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Introduction

This methodical guide is intended for independent work by students, preparation
for practical classes and modular assessments, and taking the exam in the course
"Electrical Engineering, Electronics, and Microprocessor Technology."

The guide can also be used by students of other engineering specialties in
universities who are studying a course in electrical engineering.

The guide contains 5 sections: direct and alternating current circuits, three-phase
and magnetic circuits, electrical machines. Each section provides the methodology and
examples of solving typical problems, and presents the basic calculation formulas.

At the end of each section, problems for independent work are offered. By solving
them, students will learn to practically apply the acquired theoretical knowledge and will
have the skills to calculate electrical and electromagnetic devices, and electrical machines.
The guide also provides definitions and units of measurement of physical quantities.



1.Electrical circuits calculations methods

Task 1. Draw the scheme (fig.1.1) according to
your variant in table below. Write down the system of
equations according to Kirchhoff’s laws.

Task 2. Write down the system of equations
according to the loop currents method and calculate the
circuit using this method.

Task 3. Verify the calculations using the equation
of power balance.

Var.| E: E, Es E4 Es Es R1 R> R3 R4 Rs Re
No Vv Vv Vv Vv Vv Vv Q Q Q Q Q Q
00 | 12 | 15 | 18 — — — 3 4 5 6 7 8
01 - 15 | 18 | 21 - — 4 5 6 7 8 3
02 - - 18 | 21 | 24 - 5 6 7 8 3 4
03 - - - 21 | 24 27 |6 7 8 3 4 5 \
04 | 15 | 18 | 21 - - |- 7 8 3 4 5 6
05 - 18 | 21 | 24 - |- 8 3 4 5 6 7
06 |- — 21 24 27 |- 3 4 5 6 7 8
07 |- — — 24 127 12 |4 5 6 7 8 3
08 (18 |21 |24 - — — 5 6 7 8 3 4
09 |- 21 24 27 |- — 6 7 8 3 4 5
10 |- — 24 27 |12 |- 7 8 3 4 5 6
11 |- - - 27 |12 15 |8 3 4 5 6 7
12 121 24 27 |- — — 3 4 5 6 7 8
13 |- 24 27 12 |- — 4 5 6 7 8 3
14 |- — 27 |12 |15 |- 5 6 7 8 3 4
15 |- — — 12 |15 |18 |6 7 8 3 4 5
16 |24 27 |12 |- — — 7 8 3 4 5 6
17 |- 27 |12 |15 |- — 8 3 4 5 6 7
18 |- — 12 |15 |18 - 3 4 5 6 7 8
19 |- — — 15 18 |21 |4 5 6 7 8 3
20 (27 |12 |15 — 5 6 7 8 3 4

Example for task 1. The graph for the circuit (fig.1.2) is shown at fig.1.3. There are
six branches (unknown currents), p=6 and number of independent nodes is three at the
circuit g=3. The currents’ (l1-lg) directions are chosen arbitrarily. The nodes are noted as
N1, N2, N3.

The equations according to the Kirchhoff’s first law for the nodes 1-3 (if the current
flows into the node it is assumed with “+*, and out of the node with “-) are:
for N1: -1, —13—-1,=0,



for N2: +I;,—1, —I5 =0,
fOI‘ N3 +13 + 12 + 16 - 0

Fig.1.3
Fig 1.2
The equations according to the Kirchhoff’s second law (p — q = 3) for the loops,
L,,L,,L5 (the directions along the loops are chosen clockwise , if the directions of the
bypass and the voltage or e.m.f. are the same, they are denominated with “+, if opposite
with “-*) are:

fOI’ I_]_ +R1]1 + Rsls - R4I4 == +E1 + E5 + E4,
fOI’ I_2 +R2]2 - Rsls - R6I6 == _E2 - ES - E61
fOI’ L3 +R6I6 - R3I3 + R4I4 = +E6 + E3 - E4.

So, the equations system according to the Kirchhoff’s laws is:
(I, — I3 —1,=0
+I, -1, —1s=0
+L+L+I,=0
< +RyI; + Rsls —R,I, = +E, + Es + E,
+R,I, — Rgls — Rglg = —E, — Es — Eg
+Rglg — R3lz + Ryl, = +Eg + E3 — E,

N\
Example for task 2 . For the circuit on fig.1.2 E; = 10V, E; = 15V ,E, = 20V,
E,=E,=E;=0V, Ry =102,R, = 60,R; =50,R, =70, R; = 82, R;, = 5.
The system of equations according to the loop currents method for the circuit with
three independent loops is:
+R11]L1 - RlZILZ - R13IL3 = EL1
—Rp1111 + Rypl1p — Rpzlyz = Epp,
_R31]L1 - R321L2 + R33IL3 = EL3
where Ry =R, +R;s+R,=104+8+4+7 =250, R), =R, + R, +R; =6+5+8 =
1902, R33 =R, +R;+R; =745+ 5 =170 - are the individual resistances of the
loops, which are equal to the sum of all the resistances of the loop;



Ri, =R,y =Rs =80, Ry3=R3; =R, =72, Ry3 =R3, = Rg =50 - are mutual
resistances of the loops, i.e. the resistances of the branches which are mutual for the
respective loops;
E.,=E,+Es+E,=10+0+0 =10V, E,=—-E,—Es—E;,=0+0—-20=
—20V,E; 3 =E¢+ E; —E, =204 15+ 0 = 35V- are loops’ e.m.f. These are equal to
the algebraic sum of the electromotive forces alongside the loops.
When substituted in the equations system above, these values make:
+251,, — 81, — 71,3 = 10
—8I;; + 191;, — 51,5 = —20.
71, — 51,5, + 1713 = 35
When solved the values make: I;; = 1.1534, I;, = 0.1084, I;5; = 2.565A.
Branches’ currents can be defined from the loops’ currents as: I, = I;; = 1.153A4, I, =
I, =0.1084, I; = —I;3 = —=2.5654, I, = [;3 — I;; = 2.565 — 1.153 = 1.4124, I
I,y — I, =1.153 — 0.108 = 1.0454, I = I;53 — I;, = = 2.565 — 0.108 = 2.457A.
Example for task 3. The power balance equation is used to verify the calculations.
For the circuit on fig.1.2, according to the calculations at example 2 the total power of the
circuit’s sources should be equal to the total power of the circuit’s consumers 2P, = X Pg.
Thus, total power of the sources is:
YPy = E;l; — E3ls + Eglg = 10 - 1.153 — 15 - (=2.565) + 20 - 2.457 =
99.145W.
When the e.m.f. and the current have the same directions the source power Py = EI is
considered with “+*, if opposite with “-*.
The total power of the consumers makes:

YPp = RI? + RyI% + R312 + RyI2 + Rl + Rgl2 =
=10-(1.153)> + 6 - (0.108)% + 5- (—2.565)* + 7 - (1.412)*> + 8 - (1.045)? + 5 -
(2.457)? = 99.13WSo, X P, ~ X Py.

Task 4. Draw the scheme (fig.1.6). Define the branches’ currents with the two
nodes method and the operating mode of every source according to your variant in table
below. Verify the calculations using the first Kirchhoff’s law.

E: E> Es

Ra

R1 R» R3 [|:|

Fig.1.4

VAR| E; E> Es R: R> Rs R4
No \Y \ \ Q Q Q Q
00 | 120 | 220 | 150 20 30 40 10
01 | 120 | 200 | 100 10 20 30 4
02 | 220 | 150 | 120 10 50 80 20




03 | 120 | 220 | 150 | 30 40 10 20
04 | 120 | 220 | 100 | 40 10 20 30
05 | 220 | 150 | 120 | 40 30 20 10
06 | 120 | 220 | 150 | 30 20 10 40
07 | 300 | 200 | 120 | 20 30 40 10
08 | 400 200 | 150 | 10 40 30 20
09 | 200 # 300 | 150 | 20 30 40 10
10 | 200 | 400 | 120 | 30 50 80 10
11 | 100 | 120 | 130 | 50 30 10 80
12 | 100 | 125 | 140 | 30 50 80 10
13 | 100 | 130 | 140 | 50 40 30 20
14 | 100 | 135 | 145 | 20 30 40 50
15 | 120 | 130 | 155 | 50 20 30 10
16 | 120 | 145 | 130 | 40 30 50 20
17 | 130 | 160 | 145 | 30 50 20 40
18 | 130 | 155 | 140 | 50 10 40 30
19 | 140 | 150 | 160 | 30 20 10 50
20 | 200 | 300 @ 100 | 40 50 20 10
Example for task 4. The parameters of the circuit
are: E; = 10V, E, = 20V, E,=30V,R, = 1002, R, =
50, R; =100, R, = 50.
Choose arbitrarily the directions of branches’
Vab Ra L currents I, 1,, Is, I, and the direction of the inter-node
voltage V,;, (fig.1.5).
P i The branches’ conductivities are: G; = 1/R; =
Fig.1.5 1/10 = 0.1Sm, G, =1/R, =1/5=0.25m, G5 =
1/R; =1/10 = 0.1Sm, G, = 1/R, = 1/5 = 0.25m.
Calculate the inter-node voltage as:
G, E +G,E, +G,E,

_ 0.1:10+0.2:20+0.1-30
ab G, +G,+G,+G, 0.14+0.2+0.1+0.2

For chosen positive currents’ directions, their values are defined according to the
second Kirchhoff’s law.

Vap + R1l; = E;,501, = (Ey —Vy)/Ry = (E1 = Vgp)G; = (10 —13.33) - 0.1 =
—0.334.
Sign «-» means, that actual direction of the current is opposite to the chosen one.

Vap + Rol, = E5, 501, = (E; — V)G, = (20— 13.33) - 0.2 = 1.33A.
Sign «+» means that actual direction of the current is the same as chosen one.

Vap + Rzl = E5, 5015 = (E3 — V)G = (30 —13.33) - 0.1 = 1.67A.

Vap = Raly, 501, =V, /Ry = Vyy, - G, = 13.33-0.2 = 2.67A.

Verify the calculations by the first Kirchhoff’s law fornode a: I; + I, + I; — I, =

= 13.33V.

0
so —0.33 + 1.33 + 1.67 — 2.67 = 0.



Define electrical sources operating modes. If the directions of the real branch
current and e.m.f. are the same P = EI > 0, the source works as a generator, if not P =
El < 0 the source works as a consumer. Thus, the sources E,, E; at fig.1.5 work as
generators and E; as a consumer.

Task 5. Draw the scheme (fig.1.6) according to your variant in table below. Define
the second branch current using the equivalent generator method.

Fig.1.6
Var. | E: E> Es E4 Es | Rg Rz R3 Rs | Rs
Ne V V \ \ \ Q Q Q Q Q
00 | 12 - 15 | - - 3 4 5 6 7
01 - - 18 - 27 4 5 6 7 8
02 | - - 118 | 21 - 5 6 7 8 3
03 | - - - 21 24 |6 7 8 3 4
04 | 15 - 21 - - |7 8 3 4 5
05 | - - 15 | 24 | - |8 3 4 5 6
06 | — - |21 - 27 |3 4 5 6 7
07 | 15 | - - | 24 - |4 5 6 7 8
08 | 18 - - - [ 215 6 7 8 3
09 | 25 - - - 27 |6 7 8 3 4
10 | - - | 24 - 12 |7 8 3 4 5
11 | - - - 27 | 12 |8 3 4 5 6
12 | 21 - - 18 - |3 4 5 6 7
13 | - - 27 | 12 - |4 5 6 7 8
14 | - - | 27 | 12 - |5 6 7 8 3
15 | - - - 112 15 |6 7 8 3 4
16 | 24 - 12 | - - |7 8 3 4 5
17 | - - - 15 | 21 |8 3 4 5 6
18 | - - 112 - 18 |3 4 5 6 7
19 | 18 | - - |15 - |4 5 6 7 8
20 | 27 - - - |15 |5 6 7 8 3

Example for task 5. For the circuit at fig.1.7 Ry = 52, R, = 150, R; = 1002, E; =
20V, E5 = 25V.



