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ABSTRACT
DESIGN AND Bunmm OF A DIGITALLY

CONTROLLED THYHISTOR CURRENT SOURCE

* ’ Hohaﬁ'ﬁMd Mchtar Jamil

A completﬁ design and implementation of dlgltal firing c1r'r-
cuit with a digital current controller for a const.ant current source is
.Eﬂescribed. The controller dccepts an 8 bit binary number‘. representing
the delay anglc.‘ The achieved resolution of the converter delay angle

is 0.4 degrees.
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CHAPTER 1

\

INTRODUCTION

With the development of thyristor technology there has been a
.3pectacular rise in con%erter application. The main factors-contributed
‘t this are efficiency, Compadtness, reliability and relatively high
swigcﬁing speeds at high power levels of thyristor converters.. One of
the most widely used type_gj;gonvefter is a six~-pulse thyristor bridge,
Fig. (1.1). Due to its transient characteristics,-ghis converter is often
used in closed {eedback lpob configuration. One such configuration is
a regulated current source which is the subject oT'this‘dissertation.

" The regulated.current sdurce-consisgs‘of thyristor bridge with firing
control circuit, d.c. link filter, current feedback loop and a current
controller, Fig. (1.2). .

- Without any feedback loop the thrée phase fuil-w#ve cohverter

rectifies three phase a.c..to unregulated d.c. vdltaée. The d.c.{link

filter is used to smooth the d.c. current and also acts as an energy

reservoir by supplyiﬁg large but short term current to the load. Cur:éhbu_;:\ ¥
feedback loop and controller a&just the converter delay angle to produce i \\\\\

~ the adequaté d.c. voltage in order to meet a load current demand. )
'
Existing analog systems for control of six pulse thyristdr con-
voerters are well knoﬁn and extensively used in.the,industry. The develoﬁ-‘
ment of I.p; chipé gives an alternative to analog systems and it was

felt that a digitally controlled current source may offer some advantages

over the designs currently used. Finally, the development of Power



Eléctronics Laboratory requires several current sources, all to be used

as building blocks in various motor drives. Since these drives will ‘be

.

ultimately microprocessor controlled, ‘a digital current source becomes

a much easier block to interface. )

-

. The salient feature of this report is dﬁﬁ!ﬁal firing control
which enhances:

a) Immunity against drift;

b} Accuracy of cgntrol; and

¢} Compatibility with possible digital (microprocessor)

controller of the total systém. )
Chapter 2 describes the applicatiofl of a current source.

Chapter 3 explains the opeyation, dyqamip characteristics and pulse
isating. Chapter 4 descéibes the design, implementation of curgbnt
reedback loop and the digital current conkroller in regulated current

-

source.  In Chabter 5, experimental results are discussed.

4



CHAPTER 2

CURRENT SOURCE APPLICATIONS

2.1 Introduction

Various applications of a current source are discussed briefly.
These applications are used to formulate the required steady state and
transient chg:fcteristics of current sources used in industry. While
a current source can be bﬁilt around any power amplifier by implementing
1 current rcedbékk'loop,‘it is understood in this report'that such an
amplifier consists of a six-pulse thyristor bridge, Fig. (1.1). At
the present, only thyristor.based currént source can supﬁly sufficiently
high power while offering the desirable transient characteristics

The bridge from Fig. (l.i‘ has the additional advantage of operating
. .

irom an industrial 3-phase network. -

2.2 DC Motor Drives ‘ : -

For long time d.c. motor drives were the only choice for variable
_-3peed and traction applications. Although the availability of thyristor
* ?inverters has led to the development of variable frequency.supplied in-
duction motor arives, the d.c. drive still remains as the most widely
used one in variable speed applicatiqns. This means.thet‘the drive trans-
ient characteristics are of greatest concern. These characteristics are
considerably improved by implementing as an inner current feedback loop
in addition to a speed feedback loop, Fig. (2.1). The speed error then
becomes the input reference for the motor current {1]. In this way,

one controls directly the armature current and thus the motor output



torque, thereby eliminating the electrical time constant of the arzature -

circuit. The cu;rent ioop gives additional advantage of short circuit

protection. i

¢« .
2.3 Induction Motor Drives

The speed of an induction motor can be regulated by varying
the freguency of the stator'voltages.~ In industrial drives, this is
normally agzgzved by using thyristor inverters with adjustable freqdency
[2]). While there is a number of inverter schemes, the.one consisting
of a d.c. current source and an auto-sequentially commutation inverter
is very often used in industry, Fig. (2.2). This scheme offers advantages
of relatively simple inverter configuration, to be gradient operatlion
and automatic protection againsi excessive short circuit currents.. The
current source described in this dissertation is directly applicable to

such induction motor drive.

