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Laboratory work Ne7
THE RESEARCH OF THE THREE-PHASE "WYE"
CONNECTION
The object of the work is to investigate a three-phase circuit at the "wye"
connection with a neutral wire and without it in different operating modes and
get skills in the analysis of three-phase circuits by means of vector diagrams.

7.1 Short theoretical information
7.1.1 The main definitions
For "wye" (or "star") connection the ends of three phases are con-
nected together to form a node called a neutral point N (for the generator
phases) and n (for the load phases) (see fig. 7.1).

p N

Figure 7.1 - The "wye" connection of the generator and receivers

The wire connecting two neutral points is referred to as the neutral
wire. The neutral wire carries a neutral current, 1, the positive direction

for which is from n to N. The wires connecting the generator terminals A, B
and C and the load terminals a, b and c are termed the line wires.

There are two kinds of "wye" connection: a "star" connection with-
out a neutral wire or three-wire "star" connection, and a "star" connection
with a neutral wire or four-wire "star" connection.

The voltage between two wires is termed the line voltage. As with any
voltage, it symbol has a two-letter subscript, for example, U AB which is

the line voltage between the terminals A and B. The symbol for the magni-
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tude of the line voltage is U . The voltage between the beginning and the

end of a phase, or the voltage from line to earth is called a phase voltage,
U p. The currents in the line wires are referred to as the line current. They

are marked with one letteras | o, 1 g and 1 . The currents in the phases
of either the supply or the load are called the phase currents, 1. The di-
rections of line and phase currents and voltages are shown in Fig. 7.1.

7.1.2 The main equations
A three-phase generator is called symmetrical (or balanced) if it has
three identical (phase) coils rigidly attached to one another and rotating in a
uniform magnetic field at a constant angular speed @. The coils are dis-
placed at 120° from one another, and the sine wave e.m.f.s induced in them,
are also displaced at 120° in time phase.
We may express this system of e.m.f.s in a complex state as

in0 R ] H (0]
Ep=Epel®; Eg=Epe 11?0 B =Epet IO, (7.1)

Em . .
where E p= —M js the effective value of a generator phase e.m.f.

J2

The phase voltages across generator terminals are similar to electro-
motive forces and also make a symmetrical system

jo° . —j120° . +j120°
QA=UpeJ ;Ug=Upe J ;U =Upe J , (7.2)

For a wye connection according to KVL line voltages are equal to
geometrical difference of the corresponding phase voltages

0 : 0] :An0
Upp=Ua-Upg=Upel® —Upeml1?0" —uel;

: 0] H 0] :on©0
QBC=QB_QC=Upe_leo _Up91120 —Uje 10" (7.3)

j120° jo° j150°
Uca=Uc —Ua=Upe™™ —Upel™ =ujel™,

where U| = J3u P is a line voltage of the generator.

The voltage appearing between the neutral points of the load and the
supply is called the neutral voltage shift or the bias neutral voltage U | .
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The load may be symmetrical (balanced) and non-symmetrical. The
load is balanced if there are equal complex impedances in different phases

Joo
Za=Zb=ZC=ZPe ° ) (7-4)
Asymmetry occurs when there is an open circuit or a short circuit in a
phase of symmetric receivers or when there are different loads in phases
The effective value of a neutral voltage shift
UpaYa+UpgYp+UcY,

Uy =
UN Y +Yp+Y Y (7.5)

where Y 5 =i, Yp= 1 v Yo = i, are complex conductances of the
;a Zb ;C

1 . .
phases, Y \ = 7 - is a complex conductance of a neutral wire (Y j =0,
=N
if there is a neutral wire in the circuit, and Y y =0 if it is not).
If Uy #0 phase voltages differ from each other and from generator

phase voltages. By the KVL the complex phase voltages across load:

Us=Up-Uyn: Upy=Ug-Uyn; Us=Uc-Uy, (7.6)
Phase (and line) currents by Ohm's law
la =uaia; lb =gb!b; lc =QCXC' (77)
When there is a neutral wire in the circuit by KCL law:
la+lb+lc=lN; (78)

7.1.3 A symmetrical rate
If any electric circuit consists of the symmetrical generator and
symmetrical load it works in a symmetric mode. In this case
Upr+Upg+UpR )Y
uy-Eateticla (7.9)
31& +XN
Therefore the voltages across the phases of receiver are equal to cor-

responding generator voltages (see eq. 7.6). Phase currents according to
formulas (7.8) form a symmetrical system (that is they are equal in values

and are displaced at + 2%" from one another, and are shifted at the same

phase angles concerning corresponding phase voltages
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®a =¢@p =@c =9 , . The vector diagram for the case of a symmetrical

rate is presented in figure 7.2.
QC = Qc

Ug=Uy

Figure 7.2 — The vector diagram for a case of a symmetrical rate
So, the algebraic sum of phase currents are

la+lb+lc=lN =0; (7.10)
Therefore, a neutral wire is not used for symmetric receivers
Active power in the case of a symmetrical rate

P =3U 1 geospg =~/3U 41 ,cospp (7.11)

7.1.4 Asymmetrical rate with a Neutral Wire
When asymmetrical load Z, # Z}, # Z, and there is a neutral wire

with Z\ =0, the potentials of two neutral points are equal, and a neutral
voltage shift U \; =0.

QC =QC

|
Ug=Uy -2

Figure 7.3 — The vector diagram for asymmetrical rate with a neutral wire
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Thus the phase voltages across a receiver are equal to corresponding
generator phase voltages (eg. 7.6). The asymmetry of load in this case causes
asymmetrical system of phase (line) currents. It appears a current in a neu-
tral wire 1y =15+1,+1,#0. The vector diagram for the general case

of asymmetrical load Z, # Z}, # Z is resulted in Figure 7.3.

The active power here is determined as the sum of phase powers
P =Ugljcospy +Uplpcospy +Uc I ccosgg ; (7.12)

7.1.5 Asymmetrical rate without a neutral wire
For asymmetrical rate without a neutral wire U y #0 . We will analyse

this fact by means of a vector diagram. The drawing is begun from the vectors
of generator phase voltages U o, Ug, U (Fig. 7.4). From the ends of these

vectors we draw circles with radiuses which in scale are equal to the phase
voltages of the load:U ;, U}, U. The point of cross-section of these three

circles is the end of vector U \; . Phase voltages across the load are equal to
geometrical differences of vectors U,, Uy, U, and U ;. This method is
called a method of cuts. The vectors of phase currents 1,, I, 1. are drawn
from the end of the vector head U |, , as from the origin of coordinates.

Figure 7.4 — A vector diagram asymmetric rate without a neutral wire

The point of cross-section of these three circles is the end of vector
U \ - Phase voltages across the load are equal to geometrical differences of

vectors U,, Uy, U. and U . This method is called a method of cuts.
The vectors of phase currents are drawn from the end of Uy, as from the
origin of coordinates.
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Phase currents do not organise the symmetrical system, but by KCL
their geometrical sum is equal to zero. The active power in this case is deter-
mined as the sum of phase powers (7.14). It can be measured by means of
three single-phase wattmeters which are connected through corresponding
phase currents and voltages, or by a method of two wattmeters.

