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ABSTRACT

Bachelor’s thesis “Electrotechnology — commented translation” aims at
translating Czech scientific text into English language, which is used as a study material
for students of Electrotechnology, and to convey comparative analysis of both the
original and the translated text. The source text is divided into nine chapters from which
several extracts were selected and analysed in terms of linguistics. Each of them is
concerned with different area of electrical engineering and diverse variety of scientific
terms is used. This bachelor’s thesis offers essential theory concerned with translation of

scientific texts written in style of science and technology.
KEYWORDS

Electrotechnology, Commented translation, Comparative analysis, Translation,

Style of science and technology, Stylistics, Textbook
ANOTACE

Cilem semestralni prace “Elektrotechnika — komentovany pieklad” je preklad
ceského odborného textu do anglictiny, ktery slouzi jako studijni material pro studenty
elektrotechnologie, a provést komparativni analyzu originalu a ptelozeného textu.
Zdrojovy text je rozdélen do deviti kapitol, z kterych bylo vybrano né€kolik vynatkt na
nichz byla nasledné provedena analyza z lingvistického hlediska. Kazdy z nich se zabyva
jinou oblasti elektrotechniky a pouziva k tomu odli§nou Skalu odbornych vyrazi. Tato
bakalarska prace take nabizi zakladni teorii zabyvajici se prekladem texti psanych ve

stylu védy a techniky.
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INTRODUCTION

To understand a message carried by a set of specific words of a certain discourse
community in our native language can prove to be difficult. To translate the sentence into
another language which comes from a different language family and preserve the same
message requires certain level of knowledge of both languages, linguistics and the

specific professional field, especially the associated stylistics.

English is a Lingua Franca in scientific fields. In the translation of scientific texts,
it is most important to conserve the message even if it means completely reorganizing the
sentence in terms of structure and grammar. Each language uses different scientific terms
for the same mechanical device or physical process. For this reason, it is essential to use

dictionary focused on the specific field with which the text deals with.

As a student of English in Electrical Engineering and IT, I have chosen the
translation of study materials oriented on students of Geotechnology. It is written in the
style of science and its purpose is to explain the principles of electrical engineering used
in mining. This text provides the readers with essential knowledge of electrical machines
and devices used in their field of study. For this reason, it is abundant in scientific terms
from different areas of the professional field. It also includes exercises which consist of

extracts from the source text that I found interesting to translate.

The aim of my bachelor’s thesis is to translate the Czech original into English and
convey comparative analysis on several aspects. In many cases, it was necessary to divide
the sentence and transform its structure. Furthermore, I chose several extracts that proved
to be difficult to translate because of the differences between the language systems of
Slavic and Germanic languages. These extracts characterize their differences from the
point of linguistics and they were implemented into the theoretical part as a device that

illustrates the topic described in the current chapter.

In the following pages, there is a theoretical part which introduces the reader to
the essential theory related to translation of technical texts. In this part, I chose several
extracts from the original text and its translated version in order to compare them and
comment on their features and differences. After the theoretical part, there is a copy of

the translated text in English language and the original text in Czech.



THEORY

The aim of the theoretical section of this thesis is to introduce and explain the
essential theory associated with the source text. This text, which was used for translation
from Czech to English, is a textbook used by teachers and students of High School of
Technology in the town of Karvina and is a perfect example of a text written in formal

style of science and technology.

In the introductional part of this bachelor’s thesis, which is the first chapter, only
the most necessary theory is introduced in relation to the source text, such as the
differences between the style of science and technology and the popular scientific style.
Since the source text is written in style of science and technology, entire chapter 2 is
devoted to thorough explanation of the typical features of this style, such as the use of
passive voice and register. There are several extracts from both the source text and the

translated text that demonstrate these features in detail.

Chapter 3 represents the speech acts that frequently occur in scientific texts and
their basic functions which contribute greatly to the form which is understandable and

easily recognized among authors writing in academic settings.

The aim of chapter 4 is to recapitulate and summarize the approaches which were
introduced and mentioned in previous chapter. The literature which was used as an
information source for the chapter 3 and 4 is the Parameters of Professional

Discourse/English for Electrical Engineering written by doc. Milena Krhutova.

Since the practical part of this thesis was to translate the source text written in
Czech language to English, chapter 5 deals with the procedures of translation which are

used in problematic translation situations, for example in technical texts.

The sixth chapter defines Czech language as an analytic language and English as
a synthetic language and further explains their differences and the problematics of the
translation from one language system to the other. Whatsmore, there are several extracts

that illustrate their major differences.
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1. Introduction to style and genre

1.1. Style

Among authors writing in academic style, there are two popular styles which occur

frequently. These are style of science and technology and popular scientific style.

The style of science and technology aims at professionals and academics who are
interested in the given topic, are already motivated to read the text, have advanced
knowledge in the concerned field and are well acquainted with the terminology in use.
There are many graphs, tables and diagrams that are used for explanation. The level of
formality is rather high and personal approach is used sporadically. The informative
weight is on high level since the text is written by the professionals for audience

comprised of experts and semi-experts.

The aim of popular scientific style is to attract the reader not only with the form
in which the text is written, but also with colorful pictures, graphs and photos. The level
of formality is relatively low and personal approach is frequently used in order to involve
the reader into the interaction with author. This way, the reader gains the feeling of being
on the same level of knowledge as the author and finds it more appealing to read the text.
The information provided is rather elementary for the reason that the author expects that

the audience is rather uninstructed.

However, this thesis is concerned with translation of a text written in style of
science and technology. There are multiple cases in which personal approach is used and
thus a subjective approach is applied. These instances occur mainly in calculation
examples. One of the cases is demonstrated in the following example which can be found
in the source text (ST) and the translated text (TT) at the end of chapter 1.5.3 of the source

text.
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ST: Jaky pocet zdvitit musi byt na sekunddrni civce vuci primdrni, jestlize chceme

mit na sekunddrni civce 10 x vétsi proud nez na civce primdrni?

TT: How many turns are necessary on the secondary coil if we require 10 times

larger current on the secondary coil in comparison to the primary coil.

In this example, the author chooses the personal approach represented by the
pronoun we, which is not typical for the style of science and technology, but it was used
as a device for encouraging the audience in solving the calculation exercise. In the Czech
language, the pronoun describing the first person in plural is omitted. Instead, the first

person in plural is expressed by the verb chceme.

The most typical feature of the popular scientific style is the use of expressions
such as we, our. The reason is that the text tends to be more informal and it should give
the reader feeling of being on the same level of knowledge as the author. According to
Krhutova, such expressions “are used in order to encourage the reader, establish a close
connection to reader, and also create a feeling that the concerned field of science is both

accessible and easy to understand. This way, attention of the reader is drawn” (2009:57).

The source text is written in the style of science and technology and its definition

and typical features are explained thoroughly in chapter 2.
1.2. Genre

In order to understand the meaning of genre, it is necessary to explain the term.
According to Widdowson, the genre is: “A type of discourse in written or spoken mode
with particular characteristics established by convention, e.g. a cooking recipe, a letter of
application, a sermon” (1996:127). Kramsh adds that: “Whereas a literacy event is
defined as any interaction between readers and written texts within a social context, a
genre is a socially sanctioned type of communicative event, either spoken — like a sermon,
a joke, a lecture — or printed, like a press report, a novel, or a political manifesto”

(1998:62).

This means that the genre is defined by agreed social conventions and each genre

is characteristic with common features which share all the texts that belong in the specific

12



genre. There are certain rules established which are necessary to follow while writing a
text. As the society evolves, new genres emerge. Nowadays, there is a genre of email

which did not exist few decades ago.

There are many genres used in academic settings and even more genres of
literature. In the following list, however, only the most common academic genres

recognized by Lund University are mentioned:

e Research Articles

e Textbooks

e Abstracts

e Reviews

e Undergraduate text type
e PhD Theses

e Popular scientific writing
o Posters

e Grant proposals

e Essay format [!

The genre of the selected text is a textbook, which is an academic genre. The main
objective of a textbook is to communicate established facts to students interested in given
subject. It presents knowledge in a comprehensible way and explains how and why the
presented principle or machine works and how it has been and can be used. The goal is
to inform and instruct, provide general introduction to the matter. A textbook presents

existing views within the subject, not the opinion of the author [,

According to Bhatia, the purpose of a textbook is to “make accessible established
knowledge in a particular discipline to those readers who are being initiated into a specific
disciplinary culture” (1998:17). In other words, the goal of a textbook is to outline the
current knowledge available in given discipline, rather than to present new claims

(Hyland, 2009).

[1] Writing in Academic Genres [online]. Lund University, Dec. 2, 2016 [Accessed on: 23" April, 2017].
Available from: http://awelu.srv.lu.se/genres-and-text-types/writing-in-academic-genres/

[2] Academic Genres [online]. Sok and Skriv, Feb. 4, 2014. [Accessed on: Ist April, 2017].

Available from: http://sokogskriv.no/en/reading/academic-genres/
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Textbooks are logically organized into chapters and subchapters that gradually
explain certain topics. Furthermore, relevant problems which occur in that field are
presented in a form of calculation exercises. Textbooks concerning with
electrotechnology are written in informal style, using descriptive sentences and
comprehensive definitions that present physical principles and well-known facts in given
field. It is also necessary to use graphological devices to simplify and explain the
problematics to the reader. Krhutova notes that for this purpose, elaborate pictures and
other semiotic supportive means, such as figures, graphs, pictures and equations, are used

(2009:54).
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2. Features of style of science and technology

According to Knittlova (2010), style of science and technology is mostly
conveyed in written form and lectures are regarded as secondary form of this style. The
goal is to communicate thorough information to the audience as precisely and appositely
as possible. It is written as a monologue and feedback from the addressee is absent, there
is no situational context, non-verbal devices are not available in order to help with
explaining the problematics. For this reason, the contents and formality of the discourse

must be complete and consistent.

Knittlova adds that this is achieved by “using special terminology of the concerned
field and precise syntax. As a result of rich and challenging content, the text must be
stylistically and grammatically precise and comprehensible to ensure that the information
is conveyed smoothly and correctly understood. In order to achieve this, connectors,
deixis, cohesive devices and references are used to ensure hierarchy in the text. Since the
aim of style and science and technology is to convey precise information, the syntax is

stereotypical and logically structured” (2010:149).

Another typical feature is the level of formality of the text, which is widely used
in exact sciences. The author is not important in the context and is set aside by using the
passive voice. By suppressing the personality of the author, certain level of objectivity is

achieved. This phenomenon is closely described in the following chapter.
2.1 Passive voice

The texts written in the style of science and technology are required to be both
objective and formal. It is possible to achieve this by using passive voice. Passive voice
raises the level of formality and according to Knittlova, the main advantage is that it is
not necessary to specify the agent. For this reason, it is used in situations where the agent
is not important to mention, most typically in exact sciences (2010:151). Krhutova adds
that using any signs of subjectivity might be perceived as an unreliable source and in

technical fields it is ordinary to co-operate in teams (2009:45).

Typical use of passive voice can be demonstrated on the following example which

can be found at the beginning of chapter 5.1 in the source text.
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ST: Elektrické motory se pouZivaji v hornictvi pro pohon dopravnikii,

dobyvacich stroju, hydraulickych agregati, ditlnich lokomotiv, téznich strojii apod.

TT: Electric motors are used in mining as actuators on automatic conveyers,

continuous miners, hydraulic aggregates, mine trains, mining machines etc.

