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1 LABORATORY WORK Ne 4

Research of heating of the electric motor in a long operating mode of
the work

The purpose of the laboratory work: an experimental research of
process of heating and induction motor cooling in a long operating mode of
comparison of theoretical and experimental dependence. Excess of
temperature of the motor over ambient temperature from a time of heating
and cooling.

1.1 General theory

Analysis of a thermal condition of electric motors is one of the major
problems originating at designing or maintenance of any system of the
electric drive. The electric motor can heat up only to the temperature which
is not exceeding admissible temperature of its class. Observance of the
installed restrictions connected with load-carrying capacity, provides
standard service life of the electric motor. Excess of admissible
temperatures conducts to a premature failure of isolation of windings. So,
for isolation of the class A the excess of an admissible reheat temperature
on (8 - 10) C° reduce the isolation service life (and, hence, the electric
motor as a whole) approximately in twice. The analysis of a thermal
condition of the electric motor allows to estimate the extent of its loading
by power. If motor heating is close to standard and does not exceed it, it
shows the optimum use of an installed capacity of the motor. In this case
the electric drive has the best technical and economic indexes of work, first
of all efficiency and a power factor. Heating of the motor below admissible,
tells about underloads of the motor or about its overestimated nominal
power in comparison with the necessary one. Work of such electric drive
will be characterized by low power parameters.

Thus, the estimation of a thermal condition of electric motors is an
important technical and economic problem. At transformation of electric
energy in mechanical (or on the contrary) the energy part is lost in the
motor: on overcoming of resistance of windings to an electric current
leakage, on reversal magnetization of a steel and eddy currents in a steel, on
a friction in bearings and on ventilation. All this energy loss educes in the
form of warmth. Its part is given to an ambient environment, another is
store up in motors and causes increasing in its heating. Exact research of



processes of heating and cooling of motors is a challenge. The motor is the
number of details and the joints of a difficult configuration executed from
various materials that causes their various heat capacity and a heat transfer.
Conditions of heating of separate parts of the motor are unequal, and the
direction of thermal flow depends on power setting. So, at a power stroke a
current consumed by the motor is small, and heating of windings will be
less than steel heating, in the loaded condition windings are heated up and
the thermal flow from a steel to windings changes the direction on the
opposite. Therefore research of thermal processes in the electric drive
theory is made with such assumptions: the motor is observed as the
homogeneous body have infinitely big heat conductivity and equal
temperature in all points; the convective heat exchange in environment is
proportional to the first extent of a difference of temperatures of the motor
and an environment; an environment has an infinitely big thermal capacity,
that is in the course of motor heating its temperature does not change, its
factor of a convective heat exchange does not depend on motor
temperature.

Equation of thermal balance of the motor at constant load:
APdt = Azdt +Cdt,

where P — power of losses in the motor, W; t — year; A — motor
convective heat exchange, i.e. quantity of heat given by the motor in an
environment for unit of time at a difference of temperature equals 1°; T —
excess of temperature of the motor over ambient temperature, °C; C — a
thermal capacity of the motor, i.e. quantity of heat which is necessary for a
motor increase of temperature on 1°C. For motors excess of temperature of
a winding over ambient temperature of 35°C (for moderately cold climatic
zone) is rationed that matches to motor standard power.

The solution of the equation on T at the set assumptions looks like:

_ Ty Ty
T=74 -1-e )+7,e ,

where s, Tin — the settled and initial values of excess of temperature
of the motor over ambient temperature, °C, accordingly; T, = C/A — time
constant of heating of the motor, s.



At Ti, = 0 equation becomes:

= Tset(l_e_tlTH ) .

For cooling process at the disconnected motor the equation looks

like:

_ —t/Teo0l
=1 cool ,

in "€

where Tcool — cooling time constant, s.

The previous equations show that at the accepted assumptions
processes of heating and motor cooling proceed according to exponential
law to the established temperature at which there is a thermal balance, i.e.
all warmth which is educed in the motor, is given to the environment and,
hence, the motor temperature does not change. This condition can be
written down in the form of the equation:

APdt = Az dt
As a result:
AP
Tset = 7 .

Value ts: can be defined on an experimental curve of heating,
using a method of three points, based on properties which states that
temperature increase for equal periods are proportional to distance of
points on a curve of heating from a line of the settled temperature te. If to
mark out excess of temperature of the motor over ambient temperature
during the moments ti, to, ts (at condition that t, - t1 =t3 - t2) as o, 1, 3
accordingly:

At =1 T,
AT = 13 —1;

We can write proportion:

Tt — 01 — ATl

Tt — 72 A P



Solving this equations on 1 We gain a design formula for
calculation of 1 by the specified three points:

I Art, —At,T,
set —
At — Az,

Time constant Ty of heating is defined by a condition that at t ~ 3T,

T = 0,95 1 For a saving of time only a part of a curve of heating is
borrowed and defined by the same three points

At
T,=— > .
In(Az, / At,)

Time constant of cooling Teeo is define by this equation, using a
method of three points of an experimental curve of cooling. The
measurement of temperature is a significant influence on the accuracy of
the experiment. Generally used thermocouples, laid in various parts of the
engine, but it should be borne in mind that it is impossible to directly
contact the thermocouple with the wire winding, and the electrical
insulation is simultaneously and thermal insulation. This leads to the fact
that the temperature in the winding grows initially faster than the
theoretical curve, and only at t > 0.5Tn the actual curve approaches the
exponential.

It is more accurate to measure the temperature in the winding by the
resistance method, but for this time it is necessary to disconnect the engine
from the grid during the measurements, which violates the established
mode of its operation. Therefore, they are usually limited to two control
measurements of the winding resistance in the cold and heated state of the
engine. The equation that relates the resistance and temperature in the
winding is obtained:

Ro =R, (I-at;’) .

where Ry, Ric — resistance of a winding at temperature accordingly
to t° and t° =0°C, Ohm;
oo = 1/234 — temperature coefficient of resistance, 1/ °C.
If resistance Ry is known at ambient temperature t% than resistance



1+ agt,’
R, = Rleo-
1+ agt,

Calculating the equation for t%, we obtain the calculation formula
for calculating the temperature of the winding of the motor by changing its
resistance:

t20 R R ( 1 0)+tHCO

l Gy

For calculation of temperature excess we have the expression:

T =t20 _tHco = u(i +tHco) .
R o

The rate of growth of temperature depends on the exponent. The
ratio of heat to heat transfer has a unit time and is called a constant heating
time, s:

T==.
A

If at start-up the motor has initial temperature, equal to ambient
temperature (tin = 0), the equation will be

T =7401- ey,

Graph of this function is shown in figure 1.1. From it is easy to
understand physical sense of time constant of heating T. To do it we draw a
tangent to a curve in a point matching to origin of coordinates. Any tangent
to a curve characterizes speed of observed process. We observe triangle
ODE, from this triangle follows that

ED rset
tga = =
oDt
From the other side:
tga — ﬂ|
- dt t—0 *
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Figure 1.1 — Graph of the function.

