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PART 1

Power Electronics Technology

UNIT 1

A: Electrical Networks

An electrical circuit or network is composed of elements such as resistors, inductors, and
capacitors connected together in some manner. If the network contains no energy sources, such as
batteries or electrical generators, it is known as a passive network. On the other hand, if one or more
energy sources are present, the resultant combination is an active network. In studying the behavior
of an electrical network, we are interested in determining the voltages and currents that exist within
the circuit. Since a network is composed of passive circuit elements, we must first define the
electrical characteristics of these elements.

In the case of a resistor, the voltage-current relationship is given by Ohm’s law, which states
that the voltage across the resistor is equal to the current through the resistor multiplied by the value
of the resistance.!"! Mathematically, this is expressed as

u=iR (1-1A-1)
where u= voltage, V; i = current, A; R = resistance, Q.

The voltage across a pure inductor is defined by Faraday’s law, which states that the voltage
across the inductor is proportional to the rate of change with time of the current through the inductor.
Thus we have

w13 (1-1A-2)
dr
where di/dt = rate of change of current, A/s; L = inductance, H.
The voltage developed across a capacitor is proportional to the electric charge g accumulating
on the plates of the capacitor. Since the accumulation of charge may be expressed as the summation,

or integral, of the charge increments dg, we have the equation
1
= 1-1A-3
j dqg ( )

Where the capacitance C is the proportionality constant relating voltage and charge. By definition,
current equals the rate of change of charge with time and is express as i = dg/dt. Thus an increment
of charge dgq is equal to the current multiplied by the corresponding time increment, or dg = i dz. Eq.



(1-1A-3) may then be written as
u=L I ide (1-1A-4)
C

where C = capacitance, F.

A summary of Egs. (1-1A-1), (1-1A-2) and (1-1A-4) for the three forms of passive circuit
elements is given in Fig. 1-1A-1. Note that conventional current flow is used; hence the current in
each element is shown in the direction of decreasing voltage.

Active electrical devices involve the conversion of + + ‘|'+
energy to electrical form. For example, the electrical energy i‘ R "‘ L "L,—]'
in a battery is derived from its stored chemical energy. The
electrical energy of a generator is a result of the mechanical ~ ug=iR w =Ldi/dt  uc=(1/C) |ids
energy of the rotating armature. i=ug/R i =(1/L)J'uLdz i=Cdu/dt

Active electrical elements occur in two basic forms: ) pecicior by Inductor c) Capcitor
voltage sources and current sources. In their ideal form,
voltage sources generate a constant voltage independent of Fig- 1-1A-1  Passive circuit elements
the current drawn from the source. The aforementioned battery and generator are regarded as
voltage sources since their voltage is essentially constant with load. On the other hand, current
sources produce a current whose magnitude is independent of the load connected to the source.
Although current sources are not as familiar in practice, the concept does find wide use in
representing an amplifying device, such as the transistor, by means of an equivalent electrical circuit.
Symbolic representations of voltage and current sources are shown in Fig. 1-1A-2.

A common method of analyzing an electrical network is mesh or loop analysis. The
fundamental law that is applied in this method is Kirchhoff’s first law, which states that the
algebraic sum of the voltages around a closed loop is 0, or, in any closed loop, the sum of the
voltage rises must equal the sum of the voltage drops. Mesh analysis consists of assuming that
currents

termed loop currents

flow in each loop of a network, algebraically summing the
voltage drops around each loop, and setting each sum equal to 0.

Consider the circuit shown in Fig. 1-1A-3a, which consists of an inductor and resistor
connected in series to a voltage source e¢. Assuming a loop current i, the voltage drops summed
around the loop are
—e+up +u, =0 (1-1A-5)

+ Up -

+
+
+

)

el (i = e iDL
15 L o

a) Voltage source b) Current source

a)

Fig. 1-1A-2 Voltage source and current source Fig. 1-1A-3  Series circuits containing R, L and C

The input voltage is summed negatively since, in the direction of assumed cutrent, it represents



an increase in voltage. The drop across each passive element is positive since the current is in the
direction of the developed voltage.

Using the equations for the voltage drops in a resistor and inductor, we have
L2+Ri=e (1-1A-6)
dt

Eq. (1-1A-6) is the differential equation for the current in the circuit.

