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Abstrakt

Cilem této bakalarské prace je pfeloZzeni odborného textu se zaméfenim
na transformatory a jeho nasledna analyza, jak stylistiky, tak jazykovych prosttedkd, které byly v
textu pouzity. Celkova prace je rozdé€lena do dvou ¢asti, z nichz prvni se soustied’'uje na spravny
pieklad a celkovou piipravu podkladd pro naslednou analyzu, ktera je pfedmétem druhé casti prace.

Druha ¢ast prace se zamétuje na spravnou analyzu textu a vyobrazenych jazykovych prostredki, které

byly v textu pouzity a jejich nasledné zformulovani do srozumitelného komentare.

Klicova slova

preklad, transforméatory, jazykové prostfedky, déleni transformatort

Abstract

The goal of this Bachelor thesis is to translate and analyze a specialized text which focuses on
transformers. The whole work is divided into two parts. The first part concentrates on the translation
and overall preparation of the basis for the analysis which follows in the second part of the semestral
thesis. The second part concentrates on the analysis of the text and all linguistic means which were

used and the main task is to comment properly on selected phenomena that the analysis reveals.
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1 Introduction

In the modern epoch of mankind the English language occupies the place of a lingua
franca in the branch of science and technology. English language has been able to spread
worldwide, therefore most deeply educated people have been able to learn it and then apply
their knowledge of this language in their field of work. For this reason, the work of people who

translate scientific texts is necessary to make further progress in the worldwide technology.

Electrotechnical theory is a set of basic information in the field of electrical
engineering. It is written in the cooperation of Ing. Jan Vaius Ph.D., Ing. Roman Hrba¢ Ph.D.
and Ing. Tomas MI¢ak Ph.D. The main purpose of this script is to provide necessary information
to the students of the Technical University of Ostrava in their studies of electrical engineering.
The original study material is written in the Czech language. I have chosen to translate a chapter

focusing on the basic properties of transformers and their typology.

This bachelor thesis is divided into two major parts; the first part focuses on the
translation of the original, whereas the second part focuses on the analysis and commentary of

the translation.

The aim of the first part, which focuses on the translation of the text, is to prepare
sufficient background for the following analysis. In the translation itself, one can face the need
to alternate sentences although this should be avoided, in order to preserve the original meaning
of the sentence. One of the analyzed phenomena is the difference in expressing formality,

objectivity and modesty of the author.

The second part focuses on the analysis of the previously translated text. The principal
task is to highlight the differences between the Czech and English languages, including their
differences in stylistics and linguistic means, particularly in the construction of sentences

(syntax); differences in technical expressions (lexis) must not be ignored.

The final description of the thesis containing analysis and commentary can be reviewed

in the conclusion, followed by the list of references and the source text.



2 Translation

13.1 INTRODUCTION
inition of cal :

Electrical machines are always energy changers, whose distribution and execution is dependent
on its type.
The main condition in understanding the principle of function is the knowledge of the basic laws

of the electromagnetic field and properties of magnetic materials.

13.2 FUNDAMENTAL THEORETICAL ANALYSIS OF ACTIONS
IN ELECTRONIC MACHINES

A change in the magnetic flux has to be carried out in order to create an induced voltage in the
coil. Depending on the way this change is achieved, we talk about induced voltage created by

e transformation

e motion

e self-induction

13.2.1 Induced voltage created by transformation

The creation is dependent on the stationary and time-varying magnetic field ®@,, as shown in Fig.
2.1 (a), which is continuing through the standing coils, one of which is driving (primary) and the
rest remains secondary. In the secondary coils the voltage given by the formula (1) will be

induced (N, - number of turns of the secondary coil).

da,

I i T (1)
@ g
: Py
i
p;._. — : -
4 Nl:: by 3 :—Ng quI:'
- :-_q

(2)

Obr. 2.1 (a) Transformation voltage (b} Induced voltage in conductor

(<)
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13.2.2 Induced voltage created by motion
The magnitude of the induced voltage is dependent on the relative motion of the magnetic field

and the coil according to the formula (2).

do
u =N, x . 8% &

] — X
T d de dr 2

dx

o, Trepresents relative speed

Where % represents a spatial variation of magnetic flux and

between the field and the coil. In practice is this relationship expressed in a simplified way (3)

u,=2-N-B,-I-v '€)

Where B_ represents an induction at the position x, / represents the length of the coil side
conductor and v represents the coil’s speed of rotation (dx/dt). Fig. 2.1 (b) shows an example of

an induced voltage in the conductor.

13.2.3 Induced voltage created by self-induction
If the coil is being flown through by the alternating current, the voltage will be possible induced

according to the relationship (4)

s Ty L @)

In the case where the coil current has a harmonic waveform, the magnitude of the induced

voltage can be expressed in a complex plane by the relationship (5) as shown in Fig. 2.1 (c).
U =j-X-I=j-2-m-f-L-I (5)

13.2.4 The power effects

The current flowing through the conductor, located in the magnetic field, is affected by the force
whose direction is determined by the left-hand rule - see Fig. 2.2 (a).

The magnitude of the tangential component of this force affecting the wire according to Fig. 2.2
(a) is given by the relation (6)

F=B-I-] (6)
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Torque is created by the sum of the tangential components of these forces influencing each other

on the shoulder of the radius.

20 (7)

Fig. 2.2 The effects of force

13.3 THE MAIN TYPOLOGY OF ELECTRICAL MACHINES

Electrical machines are divided by:
e The type of rotating parts
o Non-rotating electric machines - nonexisting moving parts, primary windings,
and secondary winding. (transformer, linear electric motor, speaker).
o Rotating electrical machines - one part is static (stator), the other part is
rotational (rotor).
e The type of the power supply
o DC power machines
o AC power machines
e The energy conversion
o machines converting mechanical energy into electrical are called generators.
Their task is to generate electrical energy.
o Machines consuming electrical energy are called electric engines,
respectively electric motors. These machines convert electrical energy into

mechanical energy.

12



Typology of DC machines:
e By the energy conversion
o engine (electric motor)

o dynamo (electrical generator generating direct current)

listribution of

This division is identical for the dynamo as well as the engines. DC machines have either
external wound winding or their own wound winding. DC winding machines with their own
wound winding can have this winding composed of either one or two parts. If the wound
winding is composed only of one part it can be either a motor (electric motor), a dynamo with
parallel excitation, motor (electric motor), or a serial excitation dynamo. It depends on how this
excitation winding is connected to the anchor winding. If the winding wound is connected in
parallel to the anchor winding, then it is motor (electric motor) or dynamo with parallel
excitation. If the drive winding is connected in series with the anchor winding, then it is a motor
(electric motor) or a serial excitation dynamo.

If the wound winding has 2 portions, then one part of this winding is connected in parallel to the
anchor windings a the other one is connected in series with the anchor winding.

This type of DC machine is called an engine (electric motor) or mixed winding dynamo.
However, there are still more options in connecting the wound winding. If the wound winding
has two parts, then these two parts can be connected either that they will support each other with
their own magnetic effects, then it is a DC machine with a compound winding, or if the exciting
parallel winding is connected in the way that it counteracts the effects of the serial wound

winding, then it is a DC machine with countercurrent winding.

Typology of AC machines:
e by the number of phase conductors
o three-phase conductors - the machine is connected to all three phases (current of
three phases)

o single-phase conductor - machine is connected only to one phase

ditional divisi ¢ machines:

e Synchronous

13



e Asynchronous

e Commutator

Synchronous machines:
e by the purpose of energy conversion
o generators
o motors
O compensators

Synchronous machines (generators) working on alternating current are called alternators. It is

characteristic for all synchronous machines, that the angular velocity of the rotor is the same as

the velocity of the stator's successive magnetic field - the rotation of the rotor is synchronous to

the rotation of the magnetic field.

e By the drive mode

o

turbo-alternators - synchronous generators with smooth rotors. The smooth
rotor is a normal rotor with 1 or 2 pole couple in other words the rotor has 2 or
4 poles. The angular velocity of the turbo-alternators is the highest possible
speed of synchronous machines operating in a given fixed frequency
distribution system. In our distribution system we have a frequency (frequency
of oscillation) 50 Hz, it means that the rotor of the synchronous machine with
one pole turns 50 times per 1 second. So, it means that the machine with one
pole will turn 3000 times per 1 minute (3000 rpm). In the case of 2 pole couple
machines the rotor’s rotation speed is half the size of the one pole machine. So
it means that in one second the 2 pole machine turns 25 times (1500 turns per
minute).

hydro-alternators - machines with outstanding poles. The number of pole pairs
is substantially higher than in the case of turbo-alternators.

It also means that the angular velocity of the rotor is substantially lower than in
the case of turbo-alternators. This is caused mainly due to the velocity of

flowing water that drives the water turbine.

14



These facts are also affecting other substantial differences between the turbo-alternators and
hydro-alternators. The turbo-alternators have a horizontal axis of rotation, whereas the axis of
rotation of the hydro-alternators is given by the construction of a water turbine and in most
cases is vertical. The rotor diameter of the turbo alternator is usually in the range from 1 to 2
meters, the rotor diameter of the hydro-alternator is substantially larger, usually from 6 to 20
meters. The length of the turbo-alternators rotor and hydro-alternator’s rotor is also different.
Turbo-alternators generally have longer rotors than hydro-alternators.

Mentioned dimensions (the diameter of the rotor and its length) are primarily dependent on the
generator's electrical output.

Synchronous engines have the same design as synchronous generators. They are typically used
to run devices of high performance where the constant speed is required while the change in
direction of the rotation or frequent switching off is required are not. They are characterized by
high efficiency (95-98%). Synchronous engines can be excited on the value cos ¢ = 1, so they
take only active power from the network.

The Synchronous Compensator is a synchronous machine that is connected to an AC power
network and works in an idle state. It is an electric machine with high power to compensate for
reactive power in the electrification system. Also during the compensation of the reactive power

the continuous regulation of the electric voltage in the grid happens.

Asynchronous machines:

The main difference between the asynchronous machines and synchronous machines is in their
rotor angular velocity which is slightly different from the velocity of the stator's sequential
magnetic field (asynchronous = non-synchronous). This difference in velocity is reported in
percent and is called slippage. The slippage’s value ranges from 1% (for high power machines)
to 10% (for machines with low power). In the pas we could encounter asynchronous machines
mainly in the case of electric motors. With the development of alternative power sources, we
can also encounter them in the case of asynchronous generators. In synchronous generators the

rotor speed is always higher than the speed of the gradual magnetic field of the rotor.

vision of 1 I hines:

e By the way of energy conversion to asynchronous motors and asynchronous generators.

e By the number of work conductors, they are divided into:

15



o three-phase
o single-phase
e By the design
o single cage machines
o double cage machines

o vortex and ring cage machines.

R lectrical hines:
A rotary electrical machine is a device that is capable of performing relative rotary motion and
intended for electromechanical energy conversion but its activity is dependent on
electromagnetic induction Electric rotating machines convert the electrical (electromagnetic)
form of energy into a mechanical form of energy (motors) and the other way round (generators).
The mechanical output (input) is a rotating shaft with a mechanical and kinematic variables -

rotational velocity Q (speed n), torque M, power (power) P, see Fig. 2.3.

| n, M
— M
‘u
- — - —
P N P

Fig. 2.3 Rotary electric machine - power converter

The traditional way of distributing electric rotary machines is derived from the character of the
supply voltage:
e  AC machines

e DC machines

16



But these are only two most basic machine groups, there is a number of electric rotary machines
with different designs that can not be uniquely assigned to any of these groups (e.g. universal,
stepper, electronic commutation, etc.). The possible division of machines into subgroups is
derived from the various criteria (contained in the title) and is shown below in Tab. 1 where you

can see the basic distribution of electric machines and in Tab. 2. you can see examples of basic

designs of electric rotary machines.