7.2 The order of the working out of the spade-work
7.2.1 Learn theoretical material and prepare answers to control questions.
7.2.2 Prepare the report blank form to which it should enter the oper-
ation purpose, the electric circuit design (fig. 7.5) and tables 7.2, 7.3.
7.2.3 Build a vector diagram corresponding to the load (Table 7.1).
Your variant is determined by numeral in the register of your group.
The values of active resistances and reactances are considered to be equal.

Table 7.1 - The character of load in phases

Variant

Phase | O 1 2 3 4 5 6 7 8 9

A Xc | XL R Xc R XL | Xc | Xc R XL

B [ X_ [ Xc|[X | R|R|R|JR|RI[Xc|R

C |R|R|R|X_|[Xc|[X ] R |Xc| R ]|R

7.3 The description of the laboratory plant
For fulfilling of the laboratory work one must use:
- a three-phase sinusoidal voltage source (terminals 4, B, C, N);
- active resistances R14, R15, R16;
- the voltmeters of electro-magnetic system V3,V 4 ;
- the ampere-meters of electro-magnetic system A5, A6, A7, A8;
- the wattmeters of electro-dynamic system W1, W 2;
- capacitors C3—C7 ; - keys Sq, Sp.

7.4 The order of carrying out of the work
7.4.1 Make up an electric circuit (fig. 7.4). Invite a lecturer for
checking up the correctness of the circuit.
7.4.2 Measure line and phase voltages U ag, Ugc, Uca. Ua,
Ug, Uc. The line source voltage must be 80...100 V. Write down the

voltages into table 7.2.
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7.4.3 Symmetrical load with a neutral wire. Turn on keys Sq, So.
Measure phase voltages Uy, Uy, U, phase currents 15, I, I¢, the cur-
rent in a neutral wire 1y , active powers Py, Ps.

Table 7.2 — Line and phase generator voltages

UaB. Upc . Uca, Ua, Ug, Uc,
V V V V V V
U*
A | :I\I m a R14
O W1 A5 ]
NG —
\F LI
B
A6
(e U :'_0
U . n c3-c7
* R1
Co EWZ/' ()— T
N u*

Figure 7.4 — A wye connection for investigation

7.4.4 Symmetrical load without a neutral wire. Turn off the key S».
Measure phase voltages Uy, Up, Ug, phase currents I5, Iy, I, the
neutral voltage shift U , active powers Py, Ps.

7.4.5 An open circuit in the phase "b" (with a neutral wire). Turn on key
Sy, Turn off key S; . Measure the same values as in case 7.4.3.

7.4.6 An open circuit in "b" (without a neutral wire). Turn off keys Sq,
Sy . Measure all the values as in case 7.4.4.
7.4.7 A short circuit in phase "b". ATTENTION! The switch S,

must be disconnected obviously. Switch off the stand. Do a short circuit
across the resistor R15. Turn on the stand. Measure phase voltages Uy,
Up, U, phase currents I, Iy, I, avoltage Uy, powers Py, Po. All
the results must be written down into table 7.3.




Table 7.3 —The result of examination of the three-phase circuit

Ne |Thekind of a Measured Calculated
WOI‘kIng I’ateS tESt Connectlon Ua, Ub, Uc, Ia, Ib, Ic, UN, IN, Pl, PZ; Pa, Pby PCy
\Y VIV I A A|A|V |A|W|W|W | W]| W
7.4.3
Symmetrical YN
rate
7.4.4
Y
7.4.5
Open circuit in ‘N
phase "b" 746
. . Y
Short circuit in 747
phase "b" Y
7.4.8
Asymmetrical YN
rate 7.4.9

LS
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7.4.8 Asymmetrical load with a neutral wire. Switch off the stand.
Connect a capacitor C6 instead of resistor R14. Turn on the switches S

and Sp. Measure phase voltages Uy, Uy, Uc, phase currents 15, Iy,
I¢, a current in neutral wire 1, active powers P;, Po. Write down the

results into the table 7.3.
7.4.9 Asymmetrical load without a neutral wire. Turn off the switch
S, . Measure phase voltages Uy, Uy, U¢, phase currents 14, Iy, I, a

neutral voltage shift U, and powers Py, Po. Write down the results into
the table 7.3.

7.5 The processing of experimental results
7.5.1 Calculate active powers in each load phase for each rate.
7.5.2 Using the results of experiences (7.4.3, 7.4.4, 7.4.5, 7.4.6,
7.4.7) construct vector diagrams for different rates.
7.5.3 Using the results of experiences (7.4.8, 7.4.9) construct vector
diagrams for a rate of asymmetrical load at the presence of a neutral wire
and its absence. Do some conclusions on work.

7.6 Control questions

7.6.1 Which rate is called asymmetrical?

7.6.2 Prove that the algebraic sum of line voltages is equal to zero and
the geometrical sum of line currents is equal to zero in a symmetrical rate.

7.6.3 Write down line and phase voltages in a complex form.

7.6.4 What is a neutral current equal to? In which cases does it appear?

7.6.5 Show how we must measure line and phase voltages in the circuit.

7.6.6. Name advantages of four-wire wye connections.

7.6.7 What is called a neutral voltage shift? How is it measured?

7.6.8 When is wye connection applied in practice?

7.6.9 How can a vector diagram be constructed for three-wire con-
nection by the method of notches?
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Laboratory work Ne8
THE RESEARCH OF THE THREE-PHASE "DELTA"
CONNECTION
The object of the work is to investigate a "delta” connection and get
skills in the analysis of three-phase circuits by means of vector diagrams.

8.1 Short theoretical information
8.1.1 The main definitions
The windings of generators, transformers and consumers in three-
phase circuits may be joined in "delta" connection (see fig. 8.1).

A ﬂ) a

I
TE AB (Y aB Yap Zap lab T'ca
I
1B
l Eca >
B b Zea

Bc |YUgc Upe

Im

C c

Figure 8.1 — The "delta" connection of the generator and receivers

Generator terminals are marked with letters 4, B, C, and load
terminals - with letters a, b, c. When there are no impedances in line wires
the generator voltages are equal to the load voltages. When a generator is

symmetrical its phase e.m.fs are equal to each other and are shifted by 120° .
Ung=U1e®; Upc =U1emi%0%; ug,=ujelt®”, (8.1)
where U =U j line (phase) generator voltage.
The complex phase currents are determined by Ohm's law:
lap = —AB 0 dpe = —BC o lea -Zca
Zap Zhc Zca
where Z g, Zpe, Zcq COMplex phase impedances.

8.2)
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The complex line currents are determined by the first Kirchhoff's law
Ia=lap—lcas Ig=lpc—lap: lc =lea—Ipc- (
8.3)

8.1.2 A symmetrical load
For this case complex phase impedances are equal to each other.

i®s (
Zap=Zpc=4ca=4PE" - 8.4)
Then the effective values of phase currents are equal too
8.5)

A vector diagram for this case is shown in figure 8.2.

