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INTRODUCTION

Proposed handbook is an integral part of the learning process and is intended for
full-time students.

This handbook provides for the consistent study related to the research and
calculation of electrical circuits and for laboratory work on electrical and electronic
devices.

The guidelines provide safety rules for laboratory work, the order of their
execution, the design and content of the report, and element symbols on the circuits
of electrical and electronic devices.

The purpose of laboratory studies is to gain theoretical knowledge and acquire
practical skills in electrical circuit design, measuring currents, voltage, powers,
rotation speed of electric machines, as well as working out practical skills of
experimental study on parameters and characteristics of various semiconductor
devices and construction of semiconductor electronics devices on its basis.

Calculations of electric circuits, calculations of parameters, draw of
characteristics of electrical and electronic devices and the analysis of study results are
carried out on the basis of these studies.

DESCRIPTION OF THE UNIVERSAL LABORATORY BENCH
FOR LABORATORY WORKS ON ELECTRICAL ENGINEERING

The universal laboratory bench is intended for conducting laboratory works at
the “Electrical engineering” course by the frontal method.
The laboratory bench includes:

- an assembly bench with electrical measuring devices and electrotechnical
elements;
- an electric machine bench, which contains electric machines of direct and

alternating current, mechanical brakes of electric machines, loading rheostat Rg.

The placement of devices and outputs of the main devices on the front pannel of
the assembly bench is shown in Fig. 1.

Buttons for magnetic starters and terminals of the following electrical supply
sources that are located in the lower part of the bench are:

- athree-phase current of 220/380 V (phase and line value);

- adirect current of 230 V;

- asingle-phase alternating current with voltage of 127 V;

- a regulated variable voltage up to 250 V with the help of a laboratory
autotransformer (LATR) T1, and also a constant - up to 250 V, which is formed
by means of rectifier VA;

- athree-phase voltage source of 22/36V (phase and line values).
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Figure 1

On the bench there are:

electrical measuring devices: ammeters PA1-PA14 and voltmeters PV1-PV4 of
direct and alternating current;

fixed resistors R1, R2, R3;

rheostats R4, R5 (with regulated resistance);

coil inductor L;

capacitor C;

single-phase transformer T;

electron-beam oscilloscope type “JIO-707;

outputs of stator winding of the asynchronous electric motor C1-C6;

outputs of direct current machine windings: of armature s11-512; of independent
excitation H1-H2; of sequential excitation C1-C2;

outputs of the loading rheostat Ry;

four connection terminals a, b, ¢, d — four clips in each for convenient collection
of experimental schemes;

keys Q1, Q2, Q3;

an emergency button for removing all types of voltage from the clamps
of the bench —“Auto Off’ (“ABAPUMHOE BBIKJIIOYEHHWE”);

signal lights of supply sources EL1-EL4;

AC power outlet 220V;

digital tachometer for measuring the frequency of electric machine rotation.
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Additionally, portable phasometers, watt-meters, ammeters and voltmeters can
be located on the table.

On the bench (Fig. 1) there are plates with rules on the basics of electrical
measurements (Table 1), as well as with the rated parameters of electrical equipment
(Table 2).

SAFETY RULES DURING LABORATORY WORKS

Laboratory benches are operating electrical and electromechanical installations,
which under certain conditions can become sources of electric shock. To create safe
conditions for laboratory work and prevent the possibility of damage to electrical
equipment, students must know and strictly follow the rules:

1. Before starting work, it must be ensured that all sources of voltage are in the
(“OFF”) position, and the auto-transformer slider is set to zero.

2. It is strictly forbidden to touch uninsulated wires, connecting clamps and
other parts of the electric circuits under voltage.

3. Installation of the electrical circuit and any re-connections should be carried
out with switched-off all the voltage sources.

4. 1t is strictly forbidden to enable the installation without conducting a circuit
check by the lecturer.

5. If the applied voltage disappears during operation, immediately turn off the
laboratory installation and place the autotransformer slider in a position that
corresponds to the minimum voltage.

6. Disassembling of the circuit should be only performed with permission of the
lecturer.

7. If any malfunction is detected in an electrical device under voltage, it is
necessary to immediately switch off the bench from the network with the emergency
shut-off button. This case should be immediately reported to the class lecturer.

LABORATORY WORK PROCEDURE

For laboratory work, academic groups of students are divided into subgroup of
2-4 students. Laboratory works are carried out by the frontal method, that is, all the
students simultaneously perform the same work, but at different benchs.

To perform laboratory work, one preliminary test report (draft) must be prepared
for each student, it must contain the electrical scheme of the experiment and the
measurement tables. Before starting the experiments, the subgroup should get
acquainted with the workplace that contains the experimental installation, supply
sources used, loads of electrical energy and devices.

When assembling a circuit, it is first recommended to make the main circuit with
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the loads to be studied and the current circuits of ammeters, wattmeters and phase
meters.

Then you can connect circuits of voltmeters, wattmeters and phase meters,
which are connected in parallel with loads. It is necessary to remember the rule that
terminals of devices are used only for their connection to the circuit. Nothing else can
be connected to these terminals, and all additional connections are performed with
free terminals on the bench panel.

Completed circuit must be shown for verification; voltage sources should be
turned on only by the permission of the lecturer.

Results of all primary observations, measurements and calculations should be
recorded in pre-prepared tables.

After the experiment, the power sources should be turned off, and the
measurement results should be given to the lecturer for verification.

If the results of the experiment are recognized as correct by the lecturer, the
electric circuit should be disassembled and passed for the assembly of the following
circuit. After completing the research, the work place should be organized, the
conductors and the equipment should be transferred to the place of their storage.

EXPECTED WORK REPORT CONTENT
The report on laboratory work is completed by each student individually and
must be neat, executed according to the established form.
The report begins with a title page, a sample of which is given in Fig. 2. On the
following pages, please indicate:

- an electric circuit of the experiment;

- rated data of researched devices, necessary for the report;

- formulae and dependency graphs used for calculations;

- observation data tables and results of calculations in accordance with the
requirements presented in the guide for each laboratory work;

- graphic material (graphs, diagrams, drawings).

Students draw the circuits using tools according to Ukrainian State Standard.
Legend of typical elements and their sizes is given in Table 1.

Resulting dependency graphs should be drawn on the millimeter paper,
indicating standard letter designations of values and measurement units on the axes.

Phasor diagrams should be built on the selected scale.

The report is received by the lecturer on the day the next work is carried out.
During this, the student must analyze the results, answer the control questions and
solve the exercises on the topic of the work.
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Table 1 — Legend of functional elements in electrical circuit

Element name Symbol Dimensions, mm
Resistor Constant R
1 Q0
—_l A A i
H <
Variable 'R_*_‘— i
—_l
Capacitor of constant and variable 10
capacitance _|c _|dc s 2
T [T 4
8 <>
Inductance coil (inductor) L
Air cored inductor —n=
Iron-core inductor i~ R 15..4

Adjustable autotransformer

Single-phase semiconductor bridge rectifier

Electrical meters:
PA — ammeter; PV — voltmeter;
PW —wattmeter; P, — phase meter

Joints separable

non-separable

Contacts of detachable connection

- 2..3

(male connector — XP and female NN 90° ;
connector — XS) -
Contacts of switching locking 7 Q
equipment /§30°
(Q — in the power circuits; breakable /f Q 6
S — control, alarm system) I
Current direct —

alternating ~n
Single-phase double-winding transformer R 15..4



https://www.translate.ru/dictionary/en-ru/detachable%20joint

Laboratory work 1

STUDY OF SIMPLE CIRCUITS OF ADIRECT CURRENT

The purpose of the work is to gain theoretical knowledge and develop practical
skills in the design and experimental study of simple electric circuits of direct current
with one source of energy in the case of series, parallel and mixed connection of
electric energy loads.

