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Solid

State Motor

ontro -
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6.1 CLASSIFICATION OF INVERTERS

The static inverter must generate a three phase output of
variable frequency and

variable voltage. Inverters enable the supply of a,c. from d.c,
supply or of a,o, of one

frequency to a.c, at some other frequency. 1 here are many kinds
of thyrister inverter

circuits, which are basically classified by thyrister circuit
configuration and lso by the

method of'commutation.

6.1.1

Basic Inverter

Conftguration

By sequentially switching the thyristers on and off, the voltage
across the load

can be made to change polarity cyclically and produce an
alternating current. The

four basic configurations of inverters are shown in Fig. 6.1
(a), (b),

(e)

and (d).

(a) shows an inverter circuit with centre tapped lead. The d.e,
voltage is

COnnected

between the centre

of

the transformer primary and the common point of the

thyrister cathodes. The load is connected across the
secondary

of

the transformer.

This is the only inverter which needs a transformer for its
operation. Each

thyrister carries only half the sur Pi current, but should be
capable of blocking

twice the supply voltage. This is used for single phase loads
upto

10

kW.

(b) shows centre tapped supply. The load is connected across a d
c So\l U

of supply

and a thyrister on either side. .

(c) shows a.single phase bridge: D.C. voltage is connected to
the bridge consisting

of four thyristers. Load is connected across the common point.
Compared

to previous circuits, it is seen that in this case 4 thyristers
are required instead

of two.

(d) shows a three phase bridge. From a d.o, source of supply,'
inverters change the

current to three phase

a.c,

supply by the use of two thyristers perphase and

feed

a three phase load.


	
8/10/2019 6 Solid State Motor Control Induction Motor Speed
Control.pdf

2/22

I

6.2 INVERTER CQMMU fA110N

MEmODS

b)

Electric Motors Applications and ontro

v

I

Ii... ....

v

Fig. 6.1 Inverter configurations

a) Centre tapped

cad

b) Centre tapped supply

c) Single phase bridge

(d)

Three phase bridge

te) ,

(a)

w

er l

I

v-L
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The commutation methods used for thyristers have been described
in chapter 5.

Similar methods are also used for inverters, viz, a) self
commutation by resonating

load b) self commutation by an LC circuit c) charged capacitor
switched

by

another

load thyrister d) charged capacitor switched by an auxiliary
thyrister e) external

pulse source

(f)

a.c,

line commutation.

It is necessary to have simple and efficient methods of
obtaining forced commuta-

tion in the 5eld of static inversion.

6.2.1 Single Phase Bridge Inverter witb Parallel Capacitor
Commatatlaa

Fig. 6.2 shows a single phase bridge inverter with parallel
capacitor com-

mutation.

When the thyristers

Th

I and

Th

4 are conducting. capacitor

C

gets charged

with left

hand

plate positive. When

Th

2 and Th 3 are gated, C discharges around

two parallel path; the current in Th I and Th 4 are reduced to
zero and they are

reverse biased. C charges with reverse polarity through Th 2 and
Th 3 and inductor

L
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Tht-

ThJ

hl

Thi

Fig. 6.2 Single phase bridge inverter with paralleJ capaci tor
oommUtatioo

When

Th

I

and Th

4 are triggered, 180

0

later a similar soqu.-nce

ofevonts

occur.

The commutating voltage is a function

of

load impedance all the commUtatina capa

citor is connected across

the

load.

The

simple parallol inverter is not very satisfactory.

All

modern inverters use feedback diodes.

6.1.2 Impulse Commutation Methods

In

impulse

commutation

technique, impulse

of revent

current

i f

prOduced

to

extinguish the conducting thyrister,

and

the revCI'SC

voltage

is

then

applied until the

thyrister has recovered its

forward

blocking capacity. This

tfPl '

or

commutation circuit

operates satisfactorily for variation in

output

frequency,

load cuttent

and

power

ractor.

The

component values with this type

of commutation

depend

on

peak cJrrent

to

be

commutated, available capacitor voltage and the required
cirCuit

tum

oft' timo. f"ig. 6.3

shows one leg

of

a 3 phase bridge inverter.

>0 - - - - - -

1

R

InclucJ

ve loid

02

Thl

Th2

Fia.

6.3 One

leg of

a

three pbue

bridae lnvarm

7

I and

Th

2 are two thyristers

and D

I,

D

2 are

diodes cOnnoctedaa

showD in the

figure. Th I anti Th 2

will

be alternatively conducting.

