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In the present work, an integrated and fully auto-
matic speed control scheme, has been conceived and imple-
mented, based on the concepts of both frequency and
phase locking. Perhaps for the first time, an attempt -
has been made to develop, a fully automated Synchronizer
for power station applications utilizihg the techniques
of both frequency and phase lccking. In the area of
implementation new types of hib precision frequency
difference and phase difference detectors have been deve-
loped and fully tested., The incorporation of dual locked
loops in the control scheme is primarily dictated, from
considerations of improving significantly the system
stability., Endowed with orders of accuprcy within ,002
percent and considerably improved levels of repeatability
and sfaoility, the developed control scheme promises
to be extremely versatile with applications ranging from
high precision regulation of large capacity motors to
automated Synchronizing of multi motqr systems in addition
to thatof fully automated alternator Synchronizers, A
unit feature of the dissertation is the development
of an experimental version of the PLDS for research

investigations and educational purpcses.



The impetus for the present work has come from the
realization that the real potential of the Phase Locked
Loop and its associated techniques still remain to be
exploited in the fascinating and versatile area cf
precision electrical machine control systeh. And this
becomeg evird:nt,even from a cursory survey of the
litercture pertaining to this area. For how else is ‘it
explainable that as yet, the phase lLocked Loop énd its
associated techniques has not been applied to the

problem of fully sutomated Synchronizing of power
station alternators. The other major shortcomings which

becomes strikingly evident from a survey of the Existing
literatureof Phase~lLocked Loop Drive Systems (P.L.D.S.)

are -

l, This technique has still to make in roads into

tbe commercially important area of 'precision Industrial
Electric Drives' involying the use of large DC and AC

motors.

2. The problem of instability of PLDS's parti-
cularly in the lower speed range has still to be over come
even in the case of sub-fracticnal horsepower servo

systems.,

LB R



It was primarily to fill up these important Larcunas
in the application of Locked Loop Control Techniques in
general and of the Phase lLocked Loop in particularx the

present work was initiated.

wWith these ends in view the first chapter of the
present work deals essentially with the evolution pattern
which has taken place or is exp ecfed to take place in
the allied areas of locked Loop Drive System and fully,
automated Synchronizers, It alsc presents, the salient
details of the significant literstureavailable in this
area off development, Chapter 2 deals with the funda-
mentals and detailed description of the develcped
schemes and Systwms, In particular a detailed des-
cription is given of the integrated and fully automated
Synchronizers fur power stations based
on the application cf the Locked Loop Technigques.,
Details circuit action are alsa spelt out in respect
of the phase difference and frequency difference detec—
tcrs, developed specifically for this scheme .« In tHe
third chapter the Emphasis is on design considerations
and performance features based on actual experimental

invastigations and test results,



The concluding chapter summarizes the important
conclusions of the prescpht work discusses critically the
scope and potential for further work and spells out the
specific areas in which such precision drives can find
applications. In particular , it predicts radically new
areas of application oi such systems which are rejevent
for the "region" development programmes of the developing

countries.

o)



o

CHAPTER~TI

EVOLUTION AND SURVEY OF RECENT DEVELOPMENTS (LOCKED LOOP
DRIVE SYSTEMS AND AUTOMATED SYNCHRONIZERS)

-

l.1 Pexspective And The Evolution Pattern

The evoluthen snd development pattern of sclid
state "locked Loop Contrd Systems" and in particular
of the "Phase Locked-loop Drive Systems" (P.L.D.S.) has
followed the familiar trend of technological advancements
that have taken place in recent years,in the area of
precision and automated Electrical machipne controls in
general and of Drive Systems in particular. The
initiating impetus for the advencement originates essw
entally either from major break-—throughs achieved in
material and component hardware developments or from
heavy reducticns in the per unit cost of components
developsd primarily for applications in conventional
areas, This is closely followed by application
and adaptation of already existing techniques in the
allied areas of signal processing and lodgc implemen-
tation. This in turn leads to new developments in the
above techniques with the prépexy aim, of eleminating
those new peformance shortcomings that are invariably
associated with the advanced systems undergoing deve-

lopment., With performance optimized by an order of



nagnitude now-where appruachable by the existing con-
ventional systems the emphasis is next placed on ach-
ieving a high level of "in built " system reliability.
Side by side new testing procedures are evolved and
standardized for effecting critical performance evolution
of developed systems, The next major step in the evo-
lJution pattern stems from the new levels of performance
and geometry that are attained with the advanced systems.
These leveis of performance and geometry ultimately lead
to the opening up of radically new areas of applications
not inthe least possible by the conventional systems.
This inturn, brings forth developments oriented towards

specific applications in specialized areas.