1.1. Problem Statement

Read safety rules, organization and procedure for the laboratory work. Learn the
structure of a universal laboratory bench. Determine the resistance of the resistors by
measuring the currents and voltages that are applied to them. Study electric circuits in
the case of series, parallel and mixed connection of loads by measuring currents,
voltages and powers.

1.2. Theoretical thesis

Electric circuit is a set of devices and objects that form the path for electric
current and intended for receiving, transmitting and converting electric energy. The
electric circuit is characterized by following parameters: current, voltage,
electromotive force (EMF), power.

Branch is a section of an electric circle in which all the elements are connected
in series and the same current flows through them.

Node is a point of an electric circle in which at least three branches converge.
The node is indicated by a dot in the electric. A node is called “independant™ if it
connects at least one new branch.

The current, unchanged in magnitude and direction, is called a direct current.
Constant electric values of an electric circuit are denoted by upper case letters:
current | (measured in amperes (A)), EMF E (measured in volts (V)), voltage U
(measured in volts (V)), power P (measured in watts (W)).

Ohm’s law: the electric current on the passive part of the electric circuit
(without EMF) is directly proportional to the voltage U and inversely proportional to
the resistance R

|l =—
R
In general, Ohm’s law for a segment of a circuit with EMF can be represented as

_ExU
R H

where E — EMF power supply; R — total resistance of the circuit.




Kirchhoff’s Current Law (law for a node): the algebraic sum of currents in
the node is zero (the sum of the currents entering the node is equal to the sum of
currents coming out of the node)

$1. o
k=1

Kirchhoff’s VVotage Law (law for a loop): the algebraic sum of all EMF acting
in the loop is equal to the algebraic sum of the voltage drops on the loads in that loop

> E=>LR..
k=1 k=1

The EMFs are taken with the “+” sign if the direction of bypass loop matches
the direction of the EMF and with the sign “- if they are opposite.

Voltages in the loop are taken with the “+” sign, if the direction of voltage
coincides with the direction of bypass loop, and with the sign “-” if they are opposite.

The connection of elements that are part of a single branch and in which the
same current flows, is called series connection. The connection of elements that are
under the same voltage is called parallel. A mixed connection of the elements
consists of series and parallel connections of the elements (series-parallel
connection).

Equivalent transformations are the replacement of the resistance group with one
resistance or another resistance group in such a way that the voltages and currents in
the places of group connections remain unchanged.

At a series connection of resistors their equivalent resistance is

n
R.=R+R, +...+ R, =2 R, .
1

At a parallel connection of resistors their equivalent resistance is

1 1 1 1 1
— =t — 4. +—= :
Re R Ry Ri « 1
1 Ry
For two resistors in a parallel connection their equivalent resistance is
_Ri-Ry
“TR+R,
For three resistors in a parallel connection their equivalent resistance is
R;-R,-R
Rio3 = S

R;R, + R,Ry + R{Ry
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Power balance: the algebraic sum of the power of all energy sources is equal to
the arithmetic sum of capacities of all loads. Equation for power balance is

D EL =) LR
k=1 k=1

where P = I,2R¢ — power consumed by the load — resistance Ry (by the law of Joule-
Lenz);

P = Exlx — power of the source.

The Joule-Lenz law: the amount of electrical energy W, which is converted into the
heat on the circuit part with the resisatance R is equals to

W=R-1%

1.3. Object of study

XS1  XS3 XS5
>
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Figure 1.1

The electrical circuit of the experiment is shown in Fig. 1.1. It consists of the
base part and the circuits under study. The base part of the circuit (Fig. 1.1, a)
contains a power supply, an autotransformer “LATR T1”, by which the voltage
applied to the circuit is slowly regulated, the VA rectifier that rectifies this voltage
and the measuring devices required for conducting an experiment. The basic part of
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the circuit ends with the terminal assemblies a and b, from which portable pins XP1
and XP2 are derived.

The objects of research are separately taken resistors Ri, R4 and Ry (Fig. 1.1, b),
as well as circuits with series, parallel and mixed connections (Fig. 1.1, c, d, e). To
connect the basic part of the circuit with the object of study, the pins XP1 and XP2
are inserted into the corresponding slots XSk (where k is the number of the slot)
according to Fig. 1.1, b.

1.4. The order of the experiment execution

1.4.1. Indirectly determine the resistance of the resistors.

Assemble a basic part of the circuit (Fig. 1.1, a). Insert the male connectors XP1
and XP2, respectively, into the female connectors XS1 and XS2, XS3 and XS4, XS5
and XS6, which are the input terminals of the Ri, R4 and Ry resistors (Fig. 1.1, b).

Set autotransformer T1 to zero before each turning on and off.

Apply voltage from the power supply and use “JIATP T1” to increase it each
time to the required value, referring to the following.

When measuring resistor R; resistance, set the current value to 1=1A and
measure the according voltage U.

In rheostats R, and Ry in their initial positions, it is necessary to provide
maximum resistance, then it is necessary to set the resistance provided by the
lecturer.

To do this, you must first bring the voltage U to the value, numerically equal to
the resistance, and then move the slider of the rheostat to set the value of the current
| =1 A. Before the end of the work, the obtained positions of the rheostat sliders
should remain unchanged. Measurement data should be included in Table 1.1.

Table 1.1
Measured Calculated
uv | LA Resistance , Ohm
R1 =
R4 =
R, =

1.4.2. Conduct a study of the electric circuit with series resistor connection.

Connect the area of the circuit (Fig. 1.1, c) to the terminals a and b of the basic
part of the circuit (Fig. 1.1, a).

Set the voltage U at the inlet as directed by the lecturer (100-120V is
recommended).

Measure current | and power P, as well as voltage drops U;, U, and Uy on
resistors Ry, R4 and Ry using a portable voltmeter PVV2. Measurement data should be
included in Table 1.2.
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Table 1.2

Given Measured Calculated
U | P U, U, U, U, +Us+U,
V A W Vv V Vv Vv

1.4.3. Conduct a study of the electric circuit with parallel resistor connection.
Connect the area of the circuit (Fig. 1.1, d) to the terminals a and b of the basic
part of the circuit (Fig. 1.1, a).

Set the voltage U at the inlet as directed by the lecturer (50 V recommended).
Measure currents I, 15, 1, and 1, as well as the power P. Measurement data
should be included in Table 1.3.

Table 1.3
Given Measured Calculated
U P I, I4 I, I +14+1,
V A W A A A A

1.4.4. Conduct a study of the electric circuit with mixed resistor connection.

Connect the area of the circuit (Fig. 1.1, e) to the terminals a and b of the basic
part of the circuit (Fig. 1.1, a).

