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Part ] Electrical Machines
and Electrical Apparatus

Unit 1 Power Transformer
Text A Construction and Principles of Power Transformer

Transformer is an indispensable component in_ many energy conversion systems, It
makes possible electric generation at the most economical generator voltage, power transfer
at the most economical transmission voltage, and power utilization at the most suitable volt-
age for the particular utilization device. The transformer is also widely used in low-power,
low-current electronic and control circuits for performing such functions as matching the im-
pedances of a source and its load for maximuin power transfer, isolating one circuit from an-
other, or isolating direct current while maintaining alternating current continuity between
two circuits.

Essentially, a transformer consists of two or more windings coupled by mutual magnetic
flux. If one of these windings, the primary, is conriected to an alternating voltage source, an
alternating flux will be produced whose amplitude will depend on the primary voltage, the
frequency of the applied voltage, and the number of turns. The mutual flux will link the oth-
er winding, the secondary and will induce a voltage in it whosé value will depend on the num-
ber of secondary turns as well as the magnitude of the mutual flux and the {requency. By
properly proportioning the number of primary and secondary turns, almost any desired volt-
age ratio, or ratio of transformation, can be obtained.

The essence of transformer action requires .only the existence of time-varying mutual
flux linking two windings. Such action can occur for two windings coupled through air, but
coupling between the windings can be made much more effectively using a core of iron or oth-
er ferromagnetic material, because most of the flux is then confined to a definite, high-per-
meability path linking the windings. Such a transformer is commonly called an iron-core
transformer. Most transformers are of this type. The following discussion is concerned al-
most wholly with. iron-core transformers.

In order to reduce the losses caused by eddy currents in the core, the magnetic circuit
usually consists of a stack of thin laminatioris, Two common types of construction are shown
schematically in Fig. 1. 1. In the core type (Fig. 1. la) the windings are wound around two
legs of a rectangular magnetic ¢ore; in the shell type (Fig. 1. 1b) the windings are wound a-

round the center leg of a three-legged core. Silicon-steel laminations 0. 014mm in thick are
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generally used for transformers operating at frequencies below a few hundred Hz. Silicon
steel has the desirable properties of low cost, low core loss, and high permeability at high
flux densities (1.0 to 1. 5T). The cores of small transformers used in communication circuits
at high frequencies and low energy levels are sometimes made of compressed powdered ferro-

magnetic alloys known as ferrites.
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() (b)
Fig. 1.1 Schematic views of
(a) core-type and (b) shell-type transformers
In each of these configurations, most of the flux is confined to the core and therefore
links both windings. The windings alsc produce additional flux, known as leakage flux,
which links one winding without linking the other. Although leakage flux is small fraction of
the total flux, it plays an important role in determining the behavior of the transformer, In
practical transformers, leakage is reduced by subdividing the windings into sections placed as
close together as possib.le. In the core-type construction, each winding consists of two sec-
tions, one section on each of the two legs of the core, the primary and secondary windings
being concentric coils. In the shell-type construction, variations of the concentric-winding ar-
rangement may be used, or the windings may consist of a number of thin pancake coils as-

sembled in a stack with primary and secondary coils interleaved.

New Words and Phrases

power transformer HiJARERS time-varying adj. B
indispensable adj. AR /R stack n. ¥, B

power transfer EREE(EH, TR eddy current B

isolate . [RES, L, 4% lamination ». MR, &HF
matching the impedance FH$HLICHD silicon-steel laminations FEH
winding n. 484 couple v. &

construction n. Z5¥ loss n. #iFE

primary adj. —IKIWES leakage flux IR#EEE
.secondary adj. IR core type thE.