2.4 Synchronous Motor Drives

Due to their ability to provide rea;tive power and thus operate
from phase commutated inverters, synchronous motor dirves are becoming
an attractive alternative in vafiable speed, high power (1000 hp and
more) applicapioﬁs [3] . In order to obtain desirable drive performance,

the phase commutated inverter is supplied.- from a current source of the

same type as the one described in this report.

2.5 Summary
Three most common industrialvapplications of a high power

current source werc briefly described in this chapter. The current
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source described ‘in this report -is directly suitable to any of these
applications and has been indeed designed by having them all in mind.
Based on these ;pplications, the fo%lowing appear to be the qesirable
characteristics of a current sourcgf
{1} it provides su}riciently wide bandwith for Short circuit protection;
(2) it gives good trénsiéﬁt perférmance in terms of stability, over-

shoot, .etc; and i * .

(31 it has the ability to regulate precisely the current, thus achieving .

zero sleady state error.
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CHAPTER 3

CONVERTER OPERATION, PULSE GATING

AND CONVERTER CHARACTERISTIC

—_ . - L3

<.

3.1 Introduction

v

The three phase fullwave th}bistor'bridge used in the current

source is shown in Fig. (1.1). This is thé most commonly used bridge

configuration in industry [4], since it provides two quadrant operations
A

(rectification,_with both output veoltage and current pgsitive and inversion
with output current pﬁsitivg and voltage negativel).

For low power rcquirements of 1 or 2 KW, a single phase bridge
is adequate, but for higher powers a three phase bfidge is normally used.

The six thyristor bridge conliguration results in full wave rectification

and elimination of the d.c. component from the source current.

3.2 Thyristor Bridge Operation

A complete description of three phase bridge is provided by

‘Dewan [5]. For the present purpose, a brief description is given.

The bridée operates when two thyristors arc triggered at tﬁe same instant,
thus connecting the load to appropriate a.c. Iines: By controlling the
triggering, one controls the converter output d.c? voltage. The voltage
and current waveforms are illus&rated in Fig. (3;1). The thyristor
switches on when it is forward biased by thé input a.c. supply and when

a triggering pulse is applied to its gate terminal.



*3.3 Pulse Gating

The three types of gating signal for thyristor bridge are
illustrated in Fig. (3.2). They are: (a) pulse gating; (b) continuous

.

gating: and (c) high frequency carrier gatiﬁg {burst firing). The first

-~

type is not used in the present application. The repson is that it not

-~

sonly requires large aﬁp}itude of the pulse but-also due to low frequency

the size of the pulse transformer is sufficiently large. The se;ond
type (b) is not suitable because of the resﬁlting large gate power digsi—
pation and the required size‘or the pulse transformer for this appliéation.
Type (c) is prefered for the present épplication since ;t provides less
gate power digsipation and due to high frequency tburst) the size of the
pulse transformer is considerably reduced. These pulses normaliy have a
frequency of the o;der of 30 KHz. The minimum pulse width is Sﬁsec.
In our case it is about 10usec. The burst lasts for 5.5-msec, thus con-
sisting of 275 pulses. '
fhc thyristor bridge has two modes of operation continuous énd
discontinuous conduction. In continuous conduction the load current is
never zero. In the discontinuous conduction, there are periods duriné
which the load current is zero. For any given sct of lead cifcuit para-
‘ meters (R, L and Vc), it may be broadly said that when o is large, the
load current is discontinuous, being made of a series of pulses, each

: : ’
lasting less than 600. The range of a over which this mode of operation

takes place depends on the values of the load parameters.

.

]

A et ——-
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3.

4

Convorter Characteristic

3.4.1 . Transfer Characteristic

The transfer characteristic of a converter under

- continuous load current and assuming zero interval -impe-

dance is given by

By = 1-35 V .

E. =z gla) = EdoCosa
where

a = phase delay angle '

E, = average no-load output voltage-for a

delay angle

E, = average output voltage for o = o°.