It may be that the inductor voltage rather than the current is the variable of interest in the

circuit.’”! As noted in Fig. 1-1A-1, i= % juLdt . Substituting this integral for i in Eq. (1-1A-6) gives

R -1A-
u; +ZJuLdt=e (1-1A-7)
After differentiation with respect to time, Eq. (1-1A-7) becomes
du, R, _de (1-1A-8)
d L dr

which is the differential equation for the inductor voltage.
Fig. 1-1A-3b shows a series circuit containing a resistor, inductor, and capacitor. Following the
mesh-analysis method outlined above, the circuit equation is

g+Rz+—jidt=e (1-1A-9)
dt

Recalling that current i = dg/dt, a substitution of this variable may be made to eliminate the integral
from the equation. The result is the second—order differential equation

144 q,5% .9 _
dr d C

WORDS AND TERMS
network n. %%, HBE aforementioned adj. LiRH; BTER B
identify v. RH, AW, WAHR—, —F represent v. fAF; R~ WU
resistor n. FEFHS% amplify v. JBUK
inductor n. HLEKZE symbolic adj. FFEH; EE5H
capacitor n. HLALE mesh n. WL
passive network  FCE F4% loop current  [F]§% HLift
active network H IR M 4% voltage drop HLEM
characteristic adj. n. $FE(H); 4FtEhaR in series  EREK
Ohm n. FR4E variable n. TH
Faraday n. #HSE differential adj. n. K W
electric charge FATH outline n. v. (E)RHE; -t MER
integral n. 4+ eliminate v. WER; XIVH;
increment n. 8 parameter n. S
armature n. HAX




NOTES

[1] In the case of a resistor, the voltage-current relationship is given by Ohm’s law, which
states that the voltage across the resistor is equal to the current through the resistor multiplied by
the value of the resistance.

BUEBFESR Y, BE-BRKXRBREERRE, REBEREL: BHEMRNEEST
B RE b i ) e SR LA BB R .

in the case of: R+ Kdi, Bee--- mie

in case (of): R Ji—; FE-eeee R T

in that case: B4, BERRIHE

in this case: BEARRIXH

in any case: WM, B2

in all case: BL—VIEMITIR

[2] It may be that the inductor voltage rather than the current is the variable of interest in the
circuit.

SRR, ATBMBHEREBEEETNARBRBER.
M ratherthan N: R M fIAE N
of interest: AU ER; FABIEE; HREXM

B: Three-phase Circuits

A three-phase circuit is merely a combination of three single-phase circuits. Because of this
fact, current, voltage, and power relations of balanced three-phase circuits may be studied by the
application of single-phase rules to the component parts of the three-phase circuit. Viewed in this
light, it will be found that the analysis of three-phase circuits is little more difficult than that of
single-phase circuits."!

Reasons for Use of Three-phase Circuits

In a single-phase circuit, the power is of a pulsating nature. At unity power factor, the power
in a single-phase circuit is zero twice each cycle.””’ When the power factor is less than unity, the
power is negative during parts of each cycle. Although the power supplied to each of the three
phases of a three-phase circuit is pulsating, it may be proved that the total three-phase power
supplied a balanced three-phase circuit is constant. Because of this, the characteristics of three-
phase apparatus, in general, are superior to those of similar single-phase apparatus.

Three-phase machinery and control equipment are smaller, lighter in weight, and more
efficient than single-phase equipment of the same rated capacity. In addition to the above-
mentioned advantages offered by a three-phase system, the distribution of three-phase power
requires only three-fourths as much line copper as does the single-phase distribution of the same



amount of power.

Generation of Three-phase Voltages
A three-phase electric circuit is energized by three
alternating emfs of the same frequency and differing in time E L, B E
phase by 120 electrical degrees. Three such sine-wave emfs
are shown in Fig. 1-1B-1. These emfs are generated in three
separate sets of armature coils in an ac generator. These three O ['! o
sets of coils are mounted 120 electrical degrees apart on the
generator armature. The coil ends may all be brought out of
the generator to form three separate single-phase circuits.

Fig. 1-1B-1 Three sine-wave

emfs differing in phase by 120
internally or externally to form a three wire or four-wire electrical degrees such as are used

However, the coils are ordinarily interconnected either

three-phase system. for energizing a three-phase circuit
There are two ways of connecting the coils of three-

phase generators, and in general, there are two ways of connecting devices of any sort to a three-

phase circuit. These are the wye-connection and the delta-connection. Most generators are wye-

connected, but loads may be either wye-connected or delta-connected.

Voltage Relations in a Wye-connected Generator
Fig. 1-1B-2a represents the three coils or phase windings of a generator. These windings are
so spaced on the armature surface that the emfs generated in them are 120° apart in time phase.
Each coil ends lettered S and F (start and finish). In Fig. 1-1B-2a, all the coil ends marked S are
connected to a common point N, called the neutral, and the three coil ends marked F are brought

ZIine >

a)

Fig. 1-1B-2  a) Connection of the phase windings in a wye-connection generator

b) Conventional diagram of a wye connection

¢) Phasor diagram showing the relation between phase and line voltages

out to the line terminals A, B, and C to form a three-wire three-phase supply. This type of
connection is called the Wye-connection. Often the neutral connection is brought out to the
terminal board, as shown by the dotted line in Fig. 1-1B-2a, to form a four-wire three-phase system.