AC MACHINES DC MACHINES SPECIAL GROUP
ASYNCHRONOUS SYNCHRONOUS || WITH SEPARATE
e e EXCITATION
| | WITHSHUNT
—{wiTH SMOOTH ROTOR EXCITATION
WITH SQUIRREL CAGE
|| WITH RISING POLES | | WITHSERIAL
ON ROTOR EXCITATION

WITH RING CAGE

WITH RISING POLES
ON STATOR WITH MIXED
EXCITATION

Tab. 1 Typology of electrical machines

rising poles ! it
Rotor with 3-phase winding including the ::-:jh winding
cage winding with rings
£ permanent commutator
magnets
5
D
D
3 N
Stator with
Cage As-\rncihron?us Synchronous Commutator
asynchornous machine with iachans Y
machine rotor winding
Short cage Ring
asynchronous asynchronous
machine | machine
Motor with synchronous Step motor DC machine
shielded poles machine with
rising poles

Tab. 2 Fundamental construction of the rotary electrical machines

17



Special ¢ machi be classified as follows.
e Special machines - dynamometers, induction regulators, motor-generators, rotary
converters, electromagnetic and inductive couplings, powder brakes, etc.

e Machines for control systems - Leopard sets, cascades, rotary amplifiers, etc.

13.4 EXECUTION AND MARKING OF A ROTARY ELECTRICAL
MACHINES

Marking of electric machines - according to the shape (installation and working position) is in
accordance with the international standard CSN EN 600034-7, which allows two ways of
marking of the EC shapes (so-called IM code)

Marking code I - so-called letter-numeric (for motors with bearing shields)
IM X N
| T— num her( )
letter: B - with horizontal axis

V - with vertical axis

Marking code II - numeric - (new code)
IM x xx x
'L numeric character according the the design of the shaft ending(0+9

numeric character according to the mounting method (0+99)
group number of the machine (0+9)

international designation by the design of the machine

e example of division by group number (first digit of the designation)
o with feet

o with feet and flange

The meaning of the second and third digits in the shape designation (IM.xx.) is given in the

tables of the relevant standard for each design (first digit).

18



Note: This design is declared on the production nameplate and in the accompanying
documentation. It is not determined which type (code) of the designation is obligatory and in the

documentation are often given both types and graphics display, see Tab. 3.

code Il code | Description image
I 1001 {(IM B3)
™I 1001 IME3 with feet and one cylyndrical shaft ending l.[ -
normal feet below, horizontal shaft '_‘I
=t
1M 1051 (1M B&)

i with feet and one cylyndrical shaft ending
M 1051 IM B§ normal feet on the left side or right side, horizontal
(M 1061) | AMB7) | shatt

with flange and one cylydrical shaft ending

IV 3001 | IMBS
flange is on D, horizontal shaft

1M 3011 (1M V)

M3011 | IM ‘il with flange and one cylyndrical shaft ending
(IM 3031) | (IMV3) flange is below, vertical shaft

1M 1071 (IM BB)
IM1071 | IMB8 | with feetand one cylyndrical shaft ending B
normal feet abotve, horizontal shaft RN
'r »

st

Tab. 3 Table of fundamental types of the motors

13.4.1 Marking of electrical machines by its design - by coverage (IP code)

This code is defined as a set of precautions which are declaring the level of protection:
e protecting people from dangerous personal injury (first digit)
e ES from the intrusion of foreign objects (first digit)

e ES from the intrusion of water (second digit)

Most commonly used types of coverage in electrical machines due to IP code (International
Protection):
o C(Closed versions - IP 44, IP 54, IP 55, IP 56

e Non-explosive versions marked Ex

19



e Open design versions - 1P 12, IP 21, IP 22, IP 23

Special regulations are applied to ES operating in potentially explosive environments. The EEx
and alphanumeric markings (according to CSN EN 50014) indicating the type of protection,

explosion class and temperature class were introduced for non-explosive environments.

Most commonly used types of non-explosive ES designs are sorted by the type of explosion
protection:
e "d" - fixed seal

e "¢"-secured design

e "de" - fixed seal (motor), secured design (terminal block)

Use example of a non-explosive design of motor:
e outside of deep mines: EEx d II C T4
e inside of deep mines: EExd I C T4

13.4.2 Marking of electrical machine design - according to cooling design (IC code)
With regard to the cooling method the engines can be basically made:
e with internal cooling (without any fan, cooling is only used for convection)
e with own cooling (fan is on the motor shaft, the result is dependent on the speed of the
engine)
e with internal own cooling (two circuits - internal convection, external with fan)
e with external cooling (ventilation is provided by a foreign source which is independent

of engine speed)

20



Mark by hod of coolin:

ICx Ay Wy

T secondary circuit (type of refrigerant - W (water), way in which is refrigerant put into circulation)
primary circuit (type of refrigerant - A (air), way in which is refrigerant put into circulation)
arrangement of the cooling circuit (circuit system), (characteristic digits 0 to 9)

IC 4 GV § Aa 6
International cooling J I
Arrangement of the cooling circuit

0:  Open circuit (through ventilation)
1-+3: Inputs and outputs by pipeline

4:  Surface cooling

5+8: Thermal exchangers

Primary refrigerant
A:  Air (does not have to be stated)

0:  Open convection
1:  Own cooling using fan
6:  Cooling by external unit - fan

Secondary refrigerant

A:  Air (does not have to be stated)
W:  Water

F: Freon

H: Hydrogen

N: Nitrogen

Flow pattern of secondary refrigerant
0: Open convection (flow)

Own cooling using fan

Cooling by external fan

Relative motion (traction engine)

e T

Note: The first digit indicates the arrangement of the cooling circuit (circuit system) and is valid
for both, the primary and also secondary circuit. In the case of a simplified marking, the type of
refrigerant is not mentioned or is mentioned only for the secondary circuit at the end of the label
(omitting the last digit).

Asynchronous short-circuiting motors:

IM B3 (IM 1001) - single-ended foot with one cylindrical shaft end, dimensions according to
the table

IP 54 - closed motor, outer fan cover is IP 2x according to CSN EN 60529

IC 411 (IC 0141) - with its own surface cooling

IC 411 - fully enclosed standard engine with its own surface cooling using the fan
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IC 416 - fully enclosed motor with an additional fan motor

IC 01 - open motors

13.5 SAFE TEMPERATURES AND ITS INCREASE IN THE
ROTARY ELECTRICAL MACHINES

The heat insulation class of machine insulation systems is determined by CSN 33 0050 (IEC
60085) and must be expressed with letters A, E, B, F, H. Safe temperature increase A0,  and

maximum temperature 0,  for each insulation class are displayed in Tab. 4.

C
20 g
180 15 Reserve
Insulation class Ay, [K] B[] sl | 15
A 60 100 e | S e | A
: 15 20 | LS
2 = 3 T i Gl Safe temperature
B B0 1200 e increase
2 5 ] 100 125
E 100 140
H 125 165
Standard ambient
40 40 40 40 &
temperature
E B F H [ +]
(a) (b)

Tab 4, Safe temperature increase ABdov and maximum temperature Bdov for each insulation class displayed:
[a) table, [b} graph

The limit value of temperature in the winding is dependent on the type of cooling, coolant and
the methodology of the measurement (thermometer, resistance, embedded probe). Correction of

values in temperature increase has to be carried out according to the engine operating
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conditions: ambient temperature (above 40 °C) and altitude (over 1000 m).

1

0.9

084

0 1.000 2.000 3000 4.000
—— altitude [m ]

Fig. 5.1 Correction values with respect to ambient temperature and altitude.

13.6 CLASSIFICATION BY EFFICIENCY IN ASYNCHRONOUS
ENGINES

Contribution to improvement in the efficiency of electric motors is quite significant in the
overall reduction of electric consumption energy and it represents about 18%. Total electricity
consumption should in order to preserve the increased efficiency of electric motors decrease by
approximately 3%. According to the EPCA (Energy Policy and Conservation Act) law, which
applies in the USA, must all 2, 4 and 6 pole engines with the power range (0.7 ~ 150) kW have
a minimal rated efficiency (HE-High efficiency). These initiatives did not stay without a
response from Europe. In the Committee of European Manufacturers of Electrical Machines
and Power Electronics (CEMEP) organization was determined a voluntary agreement
containing an integrated system of classifying engine efficiency into classes and their labeling.
All 2 and 4-pole engines with standard architecture, voltage 400 V, frequency 50 Hz, load type
S1 and power (1.1 + 90) kW are divided into three classification classes, that are marked by an

alphanumeric code:
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High efficiency
Improved efficiency

Standard efficiency

Lk

These markings correspond to the agreed classification scale. The class of efficiency must be
marked on the engine nameplate and technical documentation, which must also obtain an

indication of the efficiency values for nominal and reduced (75%) load. In Figure 6.1 is shown

the dependency of a limit efficiency in engines.
2p=2 Zp=4

100 T T T T 1 100 T 7 T j 1

I 1 1 1 | 1 I i i |
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Fig. 6.1 Dependency of a limit efficiency in engines.

13.6.1 Characteristics of performance and economics in engines with higher efficiency

 greater reliability of engine operation and thus less downtime caused by engine
failures

* lower warming in the windings and thus greater possibility of overloading the drive,

* resistance to failures in the power grid (voltage fluctuations, asymmetry in-phase),

* greater tolerance to non-harmonic supply voltage.

With the improvement of engine efficiency it can be achieved to reduce engine losses by up to
42%. This property is achieved by using better materials and changing the construction of active

and mechanical engine parts. However, this is done at the expense of an increase in production
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costs of the engines in comparison to the standard design and thus their purchase price. The
available sources show, that this increase in price is highest for engines of lower power, where it
reaches about 25%. With growing engine power the increased price decreases up to 5%. The
purchase price of the engine, represents only a very small segment of the total operating
expenses, including the costs of power consumption and maintenance. With consideration of the
average engine life lasting about 15 years, rated output of 15 kW and the annual operating range
(1000 + 8000) hours, the share of the acquisition cost of the engine will be in the range (3 +
0.4)% of total costs.

The formula for the determination of the annual cost of engine operation:

r r:- ' ‘i'? ’ P\ T F
N, =2—=.C,,, [K& hod, kW, K&/kWh) (8)

: il-I"‘."'.-1|:-
t, - engine time of operating per year
P, - nominal power of the engine
p - indicates the relative load of the engine (P / PN)
Ny, - engine efficiency for a relative load (p)

C,.p, - price of electricity

kWh

The saving created by the use of a more efficient engine (1) can be determined by equation

).
(1 I

[ :fll 'P"PN 'Ch'ﬁh | —— (9

l
Mp 'r?ﬂ!]ln:lgh

Calculation of the payback time t, of the acquisition cost N,,, for an engine with higher

Mot

efficiency can be achieved by formula (10).

.'a'i'r
t, =12 [mésKe] - (10)

13.7 TRANSFORMERS

Transformers are non-rotary electrical machines, which are at a constant frequency allowing
resizing of an AC voltage. Their division is mainly according to the number of phases

(single-phase and three-phase). Therefore, when transferring approximately the same power
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from the primary circuit to the secondary circuit, the current values are changing. This makes it
possible for power systems to distribute electrical energy of very large outputs over long
distances from power plants to the consumer, with acceptable energy losses. The lower are the
currents and the higher is the voltage value, consequently smaller are the losses on the line (AP,)
and the necessary cross-sections of conductors.

Only high-voltage three-phase transformers are usually used for this operation.

licati A ; )
* change of the AC voltage values,
* electrical separation of circuits.
Types of transformers:
* air,
* with iron core (most commonly used in power engineering),

« with ferrite core (HF technology, low power sources).

13.7.1 Principle of operation of an ideal transformer

It will be explained on the drawing of the ideal single-phase transformer, which is shown in
Figure. 7.1.