Set the voltage U at the inlet as directed by the lecturer (100V ia
recommended).

Measure currents |4, l4, I, and power P, as well as voltages U;, U4, and Uy on
resistors Ri1, R4 and Ry using a portable voltmeter PVV2. Measurement data should be
included in Table 1.4.

Table 1.4
Given Measured Calculated
U I, P U, U.,=U, I4 I, U,+U, 14+1, P
V A | W |V V A A V A W

1.4.5. According to the results of the experiments, check the implementation of
Kirchhoff’s laws.
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1.5. Processing the results of the experiment

1.5.1. Based on the results of the measurements in Table 1.1, calculate the
resistor resistance values using Ohm’s law, namely R=U /1.

1.5.2. Based on the results of the measurements in Table 1.2-1.4, calculate the
specified amounts of the load voltages and currents based on Kirchhoff’s laws and
compare the results with the corresponding values which are coming from the source.

Also calculate according to the measured voltage and current of the voltage
source, power of which derives from it according to the formula P = Ul. Compare the
results with the measured power values.

1.5.3. With the given voltage of the power supply (from Table 1.2-1.4) and the
resistor resistances (from Table 1.1), calculate the currents, voltages and capacities
for the series, parallel and mixed connections of the resistors in accordance with
Figure 1.1, ¢, g, d and corresponding calculation diagrams in Figure 1.2, a, b, c.

[ R I,

1
4],[]R4 U Rl | |R4 | |RH U U4=UH\L R4

o— — o—o O

Figure 1.2
Calculate data in Table 1.5.
For series connection of loads, the equivalent circuit resistance is defined as

Req:Rl+R4+RH'

Thus, the current in the circuitis | = i.
eq
Power consumed in a circuit is defined as

P =RI?% P,=R,I?% P,=R,I%.
For a case with a parallel connection of the resistors:
U u., _u.

I :_’ I = H ’
'R YR, R,

P =R P, =R,IZ; P,=R,I2.
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For the case with mixed resistor connection

U
Il =y
Req
: : o . R4R,
where the equivalent resistance of the circuit is definedas R, =R; + 5 R
4 + H
Thus, calculate the voltages, currents and powers as:
U,=U, = RaRy I 4:ﬂ; |H:U_H;
R, + R, R, R,

P =Rlf; Py=Ryl5; P,=R,IZ.
Check the results of calculations according to the Kirchhoff laws, as well as the
balance of power equation.
Compare the results of the experiment (see Table 1.2-1.4) with the results of
calculations (Table 1.5). Formulate the main conclusions of the work.

1.5.4. Make work report according to the rules. The report must contain the title
page, experimental schemes (Fig. 1.1), Tables 1.1-1.5, calculation procedure.

Table 1.5

Connection Given Calculated

diagramof | U | Rt | Rs | Ry | Ut [ Ug|Uu| o | s | L [P |Ps| Py | P
loads

Ry, R4, Ru vV [Ohm|OhmOhm| V| V| V] A|A|AWIWIW|W

Series

Parallel
Mixed |
Control questions
1. What is called a branch and a node in an electric circuit?

N

. What kind of connection of elements is called series, parallel, mixed?

3. How the equivalent resistance of a circuit is determined in a series, parallel and
mixed connections of loads?

. State Kirchhoff’s laws.

. Write the equation of the power balance.

. Explain the principle of turning on the electrical measuring devices: ammeter,
voltmeter, wattmeter.

7. How to determine scale divisions of electrical measuring instruments: ammeter,

voltmeter, wattmeter?
8. How to determine a resistance using an ammeter-voltmeter method?

o O1
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Laboratory work 2

STUDY OF CIRCUITS OF ADIRECT CURRENT
WITH THE BRIDGE CIRCUIT

The purpose of the work is to consolidate theoretical knowledge and develop
practical skills in the design and experimental study of the bridge electric circuits of a
direct current with one power supply.

2.1. Formulation of the problem

By direct measurements, determine the distribution of currents in the branches
and voltages across the parts of a direct current circuit with a single source of power,
compiled according to the bridge scheme, and then check the results obtained by
calculation.

2.2. Theoretical thesis

Equivalent transformation is the replacement of the resistance of resistors
group with one resistance or another resistance group in such a way that the voltages
and currents in the places of joining the group remain unchanged.

Connection of three elements of a circuit R.s, Rac, Ren, forming the sides of a
closed triangle, is called a delta (A) connection (Fig. 2.1, a). Connection of three
elements of a circuit R,, Ry, and R, which have the form of a three-beam star with a
common node O in the center, is called a star (wye, Y) connection (Fig. 2.1, b).

Transform  the
Rab .

a 1 b ¢ b delta (A) connection of
Ro Y Rb resistors_ Rus, Rac, Rep N
Re the equivalent wye (Y)
connection with
C C resistances R,, R, and
a b R., is executed with the

Figure 2.1 following expressions:

Rab Rac

R, = )
| Rab + Rac + Rcb

Rac Rceb

_ Rac Rcb . _ Rab Rcb .
Rab + Rac + Rcb

(I ’ b —
Rab + Rac + Rcb
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Thus, the resistance of any branch of the equivalent wye is equal to the product
of two resistances of the delta adjacent to the same node, divided by the sum of all
three resistances of the delta.

Transform the wye connection of resistors with the resistance Ra, Ry and Rg, in
an equivalent delta connection with resistors R, Rac, Reh, Where their resistances are:

R R R.R R.R
¢b Ry =R, +R, +—22 ;R =R, +R, +—2-°C .

a c b
The bridge circuit of a direct current in which current in a diagonal of the bridge
Is equal to zero is called balanced. If the current in the diagonal of the bridge circuit
differs from zero, then such a circuit is called unbalanced. The current in the diagonal
of the bridge circuit will be zero, provided the next relationship between the
resistances of this circuit

RCb :RC+Rb+

R _Rs
R, Rg
2.3. Object of study

The scheme of an electric circuit is given on Fig. 2.2. A DC power supply is
carried out from the AC network via the autotransformer T1 and the rectifier VA. The
resistors R1, R2, R3 and rheostats R4 and R5 are used as the loads in the circuit.

Figure 2.2

2.4. The order of the experiment execution

2.4.1. Assemble an electric circuit according to a schematic diagram (Fig. 2.2).
The nodes of the circuit a, b, c, d are placed on the terminals assemblies, respectively,
a, b, ¢, d. Set the T1 autotransformer to the zero position before turning on the power
source.

2.4.2. Supply voltage from the power source.

Using the autotransformer T1, set the input voltage Uy set by the lecturer at the
input of the circle (100 V is recommended).

17



2.4.3. Unbalance the circuit by changing the resistance of the rheostats R4 and
R5 so that the current 1, comparable to the currents in other parts of the circuit, and
make the measurements. Measure with the help of ammeters the currents of the
branches, and using a portable voltmeter PVV2 — the voltage between the nodes: Uag,
Ude, Uab, Upc, Udp. Write down the results of the measurements in the corresponding
column “Measured” in Table 2.1.

Table 2.1
Parameters
Bridge circuit Uo|lo| Uad | Ude | Uab | Upe | Uab [ 11| 12| 13|14 ] I5
VI|A| V V V V V [A|A|A|A|A
Measured
Unbalanced Calculated

2.4.4. Use Kirchoff’s laws to check the results. In case of data differences (more than
5 %) it is necessary to achieve more correct measurement results.

