 VA,
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where total powelS

—source

=4699 VA there is a module in the indicative form of qaex
power, and power: active,,..=4441W and reactiveQ,,,..=1537 var real and

imaginary parts of the algebraic form of a complarber.
The loads powers are similarly determined:

S, =U, 0, =629[@ ¥ [B7[@1% =2327[@/% =1095+ j2053 VA ;
S,=U, 1) =91408 12789 y57[2 189" = 4177671387 =3342- j2506VA;
ab
S =U_ 0, =914 12" 18/ 1% =1993@/°” = j1993 VA,
Y ab =y

wherel, 14,1, —conjugate currents of loads;
active power of loadsP, =1095 W; P;=3342 W; R, =0,
reactive power of loadQ, =2053 VAr ; Q; =-2506 VAr; Q =1993 var.
Equation of active powers balance:
Pouce=F, + B, + P,; 4441 W=109,5+334,2+0=443,71W.

source

Equation of reactive power balance:

Quource=Q, ¥ Q +Q,; 1537 VAr=205,3 250,6+199,3-154 var.

Example 8. In a three-phase circuit with a line voltage =380V there is a
balanced “Y” connected load. It consists &f, Z, connected in seriesn each phase
with parameterd}, =16 Ohm; X, =30 Ohm; R; =22,1 Ohm; X, =8 Ohm.

Calculation volume a) draw the equivalent electric scheme of thiegsp circuit
with ideal elements instead of the loads, Z;; b) determine phase and line currents, as
well as active and reactive power; c) build a phdsgram.

U,
X,
A I, al, R X, Ry “cp
o———o——r7 V"
> |5 L
S
=Pl b R X R Ao
l Bo_._o_._:l_fYY\_:'_)_.n
on - UC
3] ) X
= I ¢ I R Yig Ry “p
Cor—bf ™ N -
Figure 2.16
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Solution

In Fig. 2.16 it is shown an equivalent electricesol of a three-phase circuit when
the load is connected in star “Y” (wye).

Phase voltages in the netwaddk,, = U—\/:L; =STZO= 220V .

At a balanced load the phase voltages across #as lare equal to phase voltages
of a circuitUpy, that isU, =U, =U_, =Uy, =220V
Impedance of each phase is
Z, = (R +Ry)?+(Xy, ~ X¢p)? =4/ 06+ 221) + (30-8)? =44 Ohm;
The phase difference angle between a phase
voltage and current in each phase is
Xig— X -
Zlo 2CP arctg—30 8 _300.
+ Ry 16+221

The RMS phase and line currents values are:

¢ = arctg

|y =—P1 =222 =5 A

Figure 2.17 Active and reactive power of the whole

circuit are:

R, =3P, =3Up,l pc08h = =3[2205[¢t0s30" = 2858 W;
Q) =3Qp,, =3Up, |l pSing = 3[22053in30° =1650 var.
The phasor diagram is shown in Fig. 2.17. It idthihis way. Choose the scale of
currents and voltages and the initial phé&i4g, =0° voltage phasod , and draw this

phasor along the horizontal axis. Phasors of pka#iages of load¥J,,U,,U. at a
balanced load are equal to voltages of a sourgeU z, U~ and create a three-phase
symmetric system, i.e. have the same RMS valuesphade-shifted relative to each
other by an angle af2C°. The voltage phasdd g lags behind the phastd o by an
angle of12(C°, so it returns to this angle clockwise, and thikage phasol ¢ leads the
phasorU 5 by an angle 012(°, so it returns to this angle counterclockwise.

Phasors of line voltaged .5, Ugc, Uca We draw using Kirchhoff's voltage
law according to formulas:

Uag=Uar-Up; Upc=Ug-Uc; Uca=Uc -Unp,
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that is we will connect the ends of voltage phasbgsU g, U among themselves and
we obtain phasors of line voltages, as shown inZEity.

Each phase current phasor lags its phase voltage byngle oth=30", therefore,
it rotates clockwise at this angle relative toplsse voltage.

Example 9.In a three-phase network with a line voltagje= 380 V a balanced load
is connected in delta. It consists @f, Z, connected in series in each phase with

parameterdR, =20 Ohm;R, =10 Ohm; X, =30 Ohm.

Calculation volume a) draw the electrical scheme of replacementidetphase
circuit with ideal elements instead of loadg, Z, ; b) determine phase and line currents, as

well as active and reactive power; c) build a phdsgram.
Solution
Figure 2.18 shows an electrical scheme of the cepiant of a three-phase circuit
when connecting the loads in delta.

P
S
. -

A3 I
AS) Bo =
2

-
Co ]=C

Figure 2.18

The impedance of each phase is

Zon = /(R +R )2+ (~Xc,)? =4/ (20+10) +(-30)? = 4243 Ohm.

The phase difference angle t between a phase weoliag a current in each
phase is

X
S - arctg 30 _ _as0.

= arct =
¢ J 20+10
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When connecting the loads in delta phase voltdge U,., U, coincide with
the corresponding line voltagés,g, Ugc, Uca, therefore the phase voltages of loads
Upf— :UL =38( V.

The RMS phase currents are:

_Upp_ 380
 Zpr 4243
lab = lpe =lca = Ipr = 896 A.
The RMS line currents are:
la=lg=Ilc =1 =+/3lp; =+/3[B96=1552 A,
Active and reactive power of the whole circuit:

=896 A;

lph

Py =35 =3Upy | prcosh = 3[380CBI6E0S(E45)° = 7222 W;
Q, =3Qp, =3Up, | oy, SiNG = 3(BBOCBIBISIN(-45)° = ~7222 var.