-l
n

L ‘= rms line to line voltage

-

When the bridge is used as a power amplifier in a control
system, ; linear transfer characteristic bethen a control
voltage VC and the output voltage Ed is desirable. This
can be achieved. by a bias shift technique [6] assuming
eguation 3.2 holdsa a firing pulse is prbduced at the
interscction betwéen a prqperly phased a::/pcaled cosine

wave and the reference voltage VC. The relationship

between [iring angle o, and control voltage Vc' i,é.,

A

(3.1)

(3.2)



—————— S — R

: PooR CoPY |

>

»

-9 -

the transfer function is

: ‘o 27V
. . a:f(Vc) =‘c0‘v—

m

. substituting in (2.2), wec obtain

This technique not only gives a linear transfer

function to the converter, but also compensates for

fluctuations in the main voltage. If the a.c.

+  mains voltage drops, Fig. (3.3), the delay angle is

advanced in rectifier operation, thus maintaining the

output voltage constant. The converter gain is there-

fore, independent of mains fluctuation, so long as the

r

rectifier limits (af 00-900) are not reached. The

> .o maximum output voltage, however, decreases.

Discontinuous Conduction:

The discussion, so far, has assumed that converter locad is

. capable of maintaining continuaus conductien throughout the whole raﬁge

of delay angles. However, current flowing in -the converter cannot

_reverse, and the cutput voltage contains a high amount of ripplé, current,

in most practical loads, may become discontinuous at some operating

peints.

Disadvantages:

Under discontinuous current conqition, the output voltage,

for a given angle, is larger than in continuous conduction [6] .

Since

"

(3.4)
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the relationship between coentrol Goltage and firing angle éeméiné.un—
changed, the converter transfer ;haractéristic ceages to be_lineari
This is illustrated in Fig. (3.4} for a passive load.

For exampie, in the case of a d.cl maéhine, which generates
an emf, discontinuous conduction can occur for any delay angle, the

amount of discontinuity depends mainly upon the load imposed on the

machine. If the armature current is zero {ideal no-load operation),

the motor emf rests on the peak of the converter output. Thus,

- - - ] .ane
Ed‘_Ea_ 2V =T E, 0ca <30 (3.5)
£ = 2'vL cos(a-30°)  30°< a < 180°
1 Vc o
- = o
=3 Edo Cos!Cos v 307} . .
v .

whore the symbols used ‘have been defined previously. This no load curve
is drawn in Fig. (3.5): it is the locus of the operating points at wﬁich
discontinuous currént just starts to flow. These curves also ﬁoint out
tne sharp decrease in converter gain as the operating point moves intc’ -
discontinuous conduction.

The regulatién curves of the é.c. machine supplied by the con-
verter are shown in Fig. (3.6). Regﬁlation is very poor in the—discon-
tinuous region.

| The dynamic performance of the converter system is al;o affected
by discontinuous current, since the gain of the amplifier is reduced

during a discontinuous conduction.
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CHAPTER 4

DESIGN AND IMPLEMENTATION

,

OF REGULATED CURRENT SOURCE

4.1 Introduction

This chapter destribes the régulated current source, the general

.

guide lines for design of vontroller and the,advantages of employing a
4 -
digital scheme. It also presents the digital controller together with

- -~

the description of each functional block.

4.7 Regulated Current Sohrce-

‘ fhe regulated curr;nt'source,~cohsisting Bf thyristor bridge,
feedback loop, a current éontrollér and. a firing'cihcuit is shown in
Fig. (1.2). The thyristor bridge is described in Chapter 3. TFhe feed;
back'loop which comprises of current sensing element éhd an amplificr,_
is explained in later sectioﬁs. The current controller desigﬁ?q is'of
integral type which means that éhe bufput of_the controlier varies in

'éc;ordancc with both magnitude and duration ;f the input.

The current source involves the following

a) Measurement of the average input current (Iav)'

b) Comparisod of the Iav with the reference value Ia‘ thus deflining

the .currentverror:

as " ]év = IE (Error)
¢)’ Application of the errecr signal to a phase shiftf circuit which reduces
the error. The phése shift circuit cohsists of a current controller

and firing circuit.

e e m——— e e et o et s
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4.3 Guidelines for Controller Design

In ordeN to achieve the above mentioned functions, the controller

has to be designed to provide:

-

: . .a) fast response of the output current’
b) =zero steady state current error
c) stability'in the converter output

A cobtroller which satislies these requirements can be

realized by analog or digital scheme. The analog iechqique is, however,
. |

more conventional and is well documented in past technical literature [1].

Therefore, it’was decided to adopt the digital scheme in order to acquire
first hand &néwledge in the design. )
The édvantages of using a digital scheme are:
Ia) iﬁmunity against drift
b).‘accﬁnacy of controi
¢} no tuning required
d) high reliability .
The-disadvantage is that a large numheﬁ of gomponents (i.e.,
I.Q.-chipu) is needed to reallze the controller.