_lbc

Figure 8.2 — A vector diagram for a symmetrical load

As we can see from a vector diagram the currents form a symmetric
system. From similar triangles one can determine a line current

V3
I} =21 700530° =21 , X2 = /31 ,,. 8.6
| p p 5 p ( )

The active power for a symmetrical load
P=3Uplpcosgs =+/3U| 1| cosqp. (8.7)
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8.1.3 Asymmetrical load
For Z . # Zpe # Zq Phase voltages create symmetrical system but
line currents are asymmetrical. Phase currents are found by eg. (8.2), and line
ones - by eq. (8.3). Ifadd the right and left parts of the equations (8.3), we'll get
ITa+lg+1c=0. (8.8)
A vector diagram for this case is shown in figure 8.3. The active
power in this case is defined as the algebraic sum of separate phase powers
=Uap lap COS@ap +Upc Ipc COS@Ppe +Uca lca COSPcy - .
It may be measured by means of three single-phase wattmeters which

are connected on corresponding phase currents and voltages, or by a meth-
od of two wattmeters (the scheme is shown in figure 8.4).

—Iye

|
~-C
K eA lea
Pca Yas

1 B Pab | b

D W
~ab
lpe %be
- lca
Ugc Ia

Figure 8.3 — A vector diagram for the asymmetrical load

8.1.4 The measurement of active and reactive power by a method of
two wattmeters
The instantaneous value of active power:

p=p1+ P2 =upBia +Ucgic- (8.10)
Ucg =-upc =—(uap +Uca),
we can substitute (8.11) into (8.10):
p=upaB(iah —ica )—(UAB +UcA Nica —ipc )= (8.12)

(8.11)
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=UaBlab +UBlpc +UCAlca-
So, the power which is measured by both wattmeters is equal to the
power of total three-phase load irrespective of the fact how phases are
loaded. On the basis of the vector diagram (see fig. 8.2) we will get

Pr=UaglacosU ag Al a)=Ujljcos(30° +o);
P, =UcglgcosUcg Alg)=Ujl cos(60° —30° —g)=  (8.13)

=U; 1| cos(30° — ).
So, the readings of wattmeters will be equal at symmetrical load.
The reactive power is determined by the formula
Q=3Uplpsingp =+/3U, I sing . (8.14)
If we find the difference between the readings of wattmeters we'll get
P — Py =Uj 1] cos(30° + @) —U; I} cos(30° — @) =;
=U| 1} (cos(30° + @) —cos(30° — @) = (8.15)

= U, 1)2sin30°sing = U| I sing.
Then the reactive power is equal.

Q=+3(P -Py). (8.16)

8.2 The order of the working out of the spade-work

8.2.1 Prepare answers to control questions.

8.2.2 Prepare the report where must be the purpose of the work, the
electric circuit (fig. 8.4) and tables 8.2, and a vector diagram (by 8.2.3).

8.2.3 Build a vector diagram corresponding to the load (Table 8.1).
(Your variant is determined by last numeral in the academic register of
your group. The values of active resistances and reactances are considered
to be equal).

Table 8.1 - The character of the load in phases

Variant

Phase | 0 1 2 3 4 5 6 7 8

ab | X | Xc [ Xc | R | XL [ Xc | XL | R | Xc

| O|o©

bc [ R R | R [Xc| R [X_[Xc|X_| R

ca [ X | R[X| R|R|RJ|R/|R|X|Xc
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8.3 The description of the laboratory plant
For fulfilling of the laboratory work one must use:
- a three-phase sinusoidal voltage source (terminals A4, B, C);
- active resistances R14, R15, R16;
- the ampere-meters of electro-magnetic system A5 - Al0;
- the wattmeters of electro-dynamic system W1, W 2;

- capacitors C3—C7 and keys Sq, S».

8.4 The order of carrying out of the work
8.4.1 Make up an electric circuit (fig. 8.4).
8.4.2 A symmetrical load. Turn on keys Sq, So. Measure phase volt-
ages Ugp, Upe, Ugg, phase currents gy, lpe, lgg . line currents |4,
Ig, Ic active powers P, P». Write down the results into the table 8.2.

S |
o—! A8
JU (a0
B
o A9
\_/
c

U
O
-
U*

Figure 8.4 — A delta connection

8.4.3 An open circuit in "bc ". Measure the same values as in case 8.4.2.
8.4.4 An open circuit in line " Aa". Turn off key Sq1. Measure phase

voltages Ugp, Upe, Uca , phase and line currents 1y, Ipe, lca, 1A 1B
Ic ,active powers Pp, Py . Write down the results into the table 8.2.

8.4.5 Asymmetrical load. Connect a capacitor C6 instead of the re-
sistor R14.. Measure voltages and currents, active powers. Switch off the
stand. The results of measurements must be shown to a lecturer.




Table 8.2 — The result of examination of the three-phase circuit

Measured Calculated
Working rates Ng teSt Uab, UbC) Uca, Iab, IbC) Ica, IA! IB1 IC1 P11 P21 Paby PbCy PCay
VIV I VIVIAIAAA|A | W|[W| Wt |Wt|W
Symmetrical load 8.4.2
An open circuit in
phase "bc". 843
An open circuit in line
" A" 8.4.4
Asymmetrical load 8.4.5

79
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8.5 The processing of experimental results

8.5.1 Calculate active powers in each phase of the load for each rate
and compare them with measured ones.

8.5.2 Using the result of experience 8.4.2 construct a vector diagram
for symmetrical rate.

8.5.3 Using the results of experiences 8.4.3 construct a vector dia-
gram for the rate "open circuit™ in phase "bc".

8.5.4 Using the results of experiences 8.4.4 construct a vector dia-
gram for the rate "open circuit in line " Aa".

8.5.5. Using the results of experiences 8.4.5 construct a vector dia-
gram for asymmetrical rate.

8.5.6 Make some conclusions on the work.

8.6 Control questions

8.6.1 How are the receivers joined in "delta" connection?

8.6.2 What advantages has a "delta" connection? In which cases is it
convenient to use such a connection?

8.6.3 Write down the relationships between phase and line currents
in the cases of symmetrical and asymmetric load at such a connection?

8.6.4 How are active and reactive load powers calculated?

8.6.5 How are active and reactive powers measured in the cases of
symmetrical and asymmetric loads?

8.6.6 How can we measure a reactive load power in the case of
symmetrical load?

8.6.7 How do the values of line and phase currents change in the case
of breakage in one of the phases when a load is joined in the "delta" con-
nection?

8.6.8 Prove that by means of two wattmeters it is possible to measure
the active power of a three-phase load.

8.6.9 Will the system of currents be three-phase one in the case of
open circuit in some phase wire?

8.6.10. Will the system of currents be three-phase one in the case of
open circuit in some line wire?
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Laboratory work Ne9
THE RESEARCH OF ELECTRIC NON-SINUSOIDAL CUR-
RENT CIRCUITS

The purpose is to investigate the non-sinusoidal electric circuit of non-
sinusoidal current, and get skills of analysis of such circuits by means of
decomposition of periodic functions into Fourier series and measure elec-
trical values in circuits of non-sinusoidal current.