1. AP =0, R1 =0, R2 =0, the total losses and the active winding resistances are zero.

2. The diffusion is zero (®al + dc2 = 0).

3. The entire magnetic flux @, continues through all turns of the primary and secondary
windings.

The alternating current in the primary winding 7, excites an alternating magnetic @, which by its

change induces a voltage U,

.q 10 the transformer windings, this voltage-dependent on a primary

current f; and magnetic flux @, (equation 11).

U, =444 & (11)

el )
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Fig. 7.1 Single phase transformer with an iron core

Following equations applies for individual windings:
E-".?II"II.I.l = 4144 ; J{‘l ) 1rl:ll E J;"..Ir] { IE}
U.,=444-f @ -N, (13)

¥
1Bz

N1 and N2 is the number of turns on the primary and secondary windings and @, is the
maximum value of an alternating magnetic flux.

The ratio of induced voltages is the transformer ratio K.

mz;z_{: al (14)
lI'.)lruuﬂ 'hlrj 'E"Ir"

The previous relation for an ideal transformer implies that the magnitudes of the induced
voltages

are directly proportional to the number of turns on each winding and corresponds to the terminal
voltage ratio U, and U, on the transformer terminals.

Assuming that the power input P, and power output P, are equal (P, = P,, U,.I, = U,.L,, cosp =

1, P,=0), following applies:
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—':;: :K {Is}

The ideal transformer is characterized by a single parameter - the transformer ratio K.

13.7.2 Principle of real transformer operation

A real transformer is based on an ideal transformer, supplemented by a secondary circuit
elements. Primary voltage U, is harmonic and the magnetic circuit is not saturated (operational
area in a linear part of the characteristic). With the application of the voltage U, to the primary
winding, current I, starts to flow through the winding, current’s magnetizing component
produces an alternating magnetic flux @, (which can be closed by the core), and the scattering
flows @_, and I (which are closed by air). With the time change of the main magnetic flux is
voltage u,,, = d® / dt induced into the windings (primary and secondary), its size is directly
proportional to the number of turns N,, N, of the individual windings.

If the load impedance Z, is connected to the secondary winding terminals (2-2”), current 7, starts
flowing through the secondary circuit and P, is supplied to the load

Real transformer reports active losses (AP> 0) during its operation and it also has a variation

around its windings (®@_, + @_,> 0).

13.7.3 Operation states of transformers

13.7.3.1 No-load transformer operation

Operation state in which is the primary winding connected to the nominal voltage U,, and

the secondary winding terminals are not connected (Z, = o = I, = 0), the transformer does not
supply power (P,= 0) and I, = I,,. The power input that is subscribed from the power grid by

the transformer is used to cover the no-load losses that are present in the iron core and winding.

-

‘ﬁPIu =‘&'PJI-=-.+ Ri 'JFIU {If}}

Losses in primary winding are small due to small no-load current I, (approx. 2 to 10%)

I,), in the practical calculations we neglect them and consider the relationship (17).

AR,

Fe

AR

=

(17)

K ratio of the transformer is determined by measuring the no-load voltage.
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K =

' (18)
U

'3

The wiring diagram of the no-load transformer is shown in Fig. 7.2.
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Fig. 7.2Wiring diagram of the no-load transformer

13.7.3.2 Short-circuit transformer operation

This is the most disadvantageous state of the transformer. The secondary winding is
short-circuited without an impedance junction (Z, = 0 = U, = 0). The short-circuit current is
limited only by the circuit impedance - short circuit impedance. The circuit diagram of the

short-circuit transformer is shown in Fig. 7.3.
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Fig. 7.3 Circuit diagram of the short-circuit transformer
Short-circuit impedance Z.:
Z, =7 s P 19
K = £y Mg = Hy (1%9)
1
and is established with the relationship:
. S 2
z:h:ZRm-"J'ZXlK:Ri"'R:'K + X, + X, -KT) (20)

Note: Parameters of the secondary winding must be converted to the primary side (same
amount of turns), which can be accomplished by the transmission voltage of the transformer K.
The short-circuit impedance Z1K is minor because it consists of a huge amount of small

parameter values of the windings (R,, R,, X_,, X_,). The I, current is principally greater than I

cl>
(7 to 35 times) and is very dangerous for the transformer. The entire power input P is
transformed into active losses

AP (Joule winding losses), whereas losses in iron are negligible. This is the most

disadvantageous state of the transformer.
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Relati I in short-circuit - u, u,,
Very important parameter indicating the short-circuit resistance of transformers. For its
measuring the main voltage U must be reduced to the U, value, during this operation current
the I, is equal to I, (transformer will not be damaged).
— Uik _ Zig T _ Zix

Un Zn-Iin Zy

I (21)

K

e, = 2100 = 22100 (22)

K%
U 1N IN

By the use of u,,, the actual steady-state short-circuit current can be determined.

!1N

I, =—".100 (23)

My,

Joule losses increase with the squared current, therefore a permanent short-circuit current
influences
transformer with destructive effects, which can be prevented by the rapid disconnection of the

transformer from the network.

13.7.3.3 Transformer under a load

This includes all states except the idle state and the short-circuit state. Phase relations of
voltages and currents can be displayed in so-called phasor diagrams and they are approximately
dependent on the character of a load impedance Z,, (0 <Z, <o) and on the parameters R, X in

both windings.

13.7.3.4 Load characteristics of the transformer
It is a graphical dependence of U, = f (I,) at cosp = const., this dependence is very important and
indicates the size of the internal voltage decrease across the transformer and the size of

short-circuit current on the secondary side.
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Fig. 7.4 Load characteristics comparison of the despersive transformer and normal network transformer

Stiffness (slope) of the characteristic depends on the short-circuit voltage (impedance) u,,, and
the power factor cos@2. The load characteristic of a dispersive transformer is marked by a
dashed line, it can be used as constant current sources used for arc welding or discharge lamps.
The short-circuit current I, here is only slightly higher than I, in comparison to a conventional

transformer in which

it can be several times bigger than I, current. Load characteristics comparison of dispersive and

normal network transformers is shown in Fig. 7.4.

13.7.3.5 Transformers efficiency

Shown in Formula (24).
=£=ﬂ=l—£-lﬂﬂI (%) (24)
A A R
kde AP = APg. + AP, - ztraty v transformatoru
Py=Ud .cosqm - ¢inny pfikon transformatoru
P:=UsLcosqm - ¢imny vykon transformatoru

In technical practice, the efficiency of conventional transformers is 85 to 99% (transformers

with higher performances have higher efficiency). The efficiency depends on the load and

decreases proportionally with the load size.
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3 Analysis

This part of the thesis, focuses on the principal differences between the original Czech
text and its English translation. One of the things that can be encountered is an actual difference

in the style of the texts.

3.1 Syntax

The first use of syntax is dated to the year 1548. The word syntax originates from the Greek
word syntaxis (arrangement). Syntax is the way, in which linguistic elements (words) are put
together to form constituents (phrases or clauses). It can usually be described as a word order, as

it is one of the things that syntax focuses on.

3.1.1 The Form and the Meaning of the Word

In addition, to understand the reason for translations, the formal structure and meaning
of a word itself must be understood first. ,,We can define the written word with more precision
as any sequence of letters with an orthographic space on either side” (Baker, 1992:11), but the
meaning of the word does not usually depend on the word itself. ,,Meaning can be carried by
units smaller than the word. More often, however, it is carried by units much more complex than
a single word and by various structures and linguistic devices” (Baker, 1992:11). As the intent
to describe the minimal formal element of meaning in a language the term ,,morpheme” has

been suggested by some linguists.

A morpheme can be defined as the smallest, essential morphological member of a word
that cannot be further divided, or a morphological particle acknowledged in regard to its
operative relations in a linguistic system. It bears a factual or grammatical meaning. Morpheme

can be prefix, infix, suffix, or root of a word.

For example the word transformation mentioned in the second paragraph of the
translation is a three morpheme word. It is constructed from three distinct morphemes
transform and -ation, where the suffix changes the part of speech from verb to a noun. In some

words such as machines constructed again from two morphemes machine and -s the
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morphemes have a grammatical function of changing the word plurality or in the case of the

word simplified is the morpheme -ed changing the tense of a word.

Another huge influence on the word meaning is in its lexical meaning. According to
Baker (1992:12), “the lexical meaning of a word or lexical unit may be thought of as the
specific value in a particular linguistic system and the ‘personality’ it acquires through usage
within that system. It is rarely possible to analyze a word, pattern, or structure into distinct

components of meaning; the way in which language works is much too complex to allow that*

(Baker, 1992).

According to Cruse (1986) is the meaning of the word distinguished into four groups:
e propositional meaning - a type of meaning by which the utterance can be judged as true
or false
e cxpressive meaning - relates to the speaker’s feelings, therefore cannot be judges as true
or false

e presupposed meaning - arises from co-occurrence restrictions
e cvoked meaning - arises from a dialect or register variations

3.1.2 Difference in styles

In order to understand the differences in styles between the original text and its
translation, the basic information about the types of styles must be explained first. According to
Newmark (1988:13) there are four styles of text that can be encountered:

e Narrative - dynamic sequence of events

e Description - static, with emphasis on linking verbs, adjectives, adjectival nouns

e Discussion - treatment of ideas, with emphasis on abstract nouns, verbs of though,
mental activity, logical arguments, and connectives

e Dialogue - with emphasis on colloquialism and phaticisms

Due to the frequent appearance of linking verbs (voltage is dependent, the voltage can be
expressed, machines are divided, the coil is being flown, etc.), adjectives ( induced, expressed,
simplified, etc.) and the static style in which is the text written. It can be with certainty said that

the original text for this thesis fits into the category of Description.
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3.1.3 Scale of formality

For the purpose of recognition of the formality level, the understanding of the scale
itself is necessary. The scale of the formality has been variously expressed, and according to

Newmark (1988:14) there are eight levels of formality used:

e Officialese
“The consumption of any nutriments whatsoever is categorically prohibited in
this establishment.”
e Official
“The consumption of nutriments is prohibited.”
e Formal
“You are requested not to consume food in this establishment.”
e Neutral
"Eating is not allowed here.”
e Informal
“Please don't eat here.”

e Colloquial

“You can't feed your face here.”

e Slang
“Lay off the nosh. “
e Taboo
“Lay off the fucking nosh.”

According to this scale, the fact that the original text should be used in scientific and
technological branches, and the style in which is the text written, it can be agreed that the text

fits into the category of a Formal style.
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3.1.4 Quality of the original text

The quality of the text is crucial for the following translation, therefore the translator
can
decide in which way will the translation be done. Sticking to the original text is not

recommended in case this would make no sense for a non-instructed reader.

For example in the case of this text fragment:

Pokud je budici vinuti pouze z jedné casti, zalezi na tom, jak je toto budici vinuti pripojeno k
vinuti kotvy. Existuji pouze dvé moznosti, jak to lze provést. Bud’ je budici vinuti zapojeno
paralelne k vinuti kotvy, pak se jedna o motor (elektromotor) nebo o dynamo s paralelnim
buzenim. Pokud je budici vinuti zapojeno sériove s vinutim kotvy, pak se jedna o motor

(elektromotor) nebo dynamo se sériovym buzenim.

If the translator tried to stick on the sentence and word order, it would probably look like

this:

If the wound winding is composed only of one part, it depends on how this excitation winding is
connected to the anchor winding. There are only two options on how to do this. Either the
winding wound is connected in parallel to the anchor winding, then it is motor (electric motor)
or dynamo with parallel excitation. If the drive winding is connected in series with the anchor

winding, then it is a motor (electric motor) or a serial excitation dynamo.

however, this translation can be visually pleasing, it can still resemble like this translation

is missing something. On the other hand the second translation:

If the wound winding is composed only of one part it can be either the motor (electric motor), a
dynamo with parallel excitation, motor (electric motor), or a serial excitation dynamo. It
depends on how this excitation winding is connected to the anchor winding. If the winding

wound is connected in parallel to the anchor winding, then it is motor (electric motor) or
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dynamo with parallel excitation. If the drive winding is connected in series with the anchor

winding, then it is a motor (electric motor) or a serial excitation dynamo.

yet, it does not have the same word and sentence order as the original text, it still has the

same meaning. And it also makes a better logical meaning.