- Tt may be pointed out that the design of most of the Functlonal

biocks; which form the céntboller, is quite standard and straight forward,
except for the error processor which requires nuﬁerical manipulation_

to realive a ‘desired function; During the design, .the following criterion
was always kept.in mind: - -

a) The loglc c1rcu1Lﬁy should be slmple

b) The c1rcu1t should provide greatest rellablllty

—_—
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c¢) The controller should be realized by using .

low cost standard I.C. chips.

4.4 Overview of System Concept

The block diagram of the digitally regulafed current 3ource
and feégback lopp is shown in Fig. (4.1). The proposecd system ‘can be
used either as a regulated voltag; source in:San loop ﬁode of as a regu-
lated current source in the close loop mode. fhe system does not require
any circuit-modification for selecting either one of the t;; modes,
A éimple switch is provided for mede seleétion“which adtomatically connects
the different functional blocks to achieve-this feature. Due to this'

additional advantage, it is well suited for the Power Electronics Laboratory.

4.4.1 Open Loop Operation

In'cpen loop operation, - the convérter behaves as a
regulated voltége source, Fig (4. L. An 8 b1t binary word
" (0-255 in declmal corresponding to’ a delay angle of 0-116° )
is fed through manual swltches to the memory. At thg same
time a zero crossover pulse. is fed to an-8 bit counter and a
- gequepcén. The two outputs, one ﬂfom"the mémory and ‘the

othereofrom the counter, are fed to a magﬁitude cbmparat;ﬂ,
'ﬁhichlgives it an output when the magnitude of the two inputs
'is equal. Comparato;'qutput is fed to the.sequencer which
performs'the steering process, i.e., it guides the firipg
pulse to the right thyristor. The sequencer éives a pulse

of 5.4 msec; the phase shift in this pulse depends on the

N .
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delay angle. The sequencer also contains gating circuits
which under.a control signal (on/off switch), stop or allow

the flrlng pulses (burst) to pass on to thyristor gates.

f

:The out501ng pulses, from the sequencer, are fed thrOugh

r

a pbtocoupler to the pulse amplifier.
The need for pulse amplificatiou_arises from the fact
that since these are TTL (5V logic) pulses, they dd not have
sufficient power to drive the thyristor gate.
After pulse amplificétion, the pulses are fed through
a pulse transformer, whose secondary winding is connected to
the gate and cathode of the thyristor. The purpose of this
pulse transformer is to provide electrical isnlation between '
the power circuit and the controller.
The control range of the delay angle is 0- 116 , corresponding

to the memory content of 0-255 binary. The delay angle reso-

lution is O.AO

Close Loop Operation

. The a.c. line current is sensed by using three current
transducers , éig. (4.1). The output is rectified to optain
a.pulsating (360 Hz) d.ét voltage. This d.c. voltage is fed
to an analog to digital conVeEder (ADC1) to obtain an 8 bit
binary word which is passed on to an error proccssor.

The reference signal is obtained From a potentlometer

fed from +5V and - 5V corresponding to a delay angle of

‘o ] ‘
0-116 . The output is converted in ADC2 into an 8 bit bipary



word and is féd to the error processor.
In this_bloék the difference in magnitude (err&r)
llbetween current feedback signal and thé reference signal is
computed by using arithmetic logic'units (ALU's). The error
is conditioned to obtain the absolute value; The absolute
vélue is then added to or substracteanz;bm the memory content
depending whether the error is negatiye or positive. In
ﬂhis'way, after every 2.7 msec, a new word is spPred in Epe
R mémory. This word is then fed to the cémparator; The other
' L
input teo the comparator comes from tpe counter which initiates
counting upon tbe arrival of the_fiﬁst zéro crossover pulsé.{ to.
When the count becomes equal to the mémory word, thé comparator
glves an 6Jtput which friggers éﬁe_sequencer which'releg;es
the firing pulse. The meéOry is upda?ed ét every Z.T'mégc.
The sampling tiﬁe of the erron7152110usec. ‘The firing

pulse is amplified and applied to the thyristor.