9.1 Short theoretical information
9.1.1 The main definitions

As a rule, even in sinusoidal circuits, a voltage and a current, main-
taining periodicity are not absolutely sinusoidal for various reasons. It is
characteristic for telecommunication circuits, electronic and semiconductor
devices where it is related with their operation.

For example, in a single-phase circuit which contains a rectifier, volt-
age u across a rectifier is sinusoidal (fig. 9.1, a) through the input, but the
voltage on its output and on a load u,, is already non-sinusoidal what is
shown in fig. 9.1, b - for a case of a half-wave rectification and 9.1, ¢ - for a
full-wave rectification.

u Uy, Uy, Um

Um

T T T

a) b) ¢)

Figure 9.1 - Input voltage (a) and output voltage (b) - for a half-period rec-
tification and (c) — for a full-wave rectification

As is known from mathematics, any function f(x) which is periodic
with period 27 and satisfies the conditions established by Dirichlet, can be
represented by a series of cosine and sine terms, called a Fourier series and
harmonics, respectively.
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For example, a Fourier series for a voltage:

o0 o0
u(t)=Ug + DBy sinkat + Y Cy cosket =

k=1 k=1 9.1)

o0
= > Um, sin(kat+yy, ).
k=1

where Uq - a constant component of non-sinusoidal voltage; k - a number
of a harmonic; By, Ci - coefficients of harmonic series; @ - an angular
frequency of the 1st harmonic; U, , wy, - an amplitude and an initial

phase of k -th harmonic.

The constant component is equal to an average voltage value for the
period of repetition T

1 T
Uoz?_([u(t)dt. (9.2)
The coefficients of harmonic series
Bk =E}u(t)sinka)tdt; Ck =E}u(t)coskwtdt. (9.3)
T 0 T 0

Knowing the coefficients of harmonic series it is easy to determine
the amplitude and the initial phase of k -th harmonic:

/ Ck

When calculating the circuits with non-sinusoidal supplies one can
apply a superposition method. Currents and voltage are found separately for
a constant component and for each harmonic. It is necessary to take into
account that inductive impedance for k -th harmonic in k times more, and
capacitive impedance in k times less than for the first harmonic.

XLk =ka)L=kXLl;

. 1 _Xc (9.5)
CkTkaCc ™ Kk
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9.1.2 A half-wave rectification

For a half-wave rectification the voltage is the following (fig. 9.1, b):

U = Unp sinat; 0<at<z
"o rL<oT <27’
or it may be represented as the harmonic series

2U
===m 1+£Sina)t—iC0520)t—iCOS4a)t—
2 1.3 3.5

V.3 4
A constant component of non-sinusoidal voltage
T/2
I 1 U
=—_[ udt= _[Um sinatdt=—"
/4
0
The effective value of non-sinusoidal voltage
T T/2
1 2 Um
?J‘u,,dt— IUm3|n otdt = —
0

(9.6)

(9.7)

(9.8)

(9.9)

The effective value of variable component of non-sinusoidal voltage

2
k=yU2-UZ =Up /———~o.386um

Currents are calculated analoglcally.

9.1.3 A full-wave rectification
For this case the voltage is the following (fig. 9.1, ¢):

Unpsinet; O<aet<rm
n=|Um sinat|=

—Up sinat; <ol <27
or it may be represented as the harmonic series
4AUn(1 1

r \2 1-3
A constant component of non-sinusoidal voltage
T/2

=—I dt_— ‘(‘;Um sinwtdt = 2Uﬂ

(9.10)

(9.11)

1 1
=———| ————C0S2at ———cos4wt ———cosbat — ... |. :
[ 3.5 5.7 ] (9.12)

(9.13)
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The affective value of non-sinusoidal voltage

1 2 1 2 2
; Un
U= —_(')‘u,,(t)dt— —_(';Umsm otdt = — (9.14)

7

The affective value of variable component of non-sinusoidal voltage

Uk =yU?-UZ =Up 1% 03080, (9.15)
2 2

9.1.3. The power in a circuit of non-sinusoidal current
The instantaneous power for a single-phase sinusoidal source varies
itself sinusoidally at twice the frequency of the source. The expression for
the single-phase sinusoidal source can be applied to each phase of the
three-phase system.
The active power of a periodic current is determined as an average
power for a period

lT 1T
P=?£ pdt=?£U|dt. (9.16)

If instantaneous values of voltage and current are expended in trigo-
nometric series an active power in a circuit of non-sinusoidal current

00 (e 0]
P=Pg+ ) P =Uglg+ D Ugly cospy , (9.17)
k=1 k=1
[c 0}
where Py - an active power of a constant component, Z Py - the sum of
k=1

active powers of separate harmonics.
The reactive power in a circuit of non-sinusoidal current

o0 o0
Q= D.Qx =D Ukl sing , (9.18)
k=1 k=1
o0
where ZQk - the sum of reactive powers of separate harmonics.
k=1
An apparent power in a circuit of non-sinusoidal current
S=Uul, (9.19)

where U, | - are effective values of non-sinusoidal current and voltage.
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9.2 The order of the working out of the spade-work
9.2.1 Prepare answers to control questions.
9.2.2 Prepare the report where must be the purpose of the work, the
electric circuits (fig. 9.3, 9.4), tables 9.2 u 9.3 and calculations by 9.2.3.
9.2.3 Determine the readings of the voltmeter of magneto-electrical
system V1 and electromagnetic system V2, V3, V4, (fig. 9.2) when the
reading of one of them (tab. 9.1) is known. The number is set by a lecturer.

T680

Figure 9.2 — The circuit for a calculation

| I
)

Table 9.1 — The given readings of voltmeters

Voltmeters | Var. 1 Var.2 | Var. 3 Var. 4 Var. 5 Var. 6
Vi 100 80
V2 90
V3 80 100
V4 70

9.3 The description of the laboratory plant
For fulfilling of the laboratory work one must use:
- constant resistors Rj1, Rj2;
- the voltmeter of magneto-electrical system V 1;
- the voltmeters of electro-magnetic system V2,V 3,V4;
- the ampere-meter of magneto-electrical system A4 ;
- the ampere-meter of electro- magnetic system A5
- the wattmeters of electro-dynamic system W1, W 2;
- capacitors C3—C7 ; - keys Sq1, So;
- a half-wave rectifier 1V ; - a full-wave rectifier 2V —5V .
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9.4 The order of carrying out of the work
9.4.1 Make up an electric circuit (fig. 9.3).

Figure 9.3 — The circuit of a half-wave rectification
9.4.2 Turn on a stand. Write down the results into the table 9.2. The indi-
cations of voltmeters V1 u V 2 must be multiplied by 3..