The voltages generated in each phase of an ac generator are called the phase voltages (symbol
E,). If the neutral connection is brought out of the generator, the voltage from any one of the line
terminals A, B, or C to the neutral connection N is a phase voltage. The voltage between any two of
the three line terminals A, B, or C is called line-to-line voltage or, simply, a line voltage (symbol
E).

The order in which the three voltages of a three-phase system succeed one another is called the
phase sequence or the phase rotation of the voltages. This is determined by the direction of rotation
of the generator but maybe reversed outside the generator by interchanging any two of the three
line wires (not a line wire and a neutral wire).

It is helpful when drawing circuit diagrams of wye connection to arrange the three phases in
the shape of a Y as shown in Fig. 1-1B-2b. Note that the circuit of Fig. 1-1B-2b is exactly the same
as that of Fig. 1-1B-2a, with the S end of each coil connected to the neutral point and the F end
brought out to the Terminal in each case. After a circuit diagram has been drawn with all
intersections lettered, a phasor diagram may be drawn as in Fig. 1-1B-2c. The phasor diagram
shows the three phase voltages E AN» E BN, and E oy which are 120° apart.

It should be noted in Fig. 1-1B-2 that each phasor is lettered with two subscripts. The two
Jetters indicate the two points between which the voltage exists, and the order of the letters
indicates the relative polarity of the voltage during its positive half-cycle. For example, the symbol
E ,x indicates a voltage between the points A and N with the point A being positive with respect to
point N during its positive half-cycle. In the phasor diagram shown, it bas been assumed that the
generator terminals were positive with respect to the neutral during the positive half-cycle. Since
the voltage reverses every half-cycle, either polarity may be assumed if this polarity is assumed
consistently for all three phases. It should be noted that if the polarity of point A with respect to N
(E ,n) is assumed for the positive half-cycle, then E xa When used in the same phasor diagram
should be drawn opposite to, or 180° out of phase with, E sy

The voltage between any two line terminals of wye-connected generator is the difference
between the potentials of these two terminals with respect to the neutral. For example, the line
voltage E ,p is equal to the voltage A with respect to neutral (E .n) minus the voltage B with
respect to neutral ( E gy). To subtract E gy from E ., it is necessary to reverse E gy and add this
phase to E ,y . The two phasors E sy and E g are equal in length and are 60° apart, as shown in
Fig. 1-1B-2c. It may be shown graphically or proved by geometry that E s is equal to 1.73,

multiplied by the value of either E o OF E yg. The graphical construction is shown in the phasor
diagram. Therefore, in a balanced wye connection :
E, =173E,

Current Relations in a Wye-connected Generator
The current flowing out to the line wires from the generator terminals A, B, and C (Fig. 1-1B-
2) must flow from the neutral point N, out through the generator coils. Thus, the current each line
wire (I,) must equal the current in the phase (Ip) to which it is connected. In a wye connection



WORDS AND TERMS
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generator n. KA KM subscript n. Fhr; FBvE:; &I
distribution n. 4YEC; AR PR succeed v. #k----ZJE; BE
interconnect v. HAHEHE; intersection n. FH%; BHEFE

emf (electromotive force ) HLZI# phase sequence  AHfF

wye n. Y BB BEEEE: =8 reverse v. n. adj. ¥, TEARME
NOTES

[1] Viewed in this light, it will be found that the analysis of three-phase circuits is little more
difficult than that of single-phase circuits.

KRB R, BB A RRNSTEA T ED.

viewed in this light: WX/ X EXRE

that: fYX, analysis.

[2] At unity power factor the power in a single-phase circuit is zero twice each cycle.

ERESCH 1 6, BARRENIEESENAREREIAF.

twice each cycle: AW HEBIX (AF) . twice Fl each cycle HIERE.

[3] It should be noted that if the polarity of point A with respect to N ( E ) is assumed for the
positive half-cycle, then E . when used in the same phasor diagram should be drawn opposite to,
or 180° out of phase with, E

RAZEER, WEE A AHMT N MM (B EREELA, BAEERTRE—H
B BN % E S E R, BIARGLER 180%

with respect to: AHX+T; KT

C: HY/ ¥ (Specified English)#A

WMIEEXHEER, KPEFLTRMIGEN¥IE, E45 LOEETRETHFAE
B 4000 UL EEAICE, A& THRILEMIEER. BASERE, HELLRNE—
Bas], SRR FRE SR, BETULEANEMEE, NETELRERN
Yk, EAE 20 FiFLl R R AR b, AT ISR MRS IE B AR B K.
Wi =2, LESWHERERAFEMIESINEEANZ — B—MERLORR,



HEXRRBFAERSKIUR R E TR

ENREENEENARARE HEH. KEA L ZHEFRRERARTR, DBX &
R HHBE. ME/LEE KT Internet M TRERARRMETEIERHNEWVERE,
YEA S b EEE T HIGENN R AWERE TERNEX.