4.5 Description and Realization of Each Functional Block

4.5.1 Zero Crossing Detector

a

The function of this circuit is to detect the zero.
crossover voltage of the three phéSe input supply to the
thyristor bridge. -The circuit is realized by employing
6=-optocoupler déﬁices: and three resistors. They are
connected in delta configuration and protected by fuses

as shown in Fig. (4.2}, «

[ '
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" The salient features of this block are:
a) no tuning is required
b.) the design is simple ‘
c) thelrealization is inexpensive
d) the circuit has high reliability.
In order to understand the circuit operation, consider
a single phase supply comnected to the optocouplers, as shown
in Flgqyth .2a). Fig. (4.2b) shows an optocoupler device.. The
-devide works in the following fashion |
When an a.c. voltage ;s applied Lo the input diode of the opto-
coupler, the diodg conducts and, through the optical coupling,
tripgers the associated Eransistor, which goes imuediately
into‘saturaéion.
Thereféré, the collector (point c), goes from the
supply to the grqund potential. Thus, the optocoupler

acts as a switch giving a high or low voltége depending

whcthcr the duode is in the fonducting or non- conductlng

statc. The input and output voltage wave Forms are shwon

-

in Fig. (4.3). The other optocouplers connected in delta con-

fMguration conduct-during the other half cycle, Fig. (4.3).

The two outputs are inverted and fed lo an NOR gate

_with Schmitt trigger pb obtain a TTL compatible signal.

As shown in the wavé form, the mid poiﬁt of the pulse,
cqming_fbom the NCOR gate corresponds to the voltage zerc
crossover.. The duration of this pqlse’is 1 msec. Since
thé actual zera crossover occurs at the midpoint of

this pulse, i.e, after 500y sec from the leading edge.
. 4
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Iﬂ order to detect this point, a single shot multivibrator
is used which is triggered by the leading edge of 1 msec
pulse Fig. (4.3). The‘pulse width of the single sﬁob is ad-
Jjusted to 500 psec. Thus, the trailing edge of the outpdt
pulse corresponds to the actual zero crossovér point, %ig.

(4.3).

4.5.2 Current Transducer

For operation of a current loop, é current transducer that
senses the d.q. value of the output current  is reqﬁired. This trans-
ducer has also to provide the isolation of the contrel from the péwer
circuit. A Hall effect current probe, an optically isolated sheet or
a current transformer can be used as a current transducer. An in-
expensive current transducer was selected for this design, Fig. (4.4).

-

Anticipating the possib%lity of unSymmetrical input voltages,
the current is measured in.;ach of three phasess The voltage signal;,
obtained across the burden resisﬁors of each current transformer are
rectified by & three phase, full wave dicde bridge. Since the current
transformer along with the burden resistqr acts as a current source
which reduces the dead zone encountered due to the voltage drop across
the dicde. The bridge output vo}tage is then proportional to the d.c.
output current of thc.main thyristor converter.

Note that the current measurement on the a.c. side provides
4

autematic isolation of the control circuit.
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The gain of this feedback lcop is e!-E-alnd is found experimentally

1a
to be 1.15, Fig. (530} —

4.5.3 Current Signal Amplifier.

After re9tificati0n, the output of the current transformer
iz fed to the d.c.‘amplifier. The design of this amplifiér‘is we;l
documented [7] . The gain of the amplifier is adjusted to have the
maximum rance of the ADC converter fof a maximum input signal of
5V to +5V, (i.e., 255), Fig. (4.5). The output is fed to an RC
circuit to filter the ripple ;d the current feedback si;hal. Since
the filter introduces the phase lag it is.undesirable:_ But frsm
stability point of view, it is ﬁecgsséry. "The effect of thé filter
is shown in Chapter 5. A 100K ohm resistor is used to iimit the

current into the analbg to digital converter. The zener diodes clamp

the ADC input voltage to a safe value, Fig. (4.5).

4.,5.4 Reference Signal

The reference signal is obtained by using a potentiomeéc& -
connected to +5V and'-SV. The output is fed to_a.sténdard buffer
stage as shwon in Fig. (4.6). Zener diodes are used to limit the
input voltage %9110V. The 100K ohm resistor serves to limit %he

current to the analog to digital converter.

4.5.5 Interface Unit -

Since tﬁe proposed scheme is digital-and accepts only an .
8 bit binary word, there is a need for an interface which converts

the analog'(current and reference signals) into a digital (8 bit word)

signal.
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Thus, the inﬁerface unit consists of two analog to digital
(A/D) converters (5357), for current feedback and current reference
signals.
The A/D converter, Fig. (4.7) employs a successive approxi-‘
| mation technique to give an 8 bit complementing binary work corres-
ponding to the input voltage, (Appendix(I) ).
The sampling rate of ADC is 110w secs where 80y sec is the
ADC conversion time and 475 KHz is the clock frequency. The ADC
Irequires avclock frequency of 475.KH2 for its operation. The pre-
cision of ADC is + 1 LSB (least significant bit), corresponding to
39mV of the full scale input. The starting pulse is fed from a 9.2

kHz clock through a single shot multivibrator which reduces the pulse

width so that it becomes acceptable to ADC, Fig. (4.7).