Table 9.2 - The results of investigations for non-sinusoidal current circuits

14, Is, | U3z, | Ug, | Ug, Usp, P

A rectification '
A A Vv Vv Vv v | Wt

half-wave

full-wave

9.4.3 Compose electrical circuit (fig. 9.4).

Figure 9.4 — The circuit of a full-wave rectification
9.4.4 Turn on a stand. Write down the results into the table 9.2.
9.4.5 The indications of voltmeters V1 must be multiplied by 3. Turn off
a stand. Show the results to a lecturer. After that the circuit can be disconnected.
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9.5 The processing of experimental results
9.5.1 By the results of experience 9.4.1 one must calculate the ratio
of the effective current value Ig to a constant component 14 and compare

with the theoretical ratio of these values at a half-wave rectification.
9.5.2 By the results of experience 9.4.1 one must calculate effective

voltage value across the load UH=,IU12+U22 and compare with the

measured reading of this value Uy .

9.5.3 By the results of experience 9.4.3 calculate the ratio of the ef-
fective current value Ig to a constant component 1,4 and compare with the

theoretical ratio of these values at a full-wave rectification.
9.5.4 By the results of experience 9.4.1 calculate effective voltage

value across the load U,, =,IU12 +U§ and compare with the measured

reading of this value Uy at a full-wave rectification.
9.5.5 Make some conclusions on the work.

9.6 Control questions

9.6.1 What functions may be represented as a Fourier series?

9.6.2 Write down in a general state a trigonometric Fourier series and
explain, how its components are determined.

9.6.3 The devices of which system may be used to measure the effec-
tive values of currents and voltages?

9.6.4 The devices of which system may be used to measure the con-
stant components of currents and voltages?

9.6.5 How can the effective value of variable voltage component be
measured?

9.6.6 How can active, reactive and apparent powers in a non-
sinusoidal current circuit be calculated?

9.6.7 How do constant components and effective values of currents
match up among themselves at a half-wave and full-wave rectification?

9.6.8 The reading of which voltmeter are the greatest in Figure 9.2?
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Laboratory work Nel0
THE RESEARCH OF TRANSIENTS IN THE ELECTRICAL
CIRCUIT WITH AN INDUCTOR
The purpose of the work is to investigate electrical circuits with an
inductive coil in a transient rate.

10.1 Short theoretical information
10.1.1 The main definitions
Transients are the phenomena which occur between two permanent
(or steady-state) conditions, as a rule periodic, differing from each other in,
say, peak value, phase, wave-form or frequency of the electromotive force,
the parameters or configuration of the circuit. Hence the changing process
of any electrical circuit from one of the stationary conditions to another is
called the transient. The stationary conditions are called such a rate when
currents and voltages can exist infinitely long without changing of their
character with given configuration of the circuit and its parameters. This
rate depends on the configuration of the circuit and the value of energy
sources. Normally, transient phenomena are brought about in electric cir-
cuits by switching operations, that is by closing or opening switches.
Physically, transient phenomena associated with switching opera-
tions are changes leading from the energy state existing prior to a switching
operation to an energy state which exists after a switching operation.
Transients usually last for a few tenths, hundredths or even mil-
lionths of a second; it is seldom that they may last for several seconds.
There are two basic points, which may be called switching rules. The
first rule of switching: the inductor current immediately prior to and imme-
diately after a switching operation must be the same.
IL(0+) =1L =1L(0-); (10.1)
The second rule of switching: the capacitor voltage immediately pri-
or to and immediately after a switching operation must be the same.
Uc(0+)=Uc =Uc(0-)- (10.2)
Transient currents and voltages are determined by means of solving
the systems of integro-differential equations which are composed with the
help of the method of immediate application of Kirchhoff's laws or mesh-
current method. Transients usually last for a few tenths, hundredths or even
millionths of a second; it is seldom that they may last for several seconds.
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10.1.2 The connection of an inductive coil to a direct current source

Let's consider the electric circuit with a resistor and an inductor (fig.10.1).
R

]

| =
—

(// Q UR

uL
SO
PN

Figure 10.1 — The electric circuit with a resistor and an inductor

3¢

When before a switching key Q is open there is no a current in the
circuit 1(0—)=0.

After a switching the current flows through the contour. Write down
the equation by the second Kirchhoff's law for the contour

uR+uL=E_ (103)
Express voltage through current i
. di
Ri+L—=E. 10.4
™ (10.4)

The solution consists of two values: steady- state and transient or
free components
i=lg +igr- (10.5)
For a steady- state current we have an inhomogeneous differential
equation of the first order

. di
Rigs +L%=E. (10.6)
As e.m.f. is direct, the steady- state current will be direct too. Then
digg
=S 0. 10.7
at (10.7)

So, an inductive element does not have an influence on a value of
steady-state direct current

. E
s =1= (10.8)
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For a transient current we have a homogeneous differential equation
of the first order

mU+L%%:O. (10.9)
Pass from the differential equation to the algebraic one
R+Lp=0. (10.10)

Given algebraic equation is called a characteristic one because its
roots determine a form of a transient component.
After solving the characteristic equation we have got

__R
p=-1T" 10.11)
So, a transient current component is
R
—t
iy =AePl=pAe L, 10.12)

where A — a constant of integration, e — the base of a natural logarithm, p —
a root of the characteristic equation.
Combine together the steady-state and the transient components
._E t (
|=E+Aep . 10.13)
Before a switching at t=0— the current was equal to zero. By the
first Kirchhoff's law just after a switching the current in a circuit with in-

ductance is the same

i(0-)=i(0+)=0. (
10.14)
So, at t=0+ we have got
_E (
O=R+A: 10.15)
From here
__E (
A=-o- 10.16)
As

i=———ePl=———¢ L. 10.17)
E.m.f of self-induction



e=—Lﬂ=—L— ———e =—-Ee L . (10.18)

dt dtf R R
At initial moment when t =0+, e.m.f. of self-induction completely
compensate e.m.f. source because the -current i(0O+)=0 and

UR(0+)=Ri(0+)=0. Then e.m.f. of self-induction decreases but a volt-

age across a resistor and a current in the circuit increases by non-periodic
law, approaching to a steady-state value (fig. 10.2, a, b).
hy(t) E

ur(t)

t u (t)=-ep(t)

is (1)

a) a current in a circuit b) a voltage across resistive and
inductive elements

Figurel0.2 - The instantaneous currents and voltages in the circuit
with resistive and inductive elements

1 L . . L
The value T=m=ﬁ is called a time constant of the circuit.

T= LR' Its physical sense: it is the time during which a free component

decreases in e = 2,718 times in comparison with its initial value i; (0+).
itr (0+) _ A
& e
This value can be determined graphically. For this purpose it is nec-
essary to draw a tangent to a curve iy (t) in a point which answers the arbi-
trary time moment t =tq and prolong it to the intersection with a time axis
in point t=t,. Then a time constant z =ty —t1. Usually the arbitrary time
moment is the time t=0.

igr (€)= iy (0@ ™1 = (10.19)
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The inverse value is termed as a damping factor
1
a=-—. (10.20)
T
The free component of a current damps more slowly and, therefore,
new steady-state condition is not installed the longer, than more a time con-

stant or than less a damping factor.