Whtn 171

t i conductio. .

terminal

R of

the load draws current from the positive terminal of

tht

supply

and

returns it to the negative line through the other

conductio

thyrlstt,r. When commuta-

tion is complete,

Th ;

is turned off

and

the negative current continue. to flow back

through feedback diode 2. Th 2 and I perform a similar function
during the

negative

half

cycle.

10
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.2.3

McMurray-Bedford

~ t o d

of Commutation

One leg of a three phase bridge inverter using the McMurray
Bedford method of

thyrister commutation is shown in Fig. 6.4.

The

two halves of the centre tapped

inductor are perfectly coupled.

The

working of the circuit can be mentioned as

follows:

(i) Initially Th I conducts and draws current from the

d.c,

positive side; voltage

across commutating inductance L is negligible. Terminal R is
connected to

positive. Voltage across C

1

= 0 ;

Voltage across C

2

=

V,z.

(ii) Th 2 is triggered to start or initiate

commutation;

voltage across capac itors does

not change instantaneously: voltage across L

s

=

V

d;

voltage induced in = V

d

;

potential at

cathode

of thyrister Th I = 2

VI '

This causes reverse bias of V

d

on

thyristor

Th

I, and turns it off. Load current

I

is transferred from

Th

I and

L

l

to Th 2

and

L . I is supplied by charging currents of C

l

and

Ct. As C

z

dis

charges. voltage across

L

l

is reduced; C

l

charges to

Vii;

after a short interval

forward bias on Til I due to C

l

exceeds

the

reverse bias due to L

(iii) C.

is charged to

Y If I IS

drawn through

the

feedback

diode D. and load

terminal R is connected to the negative

of

the supply. Circulating current is

caused through

S

Th 2 and D 2 due to stored energy in L When the circulat

ing current decays to zero, commutation is complete.

D

2 continues to draw

load

current (rom negative of the supply.

(iy)

The load

current

decays

to.

zero

and

reverses its direction. This blocks

D 2.

Increased line current is carried by

Th

2. Thus

the

transfer of load from

I ll

1 to

Th

2 is complete.

,P

l t

Thl

01

C

1C

-

o

V

d

t n

R

C

2 C

02

h

N

Fig. 6.4 One leg of bridge inverter using McMurray-Bedford
metbod Qfcommutation

6.2.4

MtMUlTay

Metbod of Commutation

Fig. 6.5 shows the circuit using McMurray method of commutation
. Here the

eommuta tion process is initiated when complementary thyrister
is triggered. This

-

'.

. , . ~ : .."

: , . ..
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Pig. 6.5 One leg of a bridge converter using McMurry Commutation
Method

6.2.5 Input-eil cuit Commutation Method

59

Ttll

01

V

d

-

R

I

I

02

Solid State Motor Control

The action

of the

circuit

can be

explained in the following

way:

(i) When Th 1 is conducting, the terminal R of the load is
connected to the positive of

the supply. The capacitor C is already charged with right hand
plate positive

from the previous commutation of

Th 2.

(ii)

Th

I is triggered to initiate commutation; C discharges around
oscillatory circuit

Th

I L,

C, h 1. As discharge current i

e

increases from rero it gradually

reduces the forward current in

Th

I to zero.

(iii) Load current 1 is maintained constant by

the

load inductance; when t, exceeds J,

excess current flows through feedback diode D1 ; Th I is reverse
biased

and

is

turned off.

(iv) D 1 stops conducting when

t,

is less than 1; this removes reverse bias from Th J;

load currentftows

through Th

1 . L. C. C is charged in the reverse direction

.to voltage Yd D 2 starts to conduct and connects terminal R to
negative

of

the supply.

(v) Commutation transient is complete when D 2 carries all the
load current.

(vI)

The

load current decays to zero and reverses; D 2 is blocked and
thyrister Th 2

starts conducting,

In a McMurray circuit, the reverse voltage applied to the
thyrister is limited to

J to 2

V.

Reverse current at turn off is limited by available i

e

method uses an auxiliary thyrister to switch ,a high Q
inductance capacitance circuit

in parallel with the conducting thyrister, The auxiliary
thyrister

Th

is for initiating

the commutation of Th I.

It,is possible to commutate the thyrister circuit as a whole
instead of commuta

ting each thyrister individually. When all thyristers are turned
off, the next set of

thyristers is gated in sequence. This method of commutation is
known as

input

circuit commutation

or

d.c, side commutation. A typical circuit arrangement

for

this method is shown in Fig. 6.6.