In English, passive voice is formed by using to be + past participle. In Czech,
however, it is possible to choose from two methods of creating passive voice. The first
option is to use byt + past participle. The second method is by using reflexive pronoun
se + past participle. In this example, the author of the original text used the first option
to form the passive voice. In technical settings, it is not necessary to mention who uses

these electric motors, because it is obvious and not important in given context.
2.2 Lexical and syntactical features

Since the author aims at being precise and clear while explaining the problematics
of concerned field, the text tends to be stereotypical in terms of both lexicology and
syntax. Knittlova claims that “in exact sciences, unambiguous terms must be used in order
to deliver explicit information to the audience. The most frequent word categories are
generally nouns and adjectives. The terminology used is composed of words with clearly
defined meaning in particular scientific discipline” (2010:149). These claims are
demonstrated on the following extracts that can be found in the source text and translated

text in chapter 5.3.
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ST: Motor s paralelnim buzenim - budici vinuti je pripojeno paralelné k vinuti
motoru. Budici vinuti ma velky pocet zavitu malého priafezu. Reostatem Ize ménit budici
proud a tim se méni otacky rotoru ve velkém rozsahu. Motor md jesté spoustéci rezistor,
u kterého se pri rozbéhu motoru odpor zmensuje a pri skonceném rozbéhu je velikost

odporu spoustéce nulovd.

TT: Motor with shunt excitation — excitation winding is connected in parallel to
the motor’s winding. The excitation winding has large number of turns with small cross
section. It is possible to change the excitation current using the rheostat and change the
rotor’s revolutions in wide range. In addition to that, the motor has also resistance
starter which lowers its resistance as the motor starts up and after a successful start the

resistance is equal to zero.

In terms of lexicologys, it is possible to depict the terms frequently used in the field
of electrotechnology. In the previous extracts of the source text and translated text, the
terms excitation, winding, resistance, motor, odpor, budici, and vinuti occur several times
in a short paragraph. The reason for that is that there is no equivalent that would replace
these terms. More importantly, the style of science and technology is concerned with
delivering explicit and clear information and using synonyms would lower the coherence
of the given text. Another example that can be found in chapter 1.5.3 in the source text

and translated text.

ST: Jednofazovy transformadtor se skiddda z civky primarni (vZdy je pripojena ke
zdroji stiidavého napéti), sekunddrni civky a jadra sloZzeného ze vzdajemné odizolovanych

plechu, aby se snizily ztraty zpiisobené Foucaltovymi - virivvmi proudy.

TT: A single-phase transformer comprises of primary coil (it is always connected
to source of alternating voltage), secondary coil, and core. The core is composed of
mutually insulated sheet steel laminations in order to lower the losses caused by Foucault

currents.

*nouns, adjectives

Speaking of syntax, present tense simple is used frequently because the validity

of the proposition in terms of electrotechnology is timeless.
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2.4 Register

To be able to translate efficiently, it is necessary to be aware of the register used
in the source text. The register is determined by factors such as context, purpose of the
text and concerned audience. These factors are called stylistic variation. The choice of
register and the associated terminology is very important in terms of style of science and
technology because in most cases, the text is written in a form of a monologue and
published as a written text. This means that there is no feedback from the reader to the
author and vice versa. Fort this reason, the author and the reader cannot rely on the context
and use of non-verbal devices and the author must use clear, unambiguous terms in order
to be understood correctly. The syntax is also important, as was mentioned in the previous

chapter.

In academic writing, more specifically in style of science and technology, one of
the defining features of a register is the use of jargon, which is special technical
vocabulary associated with given discipline. Yule claims that in social terms, jargon helps
“to create and maintain connections among those who see themselves as 'insiders' in some
way and to exclude 'outsiders™ (2006:211). According to Halliday, it is possible to
identify the register by describing three variable elements which differ according to the

genre: field, tenor and mode (1985, 30-35).

The first element is field. The field of the text is a topic with which the given text
is concerned. In this case, it is a textbook of electrotechnology and it concerns with related
subtopics, such as the principles of operation of electrical devices. There are particular
names of objects involved which identify the context of electrotechnology. These include
devices such as thermal power stations, nuclear power plants, electric circuits with its
component (batteries, conductors, light-bulbs, inductors, resistors, etc.), galvanic cells,
transformers, and electric motors. Whatsmore, there is wide variety of terms connected

to each subtopic of electrotechnology.

The second element, which is named tenor, is described by participants of
discourse and the level of formality between them. The source text is written by
professionals in the field of electrotechnology and it communicates to an audience which
comprises of high school students of electrotechnology and people generally interested in

the mentioned field.
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The last element is called mode and it is concerned with the form in which the text
1s communicated to the audience, such as written form, audiovisual form, visual form or
vocal form. Furthermore, the form of a monologue or dialog is taken into account. This

text is delivered to the audience via written text in a form of a monologue.

Taking these elements into consideration, it is possible to identify a technical
register. It is typical for the field of electrotechnology and to an “outsider”, these terms
may seem as incomprehensible nonsense. However, an “insider” acquainted with these
terms and the theory associated to them is able to comprehend this technical register. It is
typical with words that have fixed meaning in the described scientific discipline. In
addition to that, half-terms which are shared by all sciences, such as process, effect,
function, operate, feature, are used. Whatsmore, it is impossible to find interjections,

phraseology, dialect or slang in these texts.

In the following list, typical terms of technical register of electrotechnology are
introduced. Furthermore, the correct way of their translation is presented. In addition to
that, the possible errors which could occur if the text was translated by a person with

insufficient insight into the professional field of electrotechnology is presented.
e electrolytic dissociation : electrolyticka disociace
e clectrolytes : elektrolyt
e condenser : kondenzator
e nuclear fission : jaderné Stépeni
e motors with shaded pole : moftor se stinénymi poly.
e shunt excitation : paralelni buzeni
e winding : vinuti

e alkaline : in chemistry, the correct and most commonly used equivalent of this
term is zasadity. Alkalicky is also correct but its use would appear odd in this

context.
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e squirrel-cage : this term is used to describe a type of asynchronnous electric motor.
In Czech language, there is only one way to translate the term correctly: kotva
nakratko. However, the translation could go terribly wrong if the translator
neglects the use of special dictionary. In this case, the worst scenario is use of
calque. The literal translation, which is not suitable for the field of

electrotechnology, of this term would be klec na veverku.
2.5 English terms in Czech language

Since English is regarded as a Lingua Franca in science and technology, it is
common to encounter English terms used in Czech literature. These terms are borrowed
from the source language (SL) and implemented into the target language (TL). This way,
the languages are interconnected and it makes it easier for the reader to switch from one
to another while the terminology remains unchanged. The procedure of translation named

borrowing is explained in the chapter 3.

In the source text, there are many instances in which an English term was
borrowed and implemented into Czech. In the following list, there are many examples of
an English technical term that is commonly used and is comprehensible for the discourse
group interested in the field of electrical engineering. In order to translate these terms
correctly, it is essential to have some knowledge in the concerned field and more

importantly, to use a special dictionary dedicated to the translation of terms in the given

discipline.

turbogenerator : turbogenerator elektromagneticky : electromagnetic
turboalternator : turboalternator integrovany : integrated
neutron/neutralné nabitad Castice alternator : alternator

neutron

dynamo : dynamo
elektron/zaporn€ nabita Castice

elektrolyza : electrolysis
elektron

TR katoda : cathode
proton/kladné nabité Castice : proton

. anoda : anode
moderator : moderator

20



indukce : induction motor : motor

frekvence/kmitocet : frequency stator : stator
transformace : transformation rotor : rotor
transformator : transformer komutator : commutator
hystereze : hysteresis reostat : rheostat

resistor : resistor

The use of English terms in Czech language is very common, especially in the
field of science and technology. The main advantage is that the students are enabled to
navigate in English literature associated with the field of their study by using the
terminology with which they are already acquainted from the Czech written books which
use English terms. The reason why there is an increasing amount of English terms used
in Czech language is that the rate at which the industry of science and technology grows
is increasing rapidly and thus it is unnecessary to create Czech equivalents if the English
term can be adapted instead, which is also less complicated for the users of the Czech

language.
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3. Speech acts

The meaning of the term speech acts was defined by Widdowson as "aspects of
the language and aspects of the external circumstances in which it is used on a particular
occasion, its context of occurence" (2000:63). Krhutova notes that their pragmatic
meaning is achieved in a speech act as an illocutionary act (2009:121). Speech acts as a
part of discourse are devices that contribute to a clear delivery of a message directly to
the reader. She further comments that the audience depends on the mental schemata which
were formed from their own experience and in the field of professional variety of
language, it is the professional experience and knowledge that enables them to decode the
delivered information (2009:121). For an author, it is recommended to be aware of these

facts and to use these devices appropriately in relation to the given topic while writing a

paper.

In terms of style of science and technology, the function of a speech act is either
to describe, to inform, to explain, to conclude, to argue, or to evaluate. Krhutova
(2009:122) defined the typical speech act in academic settings is a lecture and the typical
genres, or literacy events, is a wide variety of specific texts with specific purposes. Their

aim is to perform their typical functions:

e Explication

e Exemplification
e Evaluation

e Argumentation
e Definition

e Concluding

These functions will be further described in the following subchapters, each of
them dedicated to one specific function of a speech act in a text written in style of science
and technology. This chapter is mainly based on the book Parameters of Professional
Discourse/English for Electrical Engineering, which was written by doc. Milena

Krhutova.
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3.1 Explication

In style of science and technology, there are many complicated topics that the
author introduces to the audience. The level of knowledge of the author and the reader is
supposed to be on the same level, since both of them are professionals. The audience of
texts written in style of science and technology is presumed to be composed of
professionals and semi-professionals and for this reason, there are certain topics that do
not require further explanation since the level of knowledge required from the audience
is defined by the topic. In relation to the source text, the authors rely on a higher degree
of professional knowledge of the readers, in this case, the students. In contrast to that,
authors of texts of popular scientific style have higher degree of knowledge than their
readers and for this reason it is necessary to be as explicit as possible. The author of a
popular scientific text simply cannot rely on the presupposition that the reader already
knows each single detail in the given field and for this reason must include additional

explanation. The following example can be found in the TT in chapter 5.2.3.

TT: The rotor of this asynchronous electric motor consists of a system of
mutually connected conductors — bars (squirrel-cage). The bars of the squirrel-cage
rotor winding are made of aluminium and they are manufactured by die casting. The size

and shape of rotor bars influence the run-up characteristics of the motor.

In this extract, the terminology in bold is not necessary to explain because the text
aims at instructed readers with a certain level of knowledge of electrotechnology. The
information is implicit. In a popular scientific text, it would be necessary to explain the
meaning of these terms. Furthermore, the text is written in formal manner with impersonal

approach to the reader.
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This extract can be found in the TT in chapter 3.2.

TT: The circuit can be found not only in the size of an integrated circuit, but can
also be connected into a larger electric network. If the path formed by the electric circuit
is closed, then we speak of a closed circuit. We speak of an open circuit if there is an
opened switch. Individual components by which the electric circuit is formed are usually

interconnected by conductors.

This chapter was probably written by different author and for this reason shares
some features with the popular scientific style. The use of first person plural pronouns is
a typical strategy used by authors writing in this style to raise the motivation of the
audience and imply that the author and the reader are on the same level of knowledge.
This way, the reader is encouraged to continue in reading and educate himself, which is
a typical approach used by teachers. It still demonstrates higher degree of explicitness.
For an expert, this strategy would prove uncomfortable to read. Krhutova adds that this
would violate the maxim of quantity (2009:128). However, the audience of the source

text are high school students and the strategy in use is suitable for this purpose.