10.2 The order of the working out of the spade-work

10.2.1 Prepare answers to control questions.

10.2.2 Prepare the report where must be the purpose of the work, the
electric circuit (fig. 10.3), table 10.2 and calculations by 10.2.3.

10.2.3 Calculate transient current and the voltage across an inductive
element in the electric circuit (fig. 10.1), if E=100 V, R=100+10n Q,
L=0.01n H, where n - the variant according to a group register. Draw di-
agrams of dependences i= f(t), u_ = f(t).

10.3 The description of the laboratory plant
We must use the generator - micropulser (GPI) with an internal re-
sistance Rjp, =51 Q, which is turned on with key S4 ;
- active resistor R14=120 Q;
- inductive coils L1 and L2;
- oscillograph.

10.4 The order of carrying out of the work
10.4.1 Make up an electric circuit (fig. 10.3). In fig. 10.3 rectangular
pulse generator is markted as I'TII (renepatop HPAMOKYTHHX IMITYJIbCIB).
Invite a lecturer for checking up the correctness of the circuit.
10.4.2 Connect the oscillograph input to resistor R14, switch on GPI

with key S4 . Draw in scale the voltage diagram uRr14 (t) from the screen of
the oscillograph. Determine the voltage amplitude U, and steady-state volt-
age component ugg from the diagram. Write the measured data into table 10.2.

10.4.3 Connect the oscillograph input to an inductive coil L1.
Draw in scale the voltage diagram uy (t) from the screen of the os-

cillograph. Determine the voltage amplitude U, and steady-state voltage
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component ugg from the diagram. Write down the measured data into table

10.2. Turn off GPI with key S4 .

Table 10.2 - The results of investigation

Figure 10.3 - The electric circuit for the investigation

Measured Calculated
Test U\r/“’ U\S/S’ z Rgl;’ Ré’ h Transient function
10.4.2
10.4.3
10.4.4
10.4.5

10.4.4 Connect inductive coil L2 in series with inductive coil L2.
Turn on GPI. Draw in scale the diagram for voltage across two coils (L1
and L2) ug(t). Determine the voltage amplitude U, and steady-state

voltage component uy . Write down the measured data into table 10.2.

10.4.5 Turn off GPI with key S4 . Show the measured results to a
lecturer. Turn off the oscillograph. Disconnect electric circuit.
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10.5 The processing of experimental results

10.5.1 Determine time constants ¢ for each test from diagrams. For
this purpose it is necessary to draw a tangent to a curve iy (t) in a point
which answers the arbitrary time moment t=0 and prolong it to the inter-
section with a diagram which matches to a steady-state voltage component
Ugg ina point t=7z. Write down the results into table 10.2.

10.5.2 Write down in algebraic form the transient function for the
voltage across resistor R14 by the result of experience 10.4.2, and write
down the result into table 10.2.

UR14 =Um(1—-e~ V7). (10.21)
10.5.3 Write down in algebraic form the transient function for the
voltage uy (t) across inductive coils L1 n L2 by the result of experience

10.4.3 and 10.4.4. These functions contain the functions of two voltages
(fig. 10.4). Write down the results into table 10.2.

Uk =URk (t)+upk(t). (10.22)
where URy (t)=u53(l—e_t/t) - an active component of the voltage
across the inductive coil, and uy, =Ume_t/ T - a reactive component of

the voltage across the inductive coil.

Uss

‘\-\-\.}Rk(t) ¢

\ =

uk(t)= ULk(t)

Figure 10.4 — The diagrams of the voltage across the inductive coil
and its components

10.5.4 Calculate active resistance of the inductive coil Ri and write
down it into table 10.2. You must take into account that the active re-
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sistance of the inductive coil Ry and active resistance of resistor R14 re-
fer to each other as the matching steady-state voltage components
Uss

k

Rk = R14 (10.23)
Ussr14
10.5.5 Calculate overall active resistance of the electrical circuit and
write down it into table 10.2.
Rs =Rjn + R4 + Rk - (10.24)
10.5.6 Calculate the inductance of the inductive coil and write down
it into table 10.2.
Ly =7-Ry. (10.25)
10.5.7 Make some conclusions on the work.

10.6 Control questions

10.6.1 Give the definitions of transient and steady-state working
rates in electrical circuit.

10.6.2 In what electric circuits do transients occur?

10.6.3 What is called a transient component, a steady-state compo-
nent? How are they defined?

10.6.4 Formulate the rules of switching. Give them the explanation.

10.6.5 What is called initial conditions? How are they defined?

10.6.6 Which initial conditions are called independent? Which ones
are dependent?

10.6.7 How can the constants of integration determined in the ex-
pressions of transient currents and voltages?

10.6.8 What physical meaning have time constants? What do they
depend on?

10.6.9 How long the transient process last? What does a transient
time depend on?

10.6.10 How do transients pass when an inductive coil is connected
to a source with constant t.m.f.?
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Laboratory work Nell
THE RESEARCH OF TRANSIENTS IN THE ELECTRICAL
CIRCUIT WITH A CAPACITOR

The purpose of the work is to investigate electrical circuits with a ca-
pacitance in transient regime.

11.1 Short theoretical information
11.1.1 The main definitions
Hence the changing process of any electrical circuit from one of the sta-
tionary conditions to another is called the transient. Transients can occur only
in the circuits with inductive coils and capacitors. These elements can accu-
mulate the energy in the form of the energy of magnetic or electrical fields.

11.1.2 The connection of a capacitor to a direct current source
Let's consider that before a switching of key Q the capacitor has not

been charged, that is we have zero independent initial conditions

u(:;(?o_—); =Od (11.1)
_Q R
ug —>
: c
O e
i

Figure 11.1 — The electrical circuit with a capacitor

At the moment of switching the key Q closes and it appears a closed
contour. Compose the equation for it by the second Kirchhoff's law

. . . du
or taking into account that ug =Ri and i =C d—:: , We have got

Rcddlf+ uc =E. (11.3)

The solution is looked for as the sum of two components
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For a steady- state voltage component we have got an inhomogene-
ous differential equation of the first order

duC

$ yuc. =E. (11.5)
dt SS

As e.m.f. is direct all electrical elements (including a capacitive volt-

age) will be also direct. Then

du
“Css _g (11.6)
dt
So, an active resistor does not have an influence on the value of a
steady- state voltage across a capacitive device
uc, =E. (11.7)
For a transient voltage component we have got a homogeneous dif-
ferential equation of the first order

RC

RC ey =0 (11.8)
+ uCtr =0U. .