The branch with unknown current (1,) is selected from the circuit on fig.1.8. An
equivalent generator (fig.1.8) replaces the rest of the circuit. Its parameters are E,, -
equivalent e.m.f., which is equal to the open circuit

'R_ll b .R—3. voltage on the clamps ab of an open second branch

el — I%I — e and R.g,— equivalent resistance, which is equal to the
input resistance of the circuit in respect to the open

CD Rz lVZ D second branch clamps ab (the e.m.f. is shortened).
1} Iy P | 1} I, The equivalent generator parameters (Eeg,, and R,4y,)
a' Fig.1.7 are to be calculated. For the circuit at fig.1.9 R, ,, due

to the clamps ab is:
_ RyRz; _ 510
Reqv = 7 = 5e10 = 13332,
Eqy (fig.1.9) is defined the following way: V,p0c = Eeqy = E1 —R; I =20-5-
(—0.33) = 21.65V, where [ =222 =292 _ _ 334 According to the fig.1.14

Ri+R;  5+10

Re

qv

— ~ R1 Rs

— a - | ©
2

O k@ | ©
b QI

Fig.1.8 Fig.1.9

unknown current makes: I, = E,q,,/(Requ + R2) = 1’231;?5 = 1.33A.
Tasks for individual work. =
1. Current Iz, = 2A and resistances R; = L1 Rs
40, R, = 20, R; = 612 are given for the circuiton o—¢ Ry ¢—{__F——o the
figure. Define the branches’ currents, sub-circuits’ ]
voltages, input voltage.
2. Voltage V,, = 2V and resistances R; = R
40, R, = 20, R; = 602 are given for the circuit on L1
the figure. Define the branches’ currents, voltages o— R: Rs +——o
across the elements and current of the unforked sub- ] ]
circuit. R,
3. Current Iz, = 2A and resistances R, = 212, R: {1
R, = 30, R; = 6{) are given for the circuit on the o—{"1—¢ R, +—o
figure. Define the branches’ currents, sub-circuits’ ]
voltages and input voltage.
R1 R2
O——o R3 —O
1




4. Voltage Vp, = 4V and resistances R; = 202, R, = 402, R; = 612 are given for the
circuit on the figure. Define the branches’ currents, voltages across the elements and the
current of the unforked sub-circuit.

5. Define source internal resistance R, and electromotive force E, source’s and

consumer’s powers if voltage is V=190V, load resistance is

R=139 Q and efficiency factor is #=0.99. Calculate the ! Ro
efficiency factor at the load equal to R/10. !
6. Calculalate the current in the circle if the resistances are E V i R

R; =1650, R, =1970, R; =198N, R, =193 and the

maximum power makes P; = 7.4W when allocated to the

resistor R in the unforked circuit. Define the input voltage and

sub-circuits’ voltages, branches’ currents, power of the circuit © '
and the powers of the sub-circuits.

7. The consumer with resistance R, = 100 is Ru Rs
connected to the clamps of the source with e.m.f. E = 40V ]
and internal resistance R, = 1.2. Define the voltage across the
source clamps and source efficiency factor.

8. Define the voltage source parameters, if the parameters of current source are | =
5 A, Gy, = 0.5 Sm. Draw the voltage source scheme and write down its equation.

9. Define the current source parameters, if the parameters of voltage source are E =
50 V, Ry, = 5 . Draw the current source scheme and write down its equation.

10. The voltage across the source clamps is V = 24V. The load is R = 8. In open
circuit mode voltage at source clamps makes V,. = 27V. Define the source internal
resistance.

11. In short circuit mode source current is I = 48A. When the source is connected
to the resistive element R = 19.50, the circuit current is 1.2A. Define the source e.m.f.
and its internal resistance.

12. The battery consists of three connected in series sources with the following
parameters: E = 1.5V, R, = 0.50. The battery power is P = 2.25W. Define the load

R1 Rz

resistance, power and the voltage across the source clamps. I R;

13. Define the resistance R; at the circuit with connected in —
series elements: R, = 1602, R3; = 240V, == 8V and V =2 60V. |, i VZL R,
Define the circuit total resistance.

: . , SR oR
14. Define the conductivity of an element R3 in the circuit with | <Y,

parallel connection of elements: G; = 0.055m, G, = 0.1Sm, I, =& Y i [JR E}
1 2

)
2A and I =& 14A4. Define the circuit total conductivity. Rs
15. Define the branches’ currents and verify your calculations, o

if R, =R3; =Rs=92,R, =302, R, =902and V = 21V.




16. The elements R; = 162, R, = 102 and R; = 31 are connected to the source
with the parameters E = 40V and R, = 0,802. Define the source voltage, branches’

currents and voltages across the . . ? °
Ri1 b R2 ° 2 E1 =)
Ik
a
o—e R5 R1 RZ
R R o
¢V 3 ‘4
C
il
elements.

16. Define the load R power, if E; = 200 V,E, = 150 V, R; = 20 2, R, = 30 0.
What should be the R value to reach the maximum power on it?
17. Write down the expressions of equivalent resistances for the following

schemes: R3 R4 R
—1 —{_1o L
‘ Rs R R4
Rl R2 4 O—¢ —O
e O R, Rs |
1
R> R2_
— } | — |
Rll_l Rs3 R4 R1 R4
o——:—r:n—.—:»—o o+{ 1 1+
Rs R3 Rs
I

2.Alternating current circuits calculation.

Task 1. The circuit of two connected in series coils and capacitor (fig.2.1) is
powered by AC voltage source of frequency f = 50Hz. The parameters of the circuit are
given in table below. Define the circuit current and the voltages across the coils. Define
the resonance frequency of the circuit. Write down the current and voltages instantaneous
values. Draw the vector diagram.

| = L, i Ri L

\LV — o>—9 ——O

R p —|_ |R—2| v | ¢
—L F—— I

Fig.2.1 Fig.2.2

VAR| V R1 R, L: L, C L
No V Q Q H H uF H
00 50 10 20 0.096 0.032 320 0.096
01 | 120 12 22 0.0127 | 0.096 200 0.0127




02 | 100 @ 22 15 0.019 0.016 500 0.019
03 | 110 @ 10 22 0.016 | 0.0127 400 0.016
04 | 50 12 20 0.032 0.019 100 0.032
05 | 40 22 10 | 0.0127 | 0.032 320 0.0127
06 | 90 12 15 0.016 0.096 200 0.016
07| 80 15 12 0.032 0.016 300 0.032
08 | 110 @ 25 12 0.096 0.019 400 0.096
09 | 120 @ 12 25 0.019 | 0.0127 630 0.019
10 | 50 20 10 0.096 0.032 700 0.096
11 | 70 22 12 | 0.0127 | 0.016 500 0.0127
12 | 60 15 22 0.019 0.096 680 0.019
13 | 110 | 10 20 0.016 0.019 750 0.016
14 | 50 12 22 0.032 | 0.0127 320 0.032
15 | 40 22 15 0.096 0.032 200 0.096
16 | 30 10 22 0.019 0.032 400 0.019
17 | 80 12 20 0.032 | 0.0127 500 0.032
18 | 110 | 15 12 | 0.0127 | 0.016 750 0.0127
19 | 120 | 25 12 0.016 0.096 680 0.016
20 | 70 12 25 0.096 | 0.0127 750 0.096

Example for task 1. The circuit (fig.2.3) has | Ry L, the
following parameters: V = 20V, f =50HzR, = o—>{ ] C
50,R, =100,L, = L, = 127mH, C = 318uF. lv Voo —l
This circuit consists of two coils with parameters Ro L2 —|_

R,, Ly, R,, L, and capacitor C. o—1 F—"""—Vc

Angular frequency makes: Fig.2.3 Va

w=2nf =2-3.14-50 = 314rad/s.

Reactances elements are: X;; = wlL; = 314 -0.0127 = 40, X;, = wlL, = 314 -
0.0127 = 440,

Xc=1/(wC) =1/(314-0.000318) = 1002.

Circuit resistance is: R = R; + R, =5+ 10 = 150.

Circuit reactance is: X = X;; + X;, — Xc =4+ 4 — 10 = -240.

Circuit impedance is: Z = |R* + X? = /152 + (—2)%? = 15.13Q.

Coils impedances are: Z;;, = R? + X2, = /5% + (4)? = 6.4Q, Z,; =
JRZ + X2, = /102 + (4)% = 10.77Q.
Circuit current makes: I =V /Z = 20/15.13 = 1.324.
Phase shift angle between input voltage and circuit current makes:
¢ =arctg(X/R) = arctg(—2/15) = —8°.
Input voltage initial phase is ¥, = 0°.
Circuit current [ initial phase is defined from the expression ¢ = i, — ;:
Yr=yy—¢p =8
First coil voltage makes: V;; = Z;;1 = 6.4 - 1.32 = 8.45V.



Phase shift angle between this voltage and current I makes:
¢, =arctg(X;1/Ry) = arctg(4/5) = 39°.
Voltage V; . initial phase is defined from the expression ¢; = Y, — Y;:
l/)Vl = ¢1 ‘l‘l/)l = 390 + 80 = 47°,
Second coil voltage is: V,;, = Z,; I = 10.77 - 1.32 = 14.22V.
Phase shift angle between this voltage and current [ is:
¢, = arctg(X;,/R,) = arctg(4/10) = 22°.
Voltage V; . initial phase is defined from the expression ¢, = ¥y, — ;-
Yy, = Py + Y, = 22° 4+ 8° = 30°.
Capacitor voltage is: Vo = X.I = 10 1.32 = 13.2V.
Phase shift angle between this voltage and current [ is: ¢, = —90°.
Voltage V. initial phase is found from the expression ¢ = Yy — P;:
Yye = Pc + Y = —90° + 8° = —82°.

The resonance condition for this circuit is X; = X, it means(wyL;, + woLy) =

1/(wyC), so resonance frequency makes

wo = 1/4/C(Ly + L) = 1/,/0.000318(0.0127 + 0.0127) = 352rad/s.
Instantaneous values of voltages and current are:

v(t) =V, sin(wt + Yy), i(t) = I, sin(wt + Y;):

v(t) = 202 sin(314t) V, i(t) = 1.32v/2 sin(314t + 8°) V,
v1.(t) = 8.45V2 sin( 314t + 47°) V, v, (t) = 14.22V/2 sin(314t + 30°) V,
ve(t) = 13.24/2 sin( 314t — 82°) V.

Task 2. The circuit, which consists of connected in parallel coil and capacitor
(fig.2.2), is powered by AC voltage source with frequency f = 50Hz. The parameters of
the circuit are given in table above. Define the circuit and branches currents, the phase
shift angles. Define the resonance frequency of the circuit. Find the power balance for the

circuit.