	
8/10/2019 6 Solid State Motor Control Induction Motor Speed
Control.pdf

6/22

From the description of the above three methods of commutation
it is seen that

the commut ating circuit must supply the current impulse
required to turn off the

previously conducting thyrister and then apply reverse bias
until it has recovered its

forward blocking ability. As operating frequency increases. the
number

of

commuta-

tions per second increases proportionately and the inverter
efficiency gets reduced. At

power frequencies. the inverter efficiency is 85 to 95%. The
turn off time provided by

the commutating circuit increases with the size of the
commutating capacitor

and

the

voltage to which it is charged; also it varies inversely with
the current being

commutated.

.

,

Electric Motors Applications and Control

T e

Fig.6.6 Input circuit commutat ion circuit for a three phase
inverter bridge

The action

of

the circuit can be seen from the following steps:

(i)

When ThA

is

gated

the auxiliary d.c. supply charges the

capacitor

C with upper

plate negative. For commutation the thyrister TH is gated; the
negatively charged

capacitor is connected between positive and negative
connexions

of

the thyristor

bridge. Negat ive voltage on e reverse biases the previously
conducting thyristers long

enough to effect

turn

off,

e

charges upto

V d but

does exceed the voltage as energy

is

dissipated

through free wheeling diodes,

.Dpand

N

which begin to conduct.

The

thyrister THe is then turned off

and

the bridge thyristers

are

regated

for

the next

sequence. is also gated to charge

e

for the next commutation.

160
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6.3 INVERTER FREQUENCY CONTROL

The inverter output frequency is decided by the rate at which
the thyristers are

triggered into conduction. The pulse rate is set by

a

low power reference oscillator

which generates a train of timing pulses. Logic circuits direct
these pulses

to

various

thyrister

gating circuits to generate firing pulses. The inverter output
frequency

depends on the reference oscillator.

t

is

not affected

by load transients. Timing

pulses

are

used to control turn oft circuits of the thyristers. The
frequency control is

an open loop system and there is no feed

back

to the reference oscillator of the output

frequency of the inverter.

6.4 VOLTAGE

CONTROL OF

THYRISTER

When variable frequency supply is given to an

a.c,

motor, the voltage applied to

the motor should be adjusted suitably with reference to the
frequency to maintain

constant magnetic flux density. The voltage supplied by the
thyrister must therefore

be adjustable. This voltage variation can be obtained in the
following

way:

i)

by varying

a.c.

output voltage of the inverter,

(ii) by varying d.c. input voltage to the inverter,

(iii) by switching techniques within the inverter.

6.4.1 Control

of

Alternating Voltage Output from the Inverter

Variable rat io transformer is used to achieve voltage control.
Fig.

6.7

shows the

block diagram

of

the system.

Constint

u

...

pha -voftl9

lUPf fY _ D C I ink

~ - - - i Irwwt.,

. - I I 1 f - - l

Fig. 6.7 Voltage control by variable ratio transformer

Three phasea,c, supply is converted to a constant d.c, voltage
by uncontrolled

rectifier. This voltage is fed to the inverter.

The

inverter changes this into constant
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alternating voltage of variable frequency. This is fed to the
a.c. motor through

variable ratio auto-transformer. The transformer tapping is
adjusted automatically

by a closed feed system. The tapping is adjusted so tha t the
voltage and frequency

match. The reference oscillator feeds frequency to voltage
converter. This converter

produces voltage proportional to the reference OScillator
frequency. The signal is

compared with a certain fraction of output voltage. This
difference is amplified

and is used to drive an auxiliary motor which adjusts the
transformer tapping as

required. Volts/frequency ratio is kept constant for constant
flux operation of an

induction motor. Volts/Hz output is maintained within accuracy
of I by this

method

This system of voltage control has the following advantages:

(i) Capacity to handle high starting currents for the motor.

(ii)

Inverter output waveform does

not

vary over the frequency range.

(iii) High input power factor by the use of uncontrolled diode
rectifier.

The disadvantages are:

[i Size of transformer is bulky; lowest operating frequency
range is 10 to 15 Hz.

(ii) Dynamic response is slow because

of

electro-mechanical

tap

changer.

The cost of the auto-transformer and its voltage regulator is
compensated for to

a great extent by

the

low cost

of

the simple inverter and its control circuitry. This

system is used for full load speed range of 4 : l ,

6.4.2 Control of Direct Voltage Input to the Inverter

As the magnitude of a.c, voltage output from the static inverter
is proportional

to d.c, voltage input from the rectifier, voltage can be
controlled by operating the

converter with a variable d.c. link voltage. Constant torque
motor drives require

practically constant current at all speeds; the inverter,
therefore, must commutate

full load current at low frequencies when d,c, link voltage is
reduced. The speed

range for which this type of control is used is limited to 3
or

4:

J. If the speed

range has to be much wider, an auxiliary fixed voltage d.c.
supply is required

to

charge the comrnutating capacitors. A full load speed range of
20 : I is obtained

by this method.