Pass from the differential equation to the algebraic one

RC+1=0. (11.9)
After solving the characteristic equation we have got
1

=——. 11.10
RC (11.10)

So, a transient voltage component across a capacitor is

1
—t

uc, =AeP =ae RC (11.11)

where 4 — a constant of integration, p — a root of characteristic equation.
Combine together the steady-state and the transient components

uc = E+AePt. (11.12)
By the second rule of switching
uc (0-)=uc (0+)=0. (11.13)
So, at t=0+, we have got
0=E+A. (11.14)
From here
A=-E. (11.15)

Combining two solutions we've got a transient capacitive voltage
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1

BT 111
uc =E-EePl=E—Ee RC . (11.16)

The time constant

1
T=m= RC. (11.17)
The current in a contour
d d ot E ~hot
i=<:d—“tc=ca E-Ee RC |=—e RC. (11.18)
The voltage across a resistor
L, L,
ur=Ri=REe RC _ge RC (11.19)
R
E
uc(t)
ur(t)

Figure 11.2 — The diagrams of capacitive and resistive voltages

So, the capacitive voltage increases and the resistive voltage decreas-
es by non-periodic law, approaching to a steady-state value (fig. 11.2).

11.2 The order of the working out of the spade-work
11.2.1 Learn theoretical material and prepare control questions.
11.2.2 Draw the circuit (fig. 11.3), table 11.1 and calculations by 11.2.3.
11.2.3 Calculate a transient current and a capacitive voltage in the circuit
(fig. 11.0), if E=100 V, R=100+10n Q, C =n mkF where n - the vari-
ant by a group register. Draw diagrams of dependences uc = f(t),

i=f(t).

11.3 The description of the laboratory plant
We must use the generator - micropulser (GPI) with an internal re-
sistance Rjp =51 £, which is turned on with key S4 ; active resistor

R14 =120 Q; capacitors C3 and C4 and an oscillograph.
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11.4 The order of carrying out of the work
11.4.1 Make up an electric circuit (fig. 11.3).
11.4.2 Connect the oscillograph input to resistor R14, switch on GPI.

Draw in scale the voltage diagram ugr14(t) from the screen. Determine the
voltage amplitude U, and steady-state component ugg from the diagram.

11.4.3 Connect the oscillograph input to capacitor C3, switch on GPI.
Draw in scale the voltage diagram uc (t). Determine U, and ug .

uc

v

c3 R14
. 1+
|

c4 | JR14
|

Figure 11.3 - The electric circuit for the investigation

11.4.4 Connect capacitors C3 and C4 in parallel. Connect the os-
cillograph to R14. Draw the voltage urq4 (t). Determine U, and ugg .

11.4.5 Connect the oscillograph input to two capacitors. Draw
uc (t) from the screen. Determine U, and ug from the diagram.

Table 11.1 - The results of investigation

Measured Calculated

Test Um | Uss, | 70| Ri, | Rz | C Transient function
Vv V | S| Q Q | H

11.4.2

11.4.3

11.4.4

11.45

11.4.5 Connect the oscillograph to parallel capacitors. Draw uc (t).
Determine U, and ug . Write all measured data into table 11.1.

11.4.5 Turn off GPI with key S4 . Show all measured results to a
lecturer. Turn off the oscillograph. Disconnect electric circuit.
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11.5 The processing of experimental results

11.5.1 Determine time constants ¢ from diagrams. For this purpose
draw a tangent to a curve i (t) ina point which answers the arbitrary time
moment t=0 and prolong it to the intersection with a diagram which
matches to a steady-state voltage component ug inapoint t=7.

11.5.2 Write down in algebraic form the transient function for the
voltage across resistor R14 by the result of experiences 11.4.2 and 11.4.4
and write down the result into table 11.1.

s =Ume /7. (11.20)

11.5.3 Write down the transient function for the voltage across ca-
pacitors C3 and C4 into table 11.1.

uc =Up(1-e7Y7). (11.21)
11.5.4 Calculate total active resistance of the circuit
Rs = Rij, + R14. (11.22)
11.5.5 Calculate the capacitance of the capacitor
T
C=—. 11.23
R (11.23)

11.5.6 Make some conclusions on the work.
11.6 Control questions

11.6.1 Give definitions of transient and steady-state working rates.

11.6.2 In what electric circuits do transients occur?

11.6.3 What is called a transient component, a steady-state compo-
nent? How are they determined?

11.6.4 Formulate the rules of switching. Give them the explanation.

11.6.5 What is called initial conditions? How are they defined?

11.6.6 Independent and dependent conditions. Explain difference.

11.6.7 How can the constants of integration determined in the ex-
pressions of transient currents and voltages?

11.6.8 What do time constants depend on?

11.6.9 How long the transient process last? What does a transient
time depend on?

11.6.10 How do transients pass when an a capacitor is connected to a
source with direct e.m.f.?
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Laboratory work Nel2
AN INDUCTIVE COIL IN ALTERNATING CURRENT
ELECTRICAL CIRCUIT
The purpose of the work is to investigate the dependence of electrical
parameters of inductive coil on the quantity of convolutions and its voltage,
and build-up a magnetisation curve of a steel core.

12.1 Short theoretical information
12.1.1 The main definitions

If a current flows through the coil it creates a magnetic field in envi-
ronmental space. If the current is direct the magnetic field is also direct.
The coil magnetic linkage is equal to an algebraic sum of magnetic fluxes
which pierce separate convolutions of a winding

n
V=D + Dy + D3+ ..+ Py = D Dy (12.1)
k=1
If all convolutions of a coil are pierced by an equal magnetic flux
Y=wo. (12.2)

Coefficient of proportionality between a characteristic magnetic
linkage of the coil and a coil current is termed as inductance (H)
¥
L= . (12.3)
The equivalent circuit of a coil consists of two sequentially joined ele-

ments: inductive and resistive. The impedance of such a coil:

2= |R2+x2 =\[R%+ (2L )2 . (12.4)
The parameters of the coil is determined by the following equations:
- impedance
U
Z=—, (12.5)

|
- active resistance

P
R =7 (12.6)
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- inductive reactance

X, =vz%2-R?; (12.7)

- inductance
L=2L; 12.8
- a power coefficient
P R
cosp=—=—. 12.9
P=Ur" 7 (12.9)

12.1.2 The coil with a steel core in alternating current circuit
From characteristic B= f(H ) by means of scale transformation it

is possible to get the dependence yw = f(i). The coil magnetic linkage y

in this case is not proportional to a current i, that is the capacitance of such
a coil depends on a current. Distinguish a static nonlinear inductance

L(i):@. (12.10)
and differential inductance
Lo(i)=$, (12.11)
According to a Faraday law the voltage across a nonlinear inductance
dy dydi d .1 di oL dL(i) | di
U=—-=——=—|L(1)i|-—=|L(1)+i——|-—. ,
di  di dt dt[ ( )] dt [ (1) di dt (12.12)
or
dy di . di
=" = =L,(i)—. .
U= g (12.13)

At magnetisation of the ferromagnetic core a part of magnetic field
energy is transformed into thermal energy. The power which matches to
this part is termed as iron losses ( P ). These losses consist of two parts:

hysteresis losses and eddy-current losses. The power of hysteresis losses:
Ph=op fBMG, (12.14)
where o, - a hysteresis coefficient, depends on a steel brand; By, - ampli-

tude of magnetic induction, G - a core mass, n - an exponent, depends on
the magnetic induction By, .
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The power of losses on eddy-current is determined by formula
Peg =Ceg f 2YB5G, (12.15)
where ogq - an eddy-current coefficient which value depends on a brand
of an electro-technical steel - a conductivity of an electro-technical steel.
Then the power of losses in a core
Pst = Pp + Peg (12.16)
The active resistance of a coil
P Pwin +P_st_

where R win® Ret " active resistances which characterise power losses ac-

in
cordingly in a winding of a coil and in the core.