From the equation it follows that the derivative from temperature

by a time equals:
ﬂ _ Tset e*’[/T” .

dad T

If the process is studied at t — 0, the equation is written as

d_z- _ Tset
d T

H

From comparisons of previous equations follows, t; = T that is the
projection of a tangent to an axis of abscissa is numerically equal to time
constant of heating T. It is defined as a time during which the motor with
ideal isolation (without a heat transfer) heats up to such temperature to
what it would heat up in usual conditions for an unlimited time. For
practical calculations duration of heating, acceptt=(3-5) T.

Already at t = 3T the motor practically heats up to installed
temperature att =3T t=0,93 1y, at t =5T t = 0,99 1y.

At the tests for the established temperature, take a temperature such
that during the time of the machine heats the latter no more than 1°C.
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Determination of constant temperature of heating of stator winding
of asynchronous engine in laboratory conditions. To do this, it is necessary
to remove and build part of the constant heating curve t = f (t) of the stator
winding. The heating curve is removed at a steady load on the sfaft of the
engine for 40-60 minutes. The constructed heat curve for the time interval
shown is shown in figure 1.5.

Select the abscissa on the axis, for example, three points ti, t> and t3
corresponding to the same time intervals:

At1= tz-tl;
A= 1317,

On axes of ordinates to find points of temperatures 71 1> and ts
matching to them, which are defined as:

At =1,—17;
Aty =1,—17,.
From points 1; and t, at the left to put abscissas, equal to ordinates
At1 and At.. The ends of these pieces connect by a straight line and
continue during the intersection with an axis of ordinates. The intersection
point ty1 estimates a value of constant temperature of a winding. For the
purpose of more exact finding 1. repeat the construction 2-3 times. For this
purpose on the same graph (figure 1.2) choose new points on the axes of
abscissa matching to other time periods. Repeating construction, find
constant temperature ty,. Once again repeating construction for the third
variant of the chosen periods on an axis of abscissa, find constant
temperature tys.
I Ta+T,,+7,,

yem — 3

Definition of time constant of heating of a winding of the stator. For this
purpose it is possible to use one of three methods. A method of three
points. Substituting into equation the abscissas of three points matching to
equal time periods (figure 1.2) solve it concerning time constant T:
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Repeating calculation for three various sections, find T.

Method of tangents. On the graph of part of the heating curve
(constructed in the same way as the finding of a constant temperature),
build three tangent to the intersection with a line corresponding to the
found average steady temperature Ty, (figure 1.3). By determining the
graphically constant heating time for each of the tangent T4, T, and Ts, find
the average constant time of heating
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Figure 1.3.
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Graphical method. Substitute in the equation values of a time of
heating t1 = T, t, = 2T; t; = 3T etc. Gain excess heat temperature (over
average temperature) accordingly t = 0,63 ty; 0,85 1y; 0,95 1y, etc.

Build on the graph of the heating curve (constructed similarly to the
case of finding the set temperature) along the axis of the ordinates of the
particle from the average steady state tycp (0,63 Tycep; 0,85 Tycep; 0,95 Tycep).

Find the corresponding heating time Ti, 2T,, 3Ts on the abscissa
axis (figure 1.4). On the received values of the heating time, determine the
average value of the constant heating time. For example, to set aside on the
ordinates axis values 0,63 1y, and 0.85 1y.,. According to these values, find
the appropriate heating time T1 and 2T2 on the abscissa axis. Determine
the constant heating time

2T,

hty

lr

095 Tycep —

085 Ticen //..
063 Tyer

~

4 /1 27
Figure 1.4.

Methods of measurement of temperature:

The accuracy of the results is significantly influenced by the methods
of measuring the temperature. Measuring the temperature of the active steel
of the engine using thermocouples gives quite satisfactory results.
However, the temperature of windings with the help of thermocouples can
only be determined approximately, because it is impossible for direct
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contact of thermocouples with the wire. It is desirable here to have indirect
methods, for example, the method of measuring the ohmic resistance.

It is known that the resistance of the conductor during heating
increases accordingly with the following equation:

R, =Ry (L+ar-t),

where Ry, — resistance of a winding at the end of the experiment that
is at winding temperature ty;

Ru — resistance of a winding in the beginning of the experiment, that
is at winding temperature ty;

t — increase of a heating temperature of a winding during experiment
t=t-1

ar — the factor depending on a material of a winding, for example,
for copper ar = 1/234,5, and for aluminium ar = 1/245.

It is possible to calculate this equation concerning of temperature of
a winding at the end of the experiment t:

T:tz_tlzu.(i_”l),_
Rt, o
o Rt, — Rt _1+0‘Tt1
2 Rt ar

or as exceeding of winding temperature over the ambient temperature.
1.2 Program of the work

1.2.1. Study the main statements of the theory of engine heating,
prepare a report on the passport data of electric machines, with the circuit
of installation, the table.

1.2.2 Study the laboratory setup.

1.2.3 Make an experiment, write down the measurement results.

1.2.4 Construct the experimental dependence t = f (t) by the
average values of the thermocouple.

1.2.5. Calculate the excess of the engine temperature above the
ambient temperature in the heated state by the results of measuring the
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resistance in the winding. Set the received value to the graph. Construct a
graph for the obtained values.

1.2.6 Calculate the set value of the excess temperature and set it in
the graph © = f (t).

1.2.7 Determine the constant heating time Ty and Toxon.

1.2.8 Calculate and set the theoretical dependences of heating and
cooling in the graph t = f (t), compare them with the experimental ones,
make conclusions of the work.

1.3 The description of the laboratory installation

The installation diagram is shown in figure 1.5 as well as on the
laboratory panel. Investigated object is an asynchronous engine M1 with a
short-circuited rotor, loaded with a DC generator M2. The load of the
generator is performed by resistance Ru. The generator excitation winding
is fed from the rectifier UZ1 through the regulatory rheostat R4. Nominal
parameters of the induction motor: P, = 1,1 kW; U, =380 V; l1n= 2,8 A; 2,
= 6; n=0,77; cose = 0,78; diagram of connections is Y. Nominal parameters
of the generator: P, = | kW; U, =110 V; lan = 11,7 A; n = 1000 rev/min; n
= 0,78. The tested engine is connected to the network ~ 380V through the
automatic switch QF1 and contacts KM2.3 of linear contactor KM2.