The variable d.c. supply voltage is obtained as follows:

(i) Variable Ratio Input Transformer

A variable ratio transformer is connected on the input side of
the rectifier. The

tappings on the transformer are adjusted in a closed loop system
in a way similar to

the system used in the last section for an adjustable output
transformer. In this case

the transformer operates on a.c. line frequency and is designed
accordingly.

(ii)

Phase Controlled Rectifier Input

Fig. 6.8 shows a phase controlled three phase bridge rectifier.
Filter is necessary

in the output before feeding to the inverter. Static adjustable
d.c. voltage is produced

by phase controlled rectifiers.


	
8/10/2019 6 Solid State Motor Control Induction Motor Speed
Control.pdf

9/22

163

Reference

oscillator

Inverter

control

cir uitry

_

........

--- Three phase

output

variable voltage

variable frequency

Phase

controlled t-tp...-.---t

Inverter

1----111---1

rectifier

Variable

~ ~ _

-voltage

Three phase

el ink

,.....----.

s pply

Amplifier and

gating

circuits

Fia.6.8 Voltage control by Phase controlled three phase bridg
rectifier

L

Fig. 6.9 Closed loop Control of d.c,

link

voltage

iii)

Voltage Control ofChopper in d c ink

If an uncontrolled diode bridge rectifier is used to convert
three phase a.c,

voltage to

d.c,

voltage and then regulate this voltage by means of a

d.c,

chopper, a

variable

d.c

voltage input can be obtained for the inverter. Fig. 6.10 shows
a basic

circuit for solid state a.c, motor drive with voltage control by
the above method.

A closed loop voltage control system is used to control the
rectifier} gating to obtain

the necessary voltlHz ratio. The block diagram is also shown in
Fig. 6.9. The

reference frequency is .obtained

t rom he

reference oscillator. The frequency to the

voltage converter compares the reference voltage with a certain
fraction of tbe

d.c. link voltage. The difference is amplified and fed to the
gating circuit of the

phase controlled rectifier.

Sofld State Motor Control

_
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Tt.

b)

Fig. 6.10 Solid state a.c, motor drive with voltage control by
d.c, chopper

Six diodes connected as shown convert the three phase a.c.
voltage into d.c, voltage.

A thyrister h 1 is placed in series chopper circuit and is
rapidly switched on

and

off

with the result that the output voltage consists of a series

of

rectangular pulses. The

figure shows speed control scheme for an induction mot or by an
inverter; here the

thyrister

Th

I is alternately switched on by a gate pulse and then turned off
by a

commutating circuit using forced commutation. The average output
voltage can be

varied by keeping the total time cycle constant and varying the
rat io

of

on time to off

time or by holding on time constant

and

varying off time. The variable d.c. voltage

of this type can be used for the speed control of d.c. motors or
the voltage can be

fed to the inverter which is used for the speed control of a.c.
motors.

The d.c, chopper system is a static system

and

has high speed

of

response.

The efficiency of the system is decreased, however, as pulse
repetition frequency

is increased.

6.4.3 Voltage Control

by Switching

Techniques

within

the Inverter

(i) Phase Shift Voltage Control

This type of control system requires two similar inverters which
are opera ted at

the same frequency from the same d.c. supply.

The

outputs from the two inverters

are combined in a transformer; the voltage centrol is obtained
by phase shifting the

164
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output

of

one inverter relative to the other. This is effected by phase
displacement

of

the gating pulses given to each inverter. When gating pulse
signals are displaced

bvan angle , the fundamental output voltage is reduced by cos
(,,/2). In practice,

six step inverters supply the primary windings of a three phase
transformer. The

circuit may

be regarded as

three single phase bridge inverters each supplying one

primary phase

of the

outpUt transformer. The secondary side of the output

transformer gives the control1ed voltage. The phase displacement
of gating pulses

of one side of the bridge relative to the other side results in
a pulse width modulated

waveform.

This method is not attractive for low power applications.
However when output

power is large and cannot be handled by use

of

a single

thyrister,

this method is useful,

The disadvantages of the method are high harmonic contents and
poor utilization

of

thyristers at reduced voltage outputs. The speed range for which
this method may be

used

is

5 : I

or so.