3.1.5 Difference in the use of passive voice and active voice

In the English language as well as in the Czech language one can come across the
passive and active voices. In order to understand how differently these two voices can be used,

the basic understanding of them must be achieved.

A passive voice can be achieved when the grammatical subject expresses the theme or patient of

the main verb.

Some samples of the passive voice use in the foregoing translation:

In the case where the coil current has a harmonic waveform, the magnitude of the induced

voltage can be expressed in a complex plane by the relationship (5) as shown in Fig. 2.1 (c).
The scale of the formality has been variously expressed, and according to Newmark (1988:14)

there are eight levels of formality used.

In the secondary coils, the voltage given by the formula (1) will be induced (N, - number of

turns of the secondary coil).

An active voice is used in a clause whose subject expresses the main verb’s agent.

Some samples of the active voice use in the foregoing translation:

The creation is dependent on the stationary and time-varying magnetic field ®@,, as shown in
Fig. 2.1 (a), which_is continuing through the standing coils, one of which is driving (primary)
and the rest remains secondary.

The previous relation for an ideal transformer_implies that the magnitudes of the induced

voltages
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are directly proportional to the number of turns on each winding and corresponds to the

terminal voltage ratio U, and U, on the transformer terminals.

The difference in how frequently is the passive voice used in English and how much is
not used in the Czech language, can be the main difficulty that can be encountered during the
translation between these two languages. English language works completely differently than
the Czech language. Due to the fact that Czech is a synthetic language the words have suffixes
connected to the words. In these suffixes, information is hidden what is the function of the given
word. On the other hand, English is an analytical language. Therefore, English is not conjugated
or inflected, it cannot be with certainty determined if the word is subject or object of the
sentence, however, it can be determined by the word order of the sentence. The subject is

always first, followed by a verb, object, manner, place and time.

In the translation of scientific or technical texts, passive voice, should be always used
even though the original text is written in an active voice. The utilization of passive voice adds

formality and objectiveness of the technical and formal text to the translation.

3.2 Scientific and technical expressions

The main problem could occur during the translation of technical terms. Expressions that are
frequently used in scientific and technological texts are not that difficult to translate. On the

other hand expression, which are uncommon and only rarely used can be difficult to translate.

Some of the expressions:
In the case of ,,magneticky tok” the expression could be translated as ,,magnetic flow” but the

right translation is ,,;magnetic flux” as it is used in every technological text.
Another case is ,,indukované napéti vzniklé pohybem” it could be translated as ,,induced
voltage created by movement”, but the expression ,,;movement” is not as suitable as for example

,,motion”.

The true challenge was to translate the term ,,silové ucinky” due to the fact that this expression

is probably not frequently used, I was not able to find a legitimate translation for this term. It
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could be translated as ,,the effects of force” or ,,force effect” and many more translations, but

after a long decision making the term ,,power effect” has been chosen.

Even more difficult was the translation of the term ,,patkové” and ,,patkopiirubové”, which are
included in the chapter of the transformer typology. However, after a long research it was found
out that in English are these two-term translated as ,,feet” and ,,feet and flange”. In this
situation, I came across the fact that some of the Czech word does not have as original meaning

in English.

Another problem occurred in the phrase ,,rozdéleni transformdtorii”, it was problematic

79

because in the Czech language is used the term ,,rozdéleni” which can be translated into English
as ,,distribution”, but in this case is more needed the expression ,,Zypology” which is translated

into Czech as ,,zypologie”.

The translation of technical phrases between English and Czech language contains terms that are
used for a long historical period, therefore they cannot be modified by the translator’s wills and

must be translated in order to preserve these rules.

3.3 Translation method

There are many translation methods, which can be used in order to translate the given text.
Many of them are unfortunately not appropriate to be always used. Thankfully during our time,
many people that were successful in defining some of the methods existed. In his Textbook of
translation, Peter Newmark divides translation methods into eight different groups or how it is
called in his work ,,levels”. The division is made by accounting the perpetuity between the
emphasis on source language (SL) and emphasis on target language (TL).
Then according to Newmark (1988:45), the groups are:
Word-for-word translation

e SL word-order is preserved and the words translated singly by their most common

meanings, out of context
e cultural words are translated literally

e goal is usually to understand the mechanics of the SL
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Examples from the text:

indukované napeti vzniklé transformaci induced voltage created by transformation
siloveé ucinky power effects

synchronni stroje synchronous machines

elektrické stroje tocivé rotary electrical machines

transformatory transformers

Phrases and terms, in this case, have deeply rooted English equivalent that can be used without

any doubt. On the other hand, sometimes it can be quite challenging to find the right equivalent.

Literal translation
e SL grammatical constructions are converted to their nearest target language equivalents
e lexical words are again translated singly, out of context.
Although this translation method is usually first to come into translators mind, it is often not
very appropriate. In the case, in which the translator is not experienced enough with the TL, dull

mistakes can occur.

Examples:

it is one to je jedno

we will see each other in a moon uvidime se za mésic
pay a visit zaplat’ navstevu

Faithful translation
e attempts to reproduce the precise contextual meaning of the original within the
constraints of the TL grammatical structures
e 'transfers' cultural words and preserves the degree of grammatical and lexical
'abnormality' (deviation from SL norms) in the translation
e attempts to be completely faithful to the intentions and the text-realization of the source

language writer
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Examples from the text:

V civce protékané stridavym proudem se bude

indukovat napeti dané vztahem

If the coil is being flown through by the
alternating current, the voltage will be possible

induced according to the relationship

Bud’ je budici vinuti zapojeno paralelné k vinuti
kotvy, pak se jedna o motor (elektromotor) nebo
o dynamo s paralelnim buzenim. Pokud je budici
vinuti zapojeno sériové s vinutim kotvy, pak se
jedna o motor (elektromotor) nebo dynamo se

seriovym buzenim.

If the winding wound is connected in parallel to
the anchor winding, then it is motor (electric
motor) or dynamo with parallel excitation. If the
drive winding is connected in series with the
anchor winding, then it is a motor (electric

motor) or a serial excitation dynamo.

Semantic translation

e differs from 'faithful translation' only in taking more account of the aesthetic value

e 'faithful' is uncompromising and dogmatic, while the semantic is more flexible, admits

the creative exception to 100% fidelity and allows for the translator's intuitive empathy

with the original

Semantic translation is usually used in literature, scientific and technical texts or literature, and

other genres that try to preserve the original meaning of source language and its contents on the

same level of importance as the meaning in the target language.

Adaptation

o 'freest' form of translation

e used mainly for plays (comedies and poetry; the themes, characters, plots are usually

preserved)

The translator is using this method in cases when he is trying to preserve the theme of the

original text. For example in comedies or movies, which are translated from English into the

Czech language, phrases and dialogues are usually translated in a way, that the plot of the movie

still makes sense, or in the case of the comedy the dialogue between protagonists stays

humorous.

Free translation

e reproduces the matter without the manner, or the content without the form of the

original
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e usually it is a paraphrase much longer than the original, a so-called 'intralingual
translation’, often prolix and pretentious, and not a translation at all.

In this situation, the translator is trying to preserve the meaning of the original text even though

it can be formulated in a very different way. One of the main reasons why many translators use

this method, is the fact, that during the translation they can use their imagination.

Idiomatic translation
e reproduces the 'message' of the original but tends to distort nuances of meaning by

preferring colloquialisms and idioms where these do not exist in the original

Communicative translation
e attempts to render the exact contextual meaning of the original in such method that both
content and language are readily acceptable and comprehensible to the readership
This translation is usually used during conferences, meetings, etc. where both sides
speak
different languages and translators have to translate in real-time.
After accounting all the translation methods, considering used terminology and style. It can be
estimated that in the translation of technical texts and textbooks will be mostly used the

Word-for-word, Faithful and sometimes also Literal translation.

3.4 Acronyms and abbreviations

Abbreviations and acronyms are words or phrases which were abbreviated (shortened) into

more complex word or composition of letters.

Cambridge dictionary defines an abbreviation as:

A short form of a word or phrase.

Maybe even though people do not realize it, the abbreviations are used on a daily basis in
everyone’s life. The most common abbreviations is when someone writes the date Jan., Feb.,

Mon., Tues. instead of writing the whole name of the month or the day.
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Cambridge dictionary defines an acronym as:

An abbreviation consisting of the first letters of each word in the name of something pronounced
as a word.

Many of the acronyms are nowadays taken as a normal word used in everyone’s life. Over the
decades people got used to them so extraordinarily, that without realization some acronyms are
used and no one is considering them as an acronym.

Some of the commonly used acronyms are:

SCUBA diving - self-contained underwater breathing apparatus

RADAR - radio detection and ranging

AIDS - acquired immune deficiency syndrome

Despite the fact that dictionaries mostly disagree on the definition of the acronyms and
abbreviations some of them agree on the fact that acronyms which are pronounced one letter at

the time are defined as Initialisms (DVD, HTML, FBI).

If there are any acronyms or abbreviations encountered during the translation of the source
language, the translator must take into consideration if there is an equivalent in the target
language. Otherwise the abbreviation must be translated into the nearest equivalent, provided by

the target language.

Examples from the translated text:

Source language | Commentary Target language
CSN EN Initialism, it is an  international | CSN EN

abbreviation, therefore, there was no need to

translate

tab. Abbreviation of the word ,,tabulka” which | tab.
has the same abbreviation in the target

language of the word ,,table”

Stridave stroje In the source language is the word used in | AC machines

its full form, but in the target language, it is
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more common to use abbreviation while
writing, after the translation we get and

Initialism

Stejnosmérné

stroje

In the source language is the word used in
its full form, but in the target language, it is
more common to use abbreviation while
writing, after the tramnslation we get and

Initialism

DC machines

atd.

Abbreviation of the words ,,a tak dale”
translated into an abbreviation, which is
commonly used in the target language

(originates from Latin, et cetera)

etc.

napr.

Abbreviation of the word , napiiklad”
translated into an abbreviation, which is
commonly used in the target language

(originates from Latin, exempli gratia)

e.g.

obr.

Abbreviation of the word ,,obrazek”, in the
target language is used the abbreviation for
the word ,.figure”, which in our context has

the same meaning as ,,obrazek”

ot/min

Abbreviation of the words ,otacky za
minutu”, in the target language is this
abbreviation written without the SLASH and
it is Initialism of the words ,,rounds per

minute”

RPM
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3.5 Vocabulary and lexical analysis

Vocabulary can be defined as a group of words, which are acknowledged and used by each
individual being, or as every word that is being used and exists in the specific language.
Therefore, vocabulary can be divided into two groups - passive and active. Everyone in modern

society has its own ,,personal” active and passive vocabulary.

According to Swedish linguist Steve Kaufmann, these two types of vocabulary can be defined as
follows:
Active vocabulary - consists of the words that learners understand and use in speaking or
writing

Passive vocabulary - refers to words that learners understand but are not yet able to use

Even though information about this theme is usually more important for people who tend to
learn a new language, it can be also very important in the case of translations. Unexperienced
translator with a lack of Passive vocabulary can easily misunderstand parts of the text of the
source language. As a result of this misunderstanding, translated text in a target language can

obtain misleading information.
During the translation of our source text it was very important to get acquainted with the
technical and scientific terminology which is used in order to preserve an original meaning to

the translated text.