REMVEZAERZAEEHITT 20 /UENERMIEYS, BEWRENYINERL
B, H5E, BWINERER X EREA AR TR IEE NS NS . T

If a mouse is installed in a computer, then the available memory space for user will reduce.

BRFE: mRUEZBREAENERS, BAaFRERLZERRS®RD,

TR MBWENZET Rés, WA TRHANEZRBEED .

Connect the black pigtail with the dog-house.

HREE: RRANEREEREMNRE L.

bk BRAERNSIHREERAREBEFRE L.

U RS TF, BAIAENRBITWENCH— 245 R, B MEEREEED. EAFKN
NP AI RS HBRARME X, RREAEEHITENERKNAMANSHERE, TFH
BeiENG HK, AMNCRIBXEELEH LR EARE NS, WKEE, BEINEEE,
KB FELEWSE, XA E S ERAREIE R T EASE PR BRI . &
F, EWEENTRIESFOMNESAARF, RBEFEMERET “E” 0 %7, WEE
ot B B (R X A0 S0 Ak 34T IF W () B2 488 A1 881 % (interpretation & translation), 7E LI H:
B b, ®UT. B BEATREMIL: WA, TSSO RS T RS RR N AETTEER
HERAUER, M2 XAXEHBREERE, FFUREET—2lEWINEINSE, 7§
FERMNERICE R LW RENLE, SRRBEFUBANREZEN.

VB FR 1R S0 E 1 B4 E 5 (source language) Fll i 3CTE 5 (target language) 8 SE
HH. T, BN, EEMERYERN—MESES), CEREEEERY T EMN
H(The knowledge of your major)MIZLIEFREMIATIRT, BT —AEEM IR F A
dictionary for science and technology)R 52 EE NIRRT . T UMFEERNA TR TE,
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UNIT 2

A: The Operational Amplifier

One problem with electronic devices corresponding to the generalized amplifiers is that the
gains, Ay or A;, depend upon internal properties of the two-port system (i, B, R;, R,, etc.).!"! This
makes design difficult since these parameters usually vary from device to device, as well as with
temperature. The operational amplifier, or Op-Amp, is designed to minimize this dependence and
to maximize the ease of design. An Op-Amp is an integrated circuit that has many component parts
such as resistors and transistors built into the device. At this point we will make no attempt to
describe these inner workings.

A totally general analysis of the Op-Amp is beyond the scope of some texts. We will instead
study one example in detail, then present the two Op-Amp laws and show how they can be used for
analysis in many practical circuit applications. These two principles allow one to design many
circuits without a detailed understanding of the device physics. Hence, Op-Amps are quite useful
for researchers in a variety of technical fields who need to build simple amplifiers but do not want
to design at the transistor level. In the texts of electrical circuits and electronics they will also show
how to build simple filter circuits using Op-Amps. The transistor amplifiers, which are the building
blocks from which Op-Amp integrated circuits are constructed, will be discussed.

The symbol used for an ideal Op-Amp is shown in Fig.1-

(=Input -—J -

(+)Input e—+

2A-1. Only three connections are shown: the positive and - Output

negative inputs, and the output. Not shown are other connections
necessary to run the Op-Amp such as its attachments to power
. . . Fig. 1-2A-1 Operational amplifier
supplies and to ground potential. The latter connections are

necessary to use the Op-Amp in a practical circuit but are not necessary when considering the ideal
Op-Amp applications we study in this chapter. The voltages at the two inputs and the output will be
represented by the symbols U*, U™, and U, . Each is measured with respect to ground potential.
Operational amplifiers are differential devices. By this we mean that the output voltage with respect

to ground is given by the expression
U,=AU"-U") (1-2A-1)

where A is the gain of the Op-Amp and U*and U ~ the voltages at inputs. In other words, the
output voltage is A times the difference in potential between the two inputs.

Integrated circuit technology allows construction of many amplifier circuits on a single
composite “chip” of semiconductor material. One key to the success of an operational amplifier is
the “cascading” of a number of transistor amplifiers to create a very large total gain. That is, the
number A in Eq. (1-2A-1) can be on the order of 100,000 or more. (For example, cascading of five
transistor amplifiers, each with a gain of 10, would yield this value for A.) A second important
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