(ii)

Pulse idth modulation P W 1 ~ system

o

voltage control

The chopping or pulsing technique may also be used to control
alternating

voltage output of a static inverter. The

square or

step wave output voltage is

rapidly switched on and off a number or times each half cycle.
Each pulse has

amplitude corresponding to the input voltage of the inverter

V

d

In the simple form

of multiple pulse width. modulation. pulse width

T

and off time T

z

are constant

throughout the half cycle

The

fundamental output voltage is controlled by varying

total on time during half cycle. This is obtained by -

(0 maintaining constant. pulse width and varying the number of
pulses for half cycle.

[ii

or varying pulse width and keeping the number of pulses per half
cycle constant.

This technique is applied to the single phase bridge
inverter.

A.C. motor speed control requires constant volts/Hz, The area in
volt seconds

enclosed by a half cycle of tbe output voltage w veform must

be

the same,

at

all

frequencies.

Sinusoidal modulation

o

the pulse width

In

this method, the pulse width is varied throughout the balf cycle
in a sinusoidal

shape. The pulse should

be

regularly spaced and the pulse width at a particular

...

,...

,

L--- Fundamental

/

component

/

,

1/

\

/

1\ /

-

-

.,

l..J

Fig. 6.11 Output voltage waveform of pulse width modulated
inverter

I
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position should be proport ional to the area under the sine wave
at that position. The

height in each step is proportional to the area under the sine
wave in a particular

interval. Fig. 6.11 shows the output voltage waveform of pulse
width modulated

inverter with sinusoidal modulation of the pulse width.

The dotted line shows the fundamental component of the output
voltage; this

is

i n u s ~ i d l ~ The outputvoltage and current have a smaller
harmonic content.

If

the pulsing frequency is high;

t

reduces the lower order harmonic content;

however inverter commutating losses per second increase. In
choosing the pulse

.repetition frequency, the increase in commutating losses in the
inverter must be

balanced against the reduction of a.c. motor losses due to
harmonic content.

6.5 H RMONICEUMIN TION

To improve the output waveform of an inverter, it

is

necessary to shape it in

such a way

that

the losses in the line and load are minimised. A filter between
the

inverter and the load helps in making the wave as sinusoidal s
possible. The voltage

shape can be modulated by

control

of thyrister triggering circuits. The modulation is

done:

by (i) multiple pulse width

(ii)

seJected harmonic reduction (iii) harmonic

neutralization.

li) Multiple pulses. during each hal f cycle are obtained when
the thyrister in the

inverter is turned on and off many times before control passes
to another load

thyrister.

(ii) Selected harmonic reduction can be obtained with a simpler
trigger circuit than

in the previous method. There can be fewer commutations per
cycle compared

with multiple pulse width control. In a single phase inverter.
the third and fifth

harmonics can be eliminated; in a three phase inverter.
harmonics upto the II th

can be eliminated with the same techmque.

(iii) Harmonic Neutralization The synthesis eliminates the lower
harmonics. A

number of single phase inverters. coupled together are turned on
and off sequen-

tially so that the sum of their outputs results in

a

stepped wave approaching a

sinusoid. This method is not economical for less 'than 20 kV

A

as many thyris-

ters are required.

6.6 CHOICE OF THYRISTER THREE PHASE INVERTERS

Choice of inverter for a particular

motor

is done by finding which is the least

costly system to construct for a given specification of voltage.
current, power.

frequency tolerances for harmonic contents and regulation. This
involves electronic

trigger circuitry. logic circuitry for control, and number of
thyristers required in the

system. The types of inverter circuits are described in an
earlier section.
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6.7 INVERTER CONtROL CIRCUITRY

The frequency of the a.c, output from a static inverter is
controlled by the

frequency of the gating pulses. A low power resistance
capacitance .osciJIatoris

generally used as a reference oscillator, The reference
frequency is fed to the logic or

control circuit. They generate suitable pulses and distribute
them ill correct sequence

to the thyrister gating and commutator circuits.

6.8 PHASE CONTROUED CYCLOCONVERTER

Cycloconverter converts a.c. voltage at supply frequency

to

lower frequency

without any intermediate d.c. stage. Sophisticated control
circuits make it possible to

convert fixed

frequency input to variable output frequency at variable voltage
; these

schemes are very useful for a,c, motor drives. The
cycloconverter consists of a number

of phase control rectifier circuits connected to

a.c.

supply system from which

a.c,

vol-

tages are supplied for delayed commutation. The individual
circuits are controlled to

obtain low frequency output voltage waveform from segments

of

a.c, input voltages.

Consider a 'three phase.

half

wave, phase controlled rectifietsupplying an

inductive load.

