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INPEJUCJIOBUE

JlaHHbBIE METOOMUYECKHE YKa3aHUs IIpeJHa3HA4YEHbl AT yueOHO-
METOIUYECKOTO COMPOBOXKACHUS Kypca aHTIMICKOTrO sI3bIKa Ui CTYACH-
TOB MaruCTPaTypbl HEA3BIKOBBIX BYy30B, 00YYAIOIIUXCS 110 HANPaBICHUIO
noarotoBku 13.04.02 «OnekTposHEPreTuKa 1 AIEKTPOHUKA» HalpaBJICH-
HOCTh IIPOTPaMMBbI «DJIEKTPOIIPUBOABI U CUCTEMBI YIIPABIEHUS 3JIEKTPO-
MIPUBOJIOBY.

W3zyuenne matepuana IpecienyeT Leldb pPa3BUTHS HABBIKOB U
YMEHUH MPOCMOTPOBOTO M H3YYaroOIEro YTEHHsI TEKCTOB IO HaIpaBie-
HUIO TIOJTOTOBKH, a TaK)K€ MX MEpeBojia Ha PYCCKUH S3bIK C MOCIEAYIO-
IIMM HCTIOJIb30BAHMEM TMOYYEHHOW WHPOPMALMH Il PEYEBOM MPaKTU-
K{; OBJIaJIeHHE CTYACHTAMH HHOS3BIYHONH KOMMYHHUKAaTHBHO-PEYEBOI
KOMIIETeHIINEH, MO3BOJISIOMENH Oy IyleMy CIEHUalINCTy OCYIIECTBISAThH
npodecCHOHANTFHYI0O KOMMYHHKALUIO; (OPMHUPOBAHHE AKTHBHOTO CJIO-
BapHOro 3amaca, KOTOPBIH BKIIIOYaeT HambOosiee ynmoTpeOuTeIbHbIE aHT-
JTUHACKHUIA TEPMUHBI U CJIOBA OOIIETEXHMIECKOTO XapaKTepa.

MeToanueckrue yKa3aHHs COCTOSAT M3 TeMAaTHYECKUX pa3JelioB,
KaXIbIid U3 KOTOPBIX ITOCBSILEH OXHOMY M3 aCIIEKTOB, CBA3aHHBIX C JJIEK-
TPOIPUBOJAMH M CUCTEMAaMHU YIIPaBICHUA. 3aJaHus AJs YTEHUs U Iepe-
BOJIa COCTaBJIEHBI HAa MaTepHalie ayTeHTHYHBIX TEKCTOB M COIPOBOXKAA-
I0TCSl YNIpaKHEHUSIMH, HAlpaBICHHBIMU Ha aKTUBU3ALMI0 KOTHUTHUBHON
JESITeIbHOCTH 00yYarOIUXCsl, OCBOCHUE HOBOT'O JIEKCHYECKOI'0 MaTepHa-
Ja, U CIIOCOOCTBYIOT Pa3BUTHI0 KOMMYHUKATHBHBIX HaBBIKOB B cdepe
npodecCHOHANBFHOTO OOIIECHHS Ha aHTJMHCKOM SI3bIKE.

[TpunosxeHne conep UT TEKCTHI AT HOTMOIHUTEIBHOTO YTCHUS U
IJI0CCapUid.



UNIT 1.
ELECTRIC DRIVE: GENERAL DESCRIPTION

Reading Activities

1. In groups, write down five things that you know about an electric
drive.

2. Read text 1 to check if any of your points were mentioned.

Text 1
ELECTRIC DRIVE

An electric drive is an electromechanical system ' (mechatronic
system) intended to set into motion technological equipment. It consists
of an electric motor  (motors), a transfer mechanism, an electrical en-
ergy converter, and a control system. The control system consists of a
microcontroller with data connection interfaces, data channels (data net-
work), sensors and actuators 3. In general, the main task of the electric
drive is the motion control of mechanisms. An electric drive is an auto-
matic control system with a number of feedbacks * where different auto-
matic control principles, such as error driven feedback control, model
based control, logical binary control, or fuzzy logic control methods, are
used. Depending on a particular technical solution and selected control
principle, different sensors S for measuring of currents, voltages ¢ veloc-
ity . acceleration ®, torque etc. in an electric drive are used. Other infor-
mation, like pressure signal for controlling pumps and compressors, air
humidity ° and/or temperature signal for controlling of fans '’ etc. is also
necessary. For that reason, the controller of the drive must process differ-

ent information.
(www‘ene.ttu.ee/elektriajamid/oppeinfo/materjal/AAV0020/4Drives7Lehtla‘pd)

NOTES

" electromechanical system — siekTpoMexaHuUecKas CHCTeMa
? electric motor — >1eKTpoOABUTaTEb

*actuator — NPUBOL

* feedback — oGpaTHasi CBSI3b

> different sensors — pa3;THYHEIE TATYHKH

% voltage — HanpsvkeHHe



7 velocity — ckopocTb

¥ acceleration — yckopenue

? air humidity — B1axxHOCTB BO3yXa

' controlling of fans — ynpasieHue BeHTHIATOpAMH

3. Read text 1 again and answer the questions.

1. What is an electric drive intended to?

2. What does an electric drive consist of?

3. Can you describe the main task of the electric drive?
4. What are the key functions of using different sensors?
5. How important is pressure signal information?

4. In pairs, write down those definitions of ‘an electrical drive’ that
you can think of. Read the definitions below and share your view
point for or against.

1. An electrical drive can be defined as an electromechanical
device for converting electrical energy into mechanical energy to impart
motion to different machines and mechanisms for various kinds of
process control.

2. An electrical drive is an industrial system, which performs the
conversion of electrical energy into mechanical energy or vice versa for
running and controlling various processes.

3. An electrical drive is defined as a form of machine equipment
designed to convert electrical energy into mechanical energy and provide
electrical control of the processes.

4. The system employed for motion control is called an electrical
drive.

5. Read text 2 paying attention to the words in bold.



Text 2
BASIC COMPONENTS OF AN ELECTRIC DRIVE
SYSTEM

A modern electric drive system has five main functional blocks: a
mechanical load, a motor, a converter, a power source, and a controller.
The power source provides the energy the drive system needs. The
converter interfaces the motor with the power source and provides the
motor with adjustable voltage, current, and/or frequency. The controller
supervises the operation of the entire system to enhance overall system
performance and stability.