turn n. ME shell type TR



Unit 1 Power Transformer 3

core 7. &k permeability n. BEHHR

wound w. (wind RyitZ=4MA)) 48, 4% interleaved adj. ZZXHER

powdered adj. ARG, FAHH - concentric coils [&].0> T2k B

ferromagnetic adj. kREH pancake coil i FLk B

alloy n. &4 legs of the core &tk
Notes

1. Such action can occur for two windings coupled through air, but coupling between the
windings can be made much mdre effectively using a core of iron or other ferromagnetic mate-
rial, because most of the flux is then confined to a definite, high-permeability path linking
the windings. XFERIEAWAT AR EEBELT S SHBEMWASEA T, BRSNS bR
BT LU SRR R RORRE R R SR, B R KER MG E A PR i 7E 5 0 SR 3 HE R T BE B 2R 1
R,

2. In the core type (Fig.1. 1a) the windings are wound around two legs of a rectangular
magnetic core; in the shell type (Fig. 1. 1b) the windings are wound around the center leg of
a three-legged core. v (B 1. 1a) AFERNLEHLEERMERLEHE E, £ (E 1. 1b)
75 A% B S48 537 = MR B R R BNk |

Exercises

1. Answer the following questions according to the text

(1) How many types of core construction do power transformers have?

(2) Why does power transformer consist of a stack of thin laminations?

(3) What does the alternating flux amplitude depend on?

(4) What is leakage flux?

(5) In order to reduce the losses caused by eddy currents in the core, Silicon-steel lami-
nations are generally used for transformers operating at frequencies below a few hundred Hz.

Right .or wrong?

2. Translate the following sentences into Chinese according to the text

(1) The transformer is also widely used in low-power, low-current electronic and con-
trol circuits for performing such functions as matching the impedances of a source and its
load for maximum power transfer.

(2) By properly proportioning the number of primary and secondary turns, almost any
desired voltage ratio, or ratio of transformation, can be obtained,

(3) The windings also produce additional flux, known as leakage flux, which links one
winding without linking the other,

(4) In the core-type construction, each winding consists of two sections, one section on
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each of the two legs of the core, the primary and secondary windings being concentric coils,

3. Translate the following paragraph into Chinese

In addition to the various power transformers, two special-purpose ‘transformers are
used with electric machinery and power systems. The first of these special transformers is a
device specially designed to sample a high voltage and produce a low secondary voltage direct-
ly proportional to it. Such a transformer is a potential transformer (Hi/EH /EXES). A power
transformer also produces a secondary voltage directly proportional to its primary voltage;
the difference between a potential transformer and a power transformer is that the potential
transformer is designed to handle only a very small current. The second type of special trans-
former is a device designed to provide a secondary current much smaller than but directly

proportional to its primary current. This device is called a current transformer (Hi, i & /&

).

Text B Advantages of Balanced Three-phase
Versus Single-phase Systems

In both transformers and rotating machines, a magnétic field is created by the .combined
action of the currents in the windings. In an iron-core transformer, most of this flux is con-
fined to the core and links all the windings. This resultant mutual flux induces voltages in
the windings proportional to their number of turns and is responsible for the voltage-chan-
ging property of a transformer. In rotating machines, the situation is similar, although there
is an air gap which separates the rotating and stationary components of the machine. Directly
analogous to the manner in which transformer core flux links the various Windings on a
transformer core, the mutual flux in rotating machines crosses the air gap, linking the wind-
ings on the rotor and stator. As in a transformer, the mutual flux induces voltages in these
windings proportional to the number of turns and the time rate of change of the {lux.

A significant difference between transformers and rotating machines is that in rotating
machines there is relative motion between the windings on the rotor and stator. This relative
motion produces an additional component of the time rate of change of the various winding
flux linkages. The resultant voltage component, known as the speed voltage,. is characteris-
tic of the process of electromechanical energy conversion. In a static transformer, however,
the time variation of flux linkages is caused simply by the time variation of winding currents;
no mechanical motion is involved, and no electromechanical energy conversion takes place.