The average direct voltage output

V

d

=

V

dO

cos e

(6.1)

where Vd = mean output voltage with zero firing angle

If oc = firing or delay angle

The average d.c. voltage output is given by

V

do

= IT Vph ( =

sin ( ; ) (6.2)

where Vph =

r.m.s,

phase voltage

m

=

number of secondary phases

f Va is the r.m.s, output voltage per phase of cycloconverter,
the peak output

voltage for oc = 0,

..12 Va = V

d O

= 12 Vph

)

sin :- )

or Va = Vph

)

sin ( ;:; ) (6.3)

cannot be reduced to 0, nor 180. f minimum delay angle is 01. ,1
,

cos' OCmi = r ;. = voltage reduction factor. The maximum
possible ol 'lIZ = r VoiO

and output phase voltage (r.m.s.) r of the cycloconverter is

Va = r [

)

sin +)]ph

(

(6.4)

f the firing angle oc is varied from 0 to 1t and back again to
zero, one complete

cyme of the low frequency variation is superimposed on the
average output voltage.

The superimposed frequency is proportional to the rate

of

variation

of

and is

It
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independent of supply frequency. The average

output

voltage of a phase controlled

rectifier can thus be varied through a complete cycle by
suitable variation of- firing

angle. As current can flow only in one direction through the
circuit. two similar

circuits must be connected in inverse parallel to produce a
complete cycle of the

low frequency current . As positive and negative groups of
rectifiers are connected in

inverse parallel. their average

output

voltages must always be equal and opposite.

This is affected by making

rt.p

=

n -

. X.N

When three phase output is required. three single phase
cycloconverters with a

phase displacement of

120

between their outputs are connected as shown in Fig.

6.12.

The simplest arrangement uses three phase half wave circuits.
The number of thyris

ters

required is 18.

Fig. 6.12

IS

ic circuit of three phase

t

three phase cycloconverter

The output frequency of cycloconverters is generally from zero
to one third of the

input frequency.

6.9 FREQUENCY

ND

VOLTAGE CONTROL OF CYCLOCONVERTER

An ideal phase controlled rectifier delivers zero

output

voltage when the firing

delay-angle

x

is n/2 the delay angle is biased to n/2 and is varied by

n/2 on either

side of this point. a low frequency output is obtained. The
average output voltage

V

= V

no

cos ex. By varying the value of

ex.

voltage control is obtained. The output

voltage frequency is varied by the rate at which x is varied
about the 90- point. Thus

both the magnitude and ffequency

of

cycloconverter can be controlled by gating

pulses from the cont rol circuitry. The direction of rotation of
the drive motor is

reversed by changing the phase sequence of the reference
oscillator.
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The static reference oscillator is used. To obtain variable
frequency output

down to d.c., the beat frequency output from two similar high
frequency oscillator.

must

be

used. One of these oscillators can have adjustable
outputfrequency, This is

controlled by d.c, reference voltage. The polarity of this d.c,
reference determines

the phase sequence

of

the output voltage.

6.10 COMPARISON OF THE CYCLOCONVERTER

A ND

D.C. LINK

CONVERTER

The a,c, voltage is obtained from cycloconverter and from d.c,
link converter.

The frequency of the voltage is determined by the reference
oscillator.

Advantages of Cycloconverter are

(i) In a cycloconverter. a.c. power at one frequency is
converted to a.c, power at a

lower frequency in a single conversion; in a d.c, link
converter, two conversions

are necessary to obtain this requirement.

(ii) Cycloconverters work by phase commutation and no auxiliary
forced commuta

tion is required.

(iii) Cycloconverters are capable of power transfers in

either direction between source

and load. They are capable of regenerative operation over the
complete range

of speed of the drive motor. They are, therefore, suitable for
large reversing

drives needing rapid acceleration and deceleration such as in
rolling mills.

(iv) The cycloconverter delivers high quality sinusoidal
wavefrom at low output

frequencies, thus it is preferable for very low speed
applications.

Disadvantagesof Cycwconwrters

(i) Maximum output frequency must be less than 1/3 or 1/2 of the
input frequency.

(ii) Cycloconverters require a large number of thyristers and
their control circuitry is

more complex than

that

used

in

d.c, link converters.

(iii)

The cycloconverter has low input power factor. In a d.c, link
converter, a high

input power factor is obtained by the use of diode rectifier
input.

D.C. link converters are more suitable at high frequencies while
cycloconverters

are very good for low speed reversible drives.

6.11 INDUCTION MOTOR SPEED CONTROL

The effective load voltage in a single phase a.c. circuit
can

be

varied by a

i.iyrister

controller consisting of a pair of anti-parallel thyristers in
series with the

load. In three phase case, thyrister controllers may

be

introduced in three a.e, lines

of a star or delta connected load.