The circuit provides two means of changing the temperature of the
engine: by the thermocouple and measuring the resistance in the winding of
the DC stator. Four thermocouples, in turn, connected to the
microprocessor system of measurement, are located as follows: Ne 4 - in the
groove of the rotor, Ne 1 - in the winding, Ne 2 - in the yoke, Ne3 - on the
engine body. Thermal electromotive force of thermocouples is measured by
the PS1 installed on the circuit. To measure the resistance on the stand
there is an independent source of constant voltage V = 15 V, which can be
connected to the stator winding with the help of Buttons SB5 «W»
(measurement). To prevent the simultaneous feeding of the stator windings
of the variable and constant voltage, mutual interlocking of the buttons Sb5
and S56 "TI" (start) is provided. Button SB7 "C" (stop) turns off the engine.

1.4 Order of the work execution

1.4.1 Obtain the permission of the teacher to conduct the
experiment.
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1.4.2 Measure engine winding resistance in cold condition. To do
this, turn on the stand by pressing the SB1 button ("On"), turn on S2 and
QF1. Set the S5 switch to the "Length™ position, then press SB5 ("I") to
switch on the KM3 contactor and record the readings of the PAL, PV1
devices with two different values of current, changing it with R3 rheostat.

1.4.3 Start the test engine, for which the contactor KM2 must be
switched on by the SB6 button.

1.4.4 Turn on QF2. By varying the current of the generator's
oscillation with the rheostat M, set the PW1 wattmeter to 360 Watts.

Connect the test recording device by setting the switch S1 to the
upper position. Start the countdown and record the performance of all
instruments by performing the following tasks.

Before starting, the device must be switched on for 1-2 minutes.

To reset the timer, press the RESET button. When pressing the
RESET button on the internal memory, the previous indications of the
thermocouples are also erased.

The temperature of the thermocouples begins to be recorded every
2 minutes, immediately after the supply voltage is supplied.

The following information is located on the device screen:

0 00 | 00.0 l

1 1 !

hours thermocouple thermocouple
number temperature
minutes

To view the next temperature of desired thermocouple the "Select
thermocouple" button is used.
With the flashing cursor of the thermocouple on the screen there is
a real time (hour-minute) that has passed since the last click of the
"RESET" button.

To look at the temperature of the thermocouples earlier (but not
before pressing the "RESET" button) the "Forward" and "Back" buttons are
used; if the time on the screen is less than real, the timer cursor does not
flash on the screen. When measuring the engine's heating, maintain the load
on the PW1 wattmeter unchanged and record the instrument values at the
time points specified in table 1.1.
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Table 1.1 — Results of measurement and calculations.
Measurement Calculation

Ti W Ul Termocouples R
Ime v | Toc, , Teeps X) |Tobm:| Treop:

R
Br| C |B|A oo Cc| 3 3| C°

0
5
10
15
20
30
40
50
60

1.4.5 Measure the resistance of the winding in the heated state
similar to that carried out in a cold state. The measurements on
thermocouples continue until t = 60 minutes.

At time t1 = 40 minutes after removing the indicators of the thermocouple
turn off the engine with the SB7 button ("C"), turn off the QFI and QF2.

1.4.6 When the work is completed, switch S1 to the lower position,
remove the power from the stand by pressing the SB2 button ("Off").

1.4.7 Instructions for the calculations:

- The average value of the thermocouples for constructing the
graph=f (t) is defined as the arithmetic average value for each time point
specified in table 1.1;

- exceeding of the engine temperature above the ambient
temperature determined by the formula (1.12);

- determine the steady-state value of the temperature exceeding by
the formula (1.9);
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- constant time Tu calculate by the formula (1.8) for the moments
of time 20, 30, 40 minutes, Toxou - for 40, 50, 60 minutes;

- calculate theoretical dependences by the formulas (1.2) or (1.3)
and (1.4).

1.5 Content of the report

The report should have a circuit of installation, passport data of
electric machines, a table with experimental data and results of
calculations, as well as graph of dependence © = f () constructed by the
results of the experiment and the calculations, the conclusions on the work.

1.6 Control questions

1.6.1 What physical content has a constant heating time and what
does its value depend on?

1.6.2 Are there constant heating and cooling times? What is it
caused?

1.6.3 How is the heat balance equation written?

1.6.4 When the engine temperature becomes constant and what
does its value depend on?

1.6.5 What is heat capacity?

1.6.6 How to calculate the temperature by changing the winding
resistance?

1.6.7 In which sequence should I turn on the installation?

1.6.8 Specify the assignment of all elements of the installation
circuit.
1.6.9 What is more heated at idling and in operating modes, steel or stator
winding?
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2 LABORATORY WORK Ne 7

Control of starting and braking of an induction motor with short-
circuited rotor

The purpose of the laboratory work: to study the modes of starting
and braking an asynchronous motor with a short-circuited rotor by
comparative analysis of various methods of braking of the asynchronous
motor with short-circuited rotor.

2.1 General theory

Start mode is characterized by the consumption of energy from the
network and the presence of the forced components of the magnetizing
current and magnetic flux. Electromagnetic moments during the transition
from engine mode to braking mode have a changeable character and the
main task here is to limit their maximum. To do this, in accordance with the
established control principle, to reduce the rate of change of the magnetic
flux by one of three methods:

- limitation of the derivative of the flow in time;

- reduction of the limit of magnetic flux changes due to limitation
of its constant value;

- due to creation of its some initial value.

For engines with short-circuited rotor, the essential value in terms
of the electric drive have multiplicities of the initial torque and the initial
starting current.

In fig. 1.1 exemplary natural characteristics of the engine with a
normal short-circuited rotor are given. These characteristics indicate that
the motor with short-circuited rotor, consuming a very large current from
the network, has a relatively low initial start-up moment. Multiplicity of
initial starting torque of engines is

K, =—""=1+18.

n

NI

n

Multiplicity of a starting current is
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Absence of proportionality between the engine moment and
the stator current during start-up (figure 2.1) occurs due to a significant
decrease in the magnetic flux of the engine and a decrease in the power
factor of the secondary circuit at start-up.

0

o

!
0 IHOM Mlly&‘k M&mx lnycx i MsI

Figure 2.1 — Natural characteristics of the motor with short-circuited rotor.

For increasing of the initial starting torque and reducing of the
starting current, motors with short-circuited rotors of special constructions
are used. All braking regimes are generating, but differ from each other by
the processes of transforming of the mechanical energy of the drive into an
electric one. Therefore, the nature of the process of braking is mainly
determined by the kind of exciting energy. Excitation of the braking regime
in such classical means of braking, as plugging and dynamic, comes from
sources of alternating current and direct current.