Another feature of a popular scientific text is the use of the deictic noun our. The
personal and informal approach of the author to the reader is most commonly used in texts
written in popular scientific style, however, it can be also found in certain parts of a

textbook. This extract can be found in the TT in the chapter 3.1.
TT: In our calculations we also use the quantity current density: | = é

The features of the style of science and technology are: formality, implicitness,
impersonality. In contrast to that, the opposite features are typical to the popular scientific

style: informality, explicitness, personality.
3.2 Exemplification

According to Krhutova, the popular scientific style uses irreal situations,
metaphors and projections in order to explain the problematics to the reader (2009:137).
In contrast to that, these methods are considered non-professional and it is not possible to
use them in the academic settings and in texts written in the style of science and

technology. The examples tend to be less illustrative, descriptive, precise and more
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concentrated on the given problematics. This can be demonstrated on the following

extract that can be found in the TT in the chapter 3.3.1.

TT: Electrical current in fluids is conducted by ions that arise in the fluid by
electrolytic dissociation, which is the decomposition of the substance under the influence

of the dissolvent.

3.3 Evaluation

In her book, Krhutova wrote that evaluation is a strategy used primarily in
scientific texts in order to present the authors’ opinions and research results to the reader.
They evaluate and compare the results with conclusions in other authors’ publications
(2009:137). Since the field of science and technology is developing and new facts
constantly replace the old, the authors feel the necessity of expressing a certain degree of
uncertainty, such as the following phrases and words: it can be argued, seems to be, as

expected, may, it is expected.

This speech act is not frequently used in texts written in popular scientific style.
The reason is that there is no content to evaluate, there is no contribution to the scientific
field which could be commented by the author and the information included are facts that
are delivered to an uninstructed reader. In relation to the source text, the purpose of a
textbook is not to present new facts and the research results, but rather to inform and

educate the audience.
3.4 Argumentation

While presenting the author’s research results, it is necessary to support them with
facts. Krhutova notes that one method is to support these findings by quoting others,
especially the most influential authors in the related scientific discipline. Another method
is the choice of words which articulate the approach of the author and justify their own

methods of progression and conclusion (2009:142).
3.5 Defining

While defining certain topic in a publication written in the style of science and
technology, the recommended approach is to be formal, impersonal and use implicit and

precise definitions in order to avoid violation of the maxim of quantity. In the academic
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settings of electrical engineering, the author must also avoid using ambiguous
terminology and expendable word forms. Krhutova adds that other semiotic signs such as
tables, figures and specific fonts, e.g. Greek letters, are used to support the definition
(2009:144). This is common in the field of science and technology. In the following
extract, which can be found in the TT in chapter 3.4.1, there is a definition of the Ohm’s

law that demonstrates the aforementioned methods.

TT: Electric current flowing through the conductor is directly proportional to the

voltage at the terminals of the conductor with constant electric resistance.

Ohm’s law 1 :%

1 is electric current; A (ampere)
U is electric voltage; V (volt)

R is electric resistance; 2 (ohm)
3.6 Concluding

The texts which belong in the popular scientific style include conclusion in which
the discussed subject is summarized, which should be both formulated in simple and
logical way. This enables the reader to recapitulate the contents of the chapter and
remember the most important facts, which is essential in a textbook. The conclusions of
the style of science and technology share this trait. Whatsmore, the conclusion in a
scientific paper is enriched with the author’s research results, propositions of possible
solutions to the problem, commentary on the contribution of the research paper in relation

to the work of other authors and presents his future research intentions.
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4. Approaches to recipients

In the previous chapter, six basic functions of speech acts in an academic discourse
were introduced and described. Krhutova describes the discourse used for specific
purposes as a unique whole of the individual parameters which are interconnected in a
way that create the language with specific features and together they form a sophisticated
system (2009:149). For this reason, the aforementioned features will be presented again

in the following list:

e Impersonality/personality
e Objectivity/subjectivity

e Vagueness/definiteness

e Formality/informality

e Uncertainty/certainty

The difference between the impersonal and personal approach is the
applicability. The personal approach is used in texts written in the popular scientific style
with the aim of making the text comprehensible to wide audience which comprises of
uninstructed readers. Colloquiality, lack of specific terminology and personal approach

are typical features of this style.

In the style of science, the personal approach is used rather occasionally, as was
mentioned in the chapter 3. Krhutova notes that the aim of the style of science is to make
the text sound as objective as possible, to support the scientific approach and reliable
research results of its authors (2009:152). Since the research in the electrical engineering
is conducted in teams, the research results are presented in an objective and informal
manner. Krhutova adds that “the more formal the style is designed, the more professional
knowledge is presupposed and the more objectivity is expressed by linguistic means”

(2009:155).
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The personal and impersonal approach is interconnected with objectivity and
subjectivity. This can be demonstrated on the following extracts. In the source text,
which is written in style of science and technology, there is an instance in which a
subjective personal approach was used. This extract can be found in the TT at the

beginning of chapter 3.1.
TT: In our calculations we also use the quantity current density: j = é

In opposition stands the objective impersonal approach that can be found in the

TT at the beginning in chapter 3.1.

TT: The magnitude of the electric current I is calculated using the following

[ =40

formula: =

Krhutova distinguishes two aspects of objectivity (2009:158):

e Linguistic aspect is a typical part of each scientific discipline. It is used to
express the author’s effort to include all previous knowledge in the
discipline, his politeness and his ideas. The objectivity is expressed in the
following forms: it is necessary, it is important, it is probable, there is,
there are, etc.

e Pragmatic objectivity is expressed by common approaches of a discipline
to reality, its idea of objectivity which differs in exact and technical
sciences compared with social sciences. Social sciences display a higher
degree of linguistic occurrence of subjectivity, for example: Let us return
to our notion, I would argue that, I want to introduce, etc. The reason is,
as was mentioned previously, that the author is usually a single person,
whereas in exact and technical sciences the research was conducted by a

team.

Another interesting feature is the level of uncertainty used in text. The presented
facts can be weakened by using expressions such as seem, can, expected, slight,
especially, acceptable, which are used to follow the maxim of modesty and the agreement
maxim. Hedging is also used for this purpose. Krhutova notes that hedging expresses a
modulation of illocutionary force. Its interdisciplinary status confirms the overlap and

interconnections of all the features of the variety (2009:150). In the source text, there are
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no instances in which hedging was used, since it is a textbook that presents facts. Hedging
can be conducted, for example, by using the following phrases: could happen, might, can,

may, should, might perhaps even, probably, would, etc.

Uncertainty is frequently used in order to formulate ideas, research results and
new findings in scientific settings. The authors are aware of the fact that other experts
may see things from different point of view. For this reason, uncertainty is used to avoid
collisions and enable other professionals to contribute to their work with new facts or

critique.
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5. Procedures of translation

In technical texts, translator frequently encounters terms that are difficult to
translate for the reason of absence of direct equivalents. In order to solve this situation
there are seven basic procedures of translation which are divided into two categories. In
this chapter, I use characteristics of seven main translation procedures which were

described by Vinay and Darbelnet.
5.1 Direct Translation

Transcription is a procedure that uses different language system to transform a
term. If different alphabetical systems are encountered during the translation,

transliteration causes certain phonetic deformation.

Calque is a special variation of borrowing in which the target language borrows
expression from the source language by translating each of the original elements literally.
The translation creates either a lexical calque that both preserves the syntactic structure
of the target language and introduces a new mode of expression, or a structural calque
which creates a new construction in the language. For example, skyscraper is translated

to Czech as mrakodrap.

Substitution is a method that replaces the original with an equivalent, for example

a noun with a pronoun.
5.2 Indirect translation

Transposition is based on necessary grammatical changes. It can also be applied
within a particular language. It enables the translator to fine-tune the stylistic elegance of
the translated text. In translation of technical text from English to Czech, this method is
used frequently since the English is defined as analytical language and Czech language is
synthetic. In the following example, which can be found in the ST and TT at the beginning

of chapter 5.2.3, transposition is demonstrated.
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ST: Velikost a tvar rotorovych tyci ovliviuuje rozbéhovou charakteristiku motoru,

proto se vyrdabéji rotory s riznymi tvary drazek, budto je drdzka kruhova, nebo hluboka.

TT: The size and shape of rotor bars influence the run-up characteristics of the
motor. For this reason rotors of different slots shape are manufactured. The slots are

either round or rectangular.

Another example of transposition can be found in the ST and TT at the beginning

of chapter 3.2.

ST: Idedlnim rezistorem rozumime zarizeni, v némz pri priichodu proudu vznika
Jjen tepelnd energie. V idedlni civce se vytvdri jen magneticka energie a v idedlnim

kondenzdatoru se vytvari jen elektrickd energie.

TT: An ideal resistor is a device which generates only thermal energy while
current flows. An ideal coil generates only magnetic energy and an ideal capacitor

generates only electric energy.

Modulation, according to Knittlova, is based on changing the form of the
message through an alternation in perspective. For example, elbow of the pipe : koleno

potrubi (2010: 19).

Equivalence is a procedure that reformulates the TL by using different stylistic
and structural methods. Typical example is translation of exclamations, expressive,
idioms and expletives, Typical example is the Czech idiom zabit dvé mouchy jednou
ranou. Its equivalent in English is kill two birds with one stone. Furthermore, animal

sounds frequently demand reformulation.

Adaptation is used when the type of situation referred to by the SL does not sound
naturally in the TL culture. In such cases the translator must recreate a situation that can
be regarded as more or less equivalent. This procedure is widely used in translations of

movie and book titles.

According to Knittlova, there are two additional methods that can prove useful

while translating a text (2010, 19-20).
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Borrowing is the simplest of all procedures and it involves using foreign phrasing
the target text. This procedure is especially common in the style of science and
technology, since new technologies are constantly introduced. Typical examples in Czech
language are rotor, stator, asynchronni, synchronni, neutron, proton. Other way around,

the term robot is a Czech word that is used widely around the world.

Literal translation is a word for word translation which is based on the direct
transfer of a text from SL into grammatical and meaningful text in TL. This procedure is
unacceptable in the field of electrotechnology. For example, literally translated term
squirrel cage would probably result in the term veverci klec, which is incomprehensible

in the context of electrotechnology not only to the “insider”, but also to the “outsider”.
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6. Analytic vs. synthetic language

There are two major language systems being recognized in the field of
linguistics. These are the analytic languages and the synthethic languages. In this thesis,
the source text is written in synthetic language, which is Czech, and the translated text
is written in analytical language, which is English. These are in contrast and in the

following paragraphs, basic definition and their features is presented.

Analytic languages convey grammatical relationships effectively without using
inflectional morphemes. They have low morpheme-per-word ration and rely on using
definite and indefinite articles in order to convey their meaning. Another typical feature
is the word order which is strict and certain rules need to be followed. If not, the meaning
of the message may be corrupted. In these languages, wide variety of prepositions,

postpositions, particles and modifiers, idiomatic meanings and context is used /.

Synthetic languages have high morpheme-per-word ratio and rarely use definite
and indefinite articles for conveying message. The word order is not bound by strict rules

and for this reason tends to be more flexible than synthetic languages ..

[3] Analytic language [online]. Wikipedia, 2017, [Accessed on: 6th April, 2017]. Available from:
https://en.wikipedia.org/wiki/Analytic_language
[4] Synthetic language [online]. Wikipedia, 2017, [Accessed on: 6th April, 2017]. Available from:
https://en.wikipedia.org/wiki/Synthetic_language
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There are several examples on which the differences between the Czech and
English are demonstrated and explained. These extracts can be found at the beginning

of chapter 3.2 in the ST and TT.

ST: Idedlnim rezistorem rozumime zarizeni, v némz pri priichodu proudu vznika
Jen tepelna energie. V idedlni civce se vytvdri jen magnetickd energie a v idedlnim

kondenzdatoru se vytvari jen elektrickd energie.