Some of the technical definitions that were encountered during the translation:

English definition | Czech definition
electrical machine elektricky stroj

AC power stiidavy proud

DC power stejnosmérny proud
conductor vodi¢
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shaft htidel

power vykon

velocity rychlost
excitation buzeni

feet patka

flange priruba
refrigerant chladivo

circuit obvod/okruh
fan veétrak
magnetic flux magneticky tok

Although it can resemble that the use of proper terminology is one of the most essential things
that must not be omitted during translation. Another of the important linguistics elements, which

also must not be omitted is the proper use of transition words.

Transition words are words that maintain affiliation between other words, phrases and
sentences. They also help with making writing being more ,,smooth” (helping the reader with

an understanding of the text and preserving him from being lost).

Some cases of transition words used in the source text:

“Real transformer reports active losses (AP> () during its operation and it also has a variation
around its windings (P, + @_,> 0).”

“If the winding wound is connected in parallel to the anchor winding, then it is motor (electric
motor) or dynamo with parallel excitation.”

“The magnitude of the induced voltage is dependent on the relative motion of the magnetic field
and the coil according to the formula (2).”
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4 Conclusion

The main goal of the present thesis is to translate the original text and then analyze and describe

the differences which could occur during the translation.

First, our target is to successfully translate the original text, in a way that the technical meaning
of it would remain the same. It is also important to prepare a sufficient background for the
following analysis. We could encounter many difficulties during the translation, from the basic
terminology to the overall conservation of its technical meaning. The fact that the original text
contains many mistakes, both spelling and grammatical ones, is not helpful. Despite these
obstacles we are still able to achieve our goal of a sufficient translation and therefore able to

continue with the second part of the thesis.

The second part of the thesis is targeted on analysis of the previous translation. In this analysis
we describe crucial facts which should be taken into account during translation. We give

examples of translations in fragments of original texts and their translation.

Due to the fact that the language proofreading of the original Czech text has not been done, the
text cannot be translated by any software translator (due to the possibility of spelling mistakes
and especially the shifted meaning). Shifted meaning influence on the translated text can be

crucial.

Also ambiguity of words and meaning of technical terms is not considered in machine
translation, therefore the need for a human translator is tremendous. A competent translator
must be able to translate the text as well as fix any spelling mistakes or shifted meaning if the

translation was originally done by a machine.

The original text can be considered as a scientific or rather technical text due to the theme of the
text and a frequent occurrence of technical terms throughout the whole script, therefore the
objectivity of the text must not be omitted. Objectivity that is part of any scientific writings can

be understood from two aspects (linguistics, pragmatic) (Krhutova, 2009:159). By this
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definition and the frequent appearance of phrases like there is, scale itselfis necessary and this

dependence is very important. It can be stated that the text is written with objectivity.

As a result of the common occurrence of linking verb, adjectives and the static style in the text,
the statement that the original text belongs to the category of description style is convenient.
Another difference between the source language and the target language is created by the fact,
that English is an analytic language and Czech is a synthetic language. There is a huge
importance of the word order in analytic languages, whereas the word order in the synthetic

language is not very important.
In conclusion, the formality of the target language must be preserved. Therefore the translation

should be written in a formal style and a passive voice. This task can be found rather difficult

due to the fact that active voice is predominant in the source language.
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5 Rozsireny abstrakt

Uvod

Cilem této bakalarské prace je ptelozeni odborného textu se zamérenim
na transformatory a jeho nasledna analyza, jak stylistiky, tak jazykovych prostredku, které byly
v textu pouZzity.

Celkova prace je rozdélena do dvou Casti, z nichz prvni se soustied'uje na spravny
ptreklad a celkovou ptipravu podkladl pro naslednou analyzu, ktera je pfedmétem druhé Casti
prace.

Druha ¢ast prace se zamétuje na spravnou analyzu textu a vyobrazenych jazykovych

prostiedkl, které byly v textu pouzity a jejich nasledné zformulovani do srozumitelného

komentare a definic.

Popis FeSeni

zachovany informace, které originalni text obsahuje. DalS$im z divodi pro ktery byl nutny
spravny pieklad, byla piiprava dostatecného zdzemi pro naslednou analyzu textu a jeho
komentat.

jak uz tim, Ze v originalnim textu se nachéazelo docela velké mnoZzstvi gramatickych a
pravopisnych chyb, tak i faktem, Ze nékteré technické pojmy v ¢eském jazyce nemaji piimy
preklad a tim padem bylo nutno najit né¢jaky jiny anglicky ekvivalent.

Jako prvni véc bylo nutné vybrat danou kapitolu, ktera bude pouzita pro pieklad.
Kapitola o transformatorech, byly vybrana na zakladé zajimavych informacich a pouzité
terminologie. Pti samotném piekladani bylo nutno pouzit i riznou technickou literaturu a
odborné technické slovniky pro spravné ptelozeni nékterych pojmil. V nékterych ptipadech byly
pouzity i online slovniky pii hledani pojmt a nebo jistych definic.

V druhé casti prace bylo naSe zaméfeni na vytvoreni analyzy a komentare k

ptedchozimu piekladu. Z velké ¢asti bylo nutné fesit dilezité lingvistické prvky, které se béhem
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takového prekladu pouzivaji a ptidat k nim i néjaké vysvétleni a nebo definici. Velké mnozstvi
téchto riznych lingvistickych prvki je dost specidlnich a ¢asto definovano vice autory.

Pti vypracovavani této prace byla pouzita literatura a moudra od autorti jako jsou Peter
Newmark, Mona Baker a z ¢eskych zastupcii pani Milena Krhutova. Béhem analyzy a
komentate byly pouZity uryvky a &asti jak z originalniho Ceského textu tak i z jeho Anglického
prekladu. Samotné uryvky byly poté porovnany a v komentati vysvétleno jaké prekladaci

metody byly pouZity a jejich odiivodnéni.

Zhodnoceni vysledkii

Z diivodu velkého mnozstvi gramatickych a pravopisnych chyb v originalnim Ceském
textu neni mozno pouzit pro pieklad néjaky programovy prekladac jelikoz je velka Sance, Ze by
dany ptfeklad obsahoval velké mnozstvi nesmysli a s velkou pravdépodobnosti by byl samotny
vyznam textu zménén. Je proto nutné aby na preklad dohlizel lidsky faktor aby ptipadné chyby
v programovém piekladu mohl opravit.

Dalsim z divod proc je zapotiebi lidského faktoru je dvojsmyslnost nékterych
Anglickych slov. Programovy pieklada¢ nebere ohled na slova kterd maji vice vyznami, tim
padem je pro n¢j jednoduché prelozit tyto slova Spatn€. Obzvlasté pak v technickych textech se
se slovy vice vyznamu setkdvame opravdu ¢asto.

Diky castému vyskytu technickych termint a t¢ématu originalniho textu je mozné tento
text zaradit do kategorie technickych nebo védeckych textl obsahujicich velkou znamku
objektivity. Po zvazeni v§ech moznych piekladacich metod a pouzité terminologie obsahujici
spoustu odbornych terminti a technickych prostredkti pro vyjadieni jistych elementt. Je mozno
fici, ze pii prekladu technickych a odbornych texti budou nejcastéji pouzity piekladaci metody
typu Word-for-word (je dodrZen slovosled a pieklad je slovo od slova), Faithful (snazi se
dodrzet vyznam kontextu) a Literal (doslovny pieklad, hledaji se co nejblizsi ekvivalenty v
cilovém jazyce).

Hlavnim rozdilem mezi originalnim textem a jeho ptekladem je ale samotny rozdil mezi
Ceskym jazykem a Anglickym jazykem. Cesky jazyk totiZ patii mezi jazyky syntetické, coz
znamena, ze je kladen velky dliraz na predpony, pfipony a velké mnozstvi riznych forem slova
které je pouzito. Zatimco v Anglickém jazyce je diraz kladen na kontext, predlozky a hlavng

spravnou posloupnost slov ve veéte.
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Cesky jazyk patii mezi jazyky slovanské spolu napiiklad s jazykem Slovenskym,
Polskym a Ruskym. Naopak Anglicky jazyk patii mezi jazyky germanské kam patii jazyky jako
Nizozemstina, Danstina, Norstina a dalsi.

V samotném zavéru je nutno fict, Ze zachovani formality pfi prekladu technického textu
do Anglického jazyka je nadmiru dulezité. Tento tikol mtize byt dost obtizny jelikoZz texty v

Ceském jazyce jsou vétSinou psany v ¢inném rodé zatimco Anglické texty jsou vétSinou v rodé

Mrwe

Klicova slova

jazyk, preklad, gramatika, piekladaci metody, analyza, technické pojmy
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Elektrické stroje - transformatory

13.1 UVOD

Definice Elektrického stroje (ES):

Elektrické stoje jsou vzdy ménice energie, jejichz rozdéleni a provedeni je zavislé na druhu
pouzitého proudu a vystupni formé energie (mechanicka, elektrickd).

Zakladnim ptfedpokladem pro pochopeni principu funkce jsou znalosti zakladnich zdkonii o
elektromagnetickém poli a vlastnostech magnetickych materiald.

I )) Audio 13.2 Uvod

13.2 ZAKLA’DNi TEORETICKY ROZBOR DEJU V ELEKTRICKYCH
STROJICH

K vytvoreni indukovaného napéti v civce je potfebnd zména magnetického toku zprazeného s
touto civkou. Podle zptisobu dosaZeni této zmény hovotime o indukovaném napéti vzniklém

e transformaci,

e pohybem,

e samoindukeci.

13.2.1 Indukované napéti vzniklé transformaci

Jedna se zde o ptipad stojiciho a ¢asové proménného magnetického pole @y, jak ukazuje Obr.
2.1 (a), které prochazi stojicimi civkami, z nichZ jedna je budici (primarni) a ostatni jsou
sekundarni. V sekundarni civce se bude indukovat napéti dané vztahem (1), kde N, je pocet
z&vitl sekundarni civky.

do,

Up =1V, a (D
@ I PR
J':l : T —
”1l M |'¢U 3 Y U 3X
|
(@) (©)

Obr. 2.1 (a) Transformaéni napéti, (b) Indukované napéti ve vodici

13.2.2 Indukované napéti vzniklé pohybem

Velikost indukovaného napéti je zavisla na relativnim pohybu magnetického pole a civky dle
vztahu (2).

do @
4P, 4D dr

_N 4o, & 2
Ha =My, & dr @

do, | . y o dx . o
Kde K" predstavuje prostorovou zménu magnetického toku a m predstavuje relativni
t

rychlost mezi polem a civkou. V praxi lze tuto zavislost vyjadfit zjednodusené vztahem (3).

MODERNIZACE VYUKOVYCH MATERIALU A DIDAKTICKYCH METOD
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Elektrické stroje - transformatory [

u,=2-N-B, -l-v 3)

Kde By je indukce v misté x, / je délka vodice strany civky a v je rychlost otaCeni civky
(dx/dt). Priklad vzniku indukovaného napéti ve vodici je ukdzan na Obr. 2.1 (b).

13.2.3 Indukované napéti vzniklé samoindukeci
V civce protékané stiidavym proudem se bude indukovat napéti dané vztahem (4).

.dqﬁt.ﬂ:L.ﬂ (4)
dr dt dt
Pro ptipad, ze proud civkou méd harmonicky prubeh, lze velikost indukovaného napéti

vyjadfit v komplexni rovin€ vztahem (5), jak naznacuje Obr. 2.1 (c).

U=j-XI=j-2-n-f-L-1 (5)

u, =N,

13.2.4 Silové ucinky

Na vodi¢ protékany proudem, ktery se nachézi v magnetickém poli, plisobi sila, jejiz smér je
dan tzv. pravidlem levé ruky — viz Obr. 2.2 (a).

Velikost tangencialni slozky této sily plisobici na vodi¢ dle Obr. 2.2 (a) je dana vztahem (6).