The basic criterion in selecting an electric motor for a given drive
application is that it meets the power level and performance required by
the load during steady-state and dynamic operations. Certain
characteristics of the mechanical loads may require a special type of
motor. For example, in the applications for which a high starting torque
is needed, a dc series motor might be a better choice than an induction
motor. In constant-speed applications, synchronous motors might be
more suitable than induction or dc motors.

Environmental factors may also determine the motor type. For
example, in food processing, chemical industries, and aviation, where the
environment must be clean and free from arcs, dc motors cannot be used
unless they are encapsulated. This is because of the electric discharge that
is generated between the motor brushes and its commutator segments. In
those cases, the squirrel cage induction motor or other brushless
machines are probably the better options.

The cost of the electric motor is another important factor. In
general, dc motors and newer types of brushless motors are the most
expensive machines, whereas squirrel cage induction motors are among
the cheapest.

The function of a converter, as its name implies, is to convert the
electric waveform of the power source to a waveform that the motor can
use. For example, if the power source is an ac type and the motor is a dc
machine, the converter transforms the ac waveform to dc. In addition, the
converter adjusts the voltage (or current) to desired values. The controller
can also be designed to perform a wide range of functions to improve
system stability, efficiency, and performance. In addition, it can be used
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to protect the converter, the motor, or both against excessive current or

voltage.
by M.A. El-Sharkawi

6. Match the words from text 2 with the translation.

power source perynsaTop

controller JKCIUTyaTallMOHHBIE KA4eCTBa

performance WCTOYHUK MHTAHUS

starting torque IIETKU OBUTATEIII

motor brushes ITyCKOBOH KPYTSIHANA MOMEHT

squirrel cage induction motor OeCIECTOYHBIN IBUTATEIh

dc series motor KOPOTKO3aMKHYTBIN aCHHXPOHHBIN
AJIEKTPOJIBUTATEIh

brushless motors CEPUECHBIN JIBUTATEIb
IIOCTOAHHOI'O TOKa

7. Read text 2 again and answer the questions.

1. What are five main functional blocks and their functions?

2. What are the criteria of choosing a motor for the electric drive?
3. In what cases is it reasonable to use brushless motor?

4. What is the price range for the electric motors?

5. What is the function of a converter?

8. Read text 3 and insert the missing words from the box into the
gaps.

Text 3
ELECTRICALLY ACTUATED SYSTEMS
electricity stepper faults rotation expensive
loop fixed screw valve

Electrically actuated systems are very widely used in control
systems because they are easy to interface with the control systems which
are also electric and because (1) ............. is easily available unlike
fluid power which requires pumps and compressors.




The advantages of electric systems are the following. a)
Electricity is easily routed to the actuators; cables are simpler than pipe
work. b) Electricity is easily controlled by electronic units. ¢) Electricity
is clean. d) Electrical (2) ............. are often easier to diagnose.

The disadvantages of electric actuators are as follows. a)
Electrical equipment is more of a fire hazard than other systems unless
made intrinsically safe, in which case it becomes more (3) ........... . b)
Electric actuators have a poor torque-speed characteristic at low speed. ¢)
Electric actuators are all basically rotary motion and complicated
mechanisms are needed to convert (4) ............. into other forms of
motion.

There are three types of motors used in control applications: A.C.
motors, D.C. motors, and (5) .......... motors.

A.C. motors are mainly used for producing large power outputs at
N (0) IR speed. Typically these are 1420 or 2900 rev/min. Such
motors are controlled by switching them on and off.

Increasingly, speed control is being used with A.C. motors on
applications such as pumps where it is found to be more economical to
control the flow rate by changing speed rather than by opening or closing
a pipe line (7) ............ . Speed control is achieved electronically by
varying the frequency or by chopping the power supply. These motors are
usually geared down in order to produce a greater torque and increase the
control range. They may also have the rotation converted into linear
movement by a lead (8)............. mechanism.

Direct current motors are more widely used in control
applications and they are usually referred to as servo motors. The
development of more powerful magnets is improving the power to weight
ratio but they are still not as good as hydraulic motors in this respect.
Servo motors usually have a transducer connected to them in order to
measure the speed or angle of rotation.

Basically a stepper motor rotates a precise angle according to the
number of pulses of electricity sent to it. Because there is confidence that
the shaft rotates to the position requested, no transducer is needed to
measure and check the position and so they are common on open

(C) e systems.
(http://www.freestudy.co.uk/control/t2.pdf)



9. Name the noun suffixes you can remember. Then form the nouns
from the verbs in the table, where possible.

VERB NOUN -ion NOUN -er/or NOUN -ment

Actuate

Control

compress

transduce

Move

Step

Rotate

Develop

Connect

10. Find English equivalents in Text 3.

Cucrtemsl € 3JIEKTPONPHUBOIOM; Ul THAPABIUKH TPeOyIOTCS HACOCHl U
KOMIIPECCOPBI; OTKa3 3JIEKTPOCUCTEMBI MpOIIE JUArHOCTHPOBATH;
OMaCHOCTh BO3HUKHOBEHMS I10Kapa; MCKPOOE30MacHbIi; MEXaHUUECKHUE
XapaKTEPUCTUKU 3aBUCHMOCTH KpYTALIETO MOMEHTa OT CKOPOCTH
BpalleHus; peodpa3oBaTh BpallaTelbHOE IBH)KEHHE B ApPYrue (OpMBI
JIBYDKEHMUS, LIarOBbIN 3NIEKTPOABUIATEINb; 3JIEKTPOJBUTATEIb
MIOCTOSIHHOT'O TOKA; 3JIeKTPOJBUraTelIb IEPEMEHHOIO TOKA; PETYIMPOBATH
CKOPOCTb TOKA XUJIKOCTH; CEPBOMOTOP; BpAILCHUE BaJla.

Discussion Points

1. Discuss the main characteristics of the electric drive in techno-
logical equipment.

2. Point out all the information necessary for the controller of the
drive.

3. Elicit the role of each part of the electric drive.

4. Point out the advantages and disadvantages of the electrically
actuated systems.




UNIT 2.
KEY CHARACTERISTICS OF ELECTRIC DRIVERS

Reading Activities
1. What do you expect to be covered in the extract? Can you name
the main features of the electric drive?
Text 1
OPERATIONAL ADVATAGES

An electric drive provides electrical retarding and reduces service
brake wear. It also has many operational advantages '. It includes the
control of wheel slip and slide thus reducing the tire wears *. The system
delivers a smoother ride for the operator. The electric drive system en-
hancements include improved retarding grids, slip control algorithms, the
latest in diagnostic and troubleshooting software and silencers.