The phasor diagram is shown in Fig. 2.19. The
diagram is drawn as follows. Determine the scale
currents and voltages and choose the initial pf

HJUAB =0 voltage phasom 5 and draw this phaso

along the horizontal axis. Network line voltage gbrs
Uas,Usc,Uca (which are also phase voltag

Uap Upe: Uca across the loads) create a three-phUsc=Us

symmetric system, i.e. they have the same RMS sa
and are shifted in phase relative to each othearby Figure 2.19

angle of12C. Voltage phasou g lags the phasay s
by an angle ofLl2C, so it returns to this angle clockwise, and thiéage phasou ca

ahead of the phasar,z on the angld2C, so it returns to this angle counterclockwise.
Each phase current phashw, Ine, lca ahead of its phase voltage phasor by an
angle of $ =-45’, therefore, it rotates counterclockwise at thiglarrelative to the
phase voltage.
Phasors of line currentd a, Is,lc we build using Kirchhoff's current law
according to formulas:

|_A zl_ab _l_ca, I_B zl_bc _l_ab, lC zl_ca _I_bc,

that is, we will connect the ends of phasors ofenis | s, Inc, lca @among themselves
and we obtain phasors of line currents, as shoviAign2.19.
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Example 10.In a three-phase circuit with a line voltade = 380 V unbalanced
load of phases is included,, ZgandZ, as asymmetric load of ideal elements:

R, =12 Ohm, X, =160hm, Ry=32 Ohm, X, =240hm, X, =200hm.

Calculation volume a) draw the equivalent electrical scheme of adlphase
circuit with ideal elements instead of the loadsglétermine the phase and line currents,
as well as the current in the neutral wire; c) deiee the active and reactive power;
d) build a phasor diagram.

Solutions
Figure 2.20 shows the electrical circuit of a thpéase circuit.
I o1 Re X The RMS phase voltages values are:
A a
Ado—=—o—1{ ] Ua=Ug=Ug =Upp = \/E %)_nov.
é I b Ib Rﬁ XCB .
gBo—-B—o—.—:—| 1 In the presence of a neutral wire, the
(& b% phase voltages of the network are equal to the
Ce Ic ¢ I 2 RMS phase voltages values across the loads:
I U,=U,; Ug=Up; Uc=U..
No =il — — — —
Figure 2.2 U,=Up=U,.=Upr =220 V.

The impedances values and phase
difference angles of the phases loads are:

Z, = RZ+ X2, =\122 +162 =20 Ohm,

Zy =J3§ +(=Xgp)? =132 +(-24% =40 Ohm,
Z, = X(, =20 Ohm,

16
= arctg—L“ =arctg— =5313;

Op = arctg?CB = arctg_s—?z4 =-3687°; ¢, =90,

The RMS phase currents values are equal to the line

|a_|A_U_a:£0:11A, |b_|B:%:@_5’5A,
Z, 20 g 40
U 220
| . = =—c="""-11A
<7 CTz, 720

Let’s build a phasor diagram (Fig. 2.21). We accept
the initial voltage phase for the phadeyy , =0° and

U,=U, draw a phasor diagram of voltages and currentsnas
example 8. Determine the RMS value of the curnenthe

Figure 2.21 ) _
neutral wire [,=1,+1,+1.) direct measurement of the
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length of the phasdr, and multiplying it by the current scalk,&19 A). The initial
phase current of the neutral wire, which is detaadi by the protractor, is equal to
Wiy = —-275°. You can check the results by referring to thelsyin method.

The phase sinusoidal voltages form a three-phasensyric system:
U,=U,=220V: Ug=U, =220e 12" v: U, =U_ =220e"2"v.
The complex impedances of phase loads are:
Z,=2,6/% =20e15%y, 7z, =7, =406y,
z,=2,e%=20e"v.
The line and phase currents are:

jo° _
I_A—I_a=ua: 2208 _1qgisad =66-]88 A;
Z, 00158
-j120° .
Ly=1p= %b - 22 _=55e718%% = 06~ j546 A;
£ 4Qe) 3087
j120° _
|_C :|_C: %C = 22@ S :11ej300 = 953+ 15’5 A,
Ly 20e!%

where the RMS values of phase currents equal ¢odlia:
l,=1,=11A; I,=1g=55A; I, =1c =11A;
initial phases of currents are:
Wi, =-5313; W, = -8313; Wi, = 30°.
The current in the neutral wire:
Iy=1,+1,+1,=66-]88+0,66— j546+953+ j55=1679— ]876=

=18,04 7127
where the RMS value of the current in the neutrimaéws | ,=18,94 A, and its initial
phase equalg;, =-2755".

As can be seen, the calculated values of the duamuh its initial phase almost
coincide with the values obtained from the phasagm.
Active and reactive power of the whole circuit:
P=R,+R+P, =U,ll, [cosp, +U, I, lcosp, +U, [l [cosh, =
=22011¢0s5313 +2200b5[¢0s(-3687°) + 22011[¢0s90° = 2420 W;
Q=Q,+Q +Q, =U,[I,[sind, +Uy [l [sinpg +U L[l [sind, =
=220011[3$in5313 + 220(55[sin(-3687°) + 220(11[($in90° = 3630 var.
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