F=B-1-] (6)
Tocivy moment vznikd souctem tangencidlnich slozek téchto sil plsobicich na ramenu
- poloméru.

d n

M:?ZE (7)

Obr. 2.2 Silové ucinky
13.3 HLAVNI ROZDELENI ELEKTRICKYCH STROJU

Elektrické stroje délime:
e Podle rota¢nich casti:
e NetoCivé elektrické stroje - neexistuji zddné pohyblivé Casti, primarni vinuti a
sekundérni vinuti. (transformator, linedrni elektromotor, reproduktor).
e Tocivé elektrické stroje - jedna ¢ast je staticka (stator), druhé ¢ast je rotacni (rotor).

MODERNIZACE VYUKOVYCH MATERIALU A DIDAKTICKYCH METOD
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Elektrické stroje - transformatory

e Podle zptsobu napajeni:
e stroje na stejnosmérny proud
e stroje na stfidavy proud
e D¢éleni z hlediska pfemény energie:
e stroje, které preménuji mechanickou energii na elektrickou, se nazyvaji generatory.
Jejich tkolem je vytvofit, tedy generovat elektrickou energii.
e Stroje, které elektrickou energii spotfebovavaji, se nazyvaji elektrické motory,
respektive elektromotory. Tyto stroje pfeménuji elektrickou energii na mechanickou.

Déleni stejnosmérnych stroju:
e Podle pfemény energie:
e motory (elektromotor)
e dynama (elektricky generator vyrabé&jici stejnosmérny proud).

Rozdéleni zpiisobu napajeni budiciho vinuti:

Toto rozd¢leni je totozné jak pro dynama, tak i pro motory. Stejnosmérné stroje maji bud’ cizi
budici vinuti, nebo vlastni. Stejnosmérné stroje s vlastnim vinutim mohou toto vinuti mit
slozeno bud’ z jedné ¢asti, nebo ze dvou Casti. Pokud je budici vinuti pouze z jedné Casti,
zélezi na tom, jak je toto budici vinuti pfipojeno k vinuti kotvy. Existuji pouze dv€ moznosti,
jak to lze provést. Bud je budici vinuti zapojeno paralelné k vinuti kotvy, pak se jedna o
motor (elektromotor) nebo o dynamo s paralelnim buzenim.

Pokud je budici vinuti zapojeno sérioveé s vinutim kotvy, pak se jedna o motor (elektromotor)
nebo dynamo se sériovym buzenim.

Ma-li budici vinuti 2 ¢asti, pak jedna ¢ast tohoto vinuti je zapojena paralelné k vinuti kotvy a
druha je zapojena sériové s vinutim kotvy. Tento typ stejnosmérného stroje se nazyva motor
(elektromotor) nebo dynamo se smiSenym vinutim. Ale to stile nejsou vycerpany vSechny
moznosti. Pokud ma budici vinuti dvé ¢asti, tak tyto mohou byt zapojeny bud’ tak, ze se svymi
magnetickymi u¢inky navzdjem podporuji, pak se jedna o stejnosmérny stroj s kompaudnim
vinutim. Pokud je budici paralelni vinuti zapojeno tak, ze plsobi proti i¢inkim sériového
budiciho vinuti, pak se jedna o stejnosmérny stroj s protikompaudnim vinutim.

Déleni strojii na sttidavy proud:

e Podle poctu fazovych vodici:
e tfifazové - stroj je piipojen na vSechny tfi faze (tfifazovy proud)
e jednofazové - stroj je pfipojen pouze na jednu fazi

Dalsi déleni stroj:
e Synchronni
e Asynchronni
e Komutatoroveé

Synchronni stroje:
e Podle ucelu respektive pfemény energie:

e generatory

e motory

e kompenzatory
Synchronni generatory na stfidavy proud se oznacuji jako alternatory. Pro vSechny synchronni
stroje je charakteristické to, ze uhlova rychlost rotoru je shodnéd s rychlosti postupného
magnetického pole statoru - rotor se otaci synchronné s rotujicim magnetickym polem.
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e Podle zptsobu pohonu:

e turboalternatory - jsou synchronni generatory s hladkym rotorem. Hladky rotor je
takovy rotor, ktery ma 1 nebo 2 pélpary tedy 2 nebo 4 poly. Uhlova rychlost
turboalternatori je nejvys$i mozna rychlost synchronnich strojii pracujicich v dané
rozvodné soustavé s pevné danym kmitoctem. V nasi rozvodné soustavé s frekvenci
(kmito¢tem) 50 Hz tzn., ze rotor synchronniho stroje s jednim polparem se za
1 sekundu otoci 50x (50 1/s). Z toho pouhym nasobenim ziskdme hodnotu za minutu
3000 1/min. (n¢kdy také zapisovano jako 3000ot./min.). Pro pfipad stroje s 2 polpary
je rychlost otadCeni rotoru oproti predchozimu ptipadu polovicni, tedy rotor se otoci za
1 sekundu 25x a za 1 minutu 1500x (1500 ot/min.).

e hydroalternatory - jsou stroje s vyniklymi poly. Pocet polovych dvojic je podstatné
vysS§i nez u turboalternatort. Z toho také vyplyva, Ze thlova rychlost jejich rotoru je
podstatné nizsi nez u turboalternatort. Je to dano ptedevsim rychlosti proudéni vody,
ktera pohani vodni turbinu.

Uvedené skuteCnosti maji vliv 1 na dal$i podstatné rozdily mezi turboalternatory a
hydroalternatory. Turboalternatory maji vodorovnou osu rotace, osa rotace hydroalternatort
je dana konstrukei vodni turbiny a byva nejCastéji svislad. Primér rotoru turboalternatoru Cini
asi od 1 do 2 metrQi, primér rotoru hydroalterndtoru je podstatné vétsi, a to 6 az 20 metrt.
Rozdilné byvaji také délky rotorti turboalternatorti a hydroalternator. Turboalternatory maji
zpravidla delsi rotory nez hydroalternatory. Zminované rozméry tj. primeér rotoru a jeho délka
zavisi predevsim na elektrickém vykonu generatoru.

Synchronni motory maji stejnou konstrukci jako synchronni generatory. Pouzivaji se
zpravidla pro pohon zatizeni s velkym vykonem, kde se pozaduji konstantni otacky a kde se
nevyzaduje zména smyslu otaceni nebo casté spousténi. Vyznacuji se velkou ucinnosti
(95-98%). Mohou byt nabuzeny na hodnotu uc¢iniku cos ¢ = 1, takZze potom odebiraji ze sité
pouze ¢inny vykon.

Synchronni kompenzator je synchronni stroj, ktery je pfipojen k napdjeci stiidavé siti a
pracuje naprazdno. Jedné se o elektricky stroj s velkym vykonem, aby mohl kompenzovat
jalovy vykon v elektrizacni soustavé. Kompenzaci jalového vykonu dochéazi zéaroven k
plynulé regulaci elektrického napéti v rozvodné siti.

Asynchronni stroje:

Asynchronni stroje se od synchronnich lisi piedevs§im tim, ze tthlova rychlost jejich rotoru je
mirné¢ odliSnd od rychlosti postupného magnetického pole statoru (asynchronni
= nesynchronni). Tento rozdil rychlosti se uvadi v procentech a nazyva se skluz. Jeho
hodnota se pohybuje od 1% (u stroji s velkym vykonem) do 10% (u stroji s malym
vykonem). Dfive jsme se s asynchronnimi stroji mohli setkat pievazné u elektromotori. S
rozvojem alternativnich zdroji elektrické energie se s nimi setkavame také jako s
asynchronnimi generatory. Otacky rotoru jsou u synchronnich generatori vzdy vyssi, nez je
rychlost postupného magnetického pole rotoru.
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Déleni asynchronnich strojt:
e Podle zpisobu piemény energie na asynchronni motory a asynchronni generatory.
e Podle poctu pracovnich vodict je d€lime na:
o trifazové
e jednofazové
¢ Podle konstrukce se asynchronni stroje rozdéluji na:
e stroje s jednoduchou kleci
e stroje s dvojitou kleci
e stroje s virovou kleci a krouzkové.

Elektrické stroje tocivé:

Tocivy elektricky stroj je zafizeni, jehoz Cinnost je zavisla na elektromagnetické indukci,
které ma c¢asti schopné vykonavat relativni tocivy pohyb, a které je uréeno pro
elektromechanickou pfeménu energie. Elektrické stroje toCivé preménuji elektrickou
(elektromagnetickou) formu energie na mechanickou formu energie (motory) a naopak
(generatory). Mechanickym vystupem (vstupem) je otafivy hiidel s mechanickymi a
kinematickymi veli¢inami - otaciva rychlost (2 (otacky n), moment M, vykon (ptikon) P, viz
Obr. 2.3.

| n, M
—— M
‘U
- — - —
e P P

Obr. 2.3 Elektricky stoj to¢ivy — ménic energie

Zékladni tradi¢ni zplisob rozdéleni elektrickych stroji to¢ivych je odvozen od charakteru
napajeciho napéti:

e stfidavé stroje (AC stroje)

e stejnosmérné stroje (DC stroje).

Kromé téchto dvou zakladnich skupin strojii existuje jest¢ fada provedeni elektrickych stroji
toCivych, které nelze jednoznacné piitadit do nckteré z téchto skupin (napf. univerzalni,
krokové, s elektronickou komutaci, atd.) a dale skupina zvlastnich stroji. Mozné rozdéleni
stroji do podskupin je odvozeno od riznych kritérii (obsaZzenych v nazvu) a je zndzornéno
dale.

V Tab. 1 je uvedeno zakladni rozdéleni elektrickych stroju. Ptiklady zakladnich moznych
konstrukeci elektrickych strojti tocivych jsou ukdzany v Tab. 2.
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STRIDAVE STEJNOSMERNE ZVLASTNI
STROJE STROJE SKUPINA
ASYNCHRONNI{ SYNCHRONNI S CIziM BUZENIM
(INDUKCNI{) STROJE STROJE

S DERIVACNiIM BUZENIM

| | SKOTVOU (ROTOREM) — S HLADKYM ROTOREM
NAKRATKO (KLECOVY)
[ S VYNIKLYMIPOLY NA SE SERIOVYM BUZENiM
ROTORU

S KOTVOU (ROTOREM)
— KROUZKOVOU
(S VINUTYM ROTOREM)

S VYNIKLYMI POLY NA
STATORU SE SMISENYM BUZENiM

Tab. 1 Rozdéleni elektrickych stoji

Rotor s klecovym 3-fazovym vyniklymi pély vé. vinutim a
vinutim vinutim s permanent:nch
krouzky magnetu s komutatorem

Stator s
3-fazovym vinutim Asynchronni Asynchronni Synchronni Komutatorovy
klecovy motor, motor stroj motor
s vinutym
Asynchronni rotorem
motor
(s kotvou) Krouzkovy
nakratko asynchronni
motor
Motor se Synchronni Krokovy motor Stejnosmérny stroj
stinénym stroj
pélem s vyniklymi
(vyjadienymi)
pély

Tab. 2 Zakladni konstrukce elektrickych stroji toc¢ivych
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Do zvlastni skupiny strojil 1ze zatadit:
e Specidlni stroje - dynamometry, induk¢ni regulatory, motorgeneratory-rotacni meénice,
elektromagnetické a indukéni spojky, praskové brzdy, atd.
e Stroje pro fidici systémy - Leopardovo soustroji, kaskady, rota¢ni zesilovace atd.