On the basis of the technical survey carried out
in the broader area of precision and automated electrical
machine control g¥stems and of Locked Loop control
systems in particular, the following salient points
emexge in respect of the evolution pattern of automated
Locked Loop control systems. This study includes in
addition to the conventicnal research literature scrutiny
acritical survey of both the manufaeturexs and the |
users literature in respect of hafdware advancements
testing techniques and technical specifications of

specified application areas really inneed of automated



and high precisi n facilities:~

(1) The initiating impetus for the development
of Locked Loop electrical wmachine control systems came
from the availability of in expensive phase Locked Loop

in monolithic IC form for the first time in 1971,

{(2) The reported developments are confined to
the area of "Phase Locked-lLoop Drive Systems M using

monolithic PLL IC's,

(3) The P.L.D.'8's developed fill yet are
essentially servo systems with the associated motors

being by and large DU sub~fractional har sepower motors,

(4) The development pro achieve till yet

is still confined tc the second stage-nnmely, the deve-
lopment of PLDS's with only the already existing techniques

of signal processing and logic implementation.

(5) The Locked Loop Control Systems have as

yet, not made in roads into the field of Automated Syn-
chronizers for power stations which goes without saying
ie an area that is not only of the greatest practically
importance but is alsoc at the same time an application
in which the need for total reliable automation is a

very genuine one,

1u



(6) The existing state of the art of automated

Synchronizers is still at the experimentl stage and that

too " de confined to the application of conventional tech-
niques like those of Electomagnetic slip frequency measr-
ment and frequency come face difference comperators using

conventional analog methods.

(7) The development trend of Automated Synch-
ronizers reported till yet is towards all "Solid State

Equipment".,

l,2 Survey—Recent Developments

The first recorded reference in whih mention is

made regarding the possibility of using phase Locked Locps
for electric machine control applications is on article

by R.A. Miller (2). This paper establisted for the first
time the unique potential of PLLS's as comparators in
digital control séhemes for shaft speed and position
parameters, However the major emphasizes in this work

is towards bringing ocut the distinct superiority of
digital control schemes for rotating electrical machines,
In 1970 Volpe(3) established the view points for the
first time, that a hysteresis Synchronous motor operates
gimilar to a phase-locked loop as encountered till

then in communication applicaticns, From this view

point a model adequately describing the motcrsmstion



A

with respect to Synchronism and specifically the well
krnown hunting characteristic phenomenon is presented,
analysed and interpreted, It is also menticned that a
fair degree of experimental success was achieved 1in
stabilizing a hysteresis synchronous motor using the
PLL typpof control system. However, no details of this

are spell ocut in the above work.

As already emphasized earlier it was not till the

advent of in expensive digital PLL'S in monolithic I.C.
form that real interest was aroused in the application
of PLL's for electrical machine control. To Mooze(4d)
goes the credit of having taken a pioneering step of
suggestng a practical PLL control Scheme for a reel to
reel tape drive using a MC4044 phase frequency detector
IC for controlling a permanent magnet DC Motor. His
other significant contributions in Wwhkis work were as

-

follows: -

(1) His estimated prediction to the effect that

P.L.D,S.'s through the experience of locking on to a
reference frequency can achieve speed accuracies of the
order of ,002% representing almost a hundred fold :

improvemnt over earlier wmethods of speed regulation,

(2) His prediction that Motors of any size cean

be controlled with this technique .