2.5. Processing the results of the experiment

2.5.1. For a number of freely chosen loops and nodes (Fig. 2.2), write down the
Kirchhoff’s laws equations and check the implementation of these laws according to
the experimental data (Table 2.1).

2.5.2. According to the measurements (Table 2.1), calculate resistances of the
resistors in the circuit as:

Ri=—=; Ry=——; Ry=
I4 I, I3 I,
and write the results in Table 2.2.

2.5.3. For two states of the electric circuit at a given voltage source Ug
(Table 2.1) and calculated circuit parameters (R1, R2, R3, Rs4, Rs from Table 2.2).
Calculate the currents and voltages in all branches by the method of equivalent
transformations (including, using transformation of the “A” connection to the “Y”
connection). The transformation of the “A” to the “Y” is shown in Fig. 2.3. Write
down the calculation data in the appropriate “Calculated” graphs of Table 2.1.

Table 2.2

Resistors impedance, Ohm
Circuit state

R1 R2 | R | Ra | Rs

Unbalanced

18



The calculation order must be done as shown below:

_ RZ'R4 - R. = R5.R4 - R, = RZ.R5 .
R,+R,+Rs’ ° R,+R,+Rs’ ¢ R,+R,+Rs’

Ry

Figure 2.3

:(R1+Rb)‘(R3+Rd).

R +R, +R,+R, ¢ *
|o:R—O; Uoa =1, - Roas |1:R¢; l, = oa :
a 1+Rb R3+Rd
IR, — I,R
RZ

ly=l + 1y I =153—1,.
2.5.4. Check with the balance of power equation
Ugly = 12R, + 15R, + 12R3 + 12R, + IZR;.
2.5.5. Compare the results of the experiment with the calculated data and make

the appropriate conclusions.
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Control questions

1. State Kirchhoff laws.

2. State equivalence conditions for the combination of “Y” and “A”.

3. What is the essence of the method of equivalent transformations?

4. Give the formulas of the equivalent transformation “A” — Y.

5. Give formulas equivalent to the transformation of “Y” — “A”.

6. What is a balanced and unbalanced bridge circuit? Provide bridge conditions.

7. Write down the balance of power equation.
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Laboratory work 3

STUDY OF A SINUSOIDAL CURRENT ELECTRIC CIRCUIT
IN THE CASE OF SERIES CONNECTION OF LOADS

The purpose of the work is to gain theoretical knowledge and practical skills in
the design and experimental study of a sinusoidal current electric circuit in the case of
a series connection of loads.

3.1. Problem Statement

Using a sinusoidal voltage source, conduct a study of:

a) electric loads: resistor, induction coil and capacitor by determining the
parameters of their equivalent circuits;
b) an electric circuit with a series connection of loads.

3.2. Theoretical thesis

Alternating current (AC) is a current, the value and direction of which
periodically change. The most common form of AC is sinusoidal. The main source of
a sinusoidal alternating current is alternators.

A sinusoidal voltage, a sinusoidal current and a sinusoidal EMF in the analytical
form are:

u=U_sin(ot+y,); i = I,sin(ot +y;); e = E, sin(ot +,).
where u, i, e — instantaneous values of a sinusoidal voltage, a current, and an EMF;
U, |, E, —amplitude (peak or maximum) value of a sinusoidal voltage, a current
and an EMF;
ot+vy, , ot+vy;, ot+y, — phase of a sinusoidal voltage, current and EMF

correspondingly;
Wy, Vi, Ve — initial phases of voltage, current and EMF correspondingly.

Voltage and current sinewaves are shown in Fig. 3.1.

ot

Figure 3.1
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Period T — time interval for which a complete cycle of sinusoidal function

change occurs. Current frequency f :% — number of periods per unit of time (per

second). Angular frequency is determined as follows o = ?I'n =2nf .

The difference between the initial phases of a sinusoidal voltage and a sinusoidal
current is called phase difference angle or a displacement angle ¢

o=V, ~ V-
Depending on load of an electric circuit, phase displacement angle values of the
sinusoidal current are as follows:
— @ =0° —resistance;
— @=+90° — inductive;
— @=-90° — capacitive;
— 0°< @< +90° — resistance-inductive;
— —90° < @< 0° — resistance-capacitive.

Resistance R, reactance X =X, —X., (XL — inductive reactance, Xc -

capacitive reactance); impedance Z of an AC circuit are:

1
X, =oL;, X.=——;
L C COC

Z=VR? + X2 =[R2 + (X - X¢)?
R=Z-cosp; X=Z-sine.

Resistance, reactance and impedance are measured in ohms.

The root mean square or RMS value of the sinusoidal AC is equal to the value of
the direct current, the energy effect of which is equal to the energy of the alternating
current. The RMS values of sinusoidal current, a voltage and an EMF are
correspongingly equal to:

I U E
=Mm- y="01 E="M
2 2 2
Ohm’s law for circuits of sinusoidal current states the RMS current value is
directly proportional to the RMS value U of the applied voltage and inversely
proportional to the circuit element impedance Z

Z
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Kirchhoff’s current law for circuits of sinusoidal current: the algebraic sum of
instanteneous current values in the node is zero

$'h <0,
k=1

Kirchhoff’s voltage law for circuits of a sinusoidal current: the algebraic sum
of instanteneous values of EMF in a loop is equal to the algebraic sum of the
instanteneous values of the voltage drops across elements of this loop

Active power P is measured in watts [W], reactive power Q — in volt-amperes
reactive [var], apparent (total) power S — in volt-amperes [V-A]. Powers are
respectively determined by the following formulae:

P=1?R; Q=1%2X; S=12Z=,P%2+Q?,

For an electric circuit with a series connection of elements R, L, C, according to
Kirchhoff’s voltage law, the voltage relationship is

U=Ug+U +Uc
The phasor diagram of the voltagea across elements R, L, C in the case of a
series connection of the elements is shown in Fig. 3.2.

U

Uy=U,—Uc=Using

Figure 3.2.

In a circuit of a sinusoidal current with a series connection of elements R, L, C, a
voltage resonance may occur. Necessary and sufficient condition for a voltage
resonance is the equation X, = Xc. The impedance of the circuit is equal to R (Z = R).
The relationship between the voltages across the ideal reactive elements is U, =U...
The phase difference angle in the case of a resonance is zero ¢=0. The phasor
diagram of a voltage resonance is shown in Fig. 3.3.
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oA
g=U|| I
Figure 3.3

3.3. Object of study

In all the experiments being carried out, the basic part of the circuit with power
supply and electric meters is used (Fig.3.4,a). As a regulating source of an
alternating voltage, a laboratory autotransformer T1l (LATR) is used, which is
connected to the circuit of an alternating voltage of 127 V. From the outlet of the
LATR voltage is applied to the terminals a and b, to which portable pins XR1 and
XR2 are connected.

The objects of research are separate loads: resistor R;, inductor L and capacitor
C with regulated capacitance, shown in Fig. 3.4, b, as well as electric circuit formed
by their series connection in accordance with Fig. 3.4, c. To connect the base part of
the circuit with a specific object of study, the pins XP1 and XP2 are inserted into the
corresponding slots XSk (where k is the slot number) according to Fig. 3.4, b, c.