These are the advantages of electric drives:

1. Cost is too low as compared to another system of the drive.

2. The system is more simple and clean.

3. The control is very easy and smooth.

4. Flexible* in the layout.

5. Facility for remote control *.

6. Transmission of power > from one place to other can be done
with the help of cables instead of long shafts, etc.

7. Its maintenance cost is quite low.

8. It can be started at any time without delay.
NOTES
' operational advantages — 5KCIUTyaTalOHHBIE TPEHMYIECTBA
*tire wears — H3HOC LITHH
? flexible — ruGkuit
* remote control — CTaHIMOHHOE yIIpaBJIECHUE
> transmission of power — mepeada SHEprHu

2. Read text 1 for the second time and answer the questions.
1. What does an electric drive reduce?

2. What can you say about the cost of the drive as compared to
another system?

10



3. How much does maintenance of the electric drive cost?
4. What do the electric drive system enhancements include?

Discussion Points
1. Discuss where electric drives are actually used. Then, read the
applications of the electrical drives. What haven’t you mentioned?

Electric drives are used in boats, traction systems, lifts, cranes, electric
car, etc. They have flexible control characteristics. The steady state and
dynamic characteristics of electric drives can be shaped to satisfy the load
requirements. They are available in wide range of torque, speed, and
power. They can be started instantly and can immediately be fully loaded.
They can operate in all the four quadrants of the speed-torque plane. They
are adaptable to almost any operating conditions such as explosive and
radioactive environments.

3. Read text 2 about electric drives. Fill in the gaps with appropriate
words from the box.

Text 2
FAQ ABOUT ELECTRICAL DRIVES
leaks advantages conditions complex
impacts fluids guns control

Q: What are the reasons for choosing electric actuators over
hydraulic actuators?

A: Hydraulic actuators have some (1) ................. in certain
cases. They have a high power density, low component cost, moderate to
high stiffness, high speed, and are a commonly used technology with
several commercial outlets. However, in certain situations, hydraulic
actuators can be less beneficial to a system. They have a moderate
accuracy and repeatability without the additional help of extra tuning
equipment. They also have intricate and (2) ............ installation and
maintenance due to hydraulic pumps and tubing. Additionally, they have
a high installation cost, low energy efficiency, large environmental
() I , and limited scalability and modularity. These are the
cases where electric actuators offer a better solution.

11




Q: What are the primary benefits of using an electric
actuator system over hydraulics?

A: Electric actuators offer high speed and force, are flexible and
easily programmable for a variety of load (4) .............. , have high
accuracy and repeatability, are efficient, simple to install, require little
maintenance, and are environmentally friendly. By not using a hydraulic
system, the user can eliminate oil (5) ........... , reduce pollution, and
improve worker safety. Other environmental benefits of electric actuation
include: higher energy efficiency/lower energy consumption; quieter
operation/lower noise levels; and near zero power consumption when not
operating (hydraulic system pumps operating during idle periods
consume substantial energy). Additionally, there is no disposal of
hydraulic (6) .............. (upon normal maintenance or repair, hydraulic
fluids need to be disposed of properly). Electric actuators are also a non-
toxic solution especially in the food industry.

Q: What current industries are using electric actuators to
their benefit?

A: Several industries are utilizing electric actuators for their
systems. For example, they are used in the automotive manufacturing
world and robotic end tooling like weld (7)......... , bearing presses, and
powering position arms. Food processing equipment uses electric
actuators for volumetric filling, cubing, and conveying and indexing
product. The oil and gas industries are using electric actuators to replace
hydraulic and pneumatic actuators due to their environmental benefits
and more flexible and precise (8) ............ . Both hydraulics and
pneumatics have the potential for leakage, creating possible hazardous
conditions (i.e., contamination or ignitable gas where methane is
commonly used as the pneumatic fluid in the oil field). Electric actuators

are increasingly being used to address all these concerns.
https://exlar.com/content/uploads/2016/06/Exlar-FAQ-MD-HP-063016-V3.pdf
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UNIT 3.
TYPES OF MOTORS
Reading Activities
1. Read text 1 and try to retell the main points stipulated in the text.
Text 1
SYNCHRONOUS MOTOR

Synchronous motors' are synchronous machines used to convert
electrical power to mechanical power.

Since synchronous motors are usually connected to power
systems containing generators much larger than the motors, the frequency
and terminal voltage of a synchronous motor are fixed. The equivalent
circuit of a synchronous motor is the same as the equivalent circuit® of a
synchronous generator, except that the assumed direction of the
armature current’ is reversed. Synchronous motors supply power to
loads that are basically constant-speed devices. They are usually
connected to power systems very much larger than the individual motors,
so the power systems appear as infinite buses® to the motors. This means
that the terminal voltage and the system frequency will be constant
regardless of the amount of power drawn by the motor. The speed of
rotation of the motor is locked to the rate of rotation of the magnetic
fields® and the rate of rotation of the applied mechanical fields is locked
to the applied electrical frequency, so the speed of the synchronous motor
will be constant regardless of the load.

A synchronous motor has no net starting torque® and so cannot
start by itself. There are three main ways to start a synchronous motor:

1. Reduce the stator frequency to a safe starting level.

2. Use an external prime mover’.

3. Put damper windings® on the motor to accelerate it to
nearsynchronous speed before a direct current is applied to the field
windings.

If damper windings are present on a motor, they will also

increase the stability of the motor during load transients’.
By Stephen J. Chapman

NOTES

'synchronous motors — CHHXPOHHbI ABUTaTENb
“equivalent circuit — SxBuBaneHTHas cxeMa (3aMeIeHIs)
*armature current — Tox SIKOpS
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‘infinite buses — mHa GeCKOHEUHOI MOITHOCTH
*magnetic fields — MmarauTHOE TIONTE

Sstarting torque — mycKOBO#T KPY TSN MOMEHT
"prime mover — 1myckoBOii IBHTaTENH

*damper windings — nemndepuas 06MoTKa

’load transients — nepexo/HbIe KONEOAHNS HAIPY3KH

2. Read the text again and answer the following questions.

1. What is the main difference between a synchronous motor and a
synchronous generator?

2. Why are the terminal voltage and the system frequency of a
synchronous motor constant?

3. What are the main ways to start a synchronous motor?

4. What is the additional function of the damper windings?

3. Think of the possible applications of the synchronous motor. Then
read the abstract below to find out if you were right.