Plugging can be obtained by switching two phases of the stator
winding. The rotor thus rotates against the direction of motion of the field
and gradually slows down. If an additional variable resistance is introduced
into the stator circuit, it is possible to adjust the braking current, moment
and time of the engine stop. Obtained characteristics are shown in figure
2.2.
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Figure 2.2 — Characteristics of plugging mode.

If the engine was working at a speed of wc, then at an off-switch
(we consider the magnetic field to be non-inertial) the speed remains
unchanged, and the moment changes the sign, that is, it becomes braking
(point C). Sliding in this case is more than one (for ® = 0, S = 1). Indeed,
substituting the sliding in the formula wo = -wo (the direction of the field
changes), we obtain:

I A )

S = >1;

— Wy @y

(1<S<2).

At point C, the engine must be disconnected, otherwise a reverse
motion (reversal) occurs. By varying the value of the braking current, we
obtain different values of the initial (M 'and M ") and the effective
moments of braking, that are proportional to the area, limited by the curve
M = f (w) in the second quadrant, which means that the time of braking will
be changed. For this purpose, the rheostat R is included in each phase.

Passing through the winding of a stator, a constant current forms a
stationary field, the main wave of which gives a sinusoidal distribution of
induction.
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In the rotary rotor there is an alternating current that creates its field
that is stationary relative to the stator. As a result of the interaction of the
total magnetic flux with the rotor current, an alternating current arises,
which creates its field, which depends on the stator's MMF and the angular
speed of the rotor. An exemplary look at the characteristics of various stator
currents are shown in figure 2.3.

[2>1

h |
I |
E Jo
Mm2 Mm!l Mm

Figure 2.3 — Characteristics of the drive in a dynamic braking regime.

With an increase in current, an effective braking torque increases
and, as a result, braking time decreases. Braking regimes may also be
obtained without consuming excitation energy from constant sources and,
therefore, in the absence of the forced components of the current of
magnetization and magnetic flux.

One of the means of braking, which does not consume the power of
excitation from the network, is a condenser, based on the use of capacitive
self-excitation of the asynchronous machine. Excited by the stator, the
machine at a given angular velocity generates the energy emitted in the
form of heat in rotor circuit. Such braking circuit have not yet been widely
used due to the high cost of capacitors.

Regulation of dynamic characteristics allows to achieve the partial
optimization of individual braking regimes, but does not eliminate the
known significant defects of each of the four considered main means of
braking of asynchronous motors with short-circuited rotor. So, dynamic
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braking is not very effective due to the small braking torque developed by
the engine in the high speed zone. Condenser braking, on the contrary,
generating significant brake moments at high angular velocities, generally
stops at low angular velocity.

2.2 Program of the work:

2.2.1. Study the circuit of starting and braking of asynchronous
motor.

2.2.2. Remove the experimental dependence of the engine's braking
time on the braking current flowing in the stator winding of the engine in
plugging, dynamic and condenser modes.

2.2.3. Make a conclusion about the effectiveness of the braking
means of the asynchronous motor.

2.3 Description of the laboratory installation

The main element of the circuit shown in figure 2.4 is an
asynchronous motor M with a short-circuited rotor. Activation of the
machine in the motor mode is carried out by the contactor KM1, in the
plugging mode — by contactor KM2, in the dynamic braking mode — by
contactor KM3, condenser braking — by contactor KM4. The commands for
switching on, switching off of the engine and selecting the braking mode
are carried out with buttons SB1 - SB6, which feeds (or removes) power
from the coils of the auxiliary relays KH1 - KH4. In turn, the contacts of the
relay KN1 - KN4 supply (or remove) the voltage from the windings of the
corresponding power contactors KM1 - KM4. S1, S2 tumblers are designed
for voltage supply of time relays KT1, KT2. The power supply to the
engine control circuit is supplied by the QF1 switch. The engine is shut
down with the SB1 button.

2.4 Preparation to the laboratory work

The student must be prepared in advance for future work. To do
this it is necessary to study a theoretical information, to study the
procedure of work, to write down the report.

Before starting the laboratory work, the student shows the teacher
a work piece of the report and answers questions according to the
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laboratory work execution. Unprepared students are not allowed to
perform laboratory work and work it out in the prescribed manner.

2.5 Order of the work execution

2.5.1. Write down the passport data of the researched engine (table

2.1).
Table 2.1 — Passport data of the investigated motor.
Parameter Units Nominal data
Type —
Power kw
Number of phases —

2.5.2. Feed the laboratory setup. Switch on QF1 and press SB2
("Start™) button. This will activate K1, and then the KM1 launcher, which
by its power contacts will turn on the engine and will have the self-supply.
Simultaneously with the shutdown of the engine with the SB1 button, turn
on the stopwatch and measure the free time (without braking). Write down
data of measurements to the table. 2.2.

Table 2.2 — Measurement data.

Plugging mode LA

t,s

Regime of dynamic braking with I, A
independent excitation t, s
Regime of dynamic braking with self- I, A
excitation t, s

Free time t, s

2.5.3. With fully introduced rheostats R1, R2, R3 start the engine.
Put the engine in plugging mode by pressing the SB4 button and
simultaneously turn on the stopwatch. At the moment of reducing the speed
of the engine shaft to zero, lock the braking time by repeatedly pressing the
stopwatch. Turn off the engine. Write down in table 2.2 value of the current
in the stator winding of the engine that corresponds to the moment of
engine transition to braking mode, and time of plugging.
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Figure 2.4 — Circuit of the laboratory installation.
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2.5.4. Repeat experiment 3 by setting the braking currents (3-4
values) on the labels on the rheostats R1, R2, R3. Turn off the engine.
Return rheostat to its original state. Construct graph t. = f (1) (braking).

2.5.5. Rebuild and check the circuits for automatic switching
using the time relay. Set the time relay KT1 t<8 s when the machine is
off. Run the engine, then press the SB4 button and the switch S1
simultaneously. When the time relay KT1 is turned on, in a given time it
will turns off K2 and KM2, KM1. Disconnection of KM2 should occur at
the moment when the rotor stops (if necessary, adjust the KT1 relay,
having previously turned off the QF1 machine). Turn off the engine.

2.5.6. Start the engine. To transfer the engine to dynamic braking
mode, apply a constant current to the stator SB5, turn on the stopwatch
and measure the braking time. Turn off the engine.

2.5.7. Start the engine, increasing the current of braking with a
rheostat, repeat the test for 5-6 times according to paragraph 2.5.6. These
measurements should be written down in the table 2.2. Construct a graph
t.=f (I,).