4.5.6 Error Processor

-~

’fThe error processor is.the vital part of the feédback loop,

pcrforminé two basic operations:

. -a) error computation (by substracting the cufrent feedback signal
from the input reference)
" b) ’error correction (by adding or substracting the error to the
memory ) '
The operation of this block can be better understood by
.consiqering‘Pig. }418). Let A and B be two 8 bit binary words fed
' ~

to ALU 1, which give.théﬂéiffcrence of the two words along with a

sign bit corresponding to A > B. .
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The output from ALUL is condipioned to obtain an absolute
error. This error bécomes the input to ALU2, which adds it to or
substracts it from the word in fhe.memofy which represents the last
calculated fi?ing angle. In‘this way, the value of the firing angle,
residing inthe zemory is updated at each fi;iné pulse. The ALU circuit
performs 16 binary arithmetic operations on two 4 bit words. These
are selected by four function select-lines (S,, §;, S, S3),-Fig {(4.9),
and include addition, substraction and straight transfer. For oper-
ation an two 8 bit words, two such units are used as shown in Fig.
(4.9).

The question arises as to why an absclute error is neﬁessary.

Suppose that the reference word is greater than the current word.
This difference has to be substracted fromthe memory word so that the
firing anglec may be reduced. However, in a case where the reference
is'le;s than the current, the difference has to be added to increase’
éhe firing angle.

Since the ALU can handle only 8 bit wo;d and if two 8 bit
words are added, the resultant will have a carry which canno; be
handled by 8 bit ALU's. Therefore, in order to prevent such condition,
a command signal is given which loads the memory with the number 255
thus preventing it from malfunctioning.

The error conditioning circuit is realized by 8 OR gates and
5 inverters, Fig. (4.10). When A > B, the outputé of the OR gates

are passcd on without inversion while for the other case it is inverted.
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When the command word (A<B) is applied to funpction select
lines (3p, Sy, S;, S3) of ALU 2A and 2B it switches from adder to

substracter, (Appendix (II)).

4.5.7 Multiplexer
The multiplexer perférms two important functions:
a) Selection (i.e., it selects the open loop or

cloée loop operation)

. b) Loading the memory with the maximum firing angle

e
in overload condition,

" By using the multiplexer [8] open loop or close loop operation
can casily be selected by a switch (S1A and S1B) as shown in Fig.
(4.9). However, in close loop operation, all the 8 manual switches
are open, thus feeding the multiplexer with 265, When thg load current
demand exceed the maximum reference value (i.e., 255} from ALULB and

ALUZB is applied to the multiplexer select pin whigh immediately‘

sclects the open loop condition of 255, thus loading the memory with
the maximum firing angle.  When the condition stabilizes, the multi-
plexer again syitches back te normal close ldop opetation as explained

earlier.

,

The multiplexer output is passed through "zero limiting"

-
.

circuit before feeding it to the memory. The purpose of this circuit

.

is to prevent’ zero memory locad. The reason being that zero input

blocks the memory and the controller fails to perform the normal

operation.
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4.5.8 QGomparator and Counter

The basic functiontof the digitai comparator [9] is to compare
the magnitudes of the two input words and to give an output when
they are equal, Fig. (4.11).

The two 8 bit binary words, one from the memory and the other
from the counter, are fed to the comparator. A synchronous counter,
which starts counting from 0-255 (in binary) on receiving the first
zoro crossover pulsé, is used. When the input from the count becomes
cqual Lo the othér input from the memecry, the comparator gives an
output which resets the counter, fires one thyristor through the
sequencer and loads the new value‘of ;he delay angle intc the memory.

4 Comparators (7485) along with‘four J-K flip flops are used
to achieve this function. Fig. (4.11) shows the complete circuit
diagram. Each counter can handle 4 bits. For an 8 bit wogd, two
parallel counters are needed. Another two counters have to+be used
if the delay angle exceeds 60°. The reason is as follows:
The counting s}arts at each zero crossover which occurs every 60°.
When the delay angle is less than 600, the counter pair is cleéred
belore the next crossover occurs., However, when the delay anéle is

/

more than 600, the next crossover Atarts a new counter pair, while
the first pair has to keep going. Thus, when the delay angle is
more than 600, the condition of all the four counters is very import-
ant in distinguishing which thyristor iS to be fired next. (Ibe

sequencer is always looking at the counter condjtions in selecting

the right thyristor for firing).
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4.5.9 Scquencer .
This circuit basically performs a steering process, i.e.,
it guides the firing pulse to the correct thyristor.