3.4. The order of the experiment execution

3.4.1. Assemble a basic part of the scheme (Fig. 3.4, a). Set LATR T1 to zero.
3.4.2. Conduct an individual study of electric loads. To do this, when the power

source is off, insert male connectors XR1 and XR2 (see Fig. 3.4, a) into the XS1, XS2
load female connectors shown in Fig. 3.4, b.
3.4.3. Conduct an individual study of electric loads.

Table 3.1
Measured Calculated
Load’s name U I 0] Z R X
VvV A deg | Ohm | Ohm | Ohm
Resistor R1
Inductor L

Capacitor C position C Nel
(position n) position C Ne2
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Use LATR to bring a source voltage U to the set value (100 V is recommended),
measure a current | and phase difference between the current and the voltage. Record
the results in Table 3.1.

The capacitor is tested in two positions of the switch, which are recorded in
Table 3.1 (recommended positions are 2 and 6, if there are no additional lecturer’s
instructions).

3.4.4. Study the series connection of the loads: the resistor R1, the inductor L
and the capacitor C. Connect them according to Fig. 3.4, c: the male connectors XP1
and XP2 of the base part of the circuit to the female connectors of the studied circuit
XS3, XS4. An optional PV2 voltmeter with portable terminals XP3 and XP4 is also
used here.

The test is carried out twice (according to the lecturer’s instruction) at the switch
positions of the capacitor C, that were recorded in Table 3.1. Changes in the switch
positions are carried out when the voltage is turned off.

Set the U, voltage according to the lecturer’s instruction (100V is
recommended) and measure the current Iy and the phase shift ¢, and record the
results in Table 3.2. Measure the voltages across separate loads (Ugr; — across the
resistor, U, — across the inductor, Uc — across the capacitor) with voltmeter PV2.

x U
P4 Py ; XS
o—0 A * — »—
XP1
T1
~
o~ R1 L
™ PV [] =
¢ XP2 7
o0 L O )— >_
2 Xs2
a b C
Figure 3.4
Table 3.2
The loads are connected in Measured
series at different capacitor U I ® Ug, Uco Uc
positions C
\Y A deg \Y \Y \Y
Rl, L, C Ne....
Rl, L, C Ne....
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3.5. Processing the results of the experiment

3.5.1. Use the measurement data from Table 3.1 and determine the impedance Z,
resistance R and reactance X of the tested loads:

Z=U/l; R=Zcoso; X =Zsing; X =|Zsing|.
On this basis, depict the replacement schemes of these loads. If one of the two
values of R or X is infinitely smaller than the second, then the smaller one can be
neglected.

The typical replacement schemes for of a resistor, a inductor and a capacitor are
shown in Fig. 3.5, a, b, c, respectively.

R Ry Xiw Xe
a b c
Figure 3.5

3.5.2. Use equivalent circuit of load to depict the circuit for replacement of the
electric circuit with series connection of the loads.

By the given input voltage of the circuit Uy from Table 3.2, as well as the
impedance of the ideal load elements from Table 3.1, calculate the circuit with the
series connection of the loads for one used position n of the capacitor C.

Enter the results in Table 3.3, where, along with previously noted values, the
following are defined:

R; — resistance of the resistor Ry;

Reo, XLco — resistance and inductive reactance of the industor L;

Xc — capacitance of the capacitor C, and capacitive reactance X¢ = — X;

Ro, Xo, Zo — resistance, reactance and impedance of the whole circuit;

Urco, ULco — active and reactive components of the coil voltage, that are defined
as the voltage drop across it;

Po, Qo — active and reactive power of the entire circuit.

Table 3.3

Given Calculated

Positi Uo| Ri | Reo | Xieo | Xc | Ro | Xo | Zo | lo | @0 |Uri|Urco|ULeo| Uco [Uc|Po| Qo

ons C| V/ |Ohm|/Ohm|Ohm|Ohm|Ohm(Ohm|{Ohm| A |deg| V | V | V | V |V [W|var

No. ..

No. ..
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Resistance, reactance and impedance are determined as:

. . Ip2 2
R0:R1+RCO’ XO:XLCO_XC’ ZO: RO +X0.

Then the RMS value of the current in the circuit is equal according to the Ohm’s

law
o =U/Z,.

The phase difference angle between the source voltage and the current in

degrees is
Xo
(o= arctg R,

The RMS values of the voltages on the elements of the circuit will be

determined as:

UR1:IOR; URco_I Rco’ ULco | xco’U \/ULco Rco; UCZIOXC'

Active and reactive powers are: Py = 12Ry;  Qp =14 X,.

Compare the calculation data (Table 3.3) and measurements (Table 3.2). If they
are close enough, the work is done right.

3.5.3. Draw a phasor diagram of electrical quantities on a scale for the circuit with a
series connection of loads according to Table 3.3. An example of such are the diagrams
that are shown in Fig. 3.6, the resistance-inductive (phase difference angle ¢ >0,
Fig. 3.6, a) and the resistance-capacitive (phase difference angle ¢ <0, Fig. 3.3, b).

Build a phasor diagram for the case of a voltage resonance.

;
U, s

0.4 A , 0.4 A
— Ue —
20V v 20V
. — —
Uc
W
a b
Figure 3.6
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Control questions

1. What quantities are sinusoidal current and voltage characterized by?

2. What do periodic electric quantities mean and how RMS values of sinusoidal
current and voltage are determined?

3. State Kirchhoff’s laws for sinusoidal circuits.

4. What are the ideal elements used for the replacement schemes of real loads?

5. How do the ideal elements replace electric loads and how are the parameters
of these elements determined?

6. Write down the Ohm’s law for RMS values of current and voltage across the
ideal elements R, L, C, and for the circuit with a series connection of these elements.

7. What powers characterized energy processes in electric circuits of sinusoidal
current and how are these powers determined? How do they relate to each other?

8. What are the conditions for the voltage resonance and what are the rationships
of the main electrical quantities in this mode?

9. How to draw phasor diagrams when calculating electric circuits with a series
connection of loads?
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Laboratory work 4

STUDY OF A SINUSOIDAL CURRENT ELECTRIC CIRCUIT
IN THE CASE OF A PARALLEL CONNECTION OF LOADS

The purpose of the work is to consolidate theoretical knowledge and develop
practical skills in the design and experimental study of electric loads and the electric
circle of sinusoidal current in the case of their parallel connection.

4.1. Formulation of the problem

Use a source of sinusoidal voltage and conduct a study:

a) electric loads: a resistor, an inductor and a capacitor in their individual
switching on in order to determine the parameters of the equivalent schemes;

b) an electric circuit with a parallel connection of loads.

4.2. Theoretical thesis

Conductance, inductive susceptance and capacitive susceptance are determined
by the formulae respectively:
G :1; B, :i; Bc :i; B=B, —B.; Y _1 are measured in
R X, Xc Z
siemens [S].
Impedance Z, resistance R and loads succeptance are determined by the

formulae:
Z=U/l; R=P/I%; X =+Z%-R?,
admittance Y, conductance G and reactive B loads conductivity are determined by the

formulae
Y=1/U;: G=P/U?; B=+Y2-G?2.