Example for task 2. Parameters for the circuit at fig.2.4 are: V = 20V, R; = 50,

R, =100, L, = 12.7mH, C = 318uF.
Angular frequency is f = 50Hz:
w=2nf =2-3.14-50 = 314rad/s.
Elements’ reactances are: X; = wL = 314 -0.0127 = 40, X = 1/(wC) =

1/(314 - 0.000318) = 1040. L R L
Branches’ impedances are: Z; = | [ — YY" —
JR? + X? = /52 + (4)2 = 6.4Q. >— = e

Vv
Z, = JRZ + X2 = \[102 + (—10)% = — I
14.14Q. L )
Fig.2.4

Branches’ currents are: I, =V /Z; = 20/
6.4 =313A,1, =V /Z, = 20/14.14 = 1.394

Phase shift angles between the input voltage and the branches’ currents are:

¢, = arctg(X,/R,) = arctg(4/5) = 39°, ¢, = arctg(—Xc/R,) = arctg(—10/

10) = —45°.



Input voltage initial phase is y, = 0°.

Currents I;, I, initial phases are found from the expressions ¢, = Yy, — Y1 ¢, =
Yy — Vi Yn =Yy — ¢1 = —39°, Y, =Py — ¢, = 45°, _

The conductances and susceptances method can be used to define the total current.

Serial connection is to be converted into parallel one. So, branches’ conductances and
susceptances are accordingly (fig.2.5):

—R_ 5 _ X _ 4

Gy = 264 0.1228m, B; = rriniryrin 0.0976Sm.
— R __10 _ _Xc_ 10

Gy = 22 1a147 0.05Sm, B, = rinkvevrin 0.05Sm.

The circuit conductance and susceptance (fig.2.6) make accordingly:
G=G;+G,=0.122+0.05=0.172 Sm, B = B, — B; = 0.05 — 0.0976 = —0.0476
Sm.

B < 0. Thus, susceptance has an inductive character.

Circuit admittance is: ¥ = [G? + B? =,/0.1722 + (—0.0476)% = 0.178Sm.

Total current makes: I = VY = 20 -0.178 = 3.56A.
Phase shift angle between input voltage and total current is:

lv G1 2 B G, = B G II B
o : :

¢ Fig.2.5 ! Fig.2.6
¢ = arctg(B/G) = arctg(0.0476/0.172) = 15°, if Y, = 0°, then total current I initial
phase can be found from the expression ¢ = ¥, — y,. Therefore, Y; = Yy, — ¢ = —15°.
The resonance condition for this circuit is B, = B, or B; = B,. It means that
woL _ _ 1/(wo0)
R24+(wol)?  RZ2+1/(wyC)?’
From this expression w, can be found.
Power balance equations are used to verify the obtained results.
Thus, consumers active and reactive powers are:
P.ons = R1I? + R,12 =5-3.13%2 + 10 - 1.392 = 68.77W,
Qcons = X, 1? — XcI3 = 4-3.132 — 10 - 1.392 = 18.43V Ar.
Source active and reactive powers are:
P.oyr =VIcos¢p =20-3.56cos15° =68.77W,
Qsoyr = VIsing = 20 -3.56sin15° = 18.43VAr.
Thus, if P.yns = Poour Qcons = Qsour» POWer balance is true. Therefore, the circuit

parameters have been defined correctly.



Task 3. Draw the scheme (fig.2.7) according to your variant at table below. Find
out the circuit and branches’ impedances for frequency f = 50Hz. Define the branches’
currents and the voltages. Verify the calculations (balance of power equation). Draw the

R> Lo C

142 R L ted
I
|

vector diagram of currents and voltages.
Example for task 3. For the circuit on fig.2.7 :V = 70V, R, = 50, R, = 002,
R; =40,L, =9mH, L, = 7mH, L; = 20mH, C; = C3 = OuF, C, = 281uF.
The circuit according to this variant is shown at fig.2.8
Attention! Calculation is for frequency f = 60Hz.
Angular frequency, thus, is w = 2nf = 2-3.14- 60 = 377rad/s.

Var |V R1 L1 C1 Rz L2 Cz R3 L3 C3
Ne |V Q mH uF Q mH iuF Q mH uF
00 220 11 45 13 55 15 750
01 220 13 25 15 200 11 35
02 220 15 300 11 240 13 55
03 220 55 18 65 20 680
04 220 18 15 20 360 35
05 220 18 820 35 18 270
06 220 750 20 50 24 330
07 220 22 65 24 150 220
08 220 24 360 270 22 45
09 220 11 510 15 620 11 45
10 220 13 180 15 20 11 50
11 220 15 60 11 13 300
12 220 14 65 12 200 20 30
13 220 18 680 20 20 50
14 220 20 0 150 10 18 720
15 220 10 220 12 510 20 20
16 220 22 430 24 25 270
17 220 24 30 15 270 55 330
18 220 11 35 13 360 15 150
19 220 13 470 30 200 11 15
20 220 12 80 270 24 15 10 180




Reactances of inductive elements are X, =al,:

Fig. 2.8
X1 =wL; =377-9-107% =3.39Q, X;, = wL, =377 -7 -1073 = 2.64Q,
X3 = wL; =377-20-1073 = 7.54Q.
Reactances of capacitive elements are X, = 1/wC,:
Xc, = 1/wC, = 1/377-281-107° =9.44 Q.
Branches’ impedances make Z, =R, +jX,,—jX,:
Z1 =R, +jX,, =5+j3.39 = 6,04e/3%' Q,
Zy = jX1; — jXco = j(2.64 —9.44) = —j6.8 = 6.8¢7/°0°Q,
Zs =Ry +jX;3 = 4+ j7.54 = 8.54e/62°Q
Unforked part of the circuit impedance is:
Zip =2, =Ry +jX,; =5+j3.39 = 6,04e/34°Q.
Parallel connection impedance makes:
Z Z,-Zy  6.8e77/908,54e/52  58.05¢7/2%8 58,05¢7/%8
=23 7o+ Z3; —j6.8+4+j754 4+j074  4.07e/10
= 14.27e7/3% = (11.18 — j8.87) a.
Circuit impedance is:

Z=1Z,+2Zy;;=5+j339+11.18 — j8.87 = 16.18 — j5.47 = 17.08¢ /%" Q.
Circuit currentis: I =V/Z = 70/17.08e /1 = 4.1e/' = (3.88 + j1.31)A.
Voltages across the parts of the circuit make:

Vi = Z1,] = 6.04e73% - 4,10/ = 24.76e/5%" = (14.95 + j19.74)V.
Vos = Zysl = 14.27e7738 . 4,10/ = 58.48e7/20° = (55.05 — j19.74)V.
According to the second Kirchhoff’s law:
V =Vi, + Vo3 = (14.95 + j19.74) + (55.05 — j19.74) = 70V.
Branches’ currents are:
I, = V,3/Z, = 58.48e7/20° /6.8e7/°%" = 8.6e/7°" = (2.9 + j8.09)4,
I; =V,3/Z; = 58.48e 7720 /854162 = 6.85¢7/82" = (0.98 — j6.78)A.
According to the first Kirchhoff’s law:
I=1,+1;=(29+/8.1)+ (098 —j6.78) = 3.88 + j1.314
Complex total power makes:
S = ﬂ =70-4.1e7/1%" = 287711 = (272 — j92)VA.
Consumers’ active and reactive powers make:
P=RI?+R;I?=5-4.12 + 4 - 6.85% = 272W.
Q = Xyl + (X2 — XI5 + X315 =
=3.39-4.12 - 6.8-8.6% + 7.54 - 6.852 = —92VAr.




Vector diagram.
Assumed voltages’ vectors scale is M, = 15V /cm, the voltage

vectors’ lengths are:

v 70 (V12| 24.76 Va3
V == _l | - — = 4‘.7cm, V12 =22 == 1.65(1m, V23 =2 =
My 15 M 15 M
58.48

—— = 3.9cm.
15

Voltage initial phases (the angles between axis X and the
vector) are: ¢y, = 0°, Py, = 53y, = —20°.
Assumed currents’ vectors scale is M; = 1.54/cm, the currents’
vectors lengths are:

_lnl_ a1 _ _ Il _ 86 _ _ sl _ 685 _ i
L = M, 15 2.7cm, I, = M, 15 5.7cm, I3 = M, = 15 = Fia.2.9
4.6cm.

Currents’ initial phases (the angles between axis X and the vector) are: y;; = 19°,

Y2 =70°, Y3 =—82"

Example 4. The voltage v = 12.56 sin( 314t + /3)V is applied to inductivity
L = 0.02mH. Write down the current instantaneous value. Draw the vector diagram for
current and voltage effective values.

Inductivity reactance is: X; = wL = 314 - 0.02 = 6.2812. VL

Current amplitude is: I,, = V,,,/X;, = 12.56/6.28 = 2A.

Phase shift angle for the element makes: ¢ = ¥, —Y; = /2. |

Current initial phase is: Y, =y, —¢p =n/3 — /2 = —n/6. Fig.2.10

Current instantaneous value is: i = I,,, sin( wt + ;) =2 sin( 314t — /6)A.

The vector diagram is shown at fig.2.10.

Example 5. The voltage v = 141 sin(314t —m/6) Vis applied to capacitance
C = 320uF. Write down the current instantaneous value. Draw the vector diagram for
current and voltage effective values.

Capacitance reactance is: X, = 1/(wC) = 1/(314-320-107%) =

100.

Current amplitude is: I,, = V,,, /X, = 141/10 = 14.1A. W

Phase shift angle for the elementis: ¢ = Yy, — Y, = —1/2. Ve

Current initial phase is: Y, =Yy, —¢p = —n/6 + /2 =1 /3. _

Current  instantaneous  value  is: i = I, sin(wt + ;) = 10211

14.1sin(314t + /3)4

The vector diagram is shown at fig.2.11.

Example 6. The capacitor C = 400 uF and coil with parameters R = 5002, L =
0.3H are connected in series to the AC source. The voltage effective value is V = 200V,
f = 50Hz. Define the circuit current, the voltages across the capacitor and coil, the circuit’s
active and reactive powers and the power factor.

Coil and capacitor reactances are: X; = wL = 314 - 0.3 = 10042,

Xe=1/(wC) =1/(314- 400 -107°%) = 80.

Circuit impedance is: Z = \/RZ + (X, — Xc)? = /502 + (100 — 8)2 = 105..
Circuit currentis: I =V/Z = 200/105 = 1.9A.



Coil impedance is: Z¢o;, = |R? + X2 = V502 + 1002 = 1120.

Coil voltage is: Vo, = 1Zcop, = 1.9 112 = 213V,

Capacitor voltage is V. = X, = 1.9 -8 = 15.2V.

Elements reactive powers are: Q; = X;I1?> = 100 - 1,92 = 361VAr,

Qc = Xc1? =8-1,9% = 29VAr.

Circuit reactive power is: Q = Q;, — Q. = 361 — 29 = 332 VAr.

Circuit active power is: P = RI? = 50 - 1,92 = 180.5WW.

Power factor makes: cos¢ = P/S = R/Z = 50/105 = 0.48.

Example 7. The input voltage for the circuit with a parallel connection of the coil
with parameters R = 602, X; = 12 £ and capacitor with reactanceX, = 62 is V = 20V.
Define the circuit current, the branches’ currents and the phase shift angles.

The coil serial connection R,X; is transformed into parallel one of G,B;.
Conductance and susceptances then are:

R 6
== = 0.033 Sm,
(R + X))
X 12

B - - =
T RT X7 e - 0067 Sm.