TT: An ideal resistor is a device which generates only thermal energy while
current flows. An ideal coil generates only magnetic energy and an ideal capacitor

generates only electric energy.

The previously mentioned sentences are perfect example of the differences
between Czech language and English language. Czech belongs into synthetic languages
and English is described as analytical language. While Czech language tends to present
the information in a fruitful way that demonstrates the wide range of ways of formulating
the sentence. In contrast to that, English is straightforward and its aim is to get to the point
as quickly and accurately as possible. During the translation, the possibility of translating
the sentence literally was condemned for the reason it would prove difficult to understand.
Instead, these sentences were transposed and its grammatical form was changed in order
to focus on conveying the message as precisely and effectively as possible. For this

purpose, the passive voice used in the source text was omitted in the translated text.
The following sentences can be found in the ST and TT in chapter 3.2

ST: Prvky spliji funkce, které jsou od obvodu pozadovany, napriklad zesileni
signdlu, vytvdrent elektromagnetickych vin apod.

TT: Components fulfill functions which are requested from the circuit, for

example to amplify signal, create electromagnetic waves and the like.

The main difference between these two versions of the same message is the use
of grammatical devices. This instance is marked in bold. In Czech, the author uses noun
zesileni, vytvareni which is not possible to translate to English while preserving the
grammatical form. Instead, verb in a form 7o + inf is used in order to translate it to to

amplify and create and thus preserve the natural flow of the sentence.
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The following extracts can be found in the ST and TT in chapter 1.5.3.

ST: Kolikrat je vétsi pocet zavitii na sekundarni civce nez na primarni, tolikrt je

na sekunddrni civce vetsi napéti nez na civce primarni a tolikradt tam je mensi proud.

TT: The magnitude of the voltage on the secondary coil is directly proportional
to how many times is the number of turns on the secondary coil larger to the number of
turns on the primary coil. The same principle applies to the current, which is in this case

lower.

The active voice in ST was conserved in TT. However, the grammatical form of
ST was changed and the original sentence was expanded into two sentences because of
the differences between analytical and synthetic languages that tend to be more flexible
and comprehensible for native reader. Thanks to transposition, the original message was
preserved and the TT is comprehensible to an English-speaking reader. This is an example
of semantic translation, which is defined as “overtranslation”, which means that the

information is added in order to preserve the meaning of the original message.

Czech language is typical with its flexibility in the use of grammatical devices and
syntax in the construction of sentences. There are many possibilities of formulating one
sentence while the resulting message and comprehensibility is similar. Typical example
is the Czech poetry and literature in which occur flowery sentences and the message is
still conveyed. This is a typical feature of a synthetic language. In contrast to that stands
the English language which is a member of the analytic language group. English relies
heavily on the strict word order and the grammatical rules by which the sentences must
be formulated in order to remain comprehensible and natural. Otherwise, the message or

the coherence may be corrupted.
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CONCLUSION

The most difficult task in translation of the selected text was not to select correct
term used in the specific area of electrical engineering, since there are many are many
materials such as specialized dictionaries and scientific articles on which a translator can
rely. The most difficult task was to find the simplest and clearest way of explaining the

matter while preserving the original message.

In most cases, to conserve the original grammar and syntax is not as important as
to convey the original message precisely and unambiguously. In order to achieve this, I
had to divide an original sentence into multiple ones and to completely reorganize the
word order. The method of transposition proved to be effective in multiple cases since
the English analytic language does not offer as many possibilities of formulating the

sentence as the Czech synthetic language.

The easiest part was to translate the basic theory and principles of electric current,
electric voltage and electric resistance, such as Ohm’s law. However, there were
calculation exercises with many examples from a section that proved to be hard to

formulate in order to be understandable.

In translation of the genre of textbooks, especially in this case in which the
textbook was written in style of science and technology, it is necessary to respect the
stylistics chosen by the author of the text. This genre and style relies heavily on the form
in which the text is written for the reason that the message must be conveyed precisely.
Many features, such as passive voice, simple syntax and precise terminology, is used in
order to achieve this goal. If these demands are not satisfied, the text loses its value and

cannot be used as a reliable study material.

In my translation, I aimed at conveying the message precisely while respecting
both the format of the original text and its structure. However, the differences between
the two previously mentioned language systems were the reason why I had to transpose
the sentences and reorganize the word order. Another important factor was to use proper

terminology.
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TRANSLATED TEXT
1.4 Power stations

1.4.1 Thermal power station
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Fig. 4.1 Thermal power station scheme

By burning fossil fuel, usually brown coal, heat is released which is used to heat up
the water in boiler and this creates steam which has high temperature and pressure. Steam
funnels to the steam turbine blades. A portion of the energy is converted into kinetic
energy of the turbine. Electric current generator is placed on the same axis as the turbine.
This aggregate is called turbo generator or turbo alternator. After the steam passes the
turbine it funnels into a condenser, where it is cooled by water. A pump forces the

condensed steam back into the steam boiler and the whole process is repeated.

Cooling towers stand next to every thermal power station, where the cooling water is
cooled by streams of air. The cooling water is used to cool the steam in a condenser and
heats itself this way. Apart from the previously described power station which generates
only electric energy, there are also thermal power stations that are able to generate both
power and heat. A portion of the available steam energy is used to produce electricity and
another portion is used for remote heating of apartments and industrial objects. The

connection of a thermal power station and heating plant is called cogeneration unit.
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As well as heat engines, it is possible to use the energy of superheated steam only
partially. It is theoretically possible to achieve an efficiency of [(800 — 400)/800] - 100 =
50 % if the inlet temperature is 530 °C [J 800 K and outlet temperature 130 °C [J 400 K.
In practice, turbo generators achieve 45 % efficiency. This is because during a conversion
of turbine’s mechanic energy to electric energy we achieve efficiency greater than 90 %.

(50% 90) - 100 = 45%

1.4.2 Nuclear power plant

The only difference from common thermal power station is the heat source needed to
create steam. The source is nuclear reactor in which heat is generated by nuclear fission
of uranium 238, which is enriched by uranium with nuclear number 235, by slow
neutrons. The nuclear fission is only possible by slow neutrons, which get stuck in the
atom’s nucleus. This creates two hefty elements and three new neutrons, which continue
to fission more uranium nuclei. In nuclear reactors, there are important components called
control rods. These are rich on cadmium and are able to absorb neutrons completely and
stop the nuclear fission. Another important component is moderator (graphite or heavy
water), which slows down neutrons. The thermal system of nuclear power plant has two
circuits as a protection from radiation. The water in the primary circuit circulates in active
zone of reactor, absorbs the heat which was generated by the nuclear fission of the
uranium by slow neutrons. The same heat is used to heat up the water in secondary circuit
which flows in the steam generator (heat exchanger). Steam is used to spin the turbine

just as in common thermal power stations.

Transmission towser

Power line

Nuclear reactor Steam turbine .:,"-:'_' A

Steam generator

Fig. 5.1 Nuclear power plant scheme
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1.5.3 Transformer
NAAAS
LYY Y

Fig. 15.1 Symbol of transformer

Transformer is non-rotary electric machine which transforms alternating values of voltage
and current to greater or lower values of the same frequency.

A single-phase transformer comprises of primary coil (it is always connected to source
of alternating voltage), secondary coil, and core. The core is composed of mutually

insulated sheet steel laminations in order to lower the losses caused by Foucault currents.

Transformer operates on the principle of electromagnetic induction — the change of

current in the primary coil in time induces voltage on the secondary coil.

Primary coil

N,

ATATATATA

UUTUUUT
nnn
VU
A\

Secondary coil

Fig. 16.1 Transformer — arrangement in circuit.
Forvoltage U this formula applies: U; = N; AA—T and forvoltage U this formula: U, =

AP
N2 -
At

41



Transformer equation is applied to the ratio of induced voltages. The equation defines
voltage transformation ratio which is known as constant k (letter p is also used in

electrical engineering, but the ratios are inverted):

k=L

Ny U L
if k > 1, then the transformer is called step-up transformer.

if k <1, then the transformer is called step-down transformer.
N> is the number of turns on the secondary coil

N is the number of turns on the primary coil, which is connected to the source of

alternating voltage
U: is the voltage on the secondary coil; V
U, is the voltage on the primary coil; V
I> is the current on the secondary coil; A
I is the current on the primary coil; A

It is possible to apply the following rule in order to calculate examples using the

transformer equation:

The magnitude of the voltage on the secondary coil is directly proportional to how
many times is the number of turns on the secondary coil larger to the number of turns on

the primary coil. The same principle applies to the current, which is in this case lower.

In electrical engineering, it is possible to invert the transformer equation. After that,
the voltage transformation ratio is known as p instead of k. In this case the ratio of values

is inverted. The results still remain the same.

For a transformer, it is not possible to achieve 100 % efficiency. However, it is possible

to assume that they in calculations of the ratios. The operation of the transformer is
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influenced by losses which are caused by overheating of the conductors on the coils, eddy-

currents and hysteresis.

Single-phase transformers are applied in cases when it is necessary to change the
values of current or voltage — broadcasting systems, measuring devices, cell-phone

chargers, slot car tracks for children.

ZRE—RE— L
o

o4
o
o

Fig. 17.1 Three-phase transformer

Three-phase transformers comprise of three magnetic branches. Each phase has its
own primary and secondary winding. The coils of primary or secondary winging are

mutually connected in Y-connection or delta connection.

Large power transformers tend to overheat during their operation. For this reason it is
necessary to include a cooling system. Larger transformers are submerged in a special
container filled with oil which takes away heat and is being cooled by air through the

container surface.
Exercise 1

1. Using the figure of the transformer, determine the number and ratio of its turns
and calculate the voltage and current on the secondary coil. On the primary coil,

there is a voltage of 10 V and a current of 20 mA.

[U2=5V, =40 mA]
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How many turns are necessary on the secondary coil if we require 10 times larger

current on the secondary coil in comparison to the primary coil.
[N11s 10 x lower]

The primary coil has 600 turns, the secondary coil has 6 turns. There is a voltage
of 230 V and a current of 10 mA across the primary coil. Determine the

magnitude of the voltage and the current on the secondary coil.
[U2=23V,Lh=1A]

The power consumption of the transformer is 800 W with an efficiency of 96%.
Determine the magnitude of the current flowing through the secondary coil across

which is a voltage of 100 V.
[/=7.68 A]

Determine the transformer ratio of a transformer which is connected to a 230 V
power source if we want to drain a voltage of 10 V and a current of 2 A from the

secondary coil. What is the magnitude of the current /;?
[k =0.0435; 11 =0.087 A]

Where do we practically need a high voltage on the secondary winding, low

voltage and high current?



Chapter 3

Electric circuit and its components

3.1 Electric current distribution in metals

Electric current in metals is distributed by free electrons which exist in the crystal
lattice of the metal. Direct electric current is described as the movement of free electrons
of the metal in one direction. The technical direction of the current is specified to flow
from the + pole to the — pole of the power source. Technical direction of the current is the
direction of the movement of the positive charge in the circuit (in the opposite direction
of the movement of the electron). The magnitude of the electric current I is calculated
using the following formula:

[=4¢ Q = Ix At At =22
At 1

AQ is the change of the electric charge (A describes the change of the quantity), C is
the unit of the electric charge and its name is coulomb / ‘ku:Ipm/, At is the change of time,

the unit is s = second.

Electric current of 1 ampere (A) flows in the electric circuit if an electric charge of 1
coulomb (C) passes the circuit in 1 second (s).

. . S |
In our calculations we also use the quantity current density: j = 3

The current density is defined as a vector j, which is oriented in the direction of the
movement of positive charge and its magnitude is numerically equal to the magnitude of

the current, which passes the unit area.