The steering process is realized by using one counter (74193)

_which counts from 0-5 in binary numbers, a BCD to decimal converter.”

{7442) and two single shot multivibrators. The circuit diagram is’

shown in Fig. 14.12). When -the counter (74193) received the pulse 5,

:Fig. (4.12) from the compafétor circuit, it triggers and releases a

pulse which is fed to BCD to decimal counter (7442) to obtain the

firing pulse. Thé dufation of this pulse is 11.1 msec (corresponds

.

to 1160). When the delay angle is changed, this pulse is shifted

carresponding to the delay angle but the duration of the pulse remaihs .
constant. ! a ’ N

Single shot multivibrators ére used, Fig. (4.12) for loading

and synchronizing the counter (74193): The output of the sequencer

is pated with on/off switch and‘then with a clock of 47.5 KHz. The

clock frequency of 47.5 KHz is the carrier frequency {for burst} of

-the firing pulse. The circuif employg standard TTL logic gates [9] a=

l

shown in big. (4.14). The firing sequence is shown in Fig. (4.13).

4.5.10 Opto Coupler

Six opto couplers are used to isolate the pulse amplifier
from thé controller, Fig. (4.1). The reason is that the supply voltage
required for pulse amplier is 15 volts where as the controller is

supplied by 5V and 12 volts supplies with common ground. Application
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of opto couplers also reduces the noise propagation problem.

4.5.11 Master Clock
For any digital system to operate in synchronizm, various

clock frequencies are required. Therefore, a fundamental frequency

.generator ang a frequency dividiné network is called for to meet

.

this requirement.

A crystal oscillator of 4.75 MHz is employed tp generate the

fundamental frequency. A frequenby’dividing network pérforms a

divisionjzi 2 and 5 to obtain the various @lock frequencies for the

digital circuit. Fig. (4.15), (4.16) show the circuit diagram .

4.5.12 Pulse Amplifier (Gate Amplifier)’
| The need for'power amplification arises from the fact that
since the output of the firing circuit is TTL (5V logic) pulses,

they do not have sufficient power to drive the thyristor gate. There-

‘ fore, -pulse amplification is very important.

The circuit shown in Fig. (4.17) uses a direct amplification

to achieve gate drive [10]. The problem with transistor circuitry

for high drive is the change in collector and the gate current required

and the transfer problém of supplying sufficient -volt second capability
in a core to carry this signal.

This p}oblem is sclved in th%é circui£ by driving the‘trans—
former as a current transformer and changing collector aﬁd'ééié drive.

by various primary collector impedances. In this fashion, the trans-

istor base drive is kept constant and the R-C circuit generates the
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sharp leading edge. Then, when the capacitor is fully charged, the
120 ohm resistor takes over to-supply the needed sustaining current.

The output of the pulse amplifier is applied to the thyristor gate.

Conclusion
The experimeﬁtal evaluation of the current source prototype
described in this section and actually built in the lab showed good
/

’results. These results are presented and discussed' in the next

chapter.
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CHAPTER 5

REGULATED CURRENT SOQURCE

PERFORMANCE AND EXPERIMENTAL RESULTS

5.1 Introduction
' The pgrformance of the regulated current source, calculated
experimentally,.is documented in- this chapter. The experiments‘were
performed for'open loop steady state and close loop transient respénse
of the current source wiﬁh paséive 1oéd.(R and R-L). The
effect of 2load on the dynamic behaviour of the current source is
also presented.
The fesults obtdined from these experiments showed that the

steady state and dynamic behaviour were‘satisfactory.

Iy

5.2 Steady State Respoﬁse'

5.2.1 Transfer Characteristics

In the open 1005 cperation, the converter transfer
functicn between d.c. output voltage and the delay angle are
pletted in Eig: (5.1). The curve follows a cosine law as men-
tioned in Chapter 2. It may be séen from Fig.” {5.1) that for
largg values of the output voltage-for inductive load is re-
duced. The maximum range of delay angle is 0°-116° (or 0—255

in binary) which gives output voltage range of 274V. to 5V d.c.

for 208 volts a.c. input veoltasze.
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5.2.2 hegulation Characteristics