2.5.8. For a given braking current, find the braking time and set it
to the KT2 time relay (when the QF1 is turned off). Run the engine and
press the SB5 button simultaneously with S2. At the same time the KT2
time relay will be switched on and starts counting. Over the time, the KT2
contact closes, K5 will be turned on and off with its unlocking contact,
then KM3 will shut down. Choose the KT2 so that the shutdown of the
circuit occurs at the moment when the rotor stops. Turn off the engine.

2.5.9. Study the process of condenser braking, turn on the QF2
machine and, by pressing the button, start the engine. Press the SB3 button
and use the stopwatch to measure the engine braking time, then clear the
PA4 ammeter reading when the engine is turned into braking mode.

2.6 Content of the report:

The report must contain: the scheme of the laboratory installation; a
table with the engine's passport data, a table with the results of the research;
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graphs of functions t,=f(l,) for the investigated braking regimes;
conclusions on the effectiveness of the investigated modes of braking.

2.7 Control questions

2.7.1. Explain the control circuit for starting and braking the
asynchronous motor with short-circuited rotor in general, and the features
of its individual elements.

2.7.2 How is the electric lock and self-resetting of the relay
elements of the circuit carried out.

2.7.3 Features of the mechanical characteristics of the
asynchronous motor in braking modes.

2.7.4 Peculiarities of starting of IM with a short-circuit rotor.

2.7.5 Nominal data of the investigated IM with short circuited
rotor.

2.7.6 Physical sense of the plugging mode.

2.7.7 Write the equation and show the graph of the characteristics
of the IM in the engine mode and braking mode.

2.7.8 Sense of dynamic braking.

2.7.9 How the circuit works when the engine starts up.

2.7.10 How the circuit works, providing dynamic braking with
independent excitation and self-excitation.

2.7.11 Fields of use of the braking modes.

2.7.12 Time relay with clock mechanism.

2.7.13 How the circuit works, providing plugging mode.

2.7.14 What main logical operations are basic when writing basic
logical equations (functions) describing elementary discrete processes.

2.7.15 Explain the principle of writing logical equations of control
circuits on relay-contact elements.

2.7.16 Explain the basic principles of constructing contactless
control circuits.

2.7.17 Explain the basic rules for the implementation of principle
electric circuits on logical elements.
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3 LABORATORY WORK Ne 20

Research of speed-torque (mechanical) characteristics of the electric
drive of lifting of the crane on the basis of the induction motor with a
phase rotor and the power control unit

The purpose of the work: to study the circuit design of control of the
electric drive of the mechanism of lifting of the crane, to take experimental
characteristics of the induction drive in traction and brake modes; to define
a moment of resistance on the motor shaft.

3.1 General theory

Mechanical electric drive characteristic can be built by several
values o and M, where o is the angular speed of rotation of the shaft of the
motor, M is the moment developed by the motor.

For conditions of the given work angular speed is defined
experimentally, and the motor moment is a design quantity:

M =9,81GRd

iz,
where G - is a load weight, kg;
Rq - is a drum radius, m;
i - is a reductor gear ratio;
Z» - is an efficiency of transmissions.

, N'm,

The first pair of values (w1, Mi), as it is known, is defined by
synchronous angular speed of the motor in the synchronous speed wi=wo
and value of moment M1 = 0.

Synchronous speed is defined by the formula:

ﬂ , rad/s,
p

Sinh —
where f - is a network frequency, Hz;

p - is a number of pairs of poles of the motor, p = 3.

It is necessary to remember, that in the formula of definition of the
moment z, is a variable value and depends on weight of a lifted load. In
(11) the following technique for calculation of efficiency at any loading on
coefficients b, ¢, d is offered:
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z,= f(b,c,d)zé,
1+b/d+c
M, 1-z - )
whereb = =k mom - coefficient of constant losses;
M, Z,om L+ K)
AM 1-z - .
c= = nom__ - coefficient of variable losses;
M Z,.mn (L+K)
d= M, _G+G& | coefficient that considers the change of a
Mnom Gnom +G0

load weight.

In the given formulas following designations are accepted:

M, Mnom , M1, M,er are actual and nominal moments, the moment
of idling and the moment of variable losses accordingly; G, Gnom, Go are
weight of actual and nominal loads, weight of the mechanism without
weight ( Gnom=500 kg, Go=20 kg).

The estimation of magnitude k is reduced to the relation of
coefficients of constants and variable losses in mechanism transmission
k=b/c. In calculations it is recommended to choose such values of
k=1,2...1,5.

For crane low power mechanisms k = 1,2 (1). At nominal loading
(kg) the coefficient is equal 1. In the conditions of the given work the
loading of the lift is always less than nominal. For this reason y< 1 and it
should be counted for each load weight.

An instance: a load weight G =(90+90) kg, Go =20 kg, G,.,,=500kg.

For these conditions:

G+G, 20+90+90 _

G,,+G, 500+20 Y
1-z,,  1-07
(1+k) 071+12)

_Znom
boktTken _qp 1707 404
Z,om @+ K) 0,7(1+1,2)
Hence,
2 = f(b,c,d) = —— 1 ~0,55.

1+b/d+c 1+0,24/0,4+0,2
Magnitude of the moment developed by the motor is equal:
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(G+Gy)R, _ g g, (20+90+90)-0,0825

M =9,81
-z, 58-0,55

~51IN'm.

3.2 Description of the laboratory setup

The electric control circuit of the lift drive is shown in figure 3.1.

Installation consists of an induction motor with a phase rotor, the
reductor, disk shortrun brakes with an electromagnet, a drum with a wire
rope, suspension brackets with one moving block, control and protective
equipments.

Motor data: type MTOUII-6, P, =1,4 kW, n, = 1000rev/min,
U,=380V,1,=53A,z,=0,885, cospn = 0,65.

The reductor with cylindrical wheels (three-stage) with the general
transmission relation i, = 29. The polyspast that consists of one moving
block, increases the transmission coefficient to i = 58. Efficiency of all
transmission links at a rated load z, = 0,7. At the loading close to 25% from
nominal, efficiency drops to 0,5.

Drum radius is Rs= 82,5 mm.

Control of the electric drive is carried out by means of control unit
KKT-61 that has eleven positions of the handle. The circuit of turning on of
resistance in motor phases is symmetric, also it is applied for the movement
and turning of mechanisms. But for small cranes and for lifting
mechanisms is admitted to apply the symmetric circuit.

The load weight: 1 plate weighs 90 kg, a suspension bracket - 20kg.