The unitis A - m™ (in technical practice the unit A - mm’is used).

Exercise 1

1. Determine the magnitude of the electric current which flows in the wire if the

charge of 2 u C passes the conductor in 2 ms.
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[[=1mA]

Determine the time which is needed for the electric charge to pass the wire, if an

electric current of 5 mA flows in the conductor.
[At = 0.0004s]

Determine the magnitude of the electric charge that passes the conductor in 5

minutes. There flows an electric current of 0.25 A in the conductor.
[0=75C]

The diameter of a conductor is 0.226 mm. Determine the magnitude of the current

in the conductor if the current density is 4 A - mm -2.
[/=0.16 A]

Determine the magnitude of the electric charge which passes the conductor in 1

day. There flows a current of 20 mA in the conductor.
[0=1728C]

. Determine the radius of the conductor if there is a current density of 5 A- mm-2

and a current of 10 A flows in the conductor.

[r=0.8 mm]

3.2 Electric circuit

Electric circuit is a conductive interconnection of electronic components

(resistors, coils, capacitors, light-bulbs etc.) with power sources. An ideal resistor is a

device which generates only thermal energy while current flows. An ideal coil generates

only magnetic energy and an ideal capacitor generates only electric energy. Each of these

components is both passive (they can never be a stable power source) and linear (they

are independent of the current and voltage). Active components are source of power

and they are non-linear (they depend on the magnitude of the current and voltage).

Of course, ideal components are models, which we cannot find in practice. But under

certain conditions it is possible to simulate certain processes on them. It is possible to

imagine each electric circuit as a combination of passive and active components. The
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characteristics of real components which are used in practice always have different
parameters. This is expressed in alternative schemes. For example, each coil has aside for
the inductance a resistance. For this reason it is possible to replace the coil with a coil and

a resistor connected either in series or parallel

Components fulfill functions which are requested from the circuit, for example to
amplify signal, create electromagnetic waves and the like. The circuit can be found not
only in the size of an integrated circuit, but can also be connected into a larger electric
network. If the path formed by the electric circuit is closed, then we speak of a closed
circuit. We speak of an open circuit if there is an opened switch. Individual components
by which the electric circuit is formed are usually interconnected by conductors. A typical
example of a simple electric circuit may be a battery (electric source), conductors, switch,
and a light-bulb (appliance) (Fig. 3.2.1). In most cases, the situation is far more
complicated. The reason is that the common appliances can compose of dozens, hundreds,
or thousands of components from which can many form complicated interconnections
which are composed of hundreds, thousands, or even millions of elements. Electric circuit
also composes of multiple sources (e.g. interconnected battery sources) and several

switches for disconnecting and switching various sections of the circuit.

The electric circuit needs to fulfill three conditions in order to distribute electric

current:
1) It must include a power source
2) It must include an appliance

3) There must be a conductive interconnection between the appliance and the power

source.

There must be a conductive interconnection between the appliance and the power
source.
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Exercise 2

Considering the previously mentioned rules, which of the four circuits will constantly

distribute electric current? Why? (see fig. 1.3)

|. %

= | s
4] 4
Fig. 1.3 Circuits for exercise 5

The following two figures illustrate a real circuit and a circuit drawn using electronic
symbols.

electric appliance

zdroj stejnosmérnaho
napeatl
+
u.l conductor [\ -

Y/
\ »

vodic
switch

zarovka

electric current source

Fig. 2.3 Real electric circuit Fig. 3.3 Electric circuit drawn using electronic

symbols

3.3 Sources of electrical voltage and current

We divide the sources of electrical voltage and current to:

a) direct voltage and current sources — galvanic cells and
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b) alternating voltage and current sources — alternator

¢) The sources are further divided according to the voltage levels for which the

appliances and transmission systems are designed.

3.3.1 Galvanic cells

Galvanic cell converts chemical energy to electric energy. Galvanic cell is comprised of
electrodes and one or two electrolytes. On the electrodes, there arise chemical reactions

which are the source of the electromotive voltage of the cell.

For its operation, galvanic cells use the conduction of electrical current in fluids.

Electrical current in fluids is conducted by ions that arise in the fluid by
electrolytic dissociation, which is the decomposition of the substance under the

influence of the dissolvent.

NaCl in water is separated into ions Na* + CI’
NaOh in water is separated into ions Na*+ (OH)
HCI in water is separated into ions H* + CI°

Negative ion — anion is formed by the removal of an electron from electrically neutral
atom or molecule and positive ion — cation is formed by the addition of an electron to

electrically neutral atom or a molecule.
Electrical current in fluid is a directed movement of ions.

Not every solution conducts electrical current. Solutions which distributed electrical
current are called electrolytes, which are salt, acidic or alkaline solution. Sugar
dissolved in distilled water does not separate into ions, which is the reason why it does

not conduct electrical current.

If an electrolyte conducts direct electrical current, then the ions are separated on

the electrodes.
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Negative electrode is called cathode and during electrolysis, there are positive ions

separated on its surface (cations).

Positive electrode is called anode and during electrolysis, there are negative ions

separated on its surface (anions).
Hydrogen or metal is always separated on the cathode during electrolysis.

If the electrodes are made of copper and the electrolyte conducts direct current, then
copper is separated on the cathode. At the same time, the copper is separated from the
anode to the solution.

Y o,
—

—

b

solution

CuSOy4

=

| —

I\ _/+

Fig. 4.3 Circuit as a demonstration of electrolysis
Faraday laws of electrolysis apply on the conduction of electric current in fluids:

Il m=A-Q=A "1 At;gkg

The amount of substance liberated at the electrodes in the process of electrolysis is

directly proportional to electric charge that passed through the electrolyte.

m = amount of substance liberated (g; kg)

A = electrochemical equivalent (g - C'; kg - C"); it is a constant of a certain substance

and you can find it in mathematical, physical and chemical tables

Electrochemical equivalent is numerically equal to the amount of substance liberated

in grams (kg) by the passage of 1 C of electricity in the electrolyte.

Q = electric charge (C); I = electric current (A); Az = time (s)
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3.4.1 Ohm’s law

Electric current flowing through the conductor is directly proportional to the
voltage at the terminals of the conductor with constant electric resistance.

Ohm’s law I = 2

The linear dependence of current on voltage with constant resistance is expressed

by the following equations.
Equation R = %is derived from Ohm’s law.

It is a calculation of ohmic invariable of the conductor (resistor) which is independent
on the magnitude of the current and the voltage since the resistance is a characteristic

of a conductor (resistor).

There is a resistance of 1 ohm in the conductor if a current of 1 A flows through

the conductor and there is a voltage between its terminals.
I is electric current; A (ampere) U is electric voltage; V (volt)
R is electric resistance; Q (ohm)

Electric resistance is a characteristic of a conductor, resistor (component).

1
A

0 1]
"li'rll"
Fig. 12.3 U-A characteristic of a resistor with constant resistance
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This is a graphic representation of the current dependence on voltage across a
resistor for which Ohm’s law is applied. The resistor has constant resistance if we

omit its heating up.

This is a circuit diagram of an arrangement of components in a circuit on which we
verify the Ohm’s law. It is possible to use this circuit only in the case of low resistance.

It is recommended to use resistance values lower than 100 Q.

£

r\fi,.fT
R
L=

l”-
.

Fig. 13.3 Circuit diagram for Ohm’s law verification
Exercise 3  Examples for electric resistance calculation

1.What is the value of a resistor’s electric resistance if we measured a voltage 100 V and

a current of 250 mA passes through the resistor?
[R =400 Q]

2 Determine the magnitude of a voltage across a resistor with a resistance of 2 kQ

through which passes a current of 100 mA.
[U=200 V]

3.Determine the magnitude of an electric current which passes through a resistor with a

resistance of 200 Q. There is a voltage of 100 V across the resistor.
[1=0.5A]

4.How does the value of an electric resistance of a component change in a circuit if the
magnitude of the voltage doubles but the magnitude of the electric current stays the

same?

[it doubles]
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5.How does the value of the voltage across a resistor change if the magnitude of the

resistance stays the same and the electric current’s value lowers to half?
[it gets 2 times smaller]

6.Determine the length of conductors made of copper and aluminium if their resistance

is 200 Q and the cross section of the wire is 0.025 mm?.
pcu=0.0178 pQm, par = 0.0285 pQm.
[lcu=280.9 m; [a1=175.4 m]

7.Determine the magnitude of the electric resistance of a conductor which is 28,090 m

long, made of copper and its cross section is 5 mm?.
[R=100 Q]

8.Determine the electrical resistivity and conductivity of the material from which a
conductor with a length of 1 km is made. Its diameter is 3.57 mm and the electrical

resistance is 200 Q.

[p=2p0Qm, y=0.5MS'm"]
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Chapter 5
Electric machines

5.1 Types of electric machines

Electric machines are devices which either generate electric energy or need it for their
operation. The alternator (pg.52) and dynamo (pg. 51) belong into the first group, whose
operation was already described in the previous chapters. Electric motors and

transformers (pg.16) belong into the second group.

5.2 Electric motors

Electric motors are used in mining as actuators on automatic conveyers, continuous

miners, hydraulic aggregates, mine trains, mining machines etc.

They are divided into direct current and alternating current motors depending on
whether we feed the stator with direct or alternating current. Moreover, we use universal
motors which are able to operate not only on the direct current but also with alternating

current.

5.2.1 Direct current motors

Direct current motors consist of the following components:

- stator
- rotor

- commutator

rotor

Fig. 1.5 Cross section of a direct motor
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Stator is an immobile component of the motor. It consists of a stator frame with main

poles and excitation winding.

Rotor is a mobile component of the motor. It consists of sheet steel laminations with
insulated layer. On the surface of the rotor there are slots to hold the winding. There are

terminals from which lead branches to the commutator bars.

Commutator converts direct current to the alternating current. Owing to the
commutator there constantly flows a current in the same direction. For this reason is the

magnetic force Fin= B - I - [ always oriented in the same direction.
B is magnetic induction; T (tesla)
I is electric current; A (ampere)
1 is the length of active conductor; m (meter)
Fnis magnetic force; N (newton), read /' nju:t(a)n/

Depending on the type of mutual connection of the excitation winding and rotor

winding, we divide the direct current motors on:
1. DC motors with shunt excitation
2. DC motors with series excitation
3. DC motors with compound excitation
4. DC motors with separate excitation

1. Motor with shunt excitation — excitation winding is connected in parallel to the
motor’s winding. The excitation winding has large number of turns with small cross
section. It is possible to change the excitation current using the rheostat and change the
rotor’s revolutions in wide range. In addition to that, the motor has also resistance starter
which lowers its resistance as the motor starts up and after a successful start the
resistance is equal to zero. During the starting-up of the motor the resistance of the
rheostat’s excitation winding is equal to zero and maximal in the starter. The motor has
solid characteristics. This means that with increasing load the revolutions drop just

infinitesimally. Motor is suitable for every type of industrial drives, especially for
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automated devices. For example, it is used in machine tools, automatic conveyors and

means of transport.

. Motor with series excitation — the winding of stator and rotor are connected in series
and the current flowing in both windings is identical. The excitation winding has a small
number of turns with large cross section. The motor has soft characteristics. This means
that the revolutions lower significantly with the increasing load. This motor has large
starting torque, the torque increases with the lowering revolutions. It is a typical traction

motor suitable for electric vehicles and transport devices.