The resultant core flux in.a transformer induces a counter Electro-Motive Force (EMF)
in the primary which, together ‘with the primary resistance and leakage-reactance voltage
drops,. must balance the applied voltage. Since the resistance and leakage-reactance voltage
drops usually are small, the counter EMF must approximately equal to the applied voltage

and the core flux: must adjust itself accordingly. Exactly similar phenormena must take place
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in the armature windings of an AC motor; the resultant air-gap flux wave must adjust itself
to generate a counter EMF approximately equal to the applied voltage. In both transformers
and rotating machines, the Magneto-Motive Force (MMF) of all the currerits must accord-
ingly adjust itself to create the resultant flux required by this voltage balance. In any AC
electromagnetic device in which the resistance and leakage-reactance voltage drops are small,
the resultant flux is very nearly determined by the applied voltage and frequency, and the
currents must adjust themselves accordingly to produce the MMF required to create this
flux. 4

In a transformer, the secondary-current is determined by the voltage induced in the sec-
ondary winding, the secondary leakage impedance, and the electric load. In an induction mo-
tor, the secondary (rotor) current is determined by'the voltage induced in the secondary, the
secondary leakage impedance, and the mechanical load on its shaft. Essentially the same phe-
nomena place in the primary winding of the transformer and in the armature (stator) wind-
ings of induction and synchronous motors, In all three, the primary, or armature, current
must adjust itself so that the combined MMF of all currents creates the flux required by the
applied voltage,

In addition to the useful mutual fluxes, in both transformers and rotating machines there
are leakage fluxes which link individual windings without linking others. Although the de-
tailed picture of the: leakage fluxes in rotating machines is more complicated than that in
transformers, their effects are essentially the same, In both, the leakage fluxes induce volta-
ges in AC windings which are accounted for as leakage-reactance voltage drops. In both, the
reluctances of the leakage-flux paths are dominated by that of a path through air, and hence
the leakage fluxes are nearly lineatly proportional to the currents producing them. The leak-
age-reactance therefore is often assumed to be constant, independent of the degree of satura-
tion of the main magnetic ¢ircuit.

Further examples of the basic similarities between transformers and rotating machines
can be cited. Except for friction and windage, the losses in transformers and rotating' ma-
chines are essentially the same. Tests for determining the losses and equivalent circuit pa-
rameters are similar; an open-circuit, or no-load, test gives information regarding the excita-
tion requirements and core losses (along with friction and windage losses in rotating ma-
chines), while a short-circuit test together With DC resistance measurements gives informa-

tion regarding leakage reactances and winding resistances,
.
New Words and Phrases

rotating machine JEFFHRAL . mutual adj. ELFE, HEH

combined action FE[E/EF gap n. SR
resultant adj. &Y rotor n. #HF

link all the windings 5@ SHATHE stator n. EF
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proportional adj. FIEELHY B

relative motion FEXTIEEN flux linkage RLESE, REGE

counter adj. FHH) synchronous motor  [&) 4 H Bh#

EMF «. @,fj]% friction losses JFEIEIRFE

voltage drop HLJE[&E windage losses XUEFE

MMF n. #Esh3 core losses ERIEE

AC  abbr. AW ' no-load test ZS#EILIS

shaft n. # short-circuit test 43 F&3C5
leakage-reactance n. JRHLIT regarding leakage reactances and winding
constant n. FE resistances CTIREILFILSE4E B IH

time rate of change of the flux B%E FEATE]
Notes

1. This resultant mutual flux induces voltages in the windings proportional to their num-
ber of turns and is responsible for the voltage-changing property of a transformer. AFE2$4
WEGETESH P RN BB ESSRAMBEIEL, H AT RSB ETBERRE TSR
3

2. Directly analogous to the manner in which transformer core flux links the various
windings on a transformer core, the mutual flux in rotating machines crosses the air gap,
linking the windings on the rotor and stator. ZFE#k ORIERR S HH LB ARISH, 5
SRR, BERZR LA ERGESF SRS E FRAME TRARHE.

3. Tests for determining the losses and equivalent circuit parameters are similar: an
open-circuit, or no-load, test gives information regarding the excitation requirements and
core losses. HE & FFEMER BB SE WM ZMFN . EiFF B LT A E

Exercises

1. Answer the following questions according to the text

(1) What is the significant difference between transformers and rotating machines?