APPLICATIONS OF SYNCHRONOUS MOTOR
Because of high efficiency and high speed of the synchronous
motors, these motors are used for those applications where constant speed
is required. Speed above the 500rpm, synchronous motors are used for
drives, such as centrifugal pumps, compressors, rubber and paper mills,
line shafts, blowers etc. Speed below the 500rpm synchronous motors are
used for drives such as ball and tube mills, electroplating, generators, va-

cuum pumps, metal rolling mills, screw-type pumps etc.
http://www.apseee.com/applications-of-synchronous-motor/

4. Read text 2 to identify the message of the author. After
reading the text, try to put the facts in succession and summarize.

Text 2
SOFT START OF INDUCTION MOTORS
Today most commonly used electric motor is an induction mo-
tor '. As compared to other electrical machines, induction motor is reli-
able, durable in hard conditions and needs little current maintenance .
Because of this, induction motors are economically efficient. For a long

14



time, induction motors were known as electric machines difficult to con-
trol and were used only in electric drives with constant speed. Induction
motors are mainly used to set into motion general purpose machines, like
fans, compressors, pumps and other machines, like disc saws *, wood
planes. These machines operate in a continuous duty regime, but to opti-
mize processes and save energy, speed or torque control is often neces-
sary. Because 10 years ago, flexible speed control of induction motors
was very difficult, lower efficiency of a machine or lower quality of pro-
duction was the case. Problems of starting, braking and protection of in-
duction machines may be solved by help of power electronics and micro-
processor techniques using soft starters *. The progress of power semi-
conductor techniques 3. microelectronics calculation techniques and
other technologies make it possible to develop an operating regime opti-
mizing soft starters to control the induction motors.

Earlier, induction motors caused a number of problems. For ex-
ample, high power induction motor start was a problem. With direct on-
line start of the induction motor, the stator current increases up to seven
times over the rated value, causing high current peaks in the electrical
power lines. Starting current of an induction motor does not depend on

the motor load ® and is a constant value for each motor.
(www.ene.ttu.ee/elektriajamid/oppeinfo/materjal/AAV0020/4Drives_Lehtla.pd)

NOTES

!induction motor — ACUHXPOHHBIN JBUTATEINb

 maintenance — TeXHHYECKOE 0OCTyKHBAHNE

3 disc saws — TUCKOBBIE ITHIIBI

*soft starters — raBHbIe IIyCKaTeIn

> power semiconductor techniques — TeXHOJOTHH CHJIOBBIX ITOIYIIPO-

BOJHUKOB

S motor load — Harpy3sKa JABUTaTENs

5. Read text 2 for the second time to answer the questions.

1. What is most commonly used electric motor today?

2. What characteristics does an induction motor have if you com-
pare it to other electrical machines?

3. Where are induction motors are mainly used?

4. What kind of problems induction motors caused some years
ago?

15



5. In your view, what makes it possible to develop an operating
regime optimizing soft starters to control the induction motors?

Discussion Points

1. Discuss how technologies have influenced the use of induction motors.
2. Name the typical terms referring to the synchronous motor; to induc-
tion motor.

UNIT 4.
FREQUENCY CONTROL

Reading Activities

1. What do you know about the problems with velocity control of an
induction?

2. Explain the notion ‘a frequency converter’.

3. Read text 1 and do the tasks below.

Text 1
FREQUENCY-CONTROLLED ELECTRIC DRIVERS

Many problems arise with velocity control ' of an induction and
a synchronous motor. It is well known that the best way of speed control
of a squirrel cage induction motor and a synchronous motor is variation
of frequency of the supply voltage . For a long time, there was no sim-
ple and cheap way for frequency control. For that reason, the variation of
the pole number of a motor is used. The speed control of an induction
motor makes it possible to use the induction motor with the phase
winding * (with slip-rings and brushes) because the slip of the rotor and
the speed of this motor are inversely proportional to the resistance of the
rotor circuit *. However, in this case, there are high losses in the rotor
rheostat.

Today, the frequency control ° of induction machines is the main
method of speed regulation and frequency converters are the main com-
ponents of electric drives. Traditionally, the frequency converter was in-
tended for smooth control of voltage and frequency of a motor. But mod-
ern frequency converters have a number of functions. In principle, a fre-
quency converter with an induction motor is a complex electric drive. A
frequency converter consists of a feeding converter, sensors and a control

16



system. The control system is able to control the actuator or complicated
automatic circuits of the technological process. By help of network in-
terface ®, a frequency converter is usable on automatic systems with a
number of levels. A frequency converter has a user interface for the drive

operation mode control.
(www.ene.ttu.ee/elektriajamid/oppeinfo/materjal/AAV0020/4Drives_Lehtla.pd)

NOTES

"velocity control — ynpasieHne cKopoCThIO

? variation of frequency of the supply voltage — m3MeHeHHE YacTOTHI
HaIpsKCHUA IMTUTaHUA

* induction motor with the phase winding — acHHXPOHHEIH IBUTraTeNb C
(hazoBoii 0OMOTKO#

*resistance of the rotor circuit — conpoTHBIeHHE KOHTYpa PoTOpa

> frequency control — 4acToTHOE yIpaBieHHe

% network interface — cereBoit nuteppeiic

4. Match the words from column A to the words from column B to
form word combinations.

A B
supply converter
speed control
high components
frequency automatic circuits
complicated voltage
main losses

5. With a partner, try to find the English equivalents.

Hawnnydmmm crmoco6oM KOHTPOJIS CKOPOCTH aCHHXPOHHOTO JIBH-
rarels; Ui yIpaBlieHHsS PEKUMOM Pa0dOThl MPUBOJA; 00PaTHO MPOIOp-
UOHAIIBHBI COTMPOTUBIICHUIO KOHTYpa pOTOpa; Ul TUIABHOTO yIpaBiie-
HUS HAIIPSDKEHUEM U 4aCTOTOW ABHTAaTEeNsl; MOKHO MCIIOJIb30BaTh B aBTO-
MaTHYECKHX CHUCTEMax; MMEIOTCS OOJBIINE IMOTEPH; COBPEMEHHbBIE Jac-
TOTHBIE NTPe0Opa3oBaTeNI UMEIOT P (PyHKIMH.