3.3 Execution of the laboratory work

The speed-torque characteristic of an induction motor with a phase
rotor is not rectilinear, but on a section of an operating characteristic with
synchronous speed to a rated load it is very close to a straight line and that
is why can be built on two points: synchronous speed and speed of any

loading.
Synchronous speed is defined by formula:
2rf
a)sinh = '
p

The second point is determined by tacho-generator parameters, then the
moment on the motor shaft is defined by formula
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MzGRd :

i-z,
where G - is a load weight, N;

Rq - is a drum radius, m;

i - is a reductor and polyspast gear ratio;
Zn - is an efficiency of transmission.

If loading is less than nominal, the efficiency is calculated or it is
necessary to define it on a curve.

3.3.1 Set the control unit handle in a zero position and switch on
the device.

3.3.2 Fasten a necessary weight and pull down doors, then move
the control unit handle in the first position "lifting".

3.3.3 Fix the data of the steady motion of a weight upwards, write
them down to the table.

3.3.4 Stop the drive by putting the handle of the control unit to zero
position.

3.3.5 Lower a weight in a plugging mode or in modes of power or
generative lowering, then fix the received data to the same table.

3.3.6 Take characteristics of a drive on lifting for all weights and
for all positions of the handle of the control unit on which lifting of the
given weight is possible.

3.3.7 Characteristics of brake lowering of loads in a plugging mode
is possible to gain only for the biggest weights in the first positions of
lifting.

3.3.8 Research the power lowering of a small weight (or an empty
hook) for all five positions of "lowering" control unit.

3.3.9 General lowering of a load is gained at big loads in all
"lowering" positions.

3.3.10 If at lifting of loads or a hook the contact of finite turning on
KBB is switched on and the drive is stopped abnormally, then you need to
put the control unit handle to zero condition in order to return the circuit to
a normal state (thus the contactor L should not be switched on). Then push
an emergency button "AB" and switch on contactor L. Pressing the
contactor button, set the control unit handle in any "lowering" position and
wait while KBB will not be free. After that put the handle in a zero position
and brake a weight.
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3.3.11 Take and build a natural speed-torque characteristic at Rp=0
and G=Var, carrying out consecutive lifting and lowering of various weight
according to the table.

Position ofa | Gy, Velocity I, | Uy Calculating data
handle N | Pos. | 1,1/s | A \% N n Mc, | Rp,
Hm | Ohm
1 “lift”
1 “lift”
1 “lift”
and so on

1 “lowering”

1 “lowering”

1 “lowering”

and so on

Cnycx Migsom
54321 0 12345

— s G Gl G | e
—_ —t— e e e -
—_—— e e . - =
i EECES S S SN ERG S

— e e e - 4

TP1

.

Figure 3.1 - Electric drive of the mechanism of lifting of the crane. The
electric basic circuit.
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3.3.12 Take and build rheostat speed-torque characteristics at
G=Var and Rp=Var, carrying out lifting and lowering of weights according
to table.

Speed
ifi ori Calculatt
Weight, kg Lifting lov.?rmg CULNOm - Note
Pos.| N, | @ |Pos| N | o | | Mane
rev/min| rad’s rev/min| rad’s
20+0
20+90 Natural
5 [20+90+90 charac-
20+90+90+90 teristic
20+90+90+90+90
20+0 1st
4 [20+90 rheostat
20+00+90 charac:
20+90+90+90 tenstic
20+0 2
3 [20+90 th.ch.
20+90+90
> |20+0 3d
~ 120+00 th.ch.
1 [20+0

3.4 Turning on of the laboratory setup

3.4.1 Before switching on of the setup make sure that: any of four
load plates is not fixed; enclosure doors are pulled down and the lower
blocking finite switch is pushed; the handle of the controller is in zero
position.

3.4.2 Switch on command controller to the 2nd position and during
the lifting (G0=20 kg) fix constant tachometer indications. Turn the
command controller handle to zero position and put the toggle switch to
"Lifting" position.
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3.4.3 Switch on the circuit breaker 11 and push the button SB1.1
"Start". Make sure that the toggle switch under a tachometer is put in
"lifting" position.

3.4.4 For suspension bracket lowering switch on command
controller to the 2nd position and fix tachometer indications. After lowering
of a weight turn the control unit handle to zero position and switch on the
toggle switch to "lifting" position. Repeat tasks 3.4.3-3.4.4 for the 3rd and
the 5th positions of command controller and return a suspension bracket to
the initial position, push the button SB1.2 "Stop".

3.4.5 Lift a fence door, fix one load plate and repeat tasks 3.4.2-

3.4.4.

Designation Name Quan Note
QF1 Automatic switch 1 AE2036-40PY3
OF2 Automatic switch 1 ATT 56-2I1T
Al Revolution gauge HCT-2 1
A2 Tacho-generator ITTE-1 1
A4 Electric brake 1
K1 Contactor IT6-111 VXJT 4A 1 TV 16.536.377-77
K2 Contactor IIMJI-3100-04 1
K3.K5 Current relav PT-40/20 3 JCT 3698-47
MI Motor MT-011-6 1
PAl Amperemeter 3-377 1 JCT 8711-60
PV1 Voltmeter 3-377 1 JCT 8711-60
R1 Resistor II9B-25.36kOhm= 10% |1
R2 Resistor Non-standard
R3 Resistor equipment
R4 Resistor 1
SB1 Button ITKE 622-2V2 1
SB2 Button BK 14-21 1
SB3 Button BK 14-21 1
SB4 Button K4-121-1 1
SB3 End switch 1
SB6 Current controller KKT-61 1
SB7 Switch I'TII-2 1
HL1 Lamp 1
X1, X2 Sockets IIIP 20 TT3HT Y 2

3.4.6 If during the lifting of loads the switch KBB operates, it is
necessary:
- to set the control unit handle to a zero position and to push
simultaneously buttons KiIT AB;
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- to switch on command controller on lowering to release the end
switch of KBB;
- to set the handle to a zero position.

3.5 Content of the report

3.5.1 Name of the work.

3.5.2 Purpose of the work.

3.5.3 Electric circuit of the setup.

3.5.4 Results of experimental researches in table form and graphic
characteristics.

3.5.5 Static model of the electric drive and its description.

3.5.6 Functional diagram of the drive and its description.

3.5.7 Structurally-algorithmic circuit of the drive and its description.

3.5.8 Conclusion.

3.6 Control questions

3.6.1 What are mechanical and electromechanical characteristics?

3.6.2 Under what conditions the characteristic is natural.

3.6.3 How the critical moment and sliding are changed at changing
of resistance in a rotor chain.

3.6.4 What is the speed-torque characteristic equation?

3.6.5 Count the equations of the natural characteristic according to
passport data, and graphically build this characteristic.