If under these conditions one of the two values of R or X, G or B is immensely
smaller than the other, then the smaller one can be neglected.

The phase difference angle ¢ between a voltage and a current for each load is
determined by resistance and reactance or conductance and susceptances:

p=arctg[(X, — X.)/R] or ¢ =arctg[(B, —B.)/G],
where (X_. and B — inductive reactance and susceptance; Xc and B¢ — capacitive
reactance and susceptance).

The mode of resonance of currents will occur provided that the inductive
susceptance of the branch with a coil will be equal to the capacitive susceptance of
the branch with a capacitor B, = Bc.
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Figure 4.1

Inductive  susceptance of a branch with a inductor equals
XL XL
K K

B = -
e 72 RE + X7

, and capacitive conductivity of a branch with a capacitor, in

X X X 1
c=——Ct—-=—C=—"_ Total
Z5 RE+XE XE o Xe
reactive susceptance of two parallel branches in one of which a inductor is switched
on, and in the second — a capacitor will be equal B, =B, —B¢. The conductance of

R R R
Z? R*+X? RZ+(X_-Xc)

parallel branches is equal Y, = 1/BOZ +602 .

The phasor diagram of resonance of currents is given in Fig. 4.2.

I 0,2 A

case of neglect by resistance (Rc=0) — B; =

. Admittance of

the branch is equal to G =

\
\ 20V

IV

=Cor

Figure 4.2.
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4.3. Object of study

In all experiments, a circuit with electrometer-based devices is used, which is
shown in Fig. 4.3. As the voltage regulating source, the laboratory autotransformer T1
(LATR) is used, which is activated in the network of the voltage variable ~ 127 V. From
the output of the LATR voltage is applied to the terminals of the assembly a and b, to
which the branches with the loads are connected.

PAI U &
DUV U l
—.—“—i O . 1 N

Tl

~127V

PV

Figure 4.3

The objects of research are separately taken loads: the rheostat R4, the coil of
inductance L and the capacitor C with the regulating capacity, as well as the electric
circle, which is formed by their parallel connection. Required circle options are
provided by switching the keys Q1, Q2 and Qs3.

4.4. The order of the experiment execution
4.4.1. Assemble a circuit as shown in Fig. 4.1 set LATR T1 to zero.
4.4.2. Conduct an individual study of electric loads in turn. To do this, leave the
locked key only to the load that is being investigated.
With LATR, bring the voltage U to the set value (100 V is recommended) and
measure the current | and the active power R.
Record results in Table 4.1.

Table 4.1

Measured Calculated
U [ P Z R X Y G B o0
\ A W | Ohm|Ohm|Ohm| S S S deg

The name of the electric load

Inductor L

position C Ne...
position C Ne. ..

Rheostat R4

Capacitor
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The capacitor will test in two positions of the switch, which are recorded in the
Table. 4.1 (It is not recommended to choose the average position of the switch of the
condenser switch).

When testing the rheostat R4, set its slider to the current of 30-50 % less than
the value obtained for the inductance coil (the position of the slider is further stored).

4.4.3. Explore the parallel connection of loads for those variants from the
Table. 4.2, which will be given by the lecturer. The specific variant is obtained by
appropriate switching of the keys Q1-Q3 according to the citcuit in Fig. 4.3.

In each variant, the trial is conducted twice using the positions of the switch C,
which were recorded in the Table. 4.1,

Set the voltage Uy according to the lecturer’s instruction (100V
recommended).

Conduct measurements according to the scheme of Fig. 4.3 and record the
results in the Table 4.2, where Uy, lo, Py is the total voltage, current and active power
received from the source; lco, lc, lra — coil, capacitor and resistor currents
correspondingly.

Table 4.2
In parallel, loads are Measured
connected at different stages Uo lo Po Ico Ic Ir4
Cn \ A w A A A
L,CNe....R4
L, CNe....,R4

4.5. Processing the results of the experiment

4.5.1. According to the circuit diagrams of the loads, depict a common circuit for
replacing the electric circuit in the case of the parallel connection of these loads.
According to the input voltage circle Uo, which is given from Table 4.2, and parameters
of the ideal elements of loads from the Table 4.1 calculate the circle with the parallel
connection of loads for those variants from the Table 4.2, which were investigated
experimentally. Make the calculation of results in Table 4.3, where, along with the
already mentioned previously defined:

Rco, Xico, Zco, Qco — resistance, inductive reactance, impedance and phase
difference angle of the coil L;

Xc — capacitive reactance of capacitor C;

R, — resistance of resistor R4;

@o — phase difference angle between voltage Uy and current lo;

So, Po, Qo — apparent (total), active and reactive powers of the whole electrical

circuit.
2 2 Xi, .
Zeo =~ARco+ Xico 5 Oco = arCtg—R ,

Co

U U

Co C 4
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Vie, = Pco>

lcoa = 1o COSY_ 5 Lo = I siny;_;

Coa
Active component of current I

loa = |R4a +lcoas
The reactive component of the current lo:
lor = lcor +1crs

RMS values of current source:
1z (2 -
lo=+loa + 1o

Vi, = arctglﬂ;
Oa
G = Vi, »
So=Uqy-ly; Py =S,c080,;
Qo =Sosing,.
In calculations, it is also possible to use the admittance, conductance and
reactance of the corresponding loads in Table 4.1:
lco =UoYeos Ic =UoBc; Trs =UGRy;

lo =UgYo: Yo :\/(GR4+GCO)2 +(BLC0 _Bc)2 )

B -B
®p = arctgE —arctg—< <
G, Gpy +Gp,_
Qo =Sosing,.
Table 4.3
Given Calculated

Position| Yo | Rk [Xico| Xe | Ra | Zoo | @co | lco | lc | lre | lo | @0 | So | Po | Qo
of C | v |ohm|Ohm|Ohm|Ohm|Ohm| deg| A | A | A | A |deg|VA| W | var
Nel
No2

Compare the calculations from Table 4.3 and measurement data from Table 4.2
and make sure the research has been conducted.
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4.5.2. Draw phasor diagrams of electric quantities for a circuit with a parallel load
connection for Bic, > Bc and B¢, < Bc (Fig. 4.4 a, b).

Y
02A O 02 A
— i
20V 20V
— |

!('or

Figure 4.4.

Table 4.4

Given Calculated
Position | Uo | Geo |Bico| Bc | Yoo | @co | lco | @c | lc | Yo | lo| @ | So | Po | Qo
ofC |V |S|S|S| S |dg| A |deg|A|S|A]|deg |VA| V | var

Nel
Ne2

Control questions

1. How are the parameters of the circuit of replacing electric loads based on the
results of measurement of voltage, current and active power?
2. What is the calculation of a circuit of sinusoidal current in the case of

parallel connection of loads?

3. How determine conductance, reactance and admittance of the electric load, if
we know resistance, reactance and impedance of the load?

4. What is the order of drawning of a phasor diagram for a sinusoidal current

with a parallel connection of loads?
5. What are the conditions for the resonance of currents and what are the

relationships of the main electrical quantities in this mode?
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Laboratory work 5

STUDY OF THREE-PHASE CIRCUITS
OF ALTERNATING SINUSOIDAL CURRENT

The purpose of the work is to consolidate theoretical knowledge about the
operation of three-phase circuits of sinusoidal current, to obtain practical skills in
measuring currents, voltages, powers in a three-phase circuit in the case of
connecting the loads with a wye (YY) connection and a delta (A) connection.