6. Read text 1 again and answer the questions.
1. What is the best way of speed control of a squirrel cage induc-
tion motor and a synchronous motor?
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2. What functions do modern frequency converters have?
3. What is the main method of speed regulation?

7. Read text 2, pay attention to the words in bold.

Text 2
VARIABLE FREQUENCY DRIVES (VFDS)

The demand for efficient motor controls due to rising energy
prices and a trend toward energy efficiency has resulted in a growing de-
mand for variable frequency drives (VFDs)'. The market for VEDs is
expected to increase at a rate of 5.94% (CAGR) in the next three years, so
it’s not surprising manufacturers are investing in state-of-the-art VFD
technology. The latest advances in VFD software and hardware tackle
common problems original equipment manufacturers (OEMs) and manu-
facturers have been wrestling with for years: enabling teams to do more —
faster and easier — with fewer resources.

1. Wireless diagnostics

Wireless diagnostics” represent the future of VFDs whether it’s
Wi-Fi, Bluetooth, or something else entirely. In a typical plant where
access to a drive in a closed enclosure may be limited, engineers can con-
nect directly to the system from a distance using the wireless signal built
into the drive. Online software enables engineers to view and diagnose
problems without touching the drive or its enclosure’.

2. Flexible integration

VFDs with flexible integration allow engineers to solve for the
application challenge once and then interface to an upper-level pro-
grammable logic controller (PLC) of choice. When an OEM is selling
a given machine to customers domestically and abroad, regional trends in
PLC preference are not an obstacle for machine integration.

The OEM can take a drive with multiple communication options,
solve the machine application once, and pick the option that matches the
upper-level controller choice for each customer.

3. Modular memory

Gone are the days when technicians would have to go into the
keypad to program a replacement VFD. Soon, having to use a PC or even
just a USB stick® to transfer the configuration to a replacement drive will
be a thing of the past. Today, drives with removable, modular, nonvola-
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tile memory® make maintenance quick and easy. They eliminate the need
to connect additional hardware. If a piece goes bad, device replacement is
as simple as taking the memory module out of the old drive and putting it
into a new one.

4. Predictive maintenance’

The Internet of Things (IoT), a global trend in every industry, has
had an impact on VFDs by speeding and simplifying the flow of informa-
tion from machine to technician and back again. As such, manufacturers
are making changes to everything from their machines to their informa-
tion technology (IT) departments to facilitate the collection, analysis, and
application of drive data. Basic IT departments are familiar with Ethernet
switches, hubs, and routers, resulting in a more seamless integration for
data transfer®. Complex communication strategies are requiring modern
VFDs to report lifetime counters, production rates, downtimes, power

output, and more for better real-time decision making.
(by Joel Kahn)

NOTES
'variable frequency drives (VFDs) — uacTOTHO-perymmpyembiii
AIEKTPOIPUBOJ

2wireless diagnostics — GecrpoBoIHAS IHATHOCTHKA

*enclosure — kopyc

! programmable logic controller — mporpammupyemslii JOrHUecKuit
KOHTpOJIJIEP

USB stick — ¢premn-kapra

Snonvolatile memory — 3HeproHe3aBUCHMOE 3aIIOMUHAIOIIEE YCTPOUCT-
BO

"predictive maintenance — IHArHOCTHYECKOE OOCITYKHBAHHE

%data transfer — nepenaua naHHBIX

8. Read text 2 again and find synonyms to the following words.

Effective, increasing, producer, up-to-date, headway, to fight, factory,
foreign, hindrance, variant, replaceable, influence, standstill.

9.Explain in English what the following abbreviations mean. Using a
dictionary, find Russian equivalents.
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VFD PC

CAGR USB
OEM IoT
PLC IT

10. Match the words from column A to the words from column B to
form word combinations.

A B
Flexible efficiency
Energy memory
Wireless integration
non-volatile signal
business integration
Seamless intelligence

Discussion Points

1. Talk to a partner. Discuss all possible problems that can arise with ve-
locity control of an induction and a synchronous motor.

2. Describe the advantages of variable frequency drives.
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APPENDIX 1.
ADDITIONAL TEXTS FOR TECHNICAL READING

In this section, you will find some additional texts and articles on
the topics of the corresponding units included in the manual. They can be
used either as an additional classroom material for the unit, home reading,
or as an extra reading activity for the advanced learners in the group.

TEXT 1.
WHAT IS ELECTRIC DRIVE?

Whenever the term electric motor or electrical generator is used,
we tend to think that the speed of rotation of these machines is totally
controlled only by the applied voltage and frequency of the source cur-
rent. But the speed of rotation of an electrical machine can be controlled
precisely also by implementing the concept of drive. The main advantage
of this concept is, the motion control is easily optimized with the help of
drive. In very simple words, the systems, which control the motion of the
electrical machines, are known as electrical drives. A typical drive system
is assembled with a electric motor (may be several) and a sophisticated
control system that controls the rotation of the motor shaft. Now days,
this control can be done easily with the help of software. So, the control-
ling becomes more and more accurate and this concept of drive also pro-
vides the ease of use.

This drive system is widely used in large number of industrial
and domestic applications like factories, transportation systems, textile
mills, fans, pumps, motors, robots etc. Drives are employed as prime
movers for diesel or petrol engines, gas or steam turbines, hydraulic mo-

tors and electric motors.
(From https://www.electrical4u.com/electrical-drives/)

TEXT 2.
MODERN POWER ELECTRONICS AND DRIVES

Nowadays, modern power electronics and drives are used in elec-
trical as well as mechanical industry. The power converter or power
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modulator circuits are used with electrical motor drives, providing either
DC or AC outputs, and working from either a DC (battery) supply or
from the conventional AC supply. Here we will highlight the most impor-
tant aspects, which are common to all types of drive converters. Although
there are many different types of converters, all except very low-power
ones are based on some form of electronic switching. The need to adopt a
switching strategy is emphasized in the Wrist example, where the conse-
quences are explored in some depth. We will see that switching is essen-
tial in order to achieve high-efficiency power conversion, but that the re-
sulting waveforms are inevitably less than ideal from the point of view of
the motor. The thyristor DC drive remains an important speed-controlled
industrial drive, especially where higher maintenance cost associated with
the DC motor brushes (c.f. induction motor) is tolerable. The controlled
(thyristor) rectifier provides a low-impedance adjustable DC voltage for
the motor armature, thereby providing speed control.