B, =1/X;=1/6 =0.167Sm.
The circuit susceptance and admittance are:
B =B, — B, =0.167 — 0.067 = 0.15m,

Y = [G*+ B?* =,/0.033%2 + (0.1)2 = 0.105Sm.

The coil admittance makes: Yqo;, = /G2 + BZ = 1/0.033% + (0.067)2 = 0.075Sm.

The circuit currentis: I = YV = 0.105 - 20 = 2.14.

The branches’ currents are: I-o;; = Yeo,V = 0.075 - 20 = 1,54,

Ic =BV =0.167 - 20 = 3,34A.
Phase shift angle between total current and input voltage is:
¢ =arctg(B/G) = arctg(—0.1/0.033) = =72°.
Phase shift angle between coil current and input voltage is:
¢, = arctg(B./G) = arctg(0.067/0.033) = 64°.
The circuit active power makes: P = RI%,;, = 6 - 1.5% = 13.5W.

Example 8. The voltage V = 220 Vis applied to the coil. The currentis I = 4 A,
active power makes P = 500 W and f = 50Hz. Define the cos ¢ before and after the
capacitors’ battery C = 400 uF is connected in parallel to the coil.

The circuit resistance, impedance and reactance without capacitors make
accordingly: R = P/I? = 500/4% = 31.32,Z =V /I = 220/4 = 550,

X, =VZ? — R? =+/552 —31.32 = 45.20.

Power factor is: cos¢ = R/Z = 31.3/55 = 0.57.

When the capacitors’ battery is connected, the circuit will have parallel connection
of the coil and capacitors. Serial connection of X;, R elements is to be transformed into




parallel connection of B;, G elements.
X, 452 R 31.3
BL - - =

=T 0,0155m, G = 77 = ooz = 0.015m.
The capacitors’ susceptance makes: B, = wC = 314 - 500 - 107® = 0.0157Sm.
The circuit susceptance is: B = B — B;, = 0.0157 — 0.015 = 0.0007Sm.
The circuit admittance makes: Y = VG2 + B2 = v0.012 + 0.00072 = 0.01Sm.
The power factor is: cos¢ = G/Y = 0.01/0.01 = 1.

Example 9. Define the instantaneous values of currents i, i,, i (fig.2.12), when the
input voltage is v = 35 sin 3 14tV. Elements parameters are accordingly: R, = 72, R, =
20,X, =3 Rand X, =5 0.

This task is solved by using the vector diagrams method.

Branches’ impedances are: Z; = /R? + X} = /72 + 3% =7.620,
Z, =+/R;+ X} = /22 + 5% =5.390. Branches’ currents amplitudes are:

Imi = Vin/Z1 = 35/7.62 = 4594, I,,, = V,,,/Z, = 35/5.39 = 6.49A.

Phase shift angles between V and branches’ currents are: ¢, = arctg(X,/R,) =

arctg(3/7) = 32°,
@, = arctg(—Xc/R,) = arctg(—5/2) = —68°,
Currents initial phases makes ¥; = ¢, — @: ;; = 0 —32° = =32°, ¢, = 68°.

The basic vector is a voltage vector V. It is put along the axis X (fig. 2.13), the
branches currents vectors are drawn at the angles ¢, = —32°for I;,, and ¢, = 68° for
SIym

Branches’ currents instantaneous values are:

1 R1 XL iy =4.59sin(wt — 32°)A, i, = 6.49sin(wt + 68°)A.
—1 """ : :
| V The total current vector is the geometrical sum of

P Re 11Xl  branches’ currents Vectors: I,, = Iy + Iom (fig. 2.13):

— I
! I = Loy + Ly = 2Ly Iz cOs (1 — ) ==
V4592 +6.492 — 2 - 4.59 - 6.49 cos(32 + 68) = 7.27A.

Fig.2.12
Total current effective value makes: I = I,,,/v/2 = 8.61/1.41 = 5.2A.

Phase shift angle between input voltage and total current is:

I Sin g1+, sin 4.595in 32+6.49sin(—68
b = arctg msndithasings _ o (=68) _
In1 €OS 1 +1y, cOS P, 4.59c05324+6.49 cos(—68)

Circuit total current is: i = 7.27 sin( wt + 30°)A.

Example 10. Define the circuit current (fig. 2.12) at the input voltage effective
value of V =25 V, f = 50Hz and elements’ corresponding parameters: Ry = 72, R, =
20, X, =30, X =5 Q.

This task is solved by using the active and reactive constituents method.

Branches’ impedances are: Z; = /R + X/ = /72 +3% =7.620,
Z, =R + X% = /22 + 5% =5.390.

—30°.



Branches’ currents effective values are:
I, =V/Z, = 25/7.62 = 3.284, I, =V/Z, = 25/5.39 = 4.64A.
Phase shift angles between the voltage and branches currents are:
¢, =arctg(X,/R,) = arctg(3/7) = 32°,
¢, = arctg(—X./R,) = arctg(—5/2) = —68°.

The vector diagram for the circuit is shown at fig.2.13. The branches currents
vectors are shown as I, I, together with their active and reactive constituents.
Active and reactive currents constituents are
defined accordingly:

Iy =1, cos p; = 3.28 cos(32) = 2.784
lyp =1, cos ¢, = 4.64 cos(— 68) =
1.74A,
Ip1 = I;sin¢p, = 3.28sin32 = 1.74A4,
Ig, = I, sin ¢, = 4.64 sin( — 68) =
—4.3A.
Active and reactive total current constituents
make accordingly:
I, =1g + 1, =278 4+ 1.74 = 4524,
Ip = Iqq + g, = 1.74 — 4.3 = —2.526A.

The total current effective value is defined as geometrical sum of active and reactive

constituents: I = /12 + I3 = \/4.522 +2.56% = 5.24.

Phase shift angle between total current and input voltage is:
¢ = arctg(lz/l,) = arctg(—2.56/4.52) = —30°.
The total current [ initial phase is ¥; = —¢ = 30°.
Example 11. Solve the previous task by using the symbolic method.
The branches’ impedances are accordingly:
Zi =Ry +jX, =7+j3=7.62e32 Q,
Z, =R, — jX; =2—j5=5.39e7/% 0,

Branches’ complex currents are accordingly:

I, =V/Z, = 25/7.62e/3? = 3.28e7/3%2 = 2.78 — j1.74A,
I, =V/Z, = 25/5.39¢77/%8 = 4.64e/%® = 1.74 + j4.3A.

Complex total current is:

I=1+1,=278—j1.74 4+ 1.74 + j4.3 = 4.52 + j2.56 = 5.2¢/3°4 .
Tasks for individual work

1. Current effective value in the coil is 14. Reactive and active powers are
correspondingly 280 VAr and 540 VA. Define the impedance, the resistance and reactance
of the coil.

2. The voltage across connected in parallel inductivity and resistor is 60 V. The
resistance and reactance are 70 Q and 20 Q. Define the currents in the circuit and the
efficiency factor.

3. The voltage across connected in parallel inductivity, capacitance and resistor is




120 V, R = 20Q, X; = 20Q and X, = 10Q. Define the currents in the circuit and the
phase shift angle between input current and voltage.
4. The impedance of consumer is Z = (10-j10) Q, current effective value is 24

and its initial phase makes /3. Write down the instantaneous value of the voltage.

5. Current effective value for connected in series resistor and capacitance is 24 and
the impedance is 50 Q. Define the dissipation factor of capacitor, if the voltage across the
resistor is 40 V.

6. Instantaneous value of the voltage of the circuit with the connected in series
elements R = 10Q, X; = 20Q is v(t) = 100sin314tB. Write down the instantaneous
value for the current.

7. Circuit meters indicate the following: 74, 200V, 100W. Define the resistance
and reactance for connected in series elements.

8. Voltage across the coil is 220V. Current is 24. Define the resistance and
reactance, when the phase shift angle is /6.

9. Instantaneous value of the circuit current with connected in series elements R =
10Q, X, = 20Q is i(t) = 0.5sin314tA. Write down the instantaneous value of the
voltage.

10. Current effective value of connected in series resistive and capacitive elements
Is 14. Active and reactive powers are accordingly 50W and 100VAr. Define the
resistance, reactance and impedance.

11. Effective value of the voltage across connected in parallel resistive R = 10Q
and capacitive X, = 20Q elements is 50V. Define the total current of the circuit and the
phase shift angle.

12. The impedance of the element is Z = (10 + j20) Q. Effective value of the

voltage is 200V. Phase shift angle is /3. Write down the instantaneous value of the
current.

13. Resonance circuit consists of the elements R=50, L=20mH, C=
200uF . Define the resonance frequency and the coil Q-factor.

14. Voltage and current instantaneous values are:

v(t) =40sin(314t + /3) V, i(t) = 4sin(314t —/6) A.

Write down the amplitude, the effective and average values of voltage and current, their
initial phases and frequency. Determine the phase shift angle in grads and radians. Draw
the vectors of voltage and current at vector diagram. Write down the voltage and the
current as complex numbers.

15. Current instantaneous values of two parallel branches are:

i,(t) = 1sin(314t +m/3) A and i, (t) = 4 sin(314t — m/6) A.

Find the total current in vector and complex form.

16. Define the circuit impedance and phase shift angle, if R = 1502, L = 32mH
and C = 160uF. Write down the impedance in complex form (both algebraic and
L R I C

[, LY YA
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exponential). Transform the connection of elements from in series into parallel. Define



the conductance, the susceptance and the admittance. Write down the susceptance in
complex form (both algebraic and exponential). Draw the vector diagram for the circuit.
17. Define the impedance, the input voltage, the phase shift angle, the active and
reactive powers and the coil quality factor in a circuit at the R L
given current [ = 0.254, inductivity L= 12H and c>—L +—"—>o
resistance R = 1951).
18. Define the input voltage, the coil voltage, the
capacitor voltage, the active and reactive powers and o L R Hio the
phase shift angles at the given current I = 200mA,
inductivity L = 1.2H, resistance R = 1952 and capacitance C = 6.34uF.
19. Define the total current, the coil current, the

L R
capacitor current, the active and reactive powers and the O_.TNV‘ - _\_@
C
|
1

phase shift angles in the circuit at the given voltage V =
70V, inductivity L = 1.2H, resistance R = 1950 and
capacitance C = 4.11uF .

3.Three-phase circuits calculation.

Task 1. 1. Draw the scheme (fig.3.1) according to
your variant at table below. a o
2. Calculate the phases impedances for frequency f =
50Hz.
3. Write out the phases’ voltages in a complex form
and calculate the complex phases’ currents.