5.1. Formulation of the problem

Learn how to form three-phase circuits and measure them in phase and line
currents and voltages as well as active power. Experimentally check the basic ratios
of phase and line currents and voltages in the case of a balanced load. Check the
implementation of Kirchhoff’s laws in three-phase circuits.

5.2. Theoretical thesis

In Fig. 5.1 a circuit is shown of a three-phase electrically connected in which
the source phase is connected in wye (star, Y) scheme, and the load in wye (Y)
(Fig. 5.1, a, b) or indelta (A) (Fig. 5.1, c¢). The source and loads are connected by a
three-phase power transmission line formed by three line wires (A-a, B-b, C-c) and a
neutral (N-n) wire (Fig. 5.1).
A0 o o o
A ‘
Q—LB Qt_; Jl_a =4 "—a

F o

Figure 5.1
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There are also a line phase current and voltage. The voltages between line
wires (Uas, Usgc, Uca) are called line, but between line wires and neutral N
(Ua, Ug, Uc) — the phase voltages.

The phase voltages of the source forms a three-phase symmetric system:

j0 - —j120" - j120”
Up=Up-e” ; Ug=Up, e [ Uc=Up, "7,

I.e. have the same active value U, and the phase shifted relative to each other in one

third of the period T an angle of 120°, as shown in Fig. 5.2.

The line voltages of the source are
related to the phase voltages on the basis of
Kirchhoff’s voltage law:

Uag =Ua-Ug;

Upc =Ug-Uc:

Uca=YUc -Ua
and form their symmetric system with the
effective value of U.. This system is also
shown in Fig. 5.2 and shifted by phase relative
to the system of phase voltage on 30°. From the
Figure 5.2 phasor diagram, the relationship is obtained
geometrically U, =+/3-Uy, or U, =U, /+/3.
The system of the phase voltage of the source is always symmetric.
Three-phase loads can be connected in the following ways:
¥ —wye () with the neutral wire (Fig. 5.1, a);
Y —wye () without the neutral wire (Fig. 5.1, b);
A — delta (A) (Fig. 5.1, c).
In Fig. 5.1 the integrated resistances of the phases of the loads are marked:

Z., 2y, Z. —when connected in Yand Y, Z.p, Zpe, Z .. — When connected in A

In general, for phase load Zp, =Z,, -e'*", where Z, — impedance of the

phase load, and ¢pp, — phase difference angle between a phase of the load voltage Uy,
and a phase of the load current I, . The biasing angle determines the character of the
load in the phase.
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In Fig. 5.1 the following system of citation marks is adopted:
14, 1y, 1. —phase currents when connected in “Y” (1py);

Lab, 1pe, 1ca — phase currents when connected in “A” (1ppy );
Iy —current in the neutral wire;
1 A, I, Ic—line currents with any method of load connection (1, or I ,).

When a connection in Y between the neutral point of the load n and the neutral
conductor N can occur, the neutral bias voltage U .

On loads phase voltage is established (Up, ):
U,,U,, U, or Uy, —forconnectionsin¥ and Y;
U b Upes Uy Or Ug, —for connectionin A

This voltage should not be confused with the already mentioned a phase
voltage of the source. Specific voltage relatonships can be set by Fig. 5.3, namely:

U,=U,,U,=Ug, U,=U; - for ¥ ; (5.1)
U,=U,-Uy, U,=Ug-Uy, U, =Uc-Uy - forY; (5.2)
Uap =Ung; Upe=UgciUg=Uca — for A (5.3)

When connecting the load to Y and A
its phase voltages, which form their phase
and line voltage sources, respectively (see
Fig. 5.2), are symmetric systems. When
connected in the general case without the
neutral wire and neutral bias voltage Uy is
not equal to zero U =0, then three-phase

load voltages are unbalanced, as shown in
Fig. 5.3.

The active power of the three-phase
load consists of active phase powers. For
Figure 5.3 each phase of the load power is determined
by a known expression

Pon =Upp - lpy -COS @y

37



5.2.1. Balanced load

If the complex resistances of the phases of loads are equal, then the load in this
case will be symmetric. That is, there should be levels and modules of phase
resistances Zp, and angles of phase shift ¢py,, which determine the nature of the load

in each phase.
Zon=Zp, € =2,=2,=2,—forconnectionin Y and Y ;

Zonw=Zp, -0 =2, =2,.=2Z. —forconnection in A.

In this case, the acting values of phase currents are also equal, respectively,
equal to each other and the effective values of line currents. Consequently, the
calculation is enough to conduct only one of the phases. Between line voltages and
phase currents and voltage and phase currents of the load, the following relationships
are established:
when combined with a “Y” (with a neutral with and without a wire) based on
formulas (5.1), (5.2) and taking into account U, =0

U U U
Uy =—0=; |y =1y == L, (5.4)
PhY J3 Ly = 'py Zor \Ezph
when connected by a “A” based on the formula (5.3)
3-U
Upns =U¢; ILA:\/§°IPhA:\/§UPhA:\/— - (5.5)
Zpn Zon

Consequently, when re-coupling the load from the “Y” to the “A”, the line

currents and the power consumption increases three-fold:
2

U U?
P, =3Py =3-Uppy - lpia -cos(pph:B-UL—L-coscpph:?;Z—-cos(pph_
Ph Ph

5.2.2. Unbalanced load

If the phase impedances of the load are not equal to each other, then the load is
unbalanced, that is

Z,#Z,+#Z. —when connected in “Y”,

Zap #ZLpe #Ze, —When connected in “A”.

In the case of connecting the phases of the load in “Y” without a neutral wire,
the phase voltage on the load changes with respect to the voltage of the source, since
there is a bias voltage of the neutral wire, which is determined by the formula

Yo Ua+Y,-Ug+Y.-Ue

Uy = , 5.6
Uy YoaY, 4V, (5.6)
1 1 1 )
where Y, =—, Y, =—, Y. == — complex admittance of the load phases. In
Za Zb ZC

the case of connecting the phases of the load to the “Y” with a neutral conductor, or
in the “A”, the asymmetry of the load on the phase voltage does not affect.
The phase current is determined by the Ohm law for the AC circuit
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U
1, ==20 (5.7)
" Za
where U, — the voltage applied to the load phase, which is determined depending on

the method of connecting the phases and the presence of asymmetry in accordance
with (5.1), (5.2) or (5.3). Addition of phase currents for the determination of the line
current, as well as the current in the neutral wire, is carried out in a phasor or
complex form taking into account the received direction of currents.
When connected in “Y™’:
ly=1,,1g=1p, Ic =1¢,
and the current in the neutral wire 1y =1, +15 +1¢, (5.8)
when connected in “A”, the line currents relationships with phases on the basis of
Kirchhoff’s first law are
lA :lab_lcav lB :lbc_labr lC :lca_lbc- (59)

With unbalanced load, the power of each phase is determined in accordance
with its phase voltage, currents and load factors. The power consumed by the three-
phase network is equal to the sum of phase powers.
when connected in “Y”