TEXT 3.
THEORY: HOW DOES AN ELECTRIC MOTOR WORK
(By Chris Woodford)

The link between electricity, magnetism, and movement was
originally discovered in 1820 by French physicist André-Marie Ampere
(1775-1867) and it’s the basic science behind an electric motor. But if we
want to turn this amazing scientific discovery into a more practical bit of
technology to power our electric mowers and toothbrushes, we've got to
take it a little bit further. The inventors who did that were English-
men Michael Faraday (1791-1867) and William Sturgeon (1783-1850)
and American Joseph Henry (1797-1878). Here's how they arrived at
their brilliant invention.

Suppose we bend our wire into a squarish, U-shaped loop so
there are effectively two parallel wires running through the magnetic
field. One of them takes the electric current away from us through the
wire and the other one brings the current back again. Because the current
flows in opposite directions in the wires, Fleming’s Left-Hand Rule tells
us the two wires will move in opposite directions. In other words, when
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we switch on the electricity, one of the wires will move upward and the
other will move downward.

If the coil of wire could carry on moving like this, it would rotate
continuously — and we'd be well on the way to making an electric motor.
But that can’t happen with our present setup: the wires will quickly tangle
up. Not only that, but if the coil could rotate far enough, something else
would happen. Once the coil reached the vertical position, it would flip
over, so the electric current would be flowing through it the opposite
way. Now the forces on each side of the coil would reverse. Instead of
rotating continuously in the same direction, it would move back in the
direction it had just come! Imagine an electric train with a motor like this:
it would keep shuffling back and forward on the spot without ever actu-

ally going anywhere.
(Adapted from https://www.explainthatstuff.com/electricmotors.html)

TEXT 4.
UNIVERSAL MOTORS
(By Chris Woodford)

DC motors like this are great for battery-powered toys (things
like model trains, radio-controlled cars, or electric shavers), but you don't
find them in many household appliances. Small appliances (things like
coffee grinders or electric food blenders) tend to use what are
called universal motors, which can be powered by either AC or DC. Un-
like a simple DC motor, a universal motor has an electromagnet, instead
of a permanent magnet, and it takes its power from the DC or AC power
you feed in:

1. When you feed in DC, the electromagnet works like a conven-
tional permanent magnet and produces a magnetic field that's always
pointing in the same direction. The commutator reverses the coil current
every time the coil flips over, just like in a simple DC motor, so the coil
always spins in the same direction.

2. When you feed in AC, however, the current flowing through
the electromagnet and the current flowing through the coil both reverse,
exactly in step, so the force on the coil is always in the same direction
and the motor always spins either clockwise or counter-clockwise. What
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about the commutator? The frequency of the current changes much faster
than the motor rotates and, because the field and the current are always in
step, it doesn't actually matter what position the commutator is in at any

given moment.
(Adapted from https://www.explainthatstuff.com/electricmotors.html)

TEXT 5.
BIPOLAR CIRCUIT
(By H. Sax)

The advantage of the bipolar circuit is that there is only one
winding, with a good bulk factor (low winding resistance). The main dis-
advantages are the two changeover switches because in this case more
semiconductors are needed.

The unipolar circuit needs only one changeover switch. Its enor-
mous disadvantage is, however, that a double bifilar winding is required.
This means that at a specific bulk factor the wire is thinner and the resis-
tance is much higher. We will discuss later the problems involved.

Unipolar motors are still popular today because the drive circuit
appears to be simpler when implemented with discrete devices. However
with the integrated circuits available today bipolar motors can be driver
with no more components than the unipolar motors.

The torque of the stepper motor is proportional to the magnetic
field intensity of the stator windings. It may be increased only by adding
more windings or by in- creasing the current.

A natural limit against any current increase is the danger of satu-
rating the iron core. Though this is of minimal importance. Much more
important is the maximum temperature rise of the motor, due to the
power loss in the stator windings. This shows one advantage of the bipo-
lar circuit, which, compared to unipolar systems, has only half of the

copper resistance because of the double cross section of the wire.
(Adapted from http://users.ece.utexas.edu/~valvano/Datasheets/Stepper ST.pdf)
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TEXT 6.
BRAKING MODES

Are we able to stop the aircraft safely in the landing phase, at
high speeds and on different runway surfaces and climate conditions?
The braking could be either symmetric or non-symmetric to allow the
aircraft to turn. In this example, we are only interested in the symmetrical
braking during the landing or the rejected take-off phases. A functional
decomposition of the ‘Brake the aircraft on land’ function shows that two
types of component are needed: physical components to actually brake
the system and control components to give appropriate commands to the
physical parts. The physical components of the wheel-braking system are
hydraulic components and power source that will act on the multi-disk
brakes and consequently brake and/or stop the wheels. These parts are
controlled by a controller called BSCU (Braking System Control Unit). A
preliminary safety analysis shows that the considered function is critical
to the functioning of the system since its failure could lead to catastrophic
consequences like the aircraft leaving the runway or crashing the build-
ings or equipment on the airport. Thus the wheel braking system must be
fault tolerant by using redundant components. For our example, the brak-
ing system is made of two redundant hydraulic lines, a normal line that is
first activated and an alternate one that is activated when the normal
chain is inoperative. Each of the two systems has an independent power
source. A supplementary power source, called emergency power source,
is also mandatory for the wheel-brake system in aircraft. In this case, an
accumulator is also added and provides the braking system with hydraulic

power when all the other power sources are inoperative.
(From https://www.researchgate.net/figure/State-machine-system-modes-of-the-wheel-
braking-system_fig4 263357392)
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APPENDIX 2.
TECHNICAL VOCABULARY