13.4 PROVEDENI A OZNACOVANi ELEKTRICKYCH STROJU
TOCIVYCH

Oznaceni provedeni elektrickych stroju - dle tvaru (montaze a pracovni polohy) je v souladu
s pfevzatou mezindrodni normou CSN EN 600034-7, kterd umoziiuje dva zpisoby
oznacovani tvard ES: tzv. IM koédem.
kéd oznacovani I - tzv. pismeno-¢islicové (pro motory s loziskovymi Stity):

IM X N

T ¢islo( )
pismeno: B - s vodorovnou osou

V - se svislou osou
kod oznacovani II - ¢islicoveé - (tzv. novy kod):
IM x xx x
E ¢iselny znak dle provedeni konce htidelt (0+9)
¢iselny znak pro zpisob montaze (0+99)
skupinové ¢islo tvaru stroje (0+9)
mezinarodni oznaceni tvaru stroje (International Mounting)

. priklad rozdéleni dle skupinového ¢isla (prvni ¢islice oznaceni)
e Patkoveé IM 1 xx x
e Patkoptirubové IM 2 xx x

Vyznam druhé a tfeti Cislice v oznaceni tvaru (IM.xx.) je pro jednotlivé provedeni (prvni
¢islice) uveden pomoci nakrest v tabulkach ptislusné normy.

Poznamka: Toto konstrukéni uspofadani je deklarovano na vyrobnim Stitku a v doprovodné
dokumentaci. Neni urceno, ktery druh (kdéd) oznaceni je zadvazny a v dokumentaci jsou ¢asto
uvadény oba druhy a grafické zobrazeni, viz Tab. 3.

kod 11 kod 1 vysvétleni zobrazeni
1M 1001 (IM B3)
IM 1001 | TM B3 patkovy sjednim valcovym koncem hiidele |
normalni patky dole, vodorovny htidel

IM 1051 (IM B6)

IM 1051 | IM B6 patkovy  sjednim valcovym koncem hiidele
(IM 1061) | (IM B7) normalni patky vlevo (vpravo), vodorovny hiidel

IM 3001 (IM B5)
IM 3001 | IM B5 pfirubovy sjednim valcovym koncem htidele %
ptiruba na str. D, vodorovny hiidel ==5
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IM 3011 (IM V1)
M 3011 | IM V1 pfirubovy sjednim valcovym koncem htidele -
(IM 3031)| 1M v3) |  pfiruba dole (nahofe), svisly hridel ﬁ“ m
—
IM 1071 (IM B8)

IM 1071 | TM B8 patkovy sjednim valcovym koncem hiidele
normalni patky nahote, vodorovny hiidel

Tab. 3 Tabulka béZnych druhi (provedeni) motoru

13.4.1 Oznaceni provedeni elektrickych stroji - dle kryti (IP kod)
Tento kod definuje soubor opatieni, které deklaruje stupeni ochrany:

e 0sob pred nebezpecnym urazem osob (prvni Cislice),

e ES pied vniknutim cizich pfedméta (prvni Cislice),

e ES pted vniknutim vody (druha cislice).

Nejcastéji pouzivané druhy kryti u elektrickych stroju podle IP kodu (International

Protection):
e uzaviené provedeni - IP 44, IP 54, IP 55, IP 56,

e nevybusné provedeni oznaceni Ex,
e oteviené provedeni - IP 12, IP 21, IP 22, IP 23.

Pro ES pracujici v prostiedi s nebezpecim vybuchu plati zvlastni predpisy. Pro druhy
nevybusného provedeni se zavedlo oznaceni EEx a alfanumerické znaceni (dle CSN EN
50014) udavajici typ ochrany, skupinu nevybusnosti a teplotni tfidu.

Nejcastéji pouzivané druhy nevybusnych provedeni ES jsou s typem ochrany proti vybuchu:
o d“-pevny zavér
e e -zajisténé provedeni
o .de“- pevny zavér (motor), zajisténé provedeni (svorkovnice).

Ptiklad oznaceni nevybusného provedeni motoru pro pouziti‘
e mimo hlubinné doly: EEx d Il C T4
e v hlubinnych dolech: EEx d 1 C T4

13.4.2 Oznaceni provedeni elektrickych stroji - dle provedeni chlazeni (IC kod)

V zé4sad¢ mohou byt motory s ohledem na zptsob chlazeni provedeny:
e s prirozenym chlazenim (bez jakéhokoliv ventilatoru, chlazeni je zde pouze konvekci),
e vlastnim chlazenim (na hiideli motoru je ventilator, G€inek je zavisly na otackach

motoru),
e s pfirozenym vlastnim chlazenim (dva okruhy - vnitini konvekci, vnéjsi s
ventilatorem),

e s cizim chlazenim (ventilace je od ciziho zdroje nezéavislého na otackach motoru).
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Systém oznacovani zptusobt chlazeni:

ICx Ay Wy

T  Tsekundarni okruh (druh chladiva - W (voda), zpiisob uvadéni chladiva do obéhu
primarni okruh (druh chladiva - A (vzduch), zptisob uvadéni chladiva do ob¢hu
usporadani chladiciho okruhu (systému okruhtl), (charakteristicka ¢islice 0 az 9)

IC 4 @ 1 @A 6
International Cooling ) T T
Usporadani chladiciho okruhu
0:  Volny okruh (priichozi vétrani)
1+3: Ptivody, odvody potrubim

4:  Povrchové chlazeni

5+8: Tepelné vymeéniky

Primarni chladivo
A:  Vzduch (air), (nemusi byt uvedeno)

Zpusob proudéni primarniho chladiva
0:  Volna konvekce (proudéni)

1:  Vlastni chlazeni ventilatorem

6:  Chlazeni cizi (nadstavbovou) jednotkou - ventilatorem

Sekundarni chladivo
A:  Vzduch (air), (nemusi byt uvedeno)
W: Voda (water)

F:  Freon

H: Vodik

N:  Dusik

Zpusob proudéni sekundarniho chladiva

0:  Volna konvekce (proudéni)

1:  Vlastni chlazeni ventilatorem

6:  Chlazeni cizim (nadstavbovym) ventildtorem
8:  Relativni pohyb (napf. trakcni motor)

Poznamka: V potadi prvni Cislice oznacuje usporadani chladiciho okruhu (systému okruhti) a
je platnd pro primarni i sekundarni okruh. V piipadé zjednoduSené¢ho oznaceni se druh
chladiva neuvadi, nebo se uvede pouze u sekundarniho okruhu na konci oznaceni (vynecha se
posledni Cislice).

Ptiklady obvyklych (zakladnich) provedeni motort:

Asynchronni motory nakratko:

IM B3 (IM 1001) - patkovy s jednim valcovym koncem hiidele a s rozméry dle tabulky
rozmerq,

IP 54 - motor zavieny, kryti vngjsiho ventilatoru je IP 2x dle CSN EN 60529,

IC 411 (IC 0141) - s vlastnim povrchovym chlazenim,

IC 411 - Gplné€ uzavieny standardni motor s vlastnim povrchovym chlazenim ventilatorem,

IC 416 -tpln¢€ uzavieny motor s pfidavnym motorem ventilatoru,

IC 01 - oteviené motory.
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13.5 DOVOL}ENE TEPLOTY A OTEPLENI ELEKTRICKYCH STROJU
TOCIVYCH

Tepelna tiida izolace izolaénich systémi strojti je dana CSN 33 0050 (IEC 60085) a musi byt
vyjadiena pismeny A, E, B, F, H. Dovolené otepleni A6,y a maximalni teploty Gy, pro
jednotlivé tfidy izolace jsou zobrazeny v Tab. 4.

C
20 1 -~ Rezerva
180 | . A7 18
Trida izolace | A6y, [K] O [°] s | T
A 60 100 130 | . R d ’
E 75 115 20 | i I P Dovc;len’e
B 80 120 T 185 otepleni
T 75 B0 100 1258
F 100 140
H 125 165 )
Zakladni
40 40 40 40 40 .
teplota okoli
E B F H C
(a) (b)

Tab. 4 Dovolené otepleni A6,,, a maximalni teploty 6,,, pro jednotlivé tFidy izolace zobrazeno: (a)
Tabulkou, (b) Graficky.

Mezni hodnoty otepleni vinuti jsou zavislé na zptsobu chlazeni, druhu chladiva a metodice
meéteni (teplomér, odpor, vlozend sonda). Korekci hodnot dovoleného otepleni je nutno
provést s ohledem na pracovni podminky motoru: teplotu okoli (nad 40°) a nadmoiskou vysku
(nad 1000 m).

1.000 2.000 3.000 4.000
—> nadmorska vyska [ m ]

Obr. 5.1 Korekéni hodnoty s ohledem na teplotu okoli a nadmoiskou vysku.

13.6 KLASIFIKACE UCINNOSTI U ASYNCHRONNICH MOTORU

Podil zlepSovani ucinnosti u elektrickych motorti na celkovém snizeni spotieby elektrické
energie je dosti vyznamny a predstavuje cca 18 %. Celkova spotieba elektrické energie by
mohla a méla v disledku zvySeni Gi¢innosti elektromotort klesnout o cca 3 %.

V USA se dle zdkona EPCA (Energy Policy and Conservation Act), musi mit 2, 4 a 6-ti
polové motory v rozsahu vykont (0,7+150) kW minimalni hodnotu jmenovité ¢innosti (HE-
High efficiency).

V Evropé doSlo rovnéz k reakcim na uvedené iniciativy. Mezi generdlnim feditelstvim
Evropské komisi a SdruZzenim evropskych vyrobcti motorit a vykonové elektroniky CEMEP
(Comitee of Europen Manufacturs of Electrical Maschines and Power Elektronics ) doslo
k dobrovolné dohod¢ obsahujici jednotny zplisob ¢lenéni ucinnosti motorti do klasifikacnich
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tfid a jejich oznaCovani. VSechny 2 a 4-p6lové motory standardniho provedeni, pro napéti
400 V, 50 Hz a druh zatizeni S1 jsou v rozsahu vykona (1,1+90) kW rozd€leny do tii
klasifikacnich tiid, které jsou oznaceny na alfanumerickym koédem:

@ vysoka ucinnost (Hight efficiency),

@ zvysena ucinnost (Improved efficiency),

@ standardni ucinnost (Standard efficiency),

odpovidajici dohodnuté klasifika¢ni stupnici. Oznaceni tiidy u¢innosti musi byt provedeno na
Stitku motoru a rovnéz v technické dokumentaci spolu s uvedenim hodnot UCinnosti pro
jmenovité a snizené (75 %) zatizeni. Na Obr. 6.1 jsou zndzornény grafy zévislosti meznich
ucinnosti motort.

2p=2 2p=4
100 ! ! ! ! ! 100 ! i I I !
I I I

: : : : : : : : | :

95 T Eff1 | * * ‘ ! 957~ Eff1 w ‘ A

- 90 i I I i } < 9 I | | i I
8 1 1 | Eff2 L 1 1 | Eff2 | 1
c | | | I I 3 | | | | !
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Obr. 6.1 Zavislosti meznich u¢innosti motoru

13.6.1 Provozni vlastnosti a ekonomika provozu motori s vyssi ucinnosti
Vyssi tcinnost motoru kromé energetickych tspor déle piedstavuje:

e  v¢tsi spolehlivost chodu motoru a tim 1 mensi prostoje zptisobené jeho poruchami,
niz$i otepleni vinuti a tim 1 vét§i moznost pietéZovani pohonu,
odolnost viici porucham v napdjeci siti (kolisani napéti, fazova nesoumérnost),
vétsi toleranci vici neharmonickému napajecimu napéti.

ZlepSeni Uc€innosti motorl 1ze dosdhnout sniZzenim jejich ztrat az o cca 42 %. Této vlastnosti

se dosdhne pouzitim kvalitn&j$ich materialt, zménou konstrukce aktivnich a mechanickych

¢asti motoru. Toto je ovSem provedeno na ukor zvySeni vyrobnich nakladli motorii oproti

standardnimu provedeni, a tim i jejich pofizovaci ceny. Z dostupnych pramenii vyplyva, ze

toto zvySeni ceny je nejvySsi u motorit mensich vykoni, kde dosahuje cca 25 %. S rostoucim

vykonem motort dochazi k poklesu az na cca 5 %.