The speed of a three phase induction motor can

be

regulated by decreasing or

unbalancing the stator voltages of the induction motor; The
direction

of

rotation

cal!

be

reversed by changing the phase sequence of the applied voltages.
This

is

fdsl
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Variable speed drives of induction motor with the sta tor
voltage control are

usually closed loop systems. The system is sbown in Fig.
6.14.

The desired speed is set by the reference voltage. The taeho
generator voltage

represents actual speed of the motor. This voltage is compared
with the reference

voltage. The signal corresponding to the error

in

voltage between the two controls the

firing angles of the thyrister and thereby controls the speed of
the motor. If the

reference voltage is higher than the tacho generator voltage the
conduction periods of

th thyristers are increased; this increases stator voltage
increases torque developed and

speed of the motor;

if

the taeho generator voltage is higher than the reference
voltage

the conduction periods

of

the thyristers are reduced ; the effect is

that

the stator voltage

In static reversing drive the polarity of error signal
determines whether the

motoring

or

braking torque is produced. the reference voltage is positive
and

IS

greater

than

the voltage of tbe tache generator whicb corresponds to the
actual peed

of

the motor the forward torque is produced by gating thyrister
controllers and

C:

the result is that the motor accelerates. If

th

reference voltage

is

suddenly

reduced

the polarity signal is now neaative;. the tbyrister
controllers

4

and C are turned off

and

the thyristcr controllers and Y are gated on. Tbe result is

that tbephase

sequence

-of

the stator voltage

is

reversed

and

the motor operates in tbe braking

region.

Fig. 6.13 Thyrister arrangement for a reversible speed induction
motor

achieved statically by introducing additional thyrister
controllers. Fig. 6.13 shows

tbyrister arrangement for a reversible speed induction motor
drive.
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6.12 REGENERATIVE BRAKING

Fig.6.14 Closed loop system for induction motor

speed

control

is reduced. the motor torque is decreased and speed

of

the motor is reduced, When

the

motor

speed is

just

equal to the desired speed, the balance is obtained and the

conduction periods are sufficient to develop motor torque equal
to the ead torque.

171
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If the variable speed

motor

is overhauled by the load, regeneration occurs and

power is returned to the d.c, link through the feedback diodes
of the static inverter.

Phase controlled inverter operation is possible in a fully
controlled bridge circuit of

sixlthyristers. The bridge circuit of the thyristers operates as
a rectifier when the

firing

or

delay angle s less than 90 and operates as inverter when delay
angle

is more than 90.

Fig. 6.15 shows the connexions for regenerative braking of a,c,
motor drive.

D.C. Link supply is obtained from a phase controlled rectifier.
Six thyristers

comprise the phase controlled rectifier. The rectified voltage
is supplied to the

A large capacitor is connected across the input of d.c. to the
inverter. This

smooths out the d.c, supply. When the inverter load regenerates,
the power is fed

back into the d,c, line through the feedback diodes. While this
is being done, t

charges the smoothening capacitor and raises the d.c. link
voltage. Another thyrister
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Fig.6.15 Reaenerative braking of an a.c, motor

bridge is connected anti-parallel. It accepts the reverse
current from the d.c. link

circuit and returns it to the a.c. supply, thus regeneration
takes place, saving energy.

Under normal conditions of operation, this block of thyristers
is blocked. The delay

angles are suitably adjusted for both the operations.

f

regenerative braking is not necessary and dynamic braking is
enough, in this

method, the second block of phase controlled thyristers will not
be required. The

regenerated power can e dissipated in external resistance. When
the d.e. link voltage

reaches a certain level, an auxiliary thyrister can e triggered
by the voltage sensing

circuit and resistance switched over to the d.c, link
supply.

6.13 THE CONTROLLED SL P INDUCTION MOTOR DRIVE

The speed of an induction motor can be controlled by controlled
slip method.

Fig. 6.16 shows the block diagram illustrating the principle.
The actual speed and

set speed are compared. The magnitude and polarity of the speed
error signal deter

mines the stator current and rotor frequency reference values.
The demand slip

frequency

J

is added to or subtracted from the rotational frequencyf . to
determine

the excitation frequency ft. This is given by the static
converter. The change in the

polarity of the slip signal causes a reversal of machine torque.
Reversal of phase

sequence is obtained by the inverter control circuitry. The
static converter shown is

capable of regenerative operation. Independent control of slip
polarity and the

direction of rotation makes motor or generator action possible
in either direction

of rotation.
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speed control of an induction motor is

In the high torque range, in the case

of

a

' - --- Stt

_

urrent

Actual

current

Speed

controlltr

Tacho-genera.