A
A.C. power drive system — 3JeKTpOIPUBOJ IEPEMEHHOI0O TOKA
Accumulator battery — akkymyssTopHas OaTapes
Actuator — npuBOIHON MEXaHNU3M
Amplifier — ycunurens
Armature current — TOK sSIKOps
Attenuation — koye6aTeNbHOCTD
Automatic control system — cucreMa aBTOMAaTHYECKOIO yIpaBIEHUA
(perymupoBaHms)
Auxiliary electric drive — BcmoMoratenbHEII 3JIEKTPOIPHUBOT
Availability factor — koa¢ddunuent roropaocTu

B
Base speed — HOMuHaNbHAs YacTOTA BPALLEHUS ABUTATEIS
Basic drive module — xaHan perynupoBaHusi 3J€KTPONPUBOJA
Blower — BeHTIIISITODP; BO3AYX03a00pHUK
Break-away torque — MOMEHT TpOraHus
Brushless motors — GecéTouHbIi 1BUTATENH

C
Capacitor motor — KOHAECHCATOPHBIN IBUraTelb
Circuit diagram — snekTpuueckas cxema
Combined control — koMOMHUPOBAaHHOE YIIpaBICHUE
Control device — ympasisiolee ycTpoicTBO
Controlled electric drive — perynupyemslii 31€KTPOIPUBOL
Control equipment — nHGOpPMAITMOHHBIH KaHAJ 3JIEKTPOIIPUBOIA
Control influence — ymnpasmstoiiee Bo3IeiCTBIE
Control loop — 3amKkHYyTast cuctema peryJaIupoBaHuUs
Current source inventor — UHBEPTOpP TOKa
Centrifugal pumps — 11eHTPOOSKHBIN HACOC
Change direction — MeHATH HanpaBIeHUE
Compressor — koMIpeccop
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Controller — perymnsaTop; opran ynpapieHHs
Converter — npeoOpazoBarteib
Current — Tox

D
D.C. power drive system — 3JIeKTpOIPHBOJ IOCTOSIHHOTO TOKa
Damper windings — nemndepras oomMoTka
Design engineer — nH)X€HEP-KOHCTPYKTOP
Double-supply machine — snexTponpuBosa ¢ MaliMHONW ABOMHOIO MUTa-
HUS
Dynamic braking — tunamuueckoe TopMoKeHHE

E
Electric drive components — KOMIIOHEHTHI YJIEKTPOTIPHUBOIA
Electric drive index — sHepreTnyeckue nokazareny JIEKTPOIPHUBOJA
Electric energy convertor — npeoOpa3oBarenb dIEKTPUIECKON SJHEPTUN
Electric motor — a;ekTpoaBUTaTeIh
Electric shaft — snexTpruyeckuii Ban
Energy consumption — saepronorpetienue
Energy efficiency — saepreTideckuii BEIX01
Equivalent circuit — s5xBuBaneHTHas cxema (3aMelIeHNs)

F
Fire hazard — onacHOCTh BOSHHKHOBEHUS TTOKapa
Frequency control — uactToTHOE ynpaBneHue
Fuzzy logic — HeueTkas noruka

G
Gain factor — koaQpunmeHT ycruneHus
Gear — ycTpolCcTBO; MEXaHU3M; 000PYI0OBaHHUE; TIPHBOT

H
Heat time constant — nocrosiHHas BpeMEHU HarpeBa
Hollow shaft drive — aekTponpuBOI C TIOJIBIM BAJIOM
Humidity sensors — 1aTunku BIa>XHOCTH
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I
Idling — xonoctoit xox
Impact loading — ymapHoe npuinoxxeHue Harpy3Kku
Induction motor — acuHXpOHHEII 1BUTATENH
Infinite buses — mHa 0OeCKOHEYHOI MOIIHOCTH
Interface — unTepodeiic
Intrinsically safe — ckpoGe3omnacHsIi; B3pEIBOOE30TIACHBIIA
Inverter — uaBepTep

L
Lighting — ocBemenune
Line shaft — npomesxyTouHbIi Ban
Linear motor — nuHeHHbINH ABUraTENb
Load transients — nepexonbie KoJeb6aHus HArPy3KU

M
Magnetic bearing — MarHUTHBIH TOMITUITHUK (OTIOpA)
Magnetic fields — marauTHOE TIOTIE
Magnetic sensors — MAarHUTOYyCTBUTEIBHBIE TATINKH
Maintenance — TeXHIYECKOE OOCITyKUBaHUE
Measuring flow sensors — 1aT4lKH CKOPOCTH MOTOKA (IIPOTOKA)
Micro actuator — MUKpOIIPUBO/T
Micro motor — MUKpOIBUraTENb
Motor brushes — nieTku asurarens

N
Networking module — cereBoii MOyTTh
Neural network — HelipoHHBIE CETH
Nonvolatile memory — sHEproue3aBUCUMOE 3aIOMUHAIOLIEE YCTPOUCTBO

(0]
Operational modes — 30HbI pery1upoBaHus
Overload factor — neperpy3ouHast cltocOOHOCTb

P
Paper mill — nemmono3no-0ymMaxkHOE TIPENPUATHE
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Parallel correction — mapannensHas KOppPeKIH
Performance —texHuueckue XxapakTepUCTUKHI
Permanent magnet — mOCTOSIHHBIN MarHuT
Power density — yiensHas MOIITHOCTh

Power source — UICTOUHUK MUTaHUS

Prime mover — myckoBoii 1BUraTeNnb
Proximity Sensor — 66CKOHTaKTHBIN JATINK
Pump — Hacoc

Q

Quality factor — nokazarens kadecTBa

R
Rectifier — BempsmMuTens
Reluctance motor — CHHXpOHHBIN peaKTUBHBIA JBUTATENb
Resolver — cnHyC-KOCHHYCHBIN mpeodpa3oBaTeih
Reversing electric drive — peBepCcHUBHBII 2IEKTPOIIPUBO]
Rotation — BpamaTensHoe JBUKEHNE