Pofizovaci cena motoru ovSem pitedstavuje jen velmi malou ¢ést z celkovych provoznich

nakladi zahrnujicich i cenu za spotfebovanou elektrickou energii a nédklady na udrzbu. Pfi

prumérné zivotnosti motoru cca 15 let bude podil pofizovacich nékladi u motoru

se jmenovitym vykonem 15 kW v rozsahu ro¢ni doby provozu (1000+8000) hod v rozmezi

(3 +0,4) % celkovych nakladu.

Urceni ro¢nich nékladl na provoz motoru:

tp p-h N ¥ ¥

N =77—-CkWh [K¢; hod, kW, K¢/kWh] (8)
Mp

T

MODERNIZACE VYUKOVYCH MATERIALU A DIDAKTICKYCH METOD
CZ.1.07/2.2.00/15.0463



Elektrické stroje - transformatory

kde £, znamena dobu provozu motoru za rok, Py je jmenovity (Stitkovy) vykon motoru, p
udava pomérné zatiZzeni motoru (P/Py), mwp je u€innost motoru pro dané pomérné zatiZeni p a
Ciwh je jednotkova cena elektrické energie.

Urceni ro¢nich tspor pfi pouZziti motoru s vySsi u€innosti - 7mueigh je dano rovnici (9).

1 1

Ur:tp'P'PN'CkWh' - )
Mp nMHeigh

Urceni doby névratnosti #, pofizovacich nakladi (ceny) Nyo na motor s vyssi ucinnosti je

dano vztahem (10).

N
t = %-12 [més.; K& (10)

n
by

13.7 TRANSFORMATORY

Transformatory jsou elektrické netocivé stroje, které umoznuji zménu velikosti (transformaci)
stiidavého napéti pfi konstantnim kmitoctu. Rozdé€lujeme je pfedevsim podle poctu fazi na
jednofazové a trojfazové.
Tim, pfi pfenosu piiblizné stejného vykonu z primérniho do sekunddrniho obvodu se méni 1
hodnoty proudt. To umoznuje v energetickych soustavach prenaset (distribuovat) elektrickou
energii velmi velkych vykonil na velké vzdalenosti z elektraren ke spotiebiteli pfi pfijatelnych
energetickych ztratach. Ztraty na vedeni (APy) jsou tim mensi (a také potfebné prurezy
vodicit), ¢im jsou mensi proudy, tzn. ¢im vyssi je hodnota napéti.
K této Cinnosti se pouzivaji zpravidla jenom trojfazové transformatory velkého vykonu.
Pouziti transformatort:

e ke zmén¢ hodnot stfidavych napéti,

e k elektrickému oddéleni obvodil.
Provedeni transformatori:

e vzduchové,

e s zeleznym jadrem (nejcastéji pouzivané v elektroenergetice),

e s feritovym jadrem (vf technika, zdroje menSich vykont).

13.7.1 Princip ¢innosti idealniho transformatoru

Vysvétlime si ho na nakresu idealniho jednofazového transformatoru, ktery je znazornén na
Obr. 7.1.

Pro idealni transformétor plati zjednoduSeni redlného stavu:

1. AP=0,R,=0,R;=0,tj. celkové ztraty a ¢inné odpory vinuti jsou nulové.

2. Rozptyl je nulovy (Dg1 + Dz = 0).

3. Cely magneticky tok @, prochazi v§emi zavity primarniho a sekundarniho vinuti.
Stiidavy proud v primarnim vinuti /; vybudi stfidavy magneticky @, ktery svou zménou
indukuje ve vinutich transformétoru indukované napéti Uing, zavislé na velikosti frekvence
primarniho proudu f; a magnetického toku @,,, jak ukazuje rovnice (11).

Uind :4’44'f‘¢m (1)
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Obr. 7.1 Nikres jednofazového transformatoru s Zeleznym jadrem

Pro jednotliva vinuti potom plati vztahy:
Upar =444 /-9, - N, (12)

U ,=444-f - -N, (13)

kde N, a N, jsou pocty zavitd primarniho a sekundarniho vinuti a @,, je maximalni hodnota
stiidavého magnetického toku.

Pomér indukovanych napéti je pfevod transformatoru K.

U, N, U

1ndl:_1:K:_1 (14)

Uind2 N 2 U2

Z ptedchoziho vztahu pro idedlni transformator vyplyva, ze velikosti indukovanych napéti
jsou pfimo umérné poctim zavitii jednotlivych vinuti a odpovidaji poméru svorkovych napéti
U, a U, na svorkach transformatoru.

Pti pfedpokladu rovnosti piikonu Py a vykonu P, (Py = P,, U1} = Uy, cosp =1, Py = 0)
plati:

5L, _N _U _

I, N U

Idedlni transformator je charakterizovan jedinym parametrem - pievodem K.

(15)

13.7.2 Princip ¢innosti skute¢ného transformatoru

Skutecny transformétor vychazi z idedlniho transformétoru, doplnéného o vedlejsi obvodové
prvky. Primarni napéti U; je harmonické a magneticky obvod neni nasycen (pracovni oblast v
linedrni ¢asti charakteristiky). Pfipojenim napéti U; na primdrni vinuti jim zacne protékat
proud I, jehoz magnetizacni slozka vytvoti stfidavy hlavni magneticky tok @, ktery se
uzavira jadrem a rozptylové toky @g; a @, které se uzaviraji vzduchem. Casovou zménou
hlavniho magnetického toku se indukuje do zaviti vinuti (primarniho i sekundéarniho)
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indukované napéti uing ® d@/dr a jehoz velikost je pfimo imérna poctim zavitd N;, N,
jednotlivych vinuti.

Pfipojenim zat&zné impedance Z, na svorky sekundarniho vinuti (2-2') za¢ne sekundarnim
obvodem protékat proud I, a do zatéze je dodadvan vykon P,. Skute¢ny transforméator
vykazuje pfi své Cinnosti cinné ztraty (AP > 0) a ma také rozptyl kolem vinuti (@Dg + P52 > 0).

13.7.3 Provozni stavy transformatoru

13.7.3.1 Transformdtor p¥i stavu naprazdno

Je to takovy provozni stav, kdy primarni vinuti je pfipojeno k jmenovitému napéti Uyn a
svorky sekundarniho vinuti jsou rozpojeny (£, = oo = I, = 0), transformator nedodava vykon
(P> =0) a zaroven

I, = Iy.Ptikon, ktery transforméator odebira ze sité, slouzi ke kryti ztrat napradzdno, které jsou
v Zelezném jadie a ve vinuti.

APlo:APFe"'Rl'[lo2 (16)

Ztraty v primdrnim vinuti jsou diky malé velikosti proudu naprazdno /;p malé (cca 2 az 10 %
I1N) a v praktickych vypoctech je zanedbavame a uvazujeme vztah (17).

AP, = AR, (17)
M¢éienim napéti pii stavu naprazdno se urcuje pievod transformatoru K.
U
K=—L (18)
UZO
Nahradni schéma zapojeni transformatoru naprazdno je zobrazeno na Obr. 7.2.
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Obr. 7.2 Nahradni schéma zapojeni transformatoru naprazdno.

13.7.3.2 Transformator pi¥i stavu nakrdtko

v

Je to nejnepiiznivéjsi stav transformatoru. Sekunddrni vinuti je spojeno nakratko bez
impedancni spojky (£, = 0 = U, = 0). Zkratovy proud je omezen pouze impedanci obvodu
- impedanci nakratko. Nahradni schéma zapojeni transformatoru nakratko je zobrazeno na
Obr. 7.3.
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Zz=0
v 6> / U>=0
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vinuti

o o i — — — — — ——————————————————————

Obr. 7.3 Nahradni schéma zapojeni transformatoru nakratko.

Velikost impedance nakratko Zk:
U

Zi=Zyue ="y (19)
]lN

a je tvofena:

7y =ZR1K+j-ZX]K =R +R,-K*+j(X, +X,,-K?) (20)

Poznamka: Parametry sekundarniho vinuti se musi pfepocitat na primarni stranu (na stejny
pocet zavitl), coz se provadi pomoci napétového prevodu transformatoru K.

Hodnota impedance nakratko Zix je mala, nebot’ je tvofena malymi hodnotami parametrt
vinuti R, Ry, X51 @ Xs2. Proud Ik je mnohonéasobné vétsi nez Iy (7 az 35 krat) a je pro
transformator velice nebezpecny. Cely odebirany ptikon nakratko Pk, se méni v ¢inné ztraty
AP (Jouleovy ztraty ve vinuti), pficemz ztraty v zeleze jsou zanedbatelné. Je to

v

nejnepiiznivejsi stav transformatoru.

Pomérné napéti nakratko - uk uge,

Je to dilezity parametr, udavajici zkratovou odolnost transformatorti. Pfi jeho zjiStovani

méfenim se postupuje tak, Ze pii stavu transformatoru nakratko se snizi primarni napéti U na

hodnotu Uk, pfi niz proud odebirany ze sit¢ ma hodnotu I = Iy (transforméator se neposkodi).
— Uk _ZiIin _ Zi

u, = - 1)
UIN Z1N'[1N ZlN

uK%=ﬂ-1OO=ﬂ-1oo (22)
UIN ZlN
Pomoci uke, uréime velikost skute¢ného ustaleného zkratového proudu.
I =100 (23)
1K
Uy,
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Jouleovy ztraty rostou s druhou mocninou proudu, proto trvaly zkratovy proud plisobi na
transformator destruktivnimi G¢inky, kterym zabranujeme rychlym odpojenim transformatoru
od site.

13.7.3.3 Transformadtor p¥i zatizeni

Zde patii vSechny ostatni stavy, vyjma stavu naprazdno a nakratko. Vzajemné fazové pomery
nap¢ti a proudll lze zobrazit v tzv. fazorovych diagramech a pfiblizné zavisi na charakteru a
velikosti zatézovaci impedance Z,,(0 < Z, < o) a parametrech R a X obou vinuti.

13.7.3.4 ZatéZovaci charakteristika transformdtoru

Je graficka zavislost U, = f(1,) pfi cos¢ = konst., je velmi dilezitd a udava velikost vnitiniho
ubytku napéti na transforméatoru a velikost zkratového proudu na sekundarni strané.

U ¢4 napéti naprazdno
Uzo ——————————————————————————————————————————
UZN = S~o

~_ | N

Rozptylové .
transformatory S

IZN IK IZ

Obr. 7.4 Srovnani zatéZovacich charakteristik rozptylovych a sitovych transformatori.

Tvrdost (sklon) charakteristiky zavisi na velikosti napéti (impedance) nakratko uke, a t€iniku
cosp,. Carkované je zakreslena zat&Zovaci charakteristika rozptylového transformétoru, jako
zdroje konstantniho proudu pouzivaného pro obloukové svafovani nebo k napédjeni vybojek.
Proud nakratko Ik je zde pouze nepatrné vyssi nez Irn oproti béznému transformatoru, kde
tvoifi nckolikandsobek proudu In. Srovnani zatéZovacich charakteristik rozptylovych a
sitovych transformatorti je zobrazeno na Obr. 7.4.

13.7.3.5 Uéinnost transformdtorii

Udava se vztahem (24).
_B_B-AP AP Lo (%) (24)
A A A
kde AP = APg. + APc, - ztraty v transformatoru
Py=U, 1 .cosp - ¢inny piikon transformatoru
Py =U,.L.cosp - ¢inny vykon transformatoru

V technické praxi se dosahuje u béZznych transforméatori ti€innosti 85 az 99 % (transformatory
vétSich vykont maji vyssi ucinnost). Ucinnost je zavisla na velikosti zatizeni a klesd imérné
s velikosti zatiZeni.

13.7.4 Konstrukce a provedeni transformatori

Zakladnimi funk¢nimi ¢astmi jsou magneticky obvod, vinuti a systém chlazeni. Jadro byva
slozeno z transformatorovych plecha, tloustky 0,5 a 0,35 mm (pro f = 50 Hz), k zamezeni
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