(2) What is the secondary current determined by in a transformer?

(3) In the forth paragraph, thereis a sentence‘; In all three, the primary, or armature,
current must adjust itself so that the combined MMF of all currents creates the flux required
by the applied voltage. What does the three indicates,

(4) The leakage-reactance is often assumed to be constant, independent of the degree of
saturation of the main magnetic circuit. Why?

(5) What tests are used for determining the losses and equivalent circuit parameters of

transformers and rotating machines?
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2. Translate the following sentences into Chinese according to the text

(1) The resultant core flgx in a transformer induces a counter Electro-Motive Force
(EMFE) in the primary which, together with the primary resistance and leakage-reactance.
voltage drops, must balance the applied voltage.

(2) In any AC electromagnetic device in which the resistance and leakage-reactance volt-
age drops are small, the resultant flux is very nearly determined by the applied voltage and
frequency, and the currents must adjust themselves accordingly to produce the MMF re-
quired to create this flux.

(3) In addition to the useful mutual fluxes, in both transformers and rotating machines
there are leakage fluxes which link individual windings without linking others,

(4) In addition to the useful mutual fluxes, in both transformers and rotating machines

there are leakage fluxes which link individual windings without linking others,

3: Translate the following paragraph into Chinese

In electronic power supplies there is often a need to isolate the output from the input and
to reduce the weight and cost of the unit. In other applications, such as in aircraft, there is a
strong incentive to minimize weight., These objectives are best achieved by using a relatively
high frequency transformer. Thus, in aircraft the frequency of transformers is typically
400Hz, while in electronic. power supplies the frequency of transformers may range from

5kHz to 50kHz.
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Unit 2 Direct Current (DC) Machines
Text A Direct Current Machines

Comimercial DC generators and motors are built the same way; conséquently, any DC
generator can operate as a motor and vice versa. The armature winding of a DC generator is
on the rotor with current conducted from it by means of carbon brushes. The field winding is
on the stator and is excited by direct current.

The armature winding, consisting of a single coil of N turns, is indicated by the two coil
sides a and-a placed at diametrically opposite points on the rotor with. the ¢onductors parallel
to the shaft. See Fig. 1. 2. The rotor is normally turned at a constant speed by a source of me-
chanical power connected to the shaft. The airsgap flux.distribution. usually approximates a
flat-topped wave, rather than the sine wave found in AC machines. Rotation of ‘the coil gen-
erates a ‘coil voliage which is a time function .havingbthe same waveform as the spatial
flux-density distribution,

Although the ultimate purpose is the generation of a direct voltage, the voltage induced
in an individual armature coil is an alternating voltage, which must therefore be rectified.
The output voltage of an AC machine can be rectified using external semiconductor rectifiers.
This is in contrast to the conventional DC machine in which rectification is produced mechan-
ically by means of a commutator, which is a cylinder formed of copper segments insulated
from each other by mica or some other highly insulating material and mounted on, but insu-
lated from, the rotor shaft, Stationary carbon brushes held against the commutator surface
connect the winding to the external armature terminals. The need for commutation is the
reason why the armature windings of DC machines are placed on the rotor.

The commutator at all times connects the coil side, which is under the south pole, to the
positive brush and that under the north pole to the negative brush in Fig. 1. 2. The commuta-
tor provides full-wave rectification, transforming the voltage waveform between brushes to
that of Fig. 1. 3 (b) and making an available unidirectional voltage to the external circuit. By -
increasing the number of coils and segments, which can decrease the pulsation of the DC
voltage, we can obtain a DC voltage that is very smooth. Modern DC generators produce
voltages having a ripple of less than 5 percent. The DC machine of Fig. 1. 2 is, of course,
simplified to the point of being unrealistic in the practical sense, but the operating principle is
clear to be understood.