(3) His specific estimation that the digital
PLL approach would be more economical as compared to
conventional servo systems and particularly for high

precession drive systems,

(4) His identification of specific and specialized
PLDS application areas such as conveyor systems for ma-
terials handling, a computer peripheral drive or in gen-
eral application where motors have to be Synchronized

to each other or to an existing clocking signal,

(5) His performance compariscon and evaluation
of different types of digtal phase detectors with
particular reference to their important performance pa-

rame ters,

(6) His suggestion of a specific practical

schemwhich includes component details,

However Moores work does noct contain any
experimen+tal details of the suggested scheme. His
work was followed by Smithgalls' paper (5) in which
an attempt was made to fill up the lacuna in Moores'
works The significant aspects of these work are as

under :-



(1) It describes a practical circuit of a PLBS

implemented with an RCA CD4046 AD phase frequency detector .

capable of effecting a 40:1 speed range,

(2) It presents a non linear model developed to

describe the dynamic response of the control loop.

(3) It compares the response characteristics

of the developed model with the measured response of the
implemented system and repcrts th findings that the two

"agree quite well".

(4} The developed and tested FPLDS has a speed
range from 120 RPM to 2520 RPM and speed regulatian of
less than.l percent at the lower end of the range and

less than .02 percent ocver the majority 6fo$he range,

The next importantdevelopment in this area was

reported by Sinha ad Baily (6) and the emphasis herein
too was on the implementation side, The major points

to emerge from this work ape as under:

(1) 1t 4% reported that Mocores'{(4) suggested

circuit using an MC4004 digital phase detector could
not be made to operate with the speed encoder or in

fact with any pulse train,



(2) On the basis of the above findings a modified
scheme was tested using an analog phase detector a NE(SE)

565 PLL deep on & 1/50 4.P. DC Servo-motor.

(3) On the basis of the test results it is
reported that the regulation aecuracy is within ,075%
at a base speed of 2500 RPM. It is further predicted
that accuracies of the order of about ,002% would be

achievable particularly at higher speeds,

(4) The performance of the loop has been further
evaluated. On the basis of two performance paramzters

namely f1 and f, for kkk both modes of motor cotrol

i.e. both Armature andfield control modes,

(5) It is predicted that still higher orders
of accuracy are attappable with a digital PLL using a

more sophisticated design,

(6) It is further riucommended that improved per-—

formance can be obtained by increasing the accuracy of
the speed encoder and by eliminating the gitter in its

output wave form,

Kenley and Boses' work reported in 1976(8) is

perhaps the first and only attempt till yet in the
application of phase Locked-Loop Technigues for effec-

ting autwtic speed regulation of relatively large sized

Ny



motors other unique features of this work are in respect

of application of triacs as the contrclad rectifierxr
elements and of cuetr- 1 of three phase Induction Motors
same of the salient details reported in this work are

as follows:-

(1) Experimental resats of a § h.p., phase Locked

Loop Induction motor drive system have been reported. The
drive is based on the stator voltage control method using

triac as the controlled rectifier elements,

The next significant woxk e which appeared in
1977(20) is perhaps the First theoretical work on the
problem of PLDS instability at low speeds, The paperx
describes the operation of phase locked servo systems
Qith the aid of a linear discrete model developed speci-
fically for this purpose. Alsc discussed are the design
prcblems speed variations and the extensiun of lock range,
by Lag—-lead net-works. 1In the area of stability analysis
the condition under which the system remains stable has
been quantitatively established. (For details please
refer appendix B) on this basis an analytic exprecsion
has been derived .for the lower speed limit, Also
discussed are the design requirements and the main

problems encountered in the design. These includes the



system bandwidth, the lock range and the speed variation

of the motor,

A year later (1978} (9) Beose and Jentzen have

reported a digital speed ontrocl method of a rectifiexr
fed seperately excited dc motor incorporating phase locked
loop technique. The salient features of this significant

experimental work are as follows:-

1. A digit;l speed contrcl method based on the
phase-lLocked Loop technigque has been described which pro-
vides the advantages of freedom from drift and offset errors,
immunity of the controcl circuit from tranmsients and dis-—
torsion of supply voltage andpermits integration of the

control circuit.’