Ry =Ug 14 :C0Sga+Up - I -COSep+Ug - I -COS g,
when connected in “A”
PA IUab . |ab 'COS(Pab+UbC . IbC 'COS(pr-i-Uca . |ca - COS ¢¢g-

5.3. Object of study

The diagram of the electric circuit in the case of connecting loads in “A” is
shown in Fig. 5.4. Resistors R1, R2, R3 are used as loads. The investigated circuit is
switched on to the three-phase network A, B, C, N with a line voltage of 36 V. The
voltage measurement is carried out using a portable voltmeter PV,

N PA4

=
o]
0
)
\r—*
A
=

Figure 5.4
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Voltages: Uag, Usgc, Uca line (between corresponding lines A, B and C);
Ua, Ug, Uc phase in the network (between A, B and C and the neutral wire N);
Ua, Up, Uc phase on the load (between the phases A, B, C and the neutral point of
loading n); Uy the bias voltage of the neutral (between the points N and n).
When connecting the load according to the “Y” scheme, the line currents
Ia, I, Ic are equal to the corresponding phase currents I,, I, lc. Therefore, line and
phase currents are measured by the PAL, PA2, and PA3 ammeter. Ammeter PA4 —
current Iy in the neutral wire.
Wattmeter PW1 and PW2 measure the active powers of phases A and C —
P, and P.. In the case of a balanced load, the power of all phases should be the same
and equal to the power Ppn, which is consumed by any phase load. Therefore, the
active power of the three-phase balanced load is Ps = 3Ppy.
In the case of connecting the loads in “A” circuit diagram of the electric circuit
Is given in Fig. 5.5. Here as well as loads of electric energy resistors R1, R2, R3 are
used. Resistors R1, R2, R3 form a balanced load. The circuit is connected to a three-
phase balanced network A, B, C, N with a line voltage of 36 V.

U

2
PAl PV I, P4
g o1 7 XSl R &
L) - e (L= @ J - - - - - o -
PV

336V
=~}

! 5
S

3
I:U
]

PA3 PW?2 PA6
c e @ X853 R3
O - O=0) - - - - ) - -
T 0
*U
Figure 5.5

The measurement of line voltages of Uag, Ugc, Uca IS carried out using a
portable PV voltmeter (between the corresponding lines A, B and C). When
connecting a three-phase load according to the “A” scheme, these same voltages are
simultaneously phase-dependent and are denoted Uap, Upc, Uca.

Line 14, Ig, Ic and phase lap, lne, lca Currents are measured by the corresponding
ammeter PA1-PAG.

Watthmeters PW1 and PW2 according to the scheme shown in Fig. 5.2,

measure the active power of the three-phase load in general, i.e. Ps = P; + P,.
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5.4. The order of the experiment execution

5.4.1. Measure the line and phase voltage of the source. Enter the results of
measurements in Table 5.1.

Table 5.1
Voltage source, V Correlation
Measured Average values voltages (Line/Phase)
Uas | Usc | Uca | Ua | Ug | Uc | U Upn UL mid/Uph mid

\ V| V| V|V |V \ \Y —

5.4.2. Assemble the electric circuit in accordance with Fig. 5.4. Place a neutral
loading point n on terminal assembly XS1.

5.4.3. Conduct a balanced load test without a neutral conductor (in the phase the
identical resistors R1, R2 and R3 are switched on, and the key Q1 must be in the open
state). Measure the phase voltages U,, Uy, U, of the loads R1, R2, R3 and make sure
that they are equal to the corresponding phase voltages of the source Ua, Ug, Uc, and
the neutral bias voltage Uy is zero. These data, as well as the measured currents and
power, are recorded in Table 5.2.

5.4.4. Conduct a balanced load test with a neutral wire (in the phase the identical
resistors R1, R2 and R3 are switched on and the key Q1 must be in the closed state).
It is necessary to carry out the same measurements as in the previous paragraph and
to make sure that in the case of balanced load, the neutral wire does not make any
changes (any changes are possible due to asymmetry of the voltage in the power
supply). Enter the results in Table 5.2.

Table 5.2
Given Measured | Calculated
Phase
Character of [Connection| Voltage, V | Current, A Power, W (impedance,
the load method Ohm
Ua [Up | Uc[Un| la | Ip [ lc|In| Pa|Po|Pc|Ps| Za|Zp| Zc
Balanced Y
R1, R2, R3 ¥

5.4.5. Assemble an electric circuit in the case of connecting loads to a “A” in
accordance with Fig. 5.2.
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5.4.6. Conduct research of a three-phase circuit with a balanced load. To do
this, measure the values given in Table 5.3 and record the results.

Table 5.3
Given Measured | Calculated
The character Voltage, V Current, A Power, Phase
W Impedance,
of the three-
phase load Ohm
UAB UBC UCA IA IB IC Iab Ibc Ica Pl P2 PS Zab Zbc an
R1, R2, R3

5.5. Processing the results of the experiment and design work

5.5.1. Calculate the average values of the line and phase voltages of the source
ULmia and Upmig and their ratios according to tab. 5.3 and compare with the theoretical
value.

5.5.2. According to Table 5.2, calculate the Z,, Z,, Z. phase resistance of
Ohm’s law for phase impedance Zp, = Up / Iph, Where Upy, Ipn are phase voltages and
currents on the load of the corresponding phases. Next, consider that in all cases
resistors Zpn = Rpp, (resistance).

5.5.3. According to the results of measurements, calculate the total active
power of the three-phase circuit — Ps (Table 5.2).

5.5.4. Draw on a scale of the research data a phasor diagram of voltages and
currents for the balanced load in the case of connecting loads in “Y” in accordance
with Fig. 5.1.

5.5.5. Calculate the average values of line and phase currents in the case of
balanced load and their ratios I_/1p according to Table 5.3 and compare with the

theoretical value /3.

5.5.6. According to Table 5.3, calculate the three-phase load Za,, Zyc, Zca Of the
Ohm’s law: phase impedance Zp, = Upn / Ipn, Where Upp, Ipn are phase voltages and
currents on the load of the corresponding phases, because in all cases for resistors
Zph = Rpp (resistance).

5.5.7. By the results of measurements, calculate the total power of the three-
phase circuit Ps (Table 5.3).

5.5.8. Draw on a scale of the experimental data a phasor diagrams and currents
for the balanced load in the case of connection of the loads in “A” according to
Fig. 5.6.
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Control questions

1. What is the load of a three-phase circuit calledbalanced, and which one
calledunbalanced?

2. How to combine three single-phase loads with “Y”” or “A” connections?

3. What voltages and currents are called phase, line and where are they in a
circuit?

4. What are the dependencies between the current values of line and phase
voltages and currents in the case of a balanced load when the loads are connected in
“Y?

5. What is the relationship between line and phase currents and voltages in the
case of balanced load when the phases are connected in “A”?

6. What is the order of building phasor diagrams for different conections of the
three-phase load, which is connected according in ““Y”” scheme?

7. What role does the neutral wire play?

8. What is a neutral bias; in what cases it appears and how to calculate it?

9. How do you determine the phase difference angle between the load currents
and voltages?

10. How is active power measured in a three-phase network?

11. How can you build a phasor diagram of voltages and currents when
connecting a three-phase load in “A”?
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