The effect of direct current in the field winding of a DC machine is to create a magnetic flux
distribution which is stationary with respect to the stator. Similarly, the effect of the commutator is
that when direct current flows through the brushes, armature creates a magnetic flux distribution

which is also fixed in space and whose axis, determined by the design of the machine and the posi-
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tion of the brushes; is typically perpendicular to the axis.of the field flux.

Armature
coil, N turns

Carbon brush

Rotation
- Copper
commutator
segments

Fig. 1.2 Schematic diagram of DC

machine with commutator

Space distribution
of flux density

(=]

3T\ Angle y around’
gl _ 4 _ air—gap periphery

¢ {b)
Fig. 1.3

(a) Space distribution of air-gap flux density in an elementary

dc machine; (b) waveform of voltage between brushes

Thus, just as in the AC machines, it is the interaction of these two flux distributions

that creates the torque of the DC machine. If the machine is acting as a generator, this torque

opposes rotation. If it is acting as a motor, the electromechanical torque acts in the direction

of the rotation.

New Words and Phrases

Direct Current (DC) HW
generator n. K
motor n. HLEIHL

armature n. EBX
armature winding FHXZE4H
excite v. ¥

field winding [Bhifi454H
turn . ML, B o BEEE
shaft n. B

flat-topped wave SETRIE
flux-density ROIBEE
rectify v. JHE, BE
rectifier n. A

semiconductor rectifier PRI A3
commutator n. H[A] g

mica n. =Ek

insulating material 4824t}
carbon brush XM
unidirectional n. BJFHE
pulsation n. fk3h

ripple n. PEN, BLC

torque n. )

periphery n. #pE

in contrast to I+« JE ALK IR
full-wave rectification 4B
space distribution 23 [A] 4375

Notes

1. The rotor is normally turned at a constant speed by a source of mechanical power con-

nected to the shaft. 5%FHiIAHE M RNV 3hHE T DUE 2 BOH eSS .
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2. The air-gap flux distribution usually approximates a flat-topped wave; rather than the
sine wave found in AC machines. SBRRES 47 823 T TR A 2 38 I FB AL B IR 3%

3. This is in contrast to the conventional DC machine in which rectification is produced
mechanically by means of a commutator, which is a cylinder formed of copper segments insu-
lated from each other by mica or some other highly insulating material and mounted on, but
insulated from, the rotor shaft. X S5EGERBIL— %R, (B8 ayLHRRIA 352K
PR, BmatREREY i - B SMEKNBREM A AmRMRERE, HRmaS5imn
b Z 8z B B R e G ek

4. Similarly, the effect of the commutator is that when direct, current flows through the
brushes, armature creates a magnetic flux distribution which is also fixed in space and whose
axis, determined by the design of the machine and the.position of the brushes, is typically
perpendicular to the axis of the field flux. [F&E, #e[m 28 89/E R 2 24 B 7 & i 1 B R
XA, FAXa = A — 2 (8] [ RSB 2 A, MR A e el e LI AN e R B
SRRVTy 1) 2 5 AR BIREE T 1 IERE

Exercises

1. Answer the following questions according to the text

(1) A DC generator can operate as a DC motor and vice versa, right or wrong?

(2) The air-gap flux distribution in DC electric machine usually approximates a sine
wave, right or wrong?

(3) The commutator of DC electric machine provides full-wave rectification, right or
wrong?

(4) How to decrease the pulsation of the DC voltage?

(5) How to create the torque of the DC machine?

2. Translate the foliowing sentences into Chinese according to the text

(1) Although the ultimate purpose is the generation of a direct voltage, the voltage in-
duced in an individual armature coil is an alternating voltage, which must therefore be recti-
fied.

(2) The need for commutation is the reason why the armature windings of DC machines
are placed on the rotor.

(3) The commutator at all times connects the coil side, which is under the south pole,
to the positive brush and that under the north pole to the negative brush.

(4) The effect of direct current in the {ield winding of a DC machine is to create a mag-
netic flux distribution which is stationary with respect to the stator.

(5) If the machine is acting as a generator, this torque opposes rotation. If it is acting as

a motor, the electromechanical torque acts in the direction of the rotation,