S
Safety connecting blocks — coexnnuTeNbHBIE KOPOOKM 0€30MACHOCTH
Self-turning electric drive — camoHacTpauBarOIUICS ANEKTPONPUBOLL
Sensor — naT4uk
Sensorless control — 6e3aTurKOBOE yIpaBiIeHNUE
Serial interface — mocenoBarepHBIN HHTEPPEIiC
Series motor — cepueCHBIN IEKTPOABUTATEIb
Servo motor — cepBoMOTOp
Settling time — BpeMs1 perynupoBaHus
Short-time duty — kpaTKOBpeMeHHBII peXUM PaOOTHI
Slip power — MOIIIHOCTh CKOJIBYKEHHS / SHEPTHUS CKOJIBKCHUS
Solenoid — snexTpomMarHuT
Speed range — nuana3zoH peryJIupoBaHUs CKOPOCTH
Squirrel cage induction motor — acCHHXpOHHBI IBUTATENb C KOPOTKO-
3aMKHYTBIM POTOPOM
Starting torque — myckoBoi KpyTALINI MOMEHT
Stepper motor — 1aroBsIii JBUTATEIH
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Synchronous motor — CHHXpOHHBIH 1BUTATEh

T
Technological unit — TexHomoruueckuii arperat
Three phase motor — Tpexda3HbIii 2neKTpOABUTATENTD
Torque motor — 1BUraTeNs BpaIaoIero MOMeHTa
Transducer —mpeobpaszoBarein
Transform — npeoOpa3oBbIBATH
Transmission — Mexanuueckas nepegava
Two-channel electric drive — TByXKaHaJIBHBIH 2JIEKTPOTIPHBO,T

U
Ultrasonic sensors — yJIbTpa3ByKOBBIE JATUHKH
Universal motor — yHuBepCcanbHBIN 3JEKTPOABUTaTENb

v
Variable frequency drive — 9acTOTHO-pETYIHUPYEMBII AJIEKTPOIIPUBO.
Velocimeters — 1aT4vku CKOPOCTH

Vision sensors — 1aTauky n300paskeHUsS

Voltage — nanpsixeHue

Voltage source inventor — UHBEPTOp HANPSKEHUS

W
Water-cooled motor — nBuraress ¢ BOJSHBIM OXJIAKIECHUEM
Wireless diagnostics — OecripoBoHast AMArHOCTUKA
Working machine — paGouas mamiaa

30



BUBJINOTPA®GUUYECKHIN CITUCOK

1. Mioutep B. K. AHrmo-pycckuif u pycCKO-aHTIUHCKHNA CIIO-
Baphb: 150000 cnoB u BeIpaxkenuit. M.: Oxkemo, 2009. — 1200 c.

2. DNeKTpuvecKuii mpuBo. TepMUHBI U ONpeACIICHs / IO pel.
C.K. KossipeBa. — M.: U3narensctBo MOU, 2015. — 96 c.

3. Chapman, Stephen J. Electric Machinery Fundamentals, Fifth
edition. / Stephen J Chapman. — N.Y.: The McGraw-Hill Companies,
2012. - 680 p.

4. El-Sharkawi, Mohamed A. Fundamentals of Electric Drives. /
Mohamed A. El-Sharkawi. — Brooks/Cole Publishing Company, 2000. —
400 p.

5. Kahn, Joel. Variable frequency drives (VFDs) / Joel Kahn //
Control Engineering. — January 2018. — P. 41.

INTERNET LINKS

1. AHTIIO-pyccKUil CI0Baph TEPMUHOB 110 aBTOMATU3ALMHU [DNeK-
TpOHHBIU pecypc]. Pexxum goctyna:

https://rusautomation.ru/informaciya/anglo-russkiy-slovar-
terminov-po-avtomatizacii

2. Applications of Synchronous Motor [DnekTpoHHEI pecypc].
Pexum pmoctyma: http://www.apseee.com/applications-of-synchronous-
motor/

3. Electric motors. [DnextponHsiii pecypc]. Pexum nocryma:
https://www.explainthatstuff.com/electricmotors.html

4. Instrumentation and control. Electrical actuators. [DmekTpoH-
HbI pecype]. Pexxum moctyna: http://www.freestudy.co.uk/control/t2.pdf

5. Stepper motor driving. [DnexTpoHHBI pecypc]. Pexxum moc-
tyma: http://users.ece.utexas.edu/~valvano/Datasheets/Stepper ST.pdf

6. The Advantages of Modern Electric Actuators [DneKTpOHHBI
pecypc]. Pexxum noctymna:

https://exlar.com/content/uploads/2016/06/Exlar-FAQ-MD-HP-
063016-V3.pdf

7. What is electrical drive? [DnexTponHnsiii pecypc]. Pexxum moc-
tyna: https://www.electrical4u.com/electrical-drives/

31



CONTENTS

UNIT 1. Electric drive: general description..............c...oovvvineninn.
UNIT 2. Key characteristics of electric drivers..........ccocvevrverveennnns

UNIT 3. Types of motors.......
UNIT 4. Frequency control....

APPENDIX 1. Additional texts for technical
TEAGING. ...veeevieiiieiieie et et et et et eeste e e e st enseesseeseesseeseenseensaensaens
APPENDIX 2. Technical vocabulary..........c.cccocceviiniieniiniininnene

bubmuorpadudeckuii cimcox

32

10
12
16

21
26
31



UHOCTPAHHBIN SI3BIK

JIEKTPOIIPUBO/AbI U CUCTEMBI YITPABJIEHUSA
SJIEKTPOIIPUBOJOB

Memoouueckue ykazanusa K camocmoamensvHoil pabome
o cmyoenmoeg mazucmpamypul nanpaesienusn 13.04.02

FOREIGN LANGUAGE
ELECTRIC DRIVES AND CONTROL SYSTEMS
Cocr.: E.B. Bunoepaoosa, H.O. I'opoxosa
INewaTaercs ¢ OpUrMHaiI-MaKeTa, OArOTOBICHHOrO Kadeapoi
HWHOCTPAHHBIX SI3bIKOB
OTBETCTBEHHBIH 3a BITycK E.B. Bunoepadosa
JIvnensus U] Ne 06517 ot 09.01.2002

[Monanucano k nevatu 29.01.2019. dopmat 60x84/16.
VYen. neu. 1. 1,9. Yenkp.-ott. 1,9. Vu.-uza.a. 1,6. Tupax 75 sx3. 3aka3 54. C 26.

Cankr-IleTepOyprckuit TOpHBIA YHHBEPCUTET
PUIL CankT-IleTepOyprckoro ropHoro yHUBEpCHTETa
Anpec yausepcuteta u PULL: 199106 Cankr-IlerepOypr, 21-s nunus, 2



	2019 - 17
	2019-17 МУ Electric drive Виноградова ЕВ, Горохова НЭ