3.6.6 What brake regimes are known in motors with a phase rotor?
Build their speed-torque characteristics.

3.6.7 Name speed control modes and build their mechanical
characteristics.

3.6.8 What is the dependence of the moment of the motor from
supplied voltage?

3.6.9 If the induction motor changes sliding from negative value to
sliding of more than 1, in what regimes does the motor work? Build speed-
torque characteristics for all these regimes.

3.6.10 What three conditions are necessary for obtaining the
generator operating mode with energy output to a network in synchronous
motors?

3.6.11 Describe the mode of forced electrical braking.
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4 LABORATORY WORK Ne 23
Variable-frequency induction electric drive

The purpose of the laboratory work:

a) to study the laws of variable-frequency control and regulation
and the properties of frequency regulation;

b) experimental removals of control and load characteristics at

u
Jr

c) construction of static model of the frequency roller drive;
construction of the functional circuit diagram of the drive; construction of

the structurally-algorithmic circuit of the drive.

U .
control laws T =const, =const;

4.1 General theory

Type of mechanical characteristic is determined by the idling
speed, critical moment, sliding and starting moment. Speed of ideal idling
(synchronous speed) is defined as:

where wo — synchronous speed;
f — frequency of a current of the power supply;
p — number of pairs of poles of the motor.

From this expression it is clear that synchronous speed of the motor
directly proportional to frequency of the current supplied to the motor.
Critical moment and sliding are defined by following expressions:
2
M, = 3-p _ U __
R N R R O]

h

=+
k 2 N2

L+ (4 +%)

where r; , X — active and an inductive reactance of stator
dispersion;

S
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r, , X — active and inductive reactance of dispersion of a rotor
which is led to the stator;

p — number of poles;

f — frequency of a feed current;

U — supply voltage;

M « — critical moment;

Sk — critical sliding.

If in these expressions is neglected in comparison with (X, + X,)?
and it is considered that x, =2-p-f-L, x,=2-p-f-L,, where Ly, L2
are stator and rotor leakage inductance we obtain:

M- PV 3p U
“ 4rz-f-2z-f-(L+L) 82%-(L+L)
5 = r, _ r, 1
“2r-fo(L+L) 27-(L+L) f
From the gained expressions it is clear that the critical moment is
proportional to a square of voltage and inversely proportional to a
frequency square, and critical sliding is inversely proportional to frequency.

Dependence of a starting torque from frequency and voltage can be
defined as:

.
uzz
M, =P . s

(n+%ﬂ%&+&f

Sliding S = 1 and the magnitude (r, +rS—2) should be neglected in

comparison with (X, +X,)*:
3-p-r, u?
My =g P
8z°-(L+L)" f

The gained expression is very approximate. From it is clear that the
starting torque of the motor is directly proportional to a square of voltage
and inversely proportional to a cube of frequency.

Magnitude of speed difference that matches to the critical sliding,
equal to the product of synchronous speed to the critical sliding, when
frequency change remains constant and equals:
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2z-f r, 1 271,
p 2”'(L1+t2)2 f 2”'p'(L1+L2)2
Hence, at change of frequency the inclination of mechanical
characteristics and an axis of the moments remains approximately constant.
Control law, i.e. the dependence between frequency and voltage at
speed control of rotation of a short-circuited induction motor, depends on
character of loading. When the loading moment is constant and
independent on speed of rotation, the control law should provide invariable

overload capacity of the motor that is actually invariable critical moment:
2

M, =%=const; U?zconst.

Aw=awy-S = =const .

Family of speed-torque characteristics of a short-circuited induction

motor at control law UT: const is shown in figure 4.1.

w

e e pa
R o SRR G e
— ] “ —
— Z /;gb
//// ey
l/ l/ I/ ‘[///
1A
[V
N

M, Hm
Figure 4.1 — Induction motor under frequency control by the law U / f =const .

Regulation by any other laws at the constant loading moment
cannot be effective enough. For example, if voltage decreases slower than
frequency, then the motor saturation increases and lead to increase of a
current of the stator and its excessive heating. If voltage decreases faster
than frequency then overload capacity will decrease that can lead to
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violation of stability of motor work. Decrease at low frequencies of critical
moments is shown in figure 4.1.
In this case when at speed control a power should remain constant,

the control law can be obtained as:
P=const=M, - =M, -, ;
ﬂ M, u? f22_ o f

1.
M, M, f°U w f
So, substituting one in another, we obtain:

2 2
Y, f—Z:L or i=const.

20z, Jf
The family of speed-torque characteristics at regulation under this
law is shown in figure 4.2.

4.2 Description of the laboratory installation

Principal circuit of the laboratory stand is shown in figure 4.4.
Installation consists of thyristor transducer of the frequency with a link of a
direct current, of type TIT4-15: U = 380V, output U = 230V, f = 50-60Hz,
P, =12 kW.

Speed control of induction short-circuited motor of type AOJI31-4,
P, = 0,6 kw, n, = 1410 rev/min, cos ¢ = 0,77, that has as loading on the
constant-current generator shaft, gives energy to the loading resistance R5.

W,
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Figure 4.2 — Induction motor under frequency control by the law U / \/? =const .
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Figure 4.3 — Circuit

Current losses at | nom f (@), A

nl
rev/min

200

400
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1700
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I, A

0,66

0,68

0,7

0,715

0,73

0,755

0,78

0,81

0,82

0,83

Passport data of I'2: Type MI-32, P,=0,9 kW, n,=1450 rev/min;
Cv=134 Hu A"

at 1,,=24 =const; Ce=1.43Hu A™* .

4.3 Carrying out of the laboratory work

4.3.1 Studying of theoretical questions of frequency regulation of
electric drives, acquaintance with the basic circuit diagram of the stand and
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the basic characteristics of an electric equipment. Students are obliged to
study main properties of frequency control law of alternating-current
drives: to study the circuit diagram of speed control of the frequency drive
of an alternating current and electric equipment main properties, to remove
the sketch of the basic circuit diagram of the drive at frequency regulation;
to prepare the table for experimental data.

4.3.2 Conducting of an experimental part of laboratory work. Order
of connection the frequency converter and actuating motor loading in work
of the stand are shown in the special table which is on the stand.

U
— =const ; F =const,
where U, , f, — rated values: voltage (220V) and frequency (50Hz).

A=220_44.
50

Current value of frequency has following value:
U, U;
AT a4

or current value that matches to the current value of frequency
U, =1 -44.

Some values of voltage for given value of frequency are shown in
table 4.1.