Za

Zy

4.Define the neutral current and the circuit’s complex c Z.
total power.
5. Draw the vector diagram of currents and voltages. o
6. Calculate the circuit when one of the phases is cut Fig.3.1
off.
Za Zp L
var.| Ven, | Res | La, | Ca | R, | Lo, | Cb, | Ry | Lo | Co
Ne \Y Q mH pF Q mH MF Q mH MF
00 | 127 | 15 - - 12 | 65 - 10 | — | 750
01 | 127 | 10 | - | 510 | 15 | - - 12 | 25 -
02 | 127 | 12 | 15 - 10 | — | 470 | 15 | - -
03 | 127 | - 75 - 10 | — | 240 | 12 | 65 -
04 | 127 | 12 35 - - 35 - 10 | — | 240
05 | 127 | 10 | - | 270 | 12 | 35 - - 35
06 | 127 | — - | 150 | 12 | 45 - 10 | — | 680
07 | 127 | 10 | - | 390 | - - | 130 | 12 | 35 -
08 | 127 | 12 65 - 10 | — | 360 | - — | 300
09 | 127 | 14 | - - 11 | 25 - 11 - | 820




10 | 127 11 — 910 14 - - 11 60 -
11 | 127 11 20 — 18 — 240 14 - -
12 | 127 — 50 - 11 - 150 12 35 -
13 | 127 11 20 - - 30 - 11 - 510
14 | 127 9 — 270 10 45 — — 70 —
15 | 127 — — 180 9 35 — 12 — —
16 | 127 11 — 750 — — 330 13 50 —
17 | 127 11 40 12 680 430
18 | 127 13 — — 10 10 — 12 — 910
19 | 127 12 - 160 13 - - 10 15 -
20 | 127 10 20 - 12 - 560 13 - -

Example for task 1. The circuit (fig.3.1) has the following parameters: V,,, =
127V, f =50HzR, = 18R, R, = 102, R, =202, L, = L. = OmH, L, = 25mH,
C, = 531uF, C, = OuF, C. = 318uF.

The circuit according to this variant is shown in fig.3.2

Angular frequency makes: w = 2nf = 2-3.14 - 50 = 314rad/s.
Phases’ reactances are: jX, = 1/(jwC,) = 1/(j314-531-107°) = —j6 = 6e7/°°0,

Ra C, jX, = jwL, = j314-25-107% = j8 = 8e/°°0,
|| ,
ao— jX. = 1/(wC.) = 1/(j314-318-107%) = —j10 = 10e~/9°0.
Ry Lp Phases’ impedances are: o
b o} Zy =R, +jX,=18-j6=1897e7/1¥Q, Z, =R, +jX, =
. c 10 +j8 = 12,81e/37°Q.
3 ¢ | Z.=R.+jX.=20-j10 = 22,36e727°Q,
- Phases’ voltages are V,, = 127V. In complex form they are
no accordingly:
Fig.3.2 V, =127°V,  V, = 12771201, V. = 127/120),

Phases’ currents are L, = V,,/Z,,

I, =V,/Z, = 127¢/°/18.97e 718 = 6.69¢/1%" = (6.36 + j2.07)A,
I, =V, /Z, = 127e77120/12.81e/3% = 9.91e /15 = (-9.25 — j3.55)4,
I, =V./]Z, = 127e/1%°/22.36e7/27" = 5.68e/1*7" = (—4.76 + j3.09)A.

Neutral current makes: Iy =L, + I, +I. =
= 6.36 4 j2.07 — 9.25 — j3.55 — 4.76 + j3.09 = —7.65 + j1.61 = 7.81e/1684.
Branches’ complex total powers make:

S, =V, I =127¢/° - 6.69e /18" = 850e /18" = (808 — j263)VA4,
VoI = 12777120 .9.91/15% = 1258e/3%" = (978 + j792)VA,
VI = 1277120 . 5,68 71147 = 721e 727" = (642 — j327)VA,

Circuit complex total poweris: S=S,+S,+ S, =

=808 — j263 + 978 +j792 + 642 — j327 = 2428 + j202VA.
When line A is cut off, phases’ currents make: I, = 0,
Iy =1, = Veg/(Zp — Zc) = 127V3e7%° /(10 + j8 — 20 + j10) =

= 220e/%0/(—=10 + j18) = 220e/°°/20.59¢/11° = 10.68e /2°A.

Sp
S



Vector diagram is at fig.3.3.
Voltage vectors scale is M, = 30V /sm. The voltage vectors lengths’ are

inalv: v = VIl _ 127
accordingly: v = "y = 30

Voltages’ initial phases (the angles between the axis X and the corresponding
vectors) make correspondingly: ¥y, = 0°, ¢y, = =120°, 3y = 120°
Current vectors scale is M, =24/sm. The current vectors lengths’ are
correspondingly:
o=l = 89— 3345m, 1, = Wl = 2% = 4.955m, 1, = U = 2% — 3 gagm, I, = W =78 -
My 2 M; 2 Mj 2 My
3.9sm.
Currents’ initial phases (the angles between the axis X and the corresponding

vectors) are correspondingly: ¥;, = 18°, ¢, = —159°, Y. = 147°, Yy =

= 4.2sm.

Vb
Fin.3.3

168°
Task 2. 1. Draw the scheme (fig.3.4) according to your variant at table below.
2. Calculate the phases’ impedances for 5 o .
frequency f = 50Hz.
3. Write out the phases’ voltages in the complex

form and calculate the complex phases’ currents. Zca Zab
4. Define complex linear currents and the circuit
complex total power. Zhe
5. Draw the vector diagram of currents and ¢ °—° L]
voltages. b o
6. Calculate the circuit when one of the phases is Fig.3.4
cut off.
Zab Zbc an

Var. | Vpn Rab, Lab, Cab, Rbe, Loc, Che, Rea, Lca, Cea,
Ne \Y Q mH | uF Q mH | uF Q mH | uF

1 127 — — 150 8 35 — 13 — 910
127 14 — 820 12 40 — 10 30 —

3 127 10 55 — — 70 — 10 — 270




4 | 127 — 90 - 12 - 240 10 75 -
) 127 10 20 - 12 - 560 13 - -
6 127 12 - 160 | 13 - - 10 15 -
7 127 13 — - 10 10 - 12 - 910
8 127 11 40 — 12 — 680 — — 430
9 127 11 — 750 — — 330 13 50 —
10 | 127 — — 180 9 35 — 12 — —
11 | 127 9 — 270 | 10 45 — — 70 —
12 | 127 11 20 — — 30 — 11 — 510
13 | 127 - 50 - 11 - 150 12 35 -
14 | 127 11 20 - 18 — 240 14 - -
15 | 127 11 - 910 | 14 - - 11 60 -
16 | 127 14 - — 11 25 - 11 - 820
17 | 127 12 65 - 10 - 360 - - 300
18 | 127 10 - 390 - - 130 12 35 -
19 | 127 - - 150 | 12 45 - 10 - 680
20 | 127 10 - 270 | 12 35 - - 35 -

Example for task 2. The circuit (fig.3.4) has the following parameters: V,, =
127V, f =50HzR,, = 102, Ry, = 152, R.q = 52, Ly = 10mH, L, =0mH L., =
15mH, C,p, = C.q = OuF, Cp. = 270uF.

The circuit according to this variant is shown in fig.3.5.

Ra  Lab Angular frequency is w = 2nf = 2-3.14 - 50 = 314rad/s.

ab O—T—:lm— Phases’ reactances are: jX,, = jwLy, == j314-10-

-3 _ _ 790
Roc Che 107° =j3.14 = 3.14e/°°1,

1 ) ane
be O_T_:'—‘ iX,, = % = 312270106 —j11.79 = 11.79 - e /90 1,

JC() bc
R Lea jXeq = jwLeg = j314-15-1073 = j4.71 = 4.71e/9°0.

ca o—T—i Y — :
Phases’ impedances are: Z,, = Ry, + jXqp = 10+ j3.14 =

Fig.3.5 10.48e/17 0, .
Zpe = Rpe +jXp. = 15— j11.79 = 19.08e /382,
Zea = Reg +jXoq =5+ j4.71 = 6.87e7430.
Phases’ and linear voltages are V,,, =V, = 127V. In complex form they are:
Vop = 127e°V, V. = 127771207, Vo = 1277120V,
Phases’ currents are L, = V,,/Zp:
Lip = Vap/Zap = 127/10.48¢717 = 12.12e7717 = 11.59 — j3.544,
Ipe = Vipe/Zpe = 127e77120/19.08e 7738 = 6.66e77/82 = 0.93 — j6.64,
Lg=Vea)Zeq = 1277120768743 = 18.49¢/77 = 4.16 + j18.04A.
Linear currents in complex form are:
Ly=1, —1.,=1159 —j3.54 — 416 — j18.04 = 7.43 — j20.81 = 22.07e77/7%4,
Iy =L — Iy = 0.93 — j6.6 — 11.59 + j3.54 = —10.66 — j3.06 = 11.08e /1644,
Ip =g — e =416 +j18.04 — 0.93 + j6.6 = 3.23 + j25 = 25.21e/834.




Branches’ complex total powers make:
Sap = Vaplap = 127 - 12.12e7%7 = 153917 = (1472 + j450)VA,
Spe = Vpelpe = 127e"1120 : 6.669182' = 845.88_]'38 = (666.5 — j520.7)VA,
Sea = Veallq = 127€7120 .18.49¢7777 = 2347¢/*3 = (1716 + j1600)VA
Circuit complex total power is:
S =S5+ Spc+Sca =
(1472 + j450) + (666.5 — j520.7) + (1716 +j1600) = (3854 + j1529) =
4146e/%2V A.
When the line A is cut off, phases’ currents are:
Lop = L = Vep/(Zap + Zca) :._1273_]12.0/(10 _]3:14 +5+j4,71) =
= —127e712°/(15 + j1,57) = 127¢/°°/15.08¢’/® = 8.42¢/>* = 4.95 + j6.814.
Ipe = Vge/Zpe = 12777120 /(19¢7/38) = 6.68e7/1°8 = —6.19 — j2.5A.
Linear currents are:
I,=0,1p=—-Ig=14—1), =495+ j6.81+6.19 +j2.5 = 11.14 + j9.31A.
Vector diagram is at fig.3.6.
Voltage vectors scale is M, = 20V /sm. The voltage vectors lengths are accordingly:

uab
|ab
Fig.3.6
= _ 127 6.35cm.
My 20

Voltages’ initial phases (the angles between the axis X and the corresponding
vectors) are:
Yypa = OO,EDVBC = —120°, Yyea = 120°.
Current vectors scale is M, = 34/sm. The currents’ vectors lengths are
correspondingly:

_llapl _ 1222 _ llgcl _ 666 _ _ lical _ 1849 _
Iyp = M, - 3 4.04cm, Iy, = v, s 2.22cm, 4 = w, s
6.16cm,
[, = al - 2207 _ 535 1, = 2Bl _1L08 _ 5 6gem, 1, = el — 2521 _ g ogem,

M, 3 M, 3 M; 3



Currents’ initial phases (the angles between the axis X and the corresponding
vectors) are correspondingly: ¢, , = =71°, ¢, = =164°, ;. = 83°, Py, = 17

,l/)[bc = —82° ’lplca =77".
Example 3. Three phase WYE network (380/220 /) is connected to three
resistances R, = 200, R, = 400, R, = 102. Define the bias neutral voltage and the
phases’ currents.

The connection is WYE without neutral. Phases’ voltages are correspondingly:
Vy = Vppel® = 220V, Vy = Ve 3™/2 = 220e7/12°" = —110 — j190.5V,
Vo = Vypel3™/2 = 2206/120° = —110 — j190.5V.
Phases’ conductances are correspondingly: G, = 1/R, = 1/20 = 0.055m, G, =
1/R, = 1/40 = 0.0255m, G, = 1/R, = 1/10 = 0.1Sm.
Bias neutral voltage is defined by the two nodes method:

_ VaGa+VpGp+VeGe 220-0.05+220e~/120°.0,025+220e/120".0.1 —_ §315J101° —
N = Ga+Gp+Ge 0.05+0.025+0.1 I -

—15.72 + j81.65V.
The second Kirchhoff’s law defines consumer phases’ voltages:
V, =V, — Vo = 220 + 15.72 — j81.65 = 235.72 — j81.65 = 249.46e 1%V,
Vy = Vg — Vo = —110 — j190.5 + 15.72 — j81.65 = —94.28 — j272.18 =
288.05¢ /109y,
—Vony = —110 + j190.5 + 15.72 — j81.65 = —94.28 + j108.88 =
144.03¢/131y.