. Motor with compound winding — includes winding of both types - parallel and series.
It is possible to achieve characteristics similar to the motor with excitation winding both

in parallel and in series. This depends however on what type of winding dominates.
It is possible to regulate revolutions of DC motors by these following means:

- Changing voltage of rotor’s power source — it is realized by including resistance into
the rotor’s circuit. The rotor’s revolutions lower with increasing resistance and vice
versa. The regulations are performed in lower revolutions than on basic level. The
economic benefits are the most efficient when the motor has its own regulated direct

voltage source

- Changing the excitation current — the revolutions lower with increasing excitation
current. The current is regulated by field winding circuit that includes rheostat. This
is used to increase the revolutions above base speed. The losses are insignificant in
comparison to the motor’ power. This is achieved by combining the two previously

mentioned methods.

- (reversion) — directional change of revolution realized by switching of the feed to

excitation winding or motor winding.

5.2.2 Alternating current motors

1. Synchronous — the magnetic field revolutions are identical to the rotor revolutions.

2. Asynchronous — the magnetic field revolutions differ from rotor revolutions.
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Asynchronous single phase motors - drive of household appliances. These are

divided into:

Single phase motors with auxiliary resistance phase up to the power of 250 W.
Since the heat load is high, these motors are not used as a drive that gets turned on and

off frequently.

Motor capacitors with operating capacitor are suitable for light load or idle run

drives.

Starting capacitor motors are suitable for machinery that works under high load (spin

dryers).

Motors with both starting and operating capacitor (the starting capacitor is

disconnected after the run-up) are used as drives with high load (compressors).

Motors with shaded pole are suitable for small powers up to 500 W. These motors

are used to power ventilators, centrifugal pumps, spin dryers.

Aynchronous motors are used as a drive of large units which do not require regulation
of the revolutions and frequent starting up. In mining, these motors are used to power

compressors, ventilators, centrifugal pumps, etc.

5.2.3 Three-phase squirrel-cage asynchronous electric
motors

The rotor of this asynchronous electric motor consists of a system of mutually
connected conductors — bars (squirrel-cage). The bars of the squirrel-cage rotor winding
are made of aluminium and they are manufactured by die casting. The size and shape of
rotor bars influence the run-up characteristics of the motor. For this reason rotors of

different slots shape are manufactured. The slots are either round or rectangular.
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armature circular slot rectangular slot

Fig. 2.5 Slots

Stator winding may consist of two-pole or multiple-pole winding. Three-phase
asynchronous motors there include three windings which are embedded into the slots of
stator lamination bundle. Their beginnings are shifted by 120° from either of the two
winding pairs. If we connect the endings of these three windings, we get so called Y-
connection. If the ending of one winding is connected to the beginning of the following

winding, we get so called delta connection.

Y-connection delta connection

w2 W1

Fig. 3.5 Stator connected in Y-connection, delta connection, and the connection of

terminal box
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If we connect three-phase current into the stator (the same one as in the case of three-
phase generator), a rotating magnetic field is created in the stator cavity (vector B rotates

with the frequency of the current).

The rotating magnetic field arouses induced currents in the rotor. The magnetic field
creates forces that have an effect on the rotor. The rotor is forced by these forces to oppose
the rotating magnetic field into a state of relative inaction (Lenz’s law). The rotor begins
to spin and its spin frequency is lower than the frequency of rotating field. In the case of
asynchronous motor the revolutions (frequencies) of the rotor are always lower than

so called synchronous revolutions (frequencies) of the rotating magnetic field.

The frequencies difference of the rotating field and rotor is called slip. Its magnitude
depends on the motor load. The greater the slip, the greater is the induced current
and the greater is the power take-off from the mains and the greater is the magnetic
force which has an effect on the rotor. The torque of a motor is increasing

simultaneously.

Practically, the slip is expressed in percent by the following formula:

s= L?P’—f’” 100(%)

The slip of a fully loaded electric motor is usually 2-5 %. For motors up to 5.5 kW the
value is from 3.5 % up to 6 %, and for high power motors the value is from 2.5 % up to
3.5 %. The slip of asynchronous motors increases with increasing load. At the moment
of its connection to the mains (turn-on) the squirrel-cage motor operates as a transformer
with short-circuit secondary winding. The power take-off is large, especially if bars of a
circular cross section are used. Active (ohmic) resistance is very small and induction
current prevails in the motor. The rotor current lags behind the rotor voltage up to 90°.
This is the cause of a very small power factor cos[J during the run-up. Active power and
actual starting torque are small even though the stator current is large. These

disadvantages are eliminated by a rotor with deep slots.
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SOURCE TEXT
1.4 Elektrarny

1.4.1 Tepelna elektrarna

o
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Elektricky stoZar " -~
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Chladici véz
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Obr. 4.1 Schéma tepelné elektrdarny

Spalovanim fosilniho paliva, obvykle hnédého energetického uhli, se uvoliuje teplo,
kterym se v parnim kotli zahtiva voda, vznika para o vysoké teploté a tlaku. Para proudi
na lopatky parni turbiny, ve které se ¢ast energie pary premeéni na kinetickou energii
turbiny. Na spolecné ose s turbinou je umistén generator elektrického proudu, tomuto
soustroji se fika turbogenerator nebo turboalternator. Para se po pruchodu turbinou
odvadi do kondenzatoru, kde ji chladi voda. Cerpadlo vhani zkapalnénou paru zpét do

parniho kotle a cely proces se opakuje.

U kazdé tepelné elektrarny stoji chladici véze, ve kterych se proudem vzduchu
ochlazuje chladici voda, ktera v kondenzatoru ochlazuje paru a tim se sama zahfiva.
Kromé& popsané elektrarny vyrabéjici pouze elektrickou energii (tzv. kondenzacni
elektrarna) jsou dnes bézné v provozu i teplarny, ve kterych probiha kombinovana
vyroba elektfiny a tepla. K vyrobé elektiiny se nevyuziva veSkera dostupna energie
pary, ale ¢ast energie se vyuzivak dalkovému vytapéni byta a praimyslovych objektu.

Spojeni tepelné elektrarny s teplarnou se nazyva kogeneracni jednotka.
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Energie prehfaté pary muze byt vyuzita jen Casteéné jako u kazdého tepelného motoru.
Je-1i vstupni teplota pary 530 °C = 800 K a vystupni teplota 130 °C =400 K, pak muze
byt teoreticky dosazitelna ucinnost [(800 — 400)/800] - 100 = 50 %. Turbogeneratory
dosahuji prakticky ucinnosti 45 %, nebot’ pfi pfemeéné mechanické energie turbiny na

elektrickou

energii je dosahovano uc¢innosti vét§i nez 90 %. (50* 90) - 100 = 45%

1.4.2 Jaderna tepelna elektrarna

Lisi se od klasické tepelné elektrarny v podstaté jen zdrojem tepla potiebného ke vzniku
pary. Tim zdrojem je jaderny reaktor, ve kterém se teplo ziskava St€penim jader uranu
238, ktery je obohacen uranem s nukleonovym &islem 235, pomalymi neutrony. Stépeni
uranu muze nastat pouze pomalymi neutrony, které uvaznou v jadfe atomu. Vznikaji dva
sttedné tézké prvky a tii nové neutrony, které dale stépi dalsi jadra uranu.

V jaderném reaktoru jsou dulezité fidici tyCe s velkym obsahem kadmia, které jsou
schopny zcela pohltit neutrony a tim Stépnou reakci zastavit, a moderator (grafit nebo

tézka voda), ktery zpomaluje neutrony.

Kwvili ochrané pred radioaktivnim zafenim ma tepelny systém jaderné elektrarny dva
okruhy. Voda v primarnim okruhu proudi aktivni zénou reaktoru, odebira teplo vzniklé
Stépenim uranu pomalymi neutrony a v parogeneratoru (tepelném vymeéniku) se timto
teplem zahfiva voda sekundarniho okruhu. Vznikl4 para pohani turbinu stejné jako v
klasické tepelné elektrarné.

Elektricky stoZar

7 N

Elektrické vedeni 7~ £
Jaderny reaktor Parsk tarbiaz Z '

Kondezator i
Chladici véz

Parogenerator

Obr. 5.1 Schéma jaderné tepelné elektrdarny
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1.5.3 Transformator

NAAAS
NN

Obr. 15.1 Znacka transformatoru

Transformator je neto¢ivy elektricky stroj, ktery preménuje (transformuje)

stfidavé hodnoty napéti a proudu na hodnoty vétsi nebo mensi téze frekvence.

Jednofazovy transformator se skladé z civky primarni (vzdy je pfipojena ke zdroji
stifidavého napéti), sekundarni civky a jadra slozeného ze vzajemné odizolovanych

plechtl, aby se snizily ztraty zptasobené Foucaltovymi - vifivymi proudy.

Transformator funguje na principu elektromagnetické indukce — ¢asovou zménou

proudu v civce primarni se indukuje napéti na civce sekundarni.

Primarni crvka

N 1
| d P N,
] EE——
.S.': ﬁr-\l ( "? ; - |'(i":\|
T c P ¢ P o 2/
& g n
Selomdarnd civica

Obr. 16.1 Transformator — zapojeni v obvodu

w . Adp o Adp
Pro napéti U; plati vzorec U; = N, —. 2 pro napéti U2 vzorec: U, = N, ~

Pro pomér indukovanych napéti plati transformacéni rovnice, ktera definuje
transformacni pomeér konstantou umeérnosti k (v elektrotechnice se rovnéz pouziva

pismene p, pak vSak jsou poméry naopak):

p N _ Ui _ D
Ny vy L

je-li k > 1, pak se jedna o transformaci nahoru

je-li k < 1, pak se jedna o transformaci dolu
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N, je pocet zavitli na sekundarni civce

N; je pocCet zaviti na primarni civce, ktera je pripojena ke zdroji stridavého

napéti

U, je napéti na sekundarni civce; V
U, je napéti na civce primarni; V
I, je proud na sekundarni civce; A
I, je proud na civce primarni; A

Pro pocitani prikladi pomoci transformacni rovnice si mizeme pomoci pravidlem:

Kolikrat je vétsi pocet zaviti na sekundarni civce nez na primarni, tolikrat je na
sekundarni civce véts§i napéti nez na civee primarni a tolikrat tam je mensi proud.

V elektrotechnice se rovnice pise 1 naopak se zna¢enim transformacniho poméru p

misto k, pak je i pomér veli¢in naopak. Vysledkove vypocty vychazeji stejné.

Zadny transformator nema 100 % ucinnost, avSak pro vypocty podilu ve vzorcich
muzeme brat, Ze se rovnaji. V transformatoru vznikaji ztraty zahfivanim vodica
civek, vifivymi proudy a hysterezi.

Jednofazové transformdtory se pouZivaji tam, kde potiebujeme ménit hodnoty
proudu nebo napéti — rozhlasové pristroje, mérici pristroje, nabijecky do mobilu,

détska autodraha.

Obr. 17.1 Trojfazovy transformdtor

63



Trojfazové transformatory maji tfi magnetické vétve. Kazda faze ma vlastni

primarni a sekundarni vinuti. Civky primarniho, poptipade sekundarniho vinuti jsou

navzajem spojeny do hvézdy nebo do trojahelniku.

Transformatory pro velké vykony se pfi praci hodné zahtivaji, a proto je musime

chladit. Vétsi transformatory byvaji ponotfeny ve specialni nadobé s olejem

odvadégjicim teplo a chladi se pres stény nadoby vzduchem.

L.

Na obrazku znazoriujicim transformator urCete pocet a pomér zaviti a
vypocitejte napéti a proud na sekundarni civce, jestlize na primarni civce bylo
napéti 10 V a civkou protékal proud 20 mA.

[U2=5V, 12 =40 mA]

Jaky pocet zaviti musi byt na sekundarni civce vuci primarni, jestlize chceme
mit na sekundarni civce 10 x vétsi proud nez na civce primarni?