The output vbltage ﬁlotted as a function of output
current Id for twobvalﬁes of o (00 and.60°) is given in Fig.
(5.2). 'For continuous conduction and with zero output impedance
of the a.c. voltage sourcc,‘the slope of tﬁese curves gives the

thevenin equivalent resistor of the thyristor bridge. Both

= 0.83

experiments showed that the equivalent resistance is Rth

a

5.3, Dynamic Response

5.3.1 Square Wave Respon;e
. The experimental setup used to evaluate the source
closed 1bop performance inlshown in Fig. (5.3). A square wave
rcurrent input reference (6 Hz) was used. The current signal was
measured at'point x, Fig. (5.3). The reason for this was éhat
voltage levels are conveniently small while the wavefcfﬁs are
the exact duplicate of the output_current. A passive RL load
.{250 ohm and 200 mH), with the pim& constant of 0.8 msec was used.
The purpose of this test was to evaluate the speed-by which
" the controller will respond to a sﬁdden"change in the load current
demand. In order to respond to tﬁis demand the controller has
to change the delay angle in minimum period of time. For this

particular amplitude of the input reference square wave, the

« delay angle was changed f{rom 35.3o to 71.50 which represents a
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large variation in the load current. The output voltage changes
Crom 223.62V to 86.94V in order to maintain the load current
constant. The time taken in this transition is B msec, Fig.

(5.4). The sampling period is 2.7 msec, therefore, in three

-

sampling periods, this transition is completed. ¢
1t may be mentioned that even for such a large variation

in the load current, the controller response wWas relatively flast.

In Fig. (5.47, the time constant of the filter in tﬁé feedback

loop was set to zero. This means that there is no phase lag iniro-

- duced by the feedback loop. The rise time-is B msec and the out-

put faithfully follows the square wave input, Fig. (5.4).
€ When the time constant of the filter feedback loop is in-
creased to 6.2 msec, the output, Fig. (5.5) showed an overshoot

and an increase in the rise time. Since’ the filter time constant

.

kil
introduces a phase lag which means that the rise time will -obviously

be slow and the overshoet signifies that the system is under-

damped. When the maximum filter time constant was set, the response

was not only poor but the system started to oscillate, Fig. (5.6).

5.3.2 'Frequency Response

' A sinosoidal signal éf 10 Hz, 50 Hz, and 100 Hz respectively,
was applied to the syStem as reference éigpals. The ;esponse
given in Fig. (5-.7) and (5.8). With an increase in the frequency

of the reference signal, the phase difference between the input

and oufput increases, Fig. (5.7) and (5.8).
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For 100 Hz signal, it was difficult to obtain clear wave-
”
form, because the sampling rate was 2.7 msec while the input signal
time period was 10 msec, giving 4 samples per period. The result-

ing wave form is shown in Fig. (5.9) which is not very clear.
5¢3.3 Summary

The results obtained from these experlments showed tha{
o

filter time constant in the feed back loop has mafked effect

. .

the system performance. The band width of the system was found

to be 100 Hz with a purely resistive load.
With RL load the band width is decreased. The band width

also depends upon the load paraméter.

¥

»
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CHAPTER 6

CONCLUSION AND_ RECOMMENDATICN

4£.1- Conclusion
The regulated cﬁrrent source described in this report is
suitable for d.c. motor dirve, current source inverter induction motor
drive or a variable speed synchronous motor drive. All desirable
characteristics of‘é current source such as short circuit protection,
good transicnt performance iq terms of stability and ability to‘aceur-
ately. rqgu;atc the current have been incorporated in this protdtype.
An additional advantage of this design ié that the source can élso
be used as a regulated voltage source (open loop operétion) withﬁht‘
any additioconal h@rdward modification. - ‘
The salient features of this design are: .

digital firing and digital current control which gives

+

immunity against drift, accuracy of control and compati-
bility with possible microprocessor drive control.
- an economical and reliable zero <rossing circgit, designed
. by employing the oﬁtocoupler deviees. | :
- thé burst firing technique which gives low gate bower
‘dissipation and dgcreased size of the bu;se-tranéformér.
. - an integral controller with a fast response and zero
steady state error.
It has already been explained that the dynamic perfo}mance of the
3 .

current source greatly depends on the load time constants. Since

this source is intended for a multitude of differend loads, its dynamic
L] 7 ’ h | N
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perfornance was evaluated experimentally for a simple R-L passive

circuit. The results were satisfactory.

6.2 Recommendation

In the future, the source can be further improved b} imple-

menting the arc cosine function for linearizing the controller transfer

function and PI (proportional-integral) controller.
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