T =

Table 4.1 - Value of an output voltage of the converter.

f,Hz | 55 | 50 | 45 | 40 | 35 30 | 25 23 22 20

Ur,V 242 | 220 | 198 | 176 | 154 | 132 | 110 | 101,2 | 96,8 | 88

Order of setup of necessary value of frequency and magnitude of
feeding voltage of the frequency converter at the law

=const, 220— 31,1=A, =const, U, =31,1-/f;

U
T
Some values of voltage and frequency at control % =const are

given in table 4.2.

Table 4.2 — Value of an output voltage of the converter




42

f,Hz | 50 | 45 | 40 | 35 | 30 25 | 20
U,V | 220 | 209 | 196 | 184 | 170 | 156 | 149

The given values of voltage matching the current value of
frequency, are set up by means of regulator potential.

. - U
Regulating characteristic at control law F:const acts takes at
idling of motor. Frequency of converter (table 4.1) changes by means of the
regulator "speed" which is located on the converter TITU-15 and registers
value of speed of the motor on a tachometer, located on the stand. Results
should be written down in table 4.3.

Table 4.3 — Experimental data for construction of the regulating
characteristic

f, Hz 50 | 45 | 40 35 | 30 25 20

wdy, revimin

Limits of change of frequency are set by the teacher.
According to the table 4.3 the regulating characteristic is

constructed by the dependence w, = f(f;), UTzconst. Using the

regulating characteristic the drive transfer coefficient by the channel of
regulation is calculated.

. .. U . .
Regulating characteristics at — =const acts identically to the

Jr
law UTzconst, but the value of frequency and voltage are accepted

according to table 4.2. The data is written down to the table 4.4.

Table 4.4 — Experimental data for construction of the controlling

characteristic % =const .
f Hz 55 | 50 | 45 40 35 30 25
wav, Fevimin




43

According to the table the controlling characteristic is constructed
by the dependence wq=f(fr) using the characteristic, the transfer coefficient
by the channel of regulation is calculated.

Loading characteristic at control law % =const .

The characteristic is taken at constant value of frequency of the
converter and (table 4.1) change of a current of loading (ampermeter A3)
by means of potentiometer K5. The limits of change of frequency is given
by the teacher. Results should be written down in the table 4.5.

Table 4.5 — Experimental data of dependence of speed of the motor

at UT =const.
fr=55Hz
(A3), I, A
wav, revimin
fr=50Hz
(A3), 15, A
wav, Fevimin
fr=45Hz
(A3), I, A
wav, Fevimin

According to the table 4.5 loading characteristics are built, and by
each characteristic hardness of the loading (mechanical) characteristic is
calculated and the short analysis of properties of the drive is carried out at

regulation under the law UT =const.

Loading characteristic at control law % =const.

The characteristic is taken at constant value of frequency of the
converter and (table 4.1) change of a current of loading (ampermeter A3)
by means of potentiometer K5. The limits of change of frequency is given
by the teacher. Results should be written down in the table 4.6.
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Figure 4.4 — Circuit of the laboratory panel.
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Table 4.6 — Experimental data of dependence of speed of the motor

at % =const .
fr=55Hz

(A3), I3, A
wav, revimin

fr=50Hz

(A3), 15, A
wav, revimin

fr=45Hz

(A3), I, A
wav, revimin

According to the table 4.6 loading characteristics are built, and by
each characteristic hardness of the loading (mechanical) characteristic is
calculated and the short analysis of properties of the drive is carried out at

regulation under the law % =const.

4.3.3 Functional drive circuit design is made on the basis of the
principal circuit diagram of the drive and its description according to
recommendations of JICT ECK/I,.

4.3.4 Structurally-algorithmic circuit design of the drive with
frequency regulation is developed according to recommendations (1,2) on
the basis of functional circuit.

4.3.5 After acquaintance with the laboratory setup it should be
switched on.

4.3.6 Make calibration test of the loading generator by a following
method taking into account that the induction motor speed-torque
characteristic can be defined as the electromechanical characteristic of the
loader o=f(M), representing in scale the electromagnetic moment at a
constant magnetic flux of a loader the dependence of speed from the
electromagnetic moment o=f(Mgm).

Really, at lngo=ln=const, i.e. at Fam=Fng2=const, electromagnetic moment
is defined by expression:
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Mim =Ky - Faw -1 =Cy - 14,
where C,, is the coefficient of proportionality, is defined separately
at calibration test of a loader and set separately for each setup.

Thus, during the research, speed-torque characteristic of the motor in
all regimes is gained by removal of the electromechanical characteristic of
a loader o = f (lag2). For the record of losses in the loading motor a curve of
the losses is removed, representing dependence of speed of the motor from
loader armature current o = f (lag2), gained at disconnection from a network.
At curve removal the loading motor is connected to the constant-current
source.

For gaining of a speed-torque characteristic of the motor taking into
account losses it is necessary to make the exploratory electromechanical
characteristic ® = f (lag2) and a curve of losses ® = ¢ (lag2), and then for a
resulted curve inject moment scale that is defined by expression:

Mw :M 'CM )

where M; — armature current scale, C, — coefficient of
proportionality. According to experiences and calculations it is necessary to
calculate the matching values of the drive operated on frequency law.
Results are tabulated in 4.7 and 4.8.

Table 4.7 — Measured and calculated data.

Measured data Calculated data
No s _ M=M. - Uy
13 /U3 12|02 n|flhom| @ | n |, | M=Cl B (Ui)
Table 4.8 — Measured and calculated data.
Measured data Calculated data
Ne

|3 U3 |2 U2 P Pb Mmax Ccos [) n

4.5 Content of the report

The report of the laboratory work should contain:

- the name of laboratory work;

- the work purpose;

- general views of the laboratory stand and its description;
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- the list of the equipment and a short technical data of elements
and apparatuses of stand;

- the electric principal circuit of the stand and its description;

- results of experimental researches in the form of tables and
characteristics and their description;

- the electric functional circuit of the drive and its description;

- the structurally-algorithmic circuit and its description;

- the conclusion;

- the list of references.

4.6 Control questions

4.6.1 What main joints does the thyristor transducer with a link of a
direct current consist of and appointment of these links?

4.6.2 What condition is carried out at regulation of velocity of
induction motor at constant moment by change of network frequency?

4.6.3 What condition is carried out at regulation of velocity of
induction motor by change of network frequency if power should remain
constant?

4.6.4 What does happen to the induction motor moment if network
frequency is increased without changing of voltage?

4.6.5 Represent induction motor speed-torque characteristics at
constant network frequency and decrease of supply voltage.

4.6.6 Represent induction motor speed-torque characteristics at
constant supply voltage and frequency decrease.

4.6.7 How does the starting torque of the motor depend from
network frequency?

4.6.8 How does the moment of an induction motor depend from
supply voltage?
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