[N1 je 10 x mensi]

Primarni civka ma 600 zaviti, sekundarni civka ma 6 zavitd. Primarni civka je
pfipojena na napéti 230 V a prochazi ji proud 10 mA. Urcete velikost napéti a
proudu na sekundarni civce.

[(U2=23V,12=1A]

Piikon transformatoru je 800 W, ucinnost je 96 %. Jaky proud prochazi
sekundarnim vinutim, jestlize sekundarni napéti je 100 V?

[/=7,68 A]

Urcete transformacni pomér transformatoru, ktery pfipojime na sitové napéti
230 V a ze sekundarniho vinuti chceme odebirat napéti 10 V a proud 2 A.
Jaky je proud I;?

[k=0,0435;1,=0,087 A]

Kde v praxi potfebujeme na sekundarnim vinuti velké napéti, malé napéti

avelky elektricky proud?
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3. Kapitola
Elektricky obvod a jeho prvky
3.1 Vedeni elektrického proudu v kovech

Elektricky proud v kovech vedou volné elektrony v krystalické mrizce kovu.
Stejnosmérny elektricky proud je pohyb volnych elektrond v kovu jednim smérem.
Technicky smér proudu je stanoven od + polu k — polu zdroje napéti. Technicky smér

proudu je smér pohybu kladného naboje v obvodu (smér proti pohybu elektronu).

Velikost elektrického proudu 7 se urci vypoctem podle vzorce:

=4e Q = Ix At At=22
At
AQ je zména elektrického naboje (A oznacuje zménu veliciny),

jednotka elektrického naboje je C, nazev jednotky je coulomb [kulomb], At je zména

Casu, jednotka je s = sekunda.

Obvodem protéka elektricky proud 1 ampéru (A), jestlize jim projde elektricky naboj
1 coulombu (C) za dobu 1 sekundy (s).

v PSR . .
Pti vypoctech pouzivame i veli¢inu proudova hustota: j = 5

Hustota proudu (proudova hustota) se definuje jako vektor j, ktery je orientovan ve
sméru pohybu kladného naboje a ma velikost Ciseln€ rovnou velikosti proudu, ktery

projde jednotkovou plochou.

Jednotkou je A - m ™ (v technické praxi se pouzivéa jednotka A - mm ).

icenil

. Urcete velikost elektrického proudu, ktery prochazi vodicem, jestlize vodiCem
za 2 ms projde naboj 2 C .
[[=1mA]

2. Urcete Cas potiebny k pruchodu elektrického naboje 2 puC vodicem, jestlize

vodi¢em prochazi elektricky proud 5 mA.

65




[ Ar = 0,0004s]

3. Urcete velikost elektrického néaboje, ktery za ¢as 5 minut projde vodicem,
kterym prochazi elektricky proud 0,25 A.
[Q=T75C]

4. Pramérvodi¢eje 0,226 mm. Stanovte velikost proudu ve vodi€i pfi

proudové hustoté 4 A - mm'z.

[[=0,16 A]

5. Urcete velikost naboje, ktery projde vodicem za 1 den, jestlize vodicem protéka
proud 20 mA.
[0=1728 C]

6. Stanovte polomér vodice, jestlize pii proudové hustoté 5 A- mm™2 prochazi
vodi¢em proud 10 A.

[r=0,8 mm]

3.2 Elektricky obvod

Elektricky obvod je vodivé spojeni elektrickych prvka (rezistory, civky,
kondenzatory, zarovky aj.) se zdroji napéti. Idedlnim rezistorem rozumime zafizeni, v
némz pii prachodu proudu vznika jen tepelna energie. V idealni civce se vytvaii jen
magnetickd energie a v idealnim kondenzatoru se vytvari jen elektricka energie.
VSechny tyto prvky jsou pasivni (nemohou byt trvalym zdrojem energie) a jsou
linedrni (nejsou zavislé na proudu a napéti). Aktivni prvky jsou zdrojem energie a
Jjsou nelinedrni (zavisi na velikosti proudu a napéti). Samoziejmé, ze idealni prvky
jsou modely, které v praxi nenajdeme, ale daji se na nich modelovat urcité déje za
urcitych podminek. Kazdy elektricky obvod si 1ze predstavit jako kombinaci pasivnich
a aktivnich prvki. Skutec¢né prvky pouzivané v praxi maji vzdy i vlastnosti jinych
parametrd, coz se vyjadiuje nahradnimi schématy. Napftiklad kazda civka ma kromé
induk¢nosti 1 odpor. Lze ji proto nahradit civkou a rezistorem zapojenymi sériove, nebo

paralelné.

Prvky spliiuji funkce, které jsou od obvodu pozadovany, naptiklad zesileni signalu,
vytvafeni elektromagnetickych vin apod. Obvod mize mit malou velikost

integrovaného obvodu, nebo je zapojen do vétsi elektrické sité. Pokud je draha, tvofena
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elektrickym obvodem, uzaviena, pak se jedna o uzavieny obvod, pokud je v obvodu

otevien spinac, pak se jedna o otevieny obvod.

Jednotlivé soucasti, ze kterych se sklada elektricky obvod, byvaji propojeny pomoci
vodica. Typickym piikladem jednoduchého elektrického obvodu muZze byt baterie
(elektricky zdroj), vodice, tlacitko (spinac, vypinac) a zarovka (spottebic) (obr. 3.2.1).
Ve vétsin€ piipadi je situace mnohem komplikovanéjsi, protoze bé€zny spotiebiC se
muze skladat z desitek, stovek nebo tisici soucastek, z nichz mnohé mohou uvnitf
realizovat komplikovana zapojeni skladajici se ze stovek, tisicti nebo i miliont prvka.
Elektricky obvod rovnéz ¢asto obsahuje vice zdroju (napf. propojené bateriové zdroje)

a vice vypinacu pro odpojovani a prepojovani riznych ¢asti obvodu.
Aby elektrickym obvodem prochdzel elektricky proud, musi obvod spliovat t7i podminky:
1) Musi obsahovat zdroj napéti

2) Musi obsahovat spotiebic

3) Mezi spotrebiCem a zdrojem napéti musi byt vodivé propojeni

Spotiebi¢ se zdrojem musi byt vodivé |

Cviceni 2
Kterym ze Ctyf obvodi bude podle uvedenych pravidel prochazet trvale elektricky

proud? Proc? (viz. Obr. 1.3)

1. 2. 3. 4.

XI_

Obr. 1.3 Obvody pro cviceni 5
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Na dalsichdvou obrazcich je znazornén skuteCny obvod a

obvod nakresleny pomoci elektrotechnickych znacek.

elektricky spotiebic

] u-| vodic
\ % zdroj stejonosmérného
napetl

+|l_

zdroj elektrického Zarovka
proudu

Obr. 2.3 Skutecny elektricky obvod — Obr. 3.3 Elektricky obvod zakresleny znackami

vypinac

3.3 Zdroje elektrického napéti a proudu

Zdroje elektrického napéti a proudu rozdélujeme na:

a) zdroje stejnosmérného napéti a proudu — galvanické clanky adynama
b) zdroj stridavého napéti a proudu — alternator
¢) Zdroje dale délime podle napétovych hladin, na které jsou projektovany

spotiebiCe a prenosové soustavy.

3.3.1 Galvanické ¢lanky

Galvanicky ¢lanek méni chemickou energii na elektrickou. Galvanicky ¢lanek je
slozen z elektrod a jednoho nebo dvou elektrolyti. Na elektrodach vznikaji chemické

reakce, které jsou pficinou elektromotorického napéti clanku.

Galvanické clanky ke své Cinnosti vyuzivaji vedeni elektrického proudu v

kapalinach.

Elektricky proud v _kapalindch vedou iony, které vzniknou v Kkapalinach

elektrolytickou disociaci, coz je rozpad latky na iony vlivem rozpoustédla.
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NaCl se ve vod¢ rozlozi na iony Na* + CI"
NaOH se ve vod¢ rozlozi na iony Na™+ (OH)
HCI se vlivem vody rozlozina H" + CI’

Zaporny ion — anion vznikne odtrzenim elektronu z elektricky neutralniho atomu
nebo molekuly a kladny ion — kation vznikne pfidanim elektronu k elektricky

neutralnimu atomu nebo molekule.
Elektricky proud v kapaliné je usmérnény pohyb ionu.

Ne kazdy roztok vede elektricky proud. Roztoky, které vedou elektricky proud,
nazyvame elektrolyty, coz jsou roztoky soli, kyselin a zasad. Cukr rozpustény v

destilované vod¢ se nerozlozi na iony, a proto nevede elektricky proud.

Pokud elektrolytem vedeme stejnosmérny elektricky proud, pak na elektrodach
dochazi k vyluCovani ionti. Tomuto dé&ji fikame elektrolyza.

Zaporna elektroda se nazyva katoda a pfi elektrolyze se na ni vylucuji kladné iony

(kationy).

Kladna elektroda se nazyva anoda a pfti elektrolyze se na ni vylu€uji zdporné iony

(aniony).
Na katodé se pri elektrolyze vylucuje vzdy vodik nebo kov!

Jestlize jsou elektrody z médi, pak se na katodu vylu¢uje meéd’ a z anody se meéd’

vylucuje do roztoku pii prichodu stejnosmérného proudu elektrolytem.

roztok

[
7
=
Y
SN
|"\:& I+

Obr. 4.3 Obvod na diikaz elektrolyzy

69



Pro vedeni elektrického proudu v kapalinach plati Faradayovy ziakony elektrolyzy:

Il m=A -Q=A 1 At;g kg

Hmotnosti latek vyloucenych na elektrodach pfi elektrolyze jsou pfimo umérné

elektrickému naboji, ktery prosSel elektrolytem.

m = hmotnost vyloucené latky (g; kg)

A = elektrochemicky ekvivalent (g - C!; kg - C); je to konstanta pro urcitou latku a
najdete ji v MFCH tabulkach.

Elektrochemicky ekvivalent je Ciseln€ roven hmotnosti latky v g (kg) vyloucené na

elektrodach pfi prichodu elektrického naboje 1 C elektrolytem.

Q = elektricky naboj (C); I = elektricky proud (A); Az = ¢as (s)

3.4.1 Ohmuyv zdkon

Elektricky proud prochazejici vodi¢em je primo imérny napéti na koncich vodice
pri konstantnim elektrickém odporu vodice.

Ohmiiv zikon I = %

_U =R-1
Tyto vzorce vyjadruji linearni zavislost proudu na napéti pri konstantnim

odporu.
U. .
Vzorec R = T e odvozen z Ohmova zakona.

Je to vypocet ohmické konstanty vodice (rezistoru), kterd nezavisi na velikosti proudu
a napéti, protoze odpor je vlastnost vodice (rezistoru). Je to definicni vztah pro

jednotku elektrického odporu.

Vodi¢ ma odpor 1 ohmu, jestlie vodicem protéka proud 1 ampéru a mezi konci

vodice je napéti jednoho voltu.
I je elektricky proud; A (ampér)
U je elektrické napéti; V (volt)

R je elektricky odpor; Q (ohm)
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Elektricky odpor je viastnost vodice, rezistoru (prvku,).

L
A

0 Ir
1".1"
Obr. 12.3 V-A charakteristika rezistoru s konstantnim odporem

Toto je grafické vyjadreni zavislosti proudu na napéti u rezistoru, pro ktery plati

Ohmuv zakon. Rezistor ma konstantni odpor, kdyz zanedbame jeho zah¥ivani.

Schéma zapojent prvkii v obvodu, na kterém ovérujeme Ohmiiv zdkon. Tento obvod Ize
pouZzit jen pri malych odporech rezistoru. Pro méreni se doporucuje pouzit hodnotu

odporu rezistoru do 100 ().