Fig. 6.16 Controlled slip induction Motor drive

Wound rotor

induction

motor

Set

~

Solid State Motor Control

6.14 SPEED CONTROL OF INDUcnON

MOTOR:

CONTROL OF ROTOR

RESISTANCE

When the load torque is small, the

obtained by variation of stator voltage.

TtW'N-phAW

A.C.s ,,,

Rectifier

bridge

P

ia.6.17

Induction motor speed control by variation of cxtcrQaJ
resistance in rotor circuit
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wound rotor motor. rotor resistance control is used. For a good
dynamic response,

external resistance in rotor circuits can

be

varied statioally and stcplessly by a high

. frequency thyriater chopper circuit. Fig. 6.17 shows such a
speed control method for

an induction motor.

The diode rectifier bridse rectifies the rotor slip power. This
is fed to the resistance

R through a smoothening reactor. A single thyrister is connected
aero the resistance

R. Using a chopper circuit, this is switched on and off

at

a frequency o about

1 k}lz. The speed controller and the current controller feed the
error-signal to the

thyrister chopper. The ratio of on-time to off-timecontrols the
value of the effective

rotor resistance and hence torque

spee

characteristics of the induction motor.

6.15 INVERTERS IN INDUCTION MOTOR ROTOR CIRCUIT

In the last chapter. the speed control of wound rotor
induction

m ~ t o r s

by using

Scherbius control and Kramer control was discussed. By the use
of inverter bridge,

the auxiliary rotating machines required for the two systems
can

be

avoided and the

&aIJlC

function is performed statically. Fig. 6.18 shows static
tbyristers equivalent to

the Scherbius speed control of an induction motor.

Smoothing

I

I

WJund -rotor

2

IJUVV

,

nduction

)

,

motor

l 4

O

,

r

~ l l f l e r

Inverter

bridge

bridge

Fig.6.18 Equivalent scberbius control system

The slip power is supplied to the three phase rectifierbridge.
This operates at

slip frequency and supplies the rectified power through the
smoothening reactor to tho

thyrister inverter. Tbe jinverter is connected to the main
supply. I t

converts the

rectified slip power into a.c, power at supply frequency and
returns it to the supply.

The rectifier and the inverter are phase commutated by a,c,
voltages occuring at slip

rings and supply bus respectively.

The constant torque Kramer systemof speed control uses rotating
machines to

convert slip power to d.c. and it is then inverted to a.c,
supply in the conventional
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way. Conversion and inversion can

be

done by thyrister systems. The equivalent

Kramer system using thyristers is shown in Fig. 6.19.

The rotor of the induction motor supplies power at slip
frequency to the

thyrister bridge (inverter A) which converts slip power to d.o,
This is fed to the

inverter B. through the smoothening reactor. The inverter
inverts d,c, to

Le.

at the

required frequency and feeds back to the main supply. This
happens at sub-synchro

nous speed. At super-synchronous speed. the inverter B rectifies
a.c, to constant d.c.

voltage and inverter A produces a.c, at the right frequency and
voltage to inject the

power into the rotor winding of the induction motor.
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PROBLEMS

6.1 Explain the working of an inverter together with the basic
configurations.

6.2 What are the various methods of commutation used for
inverters? Compare

them.

6.3 Explain with diagram the action of McMurray-Bedford method
of commuta

tion.

6.4 Explain with a diagram the action of McMurray method of
commutation.

6.5 Explain the methods of voltage control of thyristers,
Compare and explain in

detail with diagrams the following:

(a) Voltage control by varying a,c, output voltage of the
inverter.

(b)

Voltage

Control by varying d,c. input voltage to the inverters. (c)
Voltage control by

switching techniques within the inverter.

6.6 How is the frequency control achieved by inver ter?

6.7 Explain pulse width modulation system of voltage
control.

6.8 Explain the principle

and

action

of

cycloconverter,

6.9 How are the frequency and voltage of a cycloconverter
eontrolled ?

6.10 Compare d.c, link converter and cycloconverter,

6.11 Explain various static methods

of

controlling speed of squirrel cage induction

motors.

Explain controlled slip induction motor drive.

6.13 Explain the speed control

of

slip ring induction mbtors by variation of external

resistance in its rotor circuit statically.

6.14 Explain, the equivalent Scherbius Control system for slip
ring induction motor

and regenerative operation.

6.15 Explain thyrister equivalent Kramer system of controlling
speed

or

a slip ring

induction motor and regenerative operation.
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