Phases’ currents are defined: I, = V,/R, = 249.46e77/19/20 = 12.47e771°4,

Ig =V, /R, = 288.05e77/199/40 = 7.2e77109,
Ic =V./R, = 144.03e/131/10 = 14.4/1314.
Tasks for individual work.

1. Three inductive elements are the load of the three-phase circuit connected WYE
and are L,, = 100 mH each. Define the phase and the linear voltages, when the phase
current is I,,, = 0.7 4. Draw the vector diagram of the phases’ voltages and currents.

2. Three capacitive elements are the load of the three-phase circuit connected
DELTA and are C,, = 50 uF each. Define the phases and the linear currents, when the
phase voltage is V,,, = 220V. Draw the vector diagram of phases’ voltages and currents.

3. Three phase network (380/220 V) is connected to the three reactances that
areX,, = —50 (2 each. The voltage applied for each reactance is 220 V. Define the linear
currents and the circuit total power. Draw the vector diagram of phases’ voltages and
currents.

4. Three phase network (220/127 V) is connected to three reactances that
areX,, = 50 2 each. Voltage applied for each reactance is 220 V. Define the linear
currents and the circuit reactive power. Draw the vector diagram of phases’ voltages and
currents.

5. Three resistive elements are the load of three-phase circuit connected WY E with
neutral. They are R,, = 100 (2 each. Define the linear currents and the neutral current,
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when the linear voltage is V;, = 220 V.

6. Load’ currents of the three-phase circuit connected WYE with neutral are
correspondingly: 10 A, 30A, 5 A. Define the neutral current, when the load is of an active
type.

7. Three-phase circuit total power is S = 14kVA and reactive power is Q =
9.5 kVAr. Define the load power factor.

8. Three phase DELTA network (V;, = 220 V) is connected to three groups of
lamps with the same power. Consuming power is P = 3.6 kW, every lamp power is
40kW . Define the quantity of lamps for every phase.

9. Write down the phases’ voltages in a complex form a
for the three-phase power source with linear voltage V, = 380 V. Rca Rab
Three groups of consumers are connected to this source. The

consumers phases’ powers are correspondingly: P,, = 80W,
Pyc = 100W, P,, = 20W (fig. 3.7). Calculate the phases’ ¢

resistances, the phase and the linear complex currents. Define |, © ) Roe
the power of the circuit . Fig. 3.7

10. Write down the phase voltages in a complex form  a
for the three-phase power source with a linear voltage V;, = Ra
220 V. Calculate the phases’ resistances, the phases” N
complex currents, the neutral complex current for the three- Re Rb

phase consumer. The consumers’ phase powers are C
accordingly: P, = 100W, P, = 80W,P. = 50W (fig. 3.8).

(ox
o

Fig. 3.8
4. Magnetic circuits calculation.

Task 1. Calculate the magneto-motive force F, the magnetic field tension H, the
magnetic flux @ and the magnetic resistance Ry. Calculate the coil induction L for a coil
with toroidal ferromagnetic core with a given medial line of magnetic circuit length of
1=0.15m, cross-section area of S = 0.5 - 10~*m?, coil current I=1.1A, number of winding
turns w=100, steel relative magnetic permeability =850 and vacuum magnetic
permeability po, = 4m - 107°,

Magneto-motive force is: F = Iw = 1.1 - 100 = 110A4.

Magnetic field tension is: H = F/l = 110/0.15 = 733,3A/m.

Magnetic induction value is obtained from the main magnetic curve: B = u,uoH =
850 - 4w - 107°-733,3 = 7.83T.

Magnetic flux is: @ = BS = 7.83-0.5-107* = 3.92 - 10~ *Wb.

Magnetic resistance is: Ry, = F/® = 110/3.92 - 10~* = 28.06 - 10*.

Coil induction is: L = w@®/I = 100 - 3.92 - 10~*/1.1 = 0.0356H.

Task for individual work.

1. A coil with toroidal ferromagnetic core has a cross-section area of

S = 28sm?, medial line magnetic | circuit length of [ = 5.6sm and inductivity of



L = 0.4H. Define the number of winding turns necessary to create magnetic flux of @ =
0.02Wh.

2. The coil consumes power of P =500 W at current I = 5 A . The same coil
with a core consumes power P =300 W at current I = 3 A and voltage V = 120 V.
Define the electrical, magnetic losses and power factor.

3. A ferromagnetic core has a magnetic permeability of u,, = 1000, cross-section
area of S = 20sm? and magnetic induction B = 1.2T. Define the magnetic flux and the
magnetic field tension.

4. A coil with a core consumes power of P =300 W at current ] = 3 A and
voltage V' =120 V. It has a DC resistance of R = 20 0. Define the electrical and
magnetic losses, the power factor and the reactive power.

Task 2. Calculate the transformation ratio k, the primary and secondary windings’
currents I1 and I, the primary and secondary windings’ powers P; and P», the transformer
losses 4P and the efficiency factor n at given total power of S=900VA, primary and
secondary windings’ voltages V1=220V and V,=22V, power factor cos ¢ = 0.8 and load
impedance Z=10+j10Q.

Transformation ratio is: k = V; /V, = 220/22 = 10.

Primary winding current is: I; = S/V; = 900/220 = 4,1A.

Secondary winding currentis: I, = kI; = 10 - 4.1 = 41A.

Primary winding impedance is: Z; = V; /1, = 220/4.1 = 53.661).

Transformer input active power is: P; = Scos ¢; = 900 - 0.8 = 720W.
Secondary winding power factor is: cos ¢, = R, /+/R5 + X2 = 5/v/10% + 102 = 0.71.
Transformer output active power is: P, = S cos ¢, = 900 - 0.71 = 639W/..

Transformer losses are: AP = P, — P, = 720 — 639 = 81W.

Efficiency factor is: n = P,/P;, = 639/720 = 0.89.

Task for individual work.

1. A transformer that is fed by industrial frequency voltage has a cross-section area
S = 20sm?, magnetic induction B = 1.2T, primary and secondary windings turns’
number are w; = 400 and w, = 50 correspondingly. Define the e.m.f. of a one-turn
winding, primary and secondary windings’ e.m.f. and transformation ratio.

2. A transformer that is fed by voltage with frequency 400 Hz has a number of
primary winding turns 1000 and core magnetic flux @,, = 1.25 - 10~* Wh. Define the
one winding e.m.f.

3. Define the transformer number of primary and secondary windings’ turns, that is
fed by voltage 220V of industrial frequency and which core’s magnetic flux is @, = 2 -
1073 Wb.

4. The idle and short circuit mode powers of transformer are 400 W and 150 W
correspondingly. Total power is 20 kVA and cos ¢, = 0.87. Define the efficiency factor
at nominal mode.

5. ldle mode transformer voltage is 220V, current is 1 4 and consumer power is
150 W. Define the resistance, reactance and impedance of idle mode substitutional
scheme.



6. Define the transformer’s number of primary winding turns and transformation
ratio at given voltage 220V of industrial frequency, w, = 40, core cross-section area S =
7,6sm? and magnetic induction B = 0.957.

5. Electrical motors calculation.

Task 1. The parameters of an induction motor with the short circuit rotor and the
connected WYE stator windings are given in table below (nominal voltage Vnom, nominal
power Pnom, NUMber of pole pares p, nominal slip snom, Nominal efficiency factor mnowm,
power factor cosg, A=Mwuax/Mnom, y=Mst/Mnom and = Ist/Inowm).

Define the motor nominal and starting currents, the nominal, maximum and starting
moments. Define the motor starting moment, when the voltage is 15 % less than nominal.
Make a conclusion, if the motor starts up at this voltage with a nominal load. Draw the
speed n(s), the moment M(s) and the mechanical n(M) curves of motor characteristics.

Mmax | Mst Ist

Var. | Vnom | Pnom P | Snom. | 7mom | COS@ oy oM | Mno Ino
NOM NOM NOM

Ne \ kW % A y S
01 380 | 75,0 3,0 |0925| 0,92 2,0 1,1 7,0
02 380 0,8 3,0 |0,780 | 0,86 2,2 1,9 7,0
03 380 0,1 3,0 |0,795| 0,87 2,2 1,9 7,0
04 380 1,5 40 |0,805| 0,88 2,2 1,8 7,0
05 380 2,2 45 10,830 | 0,89 2,2 1,8 7,0
06 380 3,0 3,5 10,845 | 0,89 2,2 1,7 7,0
07 380 4,0 2,0 0,85 | 0,89 2,2 1,7 7,0
08 380 5,5 3,0 0,860 | 0,89 2,2 1,7 7,0
09 380 7,5 3,5 (0,870 | 0,89 2,2 1,6 7,0
10 380 | 10,0 40 10,880 | 0,89 2,2 1,5 7,0
11 380 | 13,0 3,5 (0,880 | 0,89 2,2 1,5 7,0
12 380 | 17,0 3,5 10,880 | 0,90 2,2 1,2 7,0
13 380 | 22,0 3,5 10,880 | 0,90 2,2 1,1 7,0
14 380 | 30,0 3,0 10,890 | 0,90 2,2 1,1 7,0
15 380 | 40,0 3,0 10,89 | 0,91 2,2 1,0 7,0
16 380 | 55,0 3,0 10,900 | 0,92 2,2 1,0 7,0
17 380 | 75,0 3,0 10,900 | 0,92 2,2 1,0 7,0
18 380 | 100,0 25 0915 | 0,92 2,2 1,0 7,0
19 380 | 10,0 3,0 10,885 0,87 2,0 1,4 7,0
20 380 | 13,0 3,0 10,885 | 0,89 2,0 1,3 7,0

Task 2. The parameters of an induction motor with the phase rotor and the
connected WYE stator windings are given in table below (nominal voltage Vnowm, number
of pole pares p, nominal slip snom,, Stator phase winding turns number W_, rotor phase

winding turns number W,, stator and rotor phase resistances and reactances R, R,, X,,

NN R RrRPR|IRrIRP|IRPRIRP|RPRIRPRIRPR|IRPRIRPR|IR[RPR|R[RP|RL|N




X, correspondingly).

Define the stator and rotor starting currents, the power factor, the starting moment
without starting rheostat, the starting rheostat resistance and the maximum starting
moment.

Draw the speed n(s), the moment M(s) and the mechanical n(M) curves of motor
characteristics.