"
r\fi,.»j
R
I |
R |"f;“\|
S
-

Obr. 13.3 Schéma zapojeni pro ovéreni Ohmova zdkona
Cviceni 3 Piiklady na vypocet elektrického odporu

1. Jakd je hodnota velikosti elektrického odporu rezistoru, jestlize na ném
nametime 100 V a prochézi jim proud 250 mA.

[R = 400 Q]

2. Urcete velikost napéti na rezistoru o odporu 2 kQ, kterym prochazi elektricky
proud 100 A.
[U =200 V]
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Urcete velikost elektrického proudu, ktery prochazi rezistorem o odporu 200 Q, na
kterém je napéti 100 V.
[1=0,5 A]

Jak se zméni hodnota elektrického odporu prvku v obvodu, jestlize se velikost
napéti dvakrat zvétsi, avSak velikost elektrického proudu zistane stejna?

[2 x se zvétsi]

Jak se zmeéni velikost napéti na rezistoru jestlize velikost odporu zdstane stejna a
velikost elektrického proudu se zmens$i na polovinu?

[2 x se zmensi]

Urcete délku vodict z médi a hliniku, jejichz odpor je 200 Q, plocha prafezu je

0,025 mm2"

pcu=0.0178 pQm, par= 0.0285 pQm.
[lca=280.9 m; la1= 175.4 m]
Urcete velikost elektrického odporu vodice o délce 28 090 m, ktery je z médi a

plocha prufezu vodi¢e ma velikost 5 mmz.

[R=100 Q]

Urcete mérny elektricky odpor (rezistivitu) a konduktivitu materialu vodice, ktery
ma délku 1 km, pramér vodice je 3,57 mm, elektricky odpor ma velikost 200 Q.

1

[p=2uQm, y=05MS'm ]
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5. Kapitola
Elektrické stroje

5.1 Druhy elektrickych stroju

Elektrické stroje jsou zafizeni, kterd bud’ vyrabéji elektrickou energii, nebo ji ke své
¢innosti potfebuji. Do prvni skupiny patii alternator (str. 52) a dynamo (str. 51), jejichz
¢innost jiz byla popsana v predchozich kapitolach, a v druhé skupin€ jsou

elektromotory a transformator (str. 16).

5.2 Elektrické motory

Elektrické motory se pouzivaji v hornictvi pro pohon dopravnikd, dobyvacich stroju,

hydraulickych agregatt, dilnich lokomotiv, téznich stroja apod.

Déli se na stejnosmérné a stiidavé podle toho, zda na stator pfivadime stejnosmérny
nebo stiidavy proud. Dale pouzivadme univerzalni motory, které se daji pouzit jak na

stejnosmérny, tak i na stfidavy proud.
5.3 Stejnosmérné motory
Stejnosmérné motory maji tyto Casti:

- stator
- rotor

- komutator

stator coil poles

Obr. 1.5 Rez stejnosmérnym motorem
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Stator je nepohybliva ¢ast motoru. Ma kostru s hlavnimi pdly s budicim vinutim.

Rotor je pohybliva ¢ast motoru. Je slozen z plechid s izolacni vrstvou, na povrchu

rotoru jsou drazky, v nichz je uloZeno vinuti a z n& odbocuji vyvody k lamelam

komutatoru.

Komutator méni stfidavy proud na stejnosmérny. Vlivem komutatoru je ve vodi¢ich

rotoru stale stejny smér proudu, a proto ma magneticka sila F,, = B - I - ] stale stejnou

orientaci.

B je magnetickd indukce; T (tesla)

I je elektricky proud; A (ampér)

I je aktivni délka vodice; m (metr)

Fm je magneticka sila; N (newton), ¢te se [fiutn]

Podle vz4jemného zapojeni budiciho a rotorového vinuti rozliSujeme stejnosmeérné

motory na:

L.

2.

s paralelnim buzenim

se sériovym buzenim

. s kompaudnim buzenim
. S cizim buzenim

. Motor s paralelnim buzenim - budici vinuti je pfipojeno paralelné k vinuti motoru.

Budici vinuti ma velky pocet zavitl malého prifezu. Reostatem 1ze ménit budici
proud a tim se méni otacky rotoru ve velkém rozsahu. Motor ma jesté spoustéci
rezistor, u kterého se pfi rozbéhu motoru odpor zmensuje a pii skon¢eném rozbéhu je
velikost odporu spoustéce nulova. Pri spousténi motoru je odpor reostatu na budicim
vinuti nulovy a u spoustéée maximalni. Motor ma tvrdou charakteristiku, to znamena,
ze otacky s rostoucim zatizenim klesaji jen nepatrné. Motor je vhodny pro vSechny
druhy primyslovych pohont, zvlasté pak pro automatizovana zafizeni. Pouziva se

napfiklad u obrabécich stroju, dopravnikt a dopravnich prostredka.

. Motor se sériovym buzenim — ma vinuti statoru a rotoru zapojeno sérioveé a proud,

ktery obéma vinutimi prochazi, je stejny. Budici vinuti ma maly pocet zavit o velkém
prafezu. Motor ma meékkou charakteristiku, to znamena, ze otacky s rostoucim

zatizenim vyrazné klesaji. Motor ma velky zabérny moment, to¢ivy moment s
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klesajicimi otackami roste. Je to typicky trakcni motor, vhodny pro elektricka vozidla

a transportni zafizeni.

3. Motor s kompaundnim buzenim — m4 paralelni i sériové budici vinuti. Podle toho,
které z obou vinuti pfevlada, lze dosahnout charakteristik blizkych bud’ motoru se
sériovym, nebo paralelnim buzenim. Pouziva se na zafizeni s velkymi setrva¢nostmi,

jako jsou zdvihaci, lisovaci a valcovaci stroje.

Otacky stejnosmérnych motort je mozné regulovat t€émito zptsoby:

- zménou napadjectho napéti rotoru — provadi se zafazovanim odporu do obvodu
rotoru. S rostoucim odporem otacky klesaji a naopak. Regulace se provadi na nizs§i
otacky, nez jsou zakladni, a ekonomicky je vyhodn¢j§i, ma-li motor svuj
regulovany zdroj stejnosmerného napéti,

- zménou budiciho proudu — pti zvétSovani budiciho proudu otacky klesaji, budici
proud regulujeme zafazovanim reostatu do obvodu budiciho vinuti. Tento zpisob
pouzivame na zvétSovani otacek nad zakladni otacky. Ztraty jsou ve srovnani s
vykonem motoru malé, kombinaci obou predchozich zpiisobit,

- (reverze) — coz je zména sméru to¢eni motoru piehozenim piivoda k budicimu vinuti

nebo vinuti motoru.

5.2.2 Elektrické motory stridavé

1. synchronni, kde jsou otacky magnetického pole stejné jako otacky rotoru

2. asynchronni, kde jsou otacky pole a rotoru rizné

Jednofazové asynchronni motory pro pohon domacich spotiebici. Ty se déli na:
Jednofazové motory s pomocnou odporovou fazi do vykonu asi 250 W. Tam je
tepelnd zatéz vinuti velka, a proto se tyto motory nepouzivaji pro pohon s ¢astym

vypinanim a zapinanim.

Kondenzatorové motory s provoznim kondenzatorem jsou vhodné pro pohony s

lehkou zatézi nebo pro chod naprazdno.

Motory s rozbéhovym kondenzatorem jsou vhodné pro zafizeni, ktera pii rozbéhu

pracuji pod velkou z4tézi (zdimacky).

Motory s rozbéhovym i provoznim kondenzatorem (rozbéhovy kondenzator se po

rozb&hu odpoji) se pouzivaji pro pohony s tézkou zatézi (kompresory).
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Motory se stinénymi poly jsou vhodné pro malé vykony asi jen do 500 W a pouzivaji

se na pohon ventilatort, Cerpadel, zdimacek.

Synchronni motory se pouzivaji pro pohon velkych jednotek, které nevyzaduji regulaci
otaCek a Casté spousténi. V horictvi se pouzivaji pro pohon kompresort, ventilatort,

odstredivych Cerpadel apod.

5.2.3 Trojfazovy asynchronni elektromotor s kotvou
nakratko

Rotorem asynchronniho elektromotoru je soustava spojenych vodicu - ty¢i (kotva
nakratko). TycCe rotorového vinuti motoru s kotvou nakratko jsou z hliniku a vyrabéji
se tlakovym litim. Velikost a tvar rotorovych ty¢i ovliviiuje rozbéhovou charakteristiku
motoru, proto se vyrabéji rotory s riznymi tvary drazek, bud’to je drazka kruhova, nebo

hluboka.

kruhova
drazka

Obr. 2.5 Drdzky

Statorové vinuti se muze skladat z dvoupolového nebo vicepolového vinuti. U
trojfazovych asynchronnich motort jsou do drazek statorového svazku plecht vlozena

tf1 vinuti, jejichz zacatky jsou proti sob& posunuty o 120°. Spojime-li konce téchto tii
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vinuti, vznikne zapojeni do hvézdy. Je-li spojen konec jednoho vinuti se zacatkem

nasledujiciho vinuti, vznika zapojeni do trojihelnika.

Zapojeni do hvézdy Zapojeni do trojahelnika

o~

o
—

L1
L

W2 U2 V2 W2 U2 V2
iy
T P Bt UL [V W1
par] i PN =121 5

Obr. 3.5 Zapojeni vinuti statoru do hvézdy a do trojithelnika a zapojeni svorkovnice

Zavedeme-li do statoru (stejného jako u trojfazového generatoru) trojfazovy proud,

vznikne v dutiné statoru tocivé magnetické pole (vektor B se otaci s frekvenci proudu).

Tocivé magnetické pole vyvola v rotoru indukované proudy. Na rotor zacnou v
magnetickém poli pusobit sily, které se jej snazi uvést vici tocivému magnetickému
poli do relativniho klidu (Lenziv zakon). Rotor se roztoci, frekvence jeho otaceni je
nizsi nez frekvence to€ivého pole. U asynchronniho motoru jsou otacky (frekvence)
rotoru vzdy mensi nez tzv. synchronni otacky (frekvence) to¢ivého magnetického

pole.

Rozdil frekvenci to¢ivého pole a rotoru se nazyva skluz. Jeho velikost se méni se
zatizenim motoru. Cim je vétsi skluz, tim je vétSi indukovany proud a tim vétsi je
odbér energie ze sit€ a na rotor pusobi vétSi magneticka sila. Tim se soucasné

zvétSuje moment otaceni motoru.

V praxi se skluz vyjadiuje v procentech podle vzorce:

s = fp—Jfr * 100(%)
f

Skluz pfi plném zatizeni elektromotoru byva 2-5 %. U motort do 5,5 kW je to

3,5 % az 6 %, u motoru o vétsich vykonech to je 2,5 az 3,5 %. Skluz asynchronnich

motoru se zatizenim roste. V okamziku pfipojeni k siti (zapnuti) se chova motor s

kotvou nakratko jako transformator se sekundarnim vinutim spojenym nakratko. Odbér
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proudu je proto velky, zvla§té pii pouziti ty&i kruhového priifezu. Cinny (ohmicky)
odpor je velmi maly a u motoru pfevazuje induktivni odpor. To zptsobi zpozdéni
rotorového proudu za napétim rotoru témetf o 90°. Proto je ucinik cos¢ pii rozbéhu
motoru velmi maly. Cinny vykon a uZiteény zab&rovy moment je pies velky statorovy

proud maly. Tyto nevyhody odstraiiuje rotor s hlubokymi drazkami.
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