12.1.3 Dynamic magnetisation curve of a steel core
Magnetic properties of ferromagnetic materials are conveniently rep-
resented by curve of By, against H, at definite frequency. Such a curve

is called dynamic magnetization curve (see fig. 12.1).

p# 4 Bm Bm =f(Hm)

p=f(Hm)

Hm

[
»

Figure 12.1 - The diagrams of magnetic induction dependence B, and
magnetic permeability 4 against magnetic field intensity H

The amplitude of magnetic induction may be calculated by the equation
Dy EL
Bm = = s
S 4.44 fwS
where S - a cross-section of a core; E| = X|_I - effective value of e.m.f .

(12.18)
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of coil self-induction; f - frequency; w - the quantity of turns.
The amplitude of magnetic intensity in a core

Iw
Hm =1 (12.19)
cp

where | - current in a winding, |5, - average length of a core.

The static magnetic permeability

B . _
om =10 6 (12.20)

12.2 The order of the working out of the spade-work
12.2.1 Prepare answers to control questions.
12.2.2 Prepare the report where must be the purpose of the work, the
electric circuits (fig. 12.2 and 12.3), table 12.1, 12.2 and 12.3.

12.3 The description of the laboratory plant

For fulfilling of the laboratory work one must use:

- a laboratory autotransformer;

- a coil without a steel core L2;

- a coil with a steel core L5;

- the voltmeter of electro-magnetic system V 3 ;

- the ampere-meters of electro-magnetic system A5, A9;

- the wattmeter of electro-dynamic system W 1.

The parameters of the coil without a steel core:wl=1800,
w2 =1600, w3=1400, w4 =1200. The parameters of a coil with a steel
core w = 200; cross-section S =434 mm?; average length lav =120 mm.

12.4 The order of carrying out of the work

12.4.1 Make up an electric circuit (fig. 12.2). Switch on the stand. Flu-
ently turning a handhold of a laboratory autotransformer one must change a
voltage across the terminals of the coil and for the values of voltage, multiple
10 V, you should measure a current and a consumed active power. Write
down the measured data in table 12.1. Turn off a stand.

12.4.2 Switch on the stand. At constant value of active power (=
20...40 Wt), one must measure a current and a voltage across the terminals
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of the coil at different quantity of coil turns (terminals wl; w2; w3;
w4 ). Constant power is supported, controlling a voltage by means of a la-
boratory autotransformer. Write down the measured data in table 12.2. Turn
off a stand. Don't disconnect the circuit.

A O—
J
A
T L2
P
B o_
Figure 12.2 - The circuit for investigation of a coil without a core
Table 12.1 - The results of investigation for the coil without a core
u,v 0
I, A 0
P,Wt |0
Table 12.2 - The results of investigation for the coil without a core
Terminals of the coil Measured Calculated
U 1 I 1 P 1 Z 1 R 1 XL l L !
VIiAlwlala| o |“?| mH
wl
w2
w3

w4
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12.4.3 Compose electrical circuit (fig. 12.3).

U*
(a0
A O W1 A9
NN
J U
A
C | ® :
P
B o —o—e -

Figure 12.3 - The circuit for investigation of a coil with a steel core
Table 12.3 - The results of investigation for the coil with a steel core

Ne Measured Calculated

u,[ 1, P, XL, L, [ Bm. | Hpy.

z R COS
viviwlaol|l ol g PlmH | 11 | Am

AIWIN|F-

Connect a coil with a steel core L5 to the circuit. Switch on the
stand. Smoothly turning a handhold of a autotransformer one must change a
voltage across the terminals of the coil, and for current values, multiple
0.5 4, you should measure a voltage across coil terminals and a consumed
active power. Write down the measured data in table 12.3. Switch off the
stand. Data must be shown to a lecturer. Disconnect the circuit.

12.5 The processing of experimental results
12.5.1 According to table 12.2 and table 12.3 in common axes one must
build volt-ampere characteristics of the coils.
12.5.2 According to table 12.3 calculate coil parametres at different
number of turns and build the diagrams of the following dependences:
Z=f(w), R="f(w), X =f(w),cosp="f(w), L=Tf(w).
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12.5.3 By table 12.3 calculate the parametres of the coil with a steel
core and build the diagrams of the following dependences: Z= f(U),

R=f(U), X _=f(U),cosp=f(U), L=Ff(U).

12.5.4 By table 12.3 calculate the amplitude of magnetic induction
and the magnetic field intensity and build the magnetization curve
Bm = f(Hpy ). Make some conclusions on the work.

12.6 Control questions

12.6.1 How are inductive coils settled? Their singularities?

12.6.2 Make the definitions for terms: “inductance”, "magnetic link-
age", magnetic induction.

12.6.3 Which physical appearances originate in a coil with a steel
core at an alternating current source?

12.6.4 What power losses are characteristic for a coil with a steel
core at an alternating current source?

12.6.5 How does the impedance of a coil with a steel core change
when the voltage across its terminals is varied?

12.6.6 What connection is the turns of a coil and its inductance?

LITERATURE
1. Atabekov G.I. Linear Network Theory. London, Great
Britain: Pergamon Press, 1964. - 635 p.
2. Khilov V.S. Theoretical fundamentals of Electrical Engi-
neering. Dnipro, Ukraine: National Mining University, 2018. — 467 p.
3. Theoretical fundamentals of Electrical Engineering: part 1

(Electronic resource): tutorial for students in speciality141 “Electric Power
Engineering, Electric Engineering and Electromechanics” /Y. Peretyatko,
L. Spinul, M.Shcherba; Igor Sikorsky Kyiv Politechnic Institute.- Electron-
ic text data (1 file: 10,2 MB). — Kyiv: Igor Sikorsky Kyiv Politechnic Insti-
tute, 2021. — 136 p.

4, Nabokova O.V. Theoretical Electrical Engineering. Za-
porizhzhia: ZNTU, 2015. - 477 p.

5. Mimux B.I. EnekTtporexHika Ta enekrpomexanika: Hapu.
nocionuk. K.: Kapasena, 2003. — 376 c.

6. Kosnos B.B., HabokoBa O.B. TeopeTrnuHi OCHOBH €NeKT-
POTEXHIKH. YcTaleHl PeXKUMH y JIIHIMHUX €IeKTPUYHUX KojaxX. 3amopix-
xks: 3HTY, 2016. — 428 c.

7. Nabokova O.V. Theoretical Electrical Engineering. Za-
porizhzhia: ZNTU, 2015. - 477 p.