Var. | Vnom p, SNOM R1, X1, Ro, Xo, Wi, Wo,
Ne Vv % Q Q Q Q

01 220 2 3,0 0,46 1,52 | 0,07 | 0,22 190 64
02 220 2 3,5 058 | 2,32 | 0,06 | 0,35 260 82
03 380 2 3,5 0,62 1,84 | 0,04 | 0,42 362 72
04 380 3 2,5 0,74 | 3,52 | 0,07 | 0,37 216 48
05 380 3 2,5 0,78 | 4,12 | 0,06 | 0,62 424 74
06 220 3 4,0 0,36 | 3,62 | 0,045 | 0,48 358 62
07 220 2 4,5 042 | 2,82 | 0,05 | 0,34 184 42
08 220 2 5,0 0,64 | 3,12 | 0,06 | 0,65 412 82
09 220 2 5,0 0,82 | 3,82 | 0,07 | 0448 362 65
10 380 3 3,0 0,84 | 424 | 0,06 | 0,52 254 46
11 380 3 3,0 0,78 | 3,64 | 0,04 | 0,48 228 42
12 380 2 2,5 0,86 | 3,48 | 0,05 | 0,78 316 54
13 380 2 2,5 0,76 | 2,24 | 0,065 | 0,54 272 78
14 220 2 2,5 0,48 | 3,48 | 0,03 | 0,62 458 92
15 220 2 3,0 052 | 294 | 0,055 | 0,36 162 43
16 220 3 3,0 0,56 | 4,42 | 0,045 | 0,64 288 54
17 380 3 3,0 0,62 | 354 | 0,06 | 0,46 204 62
18 380 3 5,0 0,76 | 3,72 | 0,045 | 0,54 356 72
19 380 2 5,0 0,66 | 292 | 0,05 | 0,64 384 68
20 220 2 5,0 0,58 | 2,56 | 0,035 | 0,48 452 82

Example for task 1. The parameters of an induction motor with the short circuit
rotor and the connected WY E stator windings are: nominal voltage Vnom=380 V, nominal
power Pnom=1 kW, number of pole pares p=2, nominal slip snom,=3%, nominal efficiency
factor mnom=0.84, power factor cos=0.84, 1=Muax/Mnom=1.8, y=Mst/Mnom=1.1 and
,B: IST/|N0M:6.5 .

Define the motor nominal and starting currents, the nominal, maximum and starting
moments. Define the motor starting moment, when the voltage is 15 % less than nominal.
Make a conclusion, if the motor starts up at this voltage with a nominal load. Draw the
speed, the moment and the mechanical curves of motor characteristics.



Motor electrical (input) power is: Pyyom = Pvom/Mnom = 10000/0.84 =
11900W.

Motor nominal losses are: AP = Pinom — Pvom = 11900 — 10000 = 1900W/.

Motor nominal current is:

Inom = Pinom/(V3Unom €0S Gnom) = 11900/(v/3 - 380 - 0.85) = 21.28 A.

Motor starting current is: I¢p = B Iyoy = 6,5 - 21,28 = 138.32 A.

Motor synchronous frequency (electromagnetic field rotation frequency) is:

n, = 60f/p =60-50/2 = 1500rpm.

Motor asynchronous frequency (rotor rotation frequency) is:

n, = n,;(1 —syom) = 1500 - (1 — 0.03) = 1455rpm.

Angular asynchronous frequency is:

w, = 2w n,/60 =2-3,14-1455/60 = 152.4rad/s.

Motor nominal moment is: Moy = P yom /@, = 10000/152.4 = 65.63N - m

Motor maximum moment is: My 4x = AMyoy = 1.8 - 65.63 = 118.13N - m.

Motor starting moment is: Mgy =y Myoy = 1.1 - 65.63 = 722N -m

The following alignments are to be used to define the motor starting moment, when
the voltage is 15% less than nominal: Mgy (0,85)/Msr = (0,85Vyom)?/Vizon. Thus,
M;(0,85) = 0,85°Mgr = 0,85% - 72.2 = 52.16N - m.

Thus, nominal moment should be at least My, = 65.63N - m. But the starting
moment at 15% less than nominal voltage is M¢;(0.85) = 52.16 N - m. This is less than
nominal. Therefore, the motor can’t start up.

Critical slip is: Scg = Syoy(A + VA2 —1) =0.03-(1.8++v1.82—-1) =0.1-.

Several slip values are to be set to draw the curves of motor characteristics. They
are to range within s =0=1, including sy and scz. Define the rotor rotation frequency
n,=n(-s) and the motor mechanical moment for every slip value: M =2-

MMAX/(_SCI_Q/S + S/SCR)_- _
Fill in the table with the results of calculations:

s, 00 | 003 | 01 | 02 | 03 | 040 | 0.60 | 0.80 | 1.00
n,rpm | 1500 | 1455 | 1350 | 1300 | 1200 | 1050 | 900 | 600 | O
M, Nxm 0 65.6 | 118.1 | 78.75 | 70.88 | 55.6 | 38.28 | 29.1 | 23.39
Draw the speed n,(s) (fig.7.1), the moment M(s) (fig.7.2) and the mechanical

n,(M) (fig.7.3) curves of motor characteristics out from data in the table.
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Example for task 2. The parameters of an induction motor with the phase rotor and
the WYE connected stator windings are: nominal voltage Vnom=220 V, number of pole

pares p=2, nominal slip snom,=3%, stator phase winding turns number W =187, rotor

phase winding turns number W,=36, stator and rotor phase resistances and reactances
R1=0.46 Q, R,=0.28 Q, X1=2.24 Q, X,=0.08 Q.
Define the stator and rotor starting currents, the power factor, the starting moment

without starting rheostat, the starting rheostat resistance and the maximum starting
moment.

Draw the speed, the moment and the mechanical curves of motor characteristics.

Phase transformation ratio is: K =w, /w, =187 /36 =5.19,

Brought resistance and reactance of rotor phase are accordingly:

Ry, =R, K?=0.02-5.192 = 0541, X, = X, - K? = 0.08 - 5.192 = 2.155.

Resistance, reactance and impedance of the short circuit rotor are:

Rsc =R, + Ry = 0,46 + 0,54 = 1,02, X5c = X; + X, = 2,24 + 2,159 = 4,40,
Zsc = JR%- + X2, = /12 + 4,42 = 4,50.

Stator starting current is: I1gr = Unom/Zsc = 220/4.5 = 48,884.




Rotor starting current is: I,gr = K - I, gy = 5.19 - 48.88 = 253.3574.
Power factor for starting without starting rheostat is:
cos ¢st = Rgc/Zsc = 1/4.51 = 0.22.
Motor synchronous frequency is: w; = 2nf/p = 2-3.14-50/3 =
104.73rad/s.

Motor starting moment without starting rheostat is:

Mgy = 3R,1%¢r/w; = 3-0.02 - 253.37?/104.72 = 36.77N - m.
Critical slip is: Scg = Ry/Xsc = 0.54/4.4 = 0.12 -.
Brought resistance of the starting rheostat is defined from the expression:

Scrk = (Ry + RR)/Xsc = 1, Rp = Xgc — R, = 4.4 — 0.54 = 3.861.

Resistance of the starting rheostat is: R, = R /K? = 3.86/5.19% = 0.141.
Motor maximum starting moment with the starting rheostat is:

Myax = 3Vnom/(Rwy) - (Ry + R + \/(R1 +Rp)? 4+ X%) =
=3 220/(2 - 104,72) - (0.46 + 3.86 + /(0.46 + 3.86)2 + 4.42) = 33.04N - m

Several slip values ranging within s =0 +1 are to be set to draw the curves of motor
characteristics. They should include syoun, Scr. Define the rotor rotation frequency
n,=n(1-s) and the motor mechanical moment for every slip value: M =2 -

My ax/(Scr/S + 5/Scr)-
Fill in the table with the obtained results:

S, 0,00 |003 |0,12 |0,20 (040 (0,60 (0,80 |1,00
n, rpm 1000 | 970 | 880 | 800 | 600 | 400 | 200 0
M, N-m 0 1554 | 33.04 | 29,11 | 18,2 | 126 | 9,69 | 7,08

Draw the speed n,(s) (fig.7.4), the moment M(s) (fig.5.5) and the mechanical
n,(M) (fig.5.6) curves of motor characteristics out of table data.
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Tasks for individual work

1. An induction motor rotor is rotating with a frequency n, = 1440rpm, an input
power is P; = 5.5kW and losses are AP = 55W. Define the motor power and the
moment.

2. An induction motor moment is M = 58N - m, the rotating frequency is n, =
585rpm. The efficiency factor is 0.95 and the power factor is 0.8. Define the motor
power, the input active and total power.

3. Define the power of an induction motor with the phase rotor and stator currents
when windings are connected WYE and DELTA correspondingly. Nominal motor
parameters are: the power P, = 300/, the input voltage I/; = 380/220V, the efficiency
factor 0.9 and the power factor 0.85.

4. Define the rotating frequency of a six poles synchronous motor that is fed with
the industrial frequency voltage. What is the maximum frequency when motor is fed with
the industrial frequency voltage?

5. The four poles induction motor power is P, = 4kW, the moment is M = 27N -
m and the efficiency factor is 0.9. Define the input electro-magnetic powers and the slip.

6. Define the frequency of the magnetic field rotation, the number of pole pairs and
the power of an asyncronous three-phase motor, if its electromagnetic power is Pgy =
4kW, and the shaft mechanical moment is M = 27N - m at rotor rotation frequency of
n, = 1440rpm.

7. An asyncronous three-phase six-poled motor has a shaft moment of M = 27N -
m at rotor rotation frequency of w, = 99.4rad/s. Define the slip, the electromagnetic
power and the electrical losses of motor’s rotor.

Task 3. The parameters of a direct current motor with a parallel excitation are
given in table below (nominal voltage Vnom, nominal current Iyom, Open circuit mode
current I, , nominal rotation frequency nnowm, excitation winding resistance Rg, and
armature winding resistance Ra).

Define the nominal electrical power, the armature winding current, the excitation
winding current, the armature winding electromotive force, the input current, the armature



and excitation windings losses, the excitation and armature windings’ resistances, the
nominal moment, the starting moment, the armature winding starting current, the open
circuit mode frequency rotation and the starting rheostat resistance for the condition
Ligr = 2.5 Iiyom- The mechanical and magnetic losses in open circuit and nominal
modes are the same. Draw the mechanical n(M) curve of motor characteristic.

Var Vowm | NOM, lo, Ra, RE, NNowm,
Ne Vv A A Q Q rpm
01 220 53,0 6,3 0,212 33 1225
02 115 100,0 9,5 0,11 50 1000
03 110 267,0 30,0 0,04 27,5 1100
04 220 16,3 1,78 1,16 75 1025
05 110 7,8 0,7 0,80 210 1240
06 220 19,9 2,0 1,50 150 960
07 110 35,0 3,2 0,60 60 1400
08 220 32,0 2,8 0,94 120 1600
09 220 34,0 3,0 0,45 110 1100
10 110 9,5 0,9 1,90 200 850
11 110 20,0 1,8 0,70 80 940
12 220 15,0 1,5 0,82 200 1350
13 110 8,2 0,8 1,40 220 1450
14 220 20,5 2,35 0,74 258 1025
15 220 40,0 4,2 0,52 190 1420
16 110 10,5 1,2 1,20 160 960
17 110 18,6 2,0 0,90 120 825
18 220 16,0 1,8 0,60 270 1600
19 220 32,0 3,5 0,62 200 1350
20 110 28,0 3,2 0,55 80 875

Task 4. The parameters of a direct current motor with the parallel excitation are
given in table below (nominal voltage Vnom, nominal power Pyom, nominal rotation
frequency nnom, nominal efficiency factor nnom, excitation winding losses A4Pg and
armature winding losses APx).

Define the nominal electrical power, the armature winding current, the excitation
winding current, the armature winding electromotive force, the input current, the
excitation and armature windings resistances, the nominal moment, the starting moment,
the armature winding starting current, the starting rheostat resistance for the condition
Lisr = 2.5 Iyvom and the open-circuit mode rotation frequency. Draw the mechanical
n(M) curve of motor characteristic.



Var. Vnom Prom APa APE, NNoM, 7INOM,
Noe \Y kw % % 00/x6 %
01 110 60,0 5,2 4,8 980 86,5
02 220 10,0 5,0 4,8 2250 86,0
03 220 4,0 6,2 4,2 1025 82,2
04 220 6,6 6,2 4,1 2400 85,5
05 220 4,4 6,5 4,8 2100 84,5
06 220 2,5 58 4,8 1000 85,0
07 220 10,0 53 4,4 2250 83,0
08 110 77,0 5,0 4,2 1050 85,5
09 110 80,0 54 4,5 1150 85,8
10 110 92,0 53 4,1 970 86,5
11 110 66,0 6,2 5,0 1050 85,5
12 110 35,0 6,3 5,2 2200 84,5
13 110 45,0 57 4,6 1500 85,0
14 220 15,0 5,0 4,0 1000 84,5
15 220 10,0 5,2 4,2 970 85,5
16 220 5,8 6.0 5,0 2200 84,0
17 220 19,0 4.8 4,5 980 86,5
18 220 29,0 5.0 4,3 2520 86,0
19 220 46,5 54 4,8 1025 82,2
20 220 14,0 4.0 4,6 2400 84,0

Example for task 3. The parameters of a DC motor are: nominal voltage
Vnom=220V, nominal current Inom=20.5A, open circuit mode current 1,=2.35A , nominal
rotation frequency nnom =1025 rpm_ excitation winding resistance Rg=258 Q, and
armature winding resistance Ra=0.75 Q.

Define the nominal electrical power, the mechanical power, the rotation frequency,
the moment, the efficiency factor, the armature current; the losses in excitation and
armature windings, the armature starting current without starting rheostat, the starting
rheostat resistance and the armature starting current with a starting rheostat. Draw the
mechanical n(M) curve of motor characteristic.

Motor nominal electrical power is: P; nom = VvomInom = 220 - 20.5 = 4510W.

Excitation current is: Iy = Vyou /Ry = 220/258 = 0.8534.

Armature nominal current is: Iyyom = Inoy — I = 20.5 — 0.853 = 19.654.

Excitation winding losses are: AP, = RgI2 = 258 - 0.853% = 187.72W.

Armature winding losses are: APy = RalZyom = 0.75 - 19.65% = 289.5W/.

Open circuit mode power is: Py = Vyoulo = 220 - 2.35 = 517W.,

Armature winding losses for open-circuit mode are:

APos = Ry(ly — Iz)? = 0.75 - (2.35 — 0.853) = 1.123W.



Mechanical and magnetic losses are:
APy = Py — APy, — APy =517 — 1.123 — 187.72 = 328.16W.

Motor losses are:

AP = AP, + APg + APy = 289.5 + 187.72 + 328.16 = 805.38W/.
Mechanical power is: Poyom = Pinom — AP = 4510 — 805.38 = 3705W.
Efficiency factor is: n = Poyom/Pinvom = 3705/4510 = 0.82 -.

Motor nominal angular rotation frequency is:
Wyom = 2T Nyom/60 = 2-3.14-1025/60 = 107.3rps.
Motor nominal moment is: Myoy = Panom/@nom = 3705/107.3 = 34.53N -
m.
Armature starting current without the starting rheostat is:
List = Vyom/Ra = 220/0.75 = 293.33 - 4.
Armature starting current with the starting rheostat is:
Ligr = 2.5 Iigr = 2.5-19.65 = 49.13 - 4.
Starting rheostat resistance can be defined from the expression:
, Iist = Vom/(Ra + Rsp),
Rsr = (Wnom/Iast) — Ra = (220/49.13) — 0.75 = 3.731.
Starting moment can be defined from the expression:
Msr/Myom = Lasr/Ianom = 2.5,
Mgy = 2,5 Myoy = 2.5 34,53 = 86,3N - m.
Mechanical characteristics calculation

Armature winding electromotive force is:

Eanom = Vvom — Ralanyom = 220 — 0.75 - 19.65 = 205.26V.

Open-circuit mode rotation frequency is:

ny = Vom - "wom/Enom = 220 - 1025/205.26 = 1100rpm.

Draw the curve of mechanical characteristics n(M) — the dependence of rotation
frequency from the moment, - by using two points: the first point corresponds to open
circuit mode M = 0 and n, = 1100rpm; the second point corresponds to nominal mode
(fig.7.7) Moy = 34.52N - m, and nyop = 1025rpm.
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Example for task 4. The parameters of a DC motor are: nominal voltage Vnom=220
V, nominal power Pnom=6kW, nominal rotation frequency nnom=1025rpm nominal



efficiency factor #nom=82.2%, excitation winding losses AP:=4.4% and armature
winding losses 4 Px=5%.

Define the nominal electrical power, the armature winding current, the excitation
winding current, the armature winding electromotive force, the input current, the
excitation and armature windings resistances, the nominal moment, the starting moment,
the armature winding starting current and the open-circuit mode rotation frequency. Draw
the mechanical n(M) curve of motor characteristic.

Motor electrical power is: Pyyom = Pyvom/Mnom = 6000/0,822 = 7299W.

Excitation winding losses are:

APy = APg (%)Pinom/100 = 4.4 - 7299/100 = 321W.

Excitation current is: I = APg/Vyom = 321/220 = 1.46A4.

Input nominal current is: Iyoy = Pinyom/Vvom = 7299/220 = 33.184.

Armature winding nominal current is:

Livom = Inom — Iz = 33.18 — 1.46 = 31.724.
Excitation winding resistance is: Ry = Vyou/Iz = 220/1.46 = 150.702
Armature winding losses are:
APy = APy (%)P1nom/100 = 5-7299/100 = 365W
Armature winding resistance is: Ry = AP, /12yvon = 365/31.72% = 0.3631.
Motor angular rotation frequency is:
wyom = Rrnyoy)/60 =2 -3.14-1025/60 = 107.3rps.

Nominal moment is: Myoy = Pvom/@nom = 6000/107.3 = 55,9Nm.

Armature starting current is: Iysr = Vyom/Ra = 220/0.363 = 6064.

Armature starting current with the starting rheostat is:

Lisr = 2.5 Iyyom = 2.5+ 31.98 = 79.95 - 4.

Starting rheostat resistance can be defined from the expression:

, Inst = Vom/(Ra + Rsp),
Rer = (Wyom/last) — R4 = (220/79.95) — 0.363 = 2.394.

Starting moment can be defined from the expression:

Msr/Myoym = Ilé’lST/IANOM = 2.5,
Mgr = 2,5 Myoy = 2.5+ 55,9 = 139,75N - m.
Mechanical characteristics calculation

Armature winding electromotive force is:

Exnom = Vvom — Ralavom = 220 — 0.363 - 31.72 = 208.58V.

Open-circuit mode rotation frequency is:

1o = Vwom * "wom/Enom = 220 - 1025/208.58 = 1081rpm.



Draw the curve of mechanical characteristics n(M) — the dependence of rotation
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frequency from the moment, - by using two points: the first point corresponds to open-
circuit mode M = 0 and n, = 1081rpm; the second point corresponds to nominal mode
(fi9.7.8) Moy = 55.9N - m, and nyop = 1025rpm.
Tasks for individual work.

1. DC generator with an independent excitation has a nominal power of 10kW, a
nominal voltage of 110V, a rotating frequency of 1450 rpm and an armature winding
resistance of 0.050. Define the e.m.f., the electromagnetic moment, the load current and
the excitation winding current if Iy =5 % I youm-

2. DC generator with a parallel excitation has a nominal voltage of 230V, a load
current of 18A and an excitation winding resistance of 20Q2. Define the armature winding
current.

3. DC generator with a mixed excitation has a nominal power of 15kW, a nominal
voltage of 110V , an armature winding resistance of 0.05Q and its excitation winding
resistances are 9.5Q (for parallel winding) and 0.2 (for series winding) correspondingly.
Define the generator efficiency factor.

4. DC generator with a parallel excitation has a nominal voltage of 220V, a load
resistance of 10Q, an armature winding resistance of 22 and an excitation winding
resistance of 110Q. Define the e.m.f. and the generator efficiency factor.

5. DC generator with a parallel excitation has a load current of 224, an excitation
winding resistance of 1102, an armature winding resistance of 22 and a load resistance
of 10Q. Define the generator output power and efficiency factor.

6. DC generator with a parallel excitation has an e.m.f. of 268V, an output power
of 6430W, an efficiency factor of 0.89 and an armature winding resistance of 2Q. Define
the generator voltage and the excitation winding resistance.

7. DC motor with a parallel excitation armature has winding losses of 200W,
excitation winding losses of 110W, a feeding voltage of 110V and an input power of
1210W. Define the armature winding resistance and the motor efficiency factor.

8. DC motor with a parallel excitation has an armature winding resistance of 32,
an excitation winding resistance of 1002 and an input power of 1210W at voltage 110V.
Define the mechanical power and the motor efficiency factor.



9. DC motor with a serial excitation has an output power of 900W at voltage 110V,
an efficiency factor of 0.82 and an excitation winding resistance of 0.5Q. Define the
armature winding resistance.

10. DC motor with a parallel excitation rotor rotates with a frequency 3000rpm, is
fed by voltage 220V, has an armature winding resistance of 0.5Q, an excitation winding
resistance of 60 Q, an efficiency factor of 0.87. Motor’s nominal power is 32kW. Define
the input power, the e.m.f. and the motor moment.

11. The power of a DC motor with a parallel excitation is 900W at voltage 110V,
an armature current is 104 and an excitation winding resistance is 110Q. Define the motor
current, the efficiency factor and the armature winding resistance.

12. DC motor with a serial excitation has an input power of 1100W at voltage 110V,
an efficiency factor of 0.82 and an excitation winding resistance of 5Q. Define the
armature winding resistance, the armature and the excitation windings’ losses.
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Attachments

Greek letters

Ne

1 A a alfa
2 B p beta
3 I y gamma
4 A 2 delta
5 E € epsilon
6 Z 7 dzeta
7 H n eta

8 O 0, teta
9 1 ! jota
10 K K kapa
11 A A lambda
12 | M u miu
13 N v niu
14 ) & ksi
15 O 0 micron
16 | 11 T pi
17 P p ro
18 Py 0,¢ sigma
19 T T tau
20 Y 0 ipsilon
21 & 7 fi
22 X X hi
23 ' W psi
24 Q w omega

Physical values designation and units

Value Eﬁs'gnat' Dimension

Resistance R, Q Om
Reactance X, Q Om
Impedance Z,Q Om
Conductance G, Sm Simens
Susceptance B, Sm Simens
Admittance Y, Sm Simens
Capacity C F Farada
Inductance L, H Henry
Inductance mutual M, H Henry




Electromotive force E V Volt

Potential o,V Volt

Voltage v,V Volt

Current I, A Amper

Active power PW Watt

Reactive power Q, VAr | Volt-Amper reactive
Total power S, VA Volt-Amper
Magnetomotive force F, 4 Amper

Magpnetic induction BT Tesla

Magnetic field tension H, A/m Amper per meter
Magnetic stream @, Wh Weber

Linkage w, Wb Weber

Magnetic permeability (absolute) | u,,, I'n/n | Henry per meter
Magnetic permeability (relative) | 4

Magnetic constant o, Tw/m | 4107

Frequency f, Hz Herz

Angular frequency w, rad/s | radian per second
Length 1,m meter

Hight, depth h, m meter

Layer o,d, m meter

Avrial S, m? square meter
Magnetic resistance Rm

Number of turns W

Force F, N Newton

Work (energy) W, J Joule

Charge Q,C Coulomb
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