2, The essentially digital control action is effected
by comparing the reference and the feed back frequencies
in the phasz frequency Detector and generating therefrom
an analog error signal proportional to the phase difference

of the input waves at the output of the loop filter.

3. The convertor uses cosine wave crossing method,
the digital version of which is generated by programming

a set of Read-only Memories (ROM).

4. A complete speedcontrol system employing a DC

seperately excited 3/4 hp Motor has been designedand tested



-

in the lab and the system gives satisfactory performance,

The principle can be extended to three phase system

with higher horse~power drives or to other phase controlled

convertor circuits,

OF AUTOMATED SYNEHRONIZERS

The impetus for the development of agtomatic
synchronising equipment came from the development of
static Reléys. Adamson and Moslands' Work (22),
was perhaps the first work in the development of Synchronizing
equipment using sclid state devices, However his work
along with thcse of Humpage & Co. (23), Malik & Co.
(24) and Raj Kumar and Associates (25) suffer from the

f-ll-zwing shortcomings.

1. They are all at best, only automatic check
equipments for ensuring closure c% circuit breaker by
sensing the instant at whichsypchronizing is achieved
within preset limits. These equipment are essentially
used in conjuction with already existing manual or sami-
automatic Synchraonizing equipment,

-

2, Testing only under lLabecratory conditions-*

3, The coumparator elements are all conventional

and implemented by back dated components and techniques,
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CHAPTER-I1I

THE DEVELOPED SYSTEMS~-FUNDAMENTAL CONSIDERATIONS
AND DESCRIPTIONS

2.1 Introducticn

PLL's havebeen used quite successfully in FM
receivers, calour television, missile tracking loops
space telemetry and AM demodel ution. Gardner has
described much of the history and potential applicaticns
of PLL's, Scme of these application date back to 1930's
when the systems were designed with descrete componants.
These were thereforelimited to such cases where better
performance would justify cost cf Sophisticated Electronie
circuitary for the PLL., The situatan has changed
considerab’y since then and currently PLL's are available
in the form of a single IC chip at a very low cost,
This has led Engineers to find areas cf applicaticns of

PLL's cther than in communicaticns.

2.2 Theory cf P.L.L.

Consier the schematic diagram shown in Fig.(3)
The phase detector measures the phas e difference between
an input voltage vi(t) and an output voltage v_(t) to give

an output.

8]

\/d(‘c) = kd (Qi - 8) (1)
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Where Do(t) is the instantaneous phase of V. (t)

and 8,(t) is the instantenous phase of Vg(t).

This Error volhge is passed through a low pass
filter to reduce Noise and Extranecus high frequency.
components, The filtered voltage Vf(t) drives a voltage
controclled cscillator (VCO) and alters its frequency
in such a direction as will minimize the phase error.

Thechange in the frequency of the VCO output may be related

to the input Vf(t) through the linear equation &W_(t) =KvVg(t)
..(2)

Since f ishe derivative of phase equation (2) may be

. . rt
integrated to obtain 8,(t) = 8,(0) + ; K, Ve(t) dt.

4 0

The Loop is said to be locked when the error
voltage remains steady and the frequency of Vc(t) is
exactly equal to that of Vi(t). The block diagram of
the basic loop is shown in Fig.(4). It may be pointed
cut that the PLL is basically a non-linhear feed back
contrcl system., But by assuming that thephase detector
is linear and that the loop is locked, the response of
the loop can be analyzed using laplace transforms and
linear system tﬁeory. These assumpiions are both
justified and qualified by gardner(l). The blcck diagram
of motor speed control is shown in Fig.(2) where for the
sake of simplicity the motor isassumed toc have a first

order transfer fumction, It may be noted that the VCO
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has been replaced by ashaft encoder the output of which

is the integral of the speed and therefore analcgous to
the phase. The reference input may be a periodic wave

form with frequency proportional to the desired speed,

The T.F, of thelcop is given by

wols)  sKF(s)
‘Qi(s) T T s(1l4sT, ) + KKF(s)

Where K: Kd KA KM = gain of forward path.

It is evident the performance of the Loop will

depend considerably on the transfer function of the filter
F{(s),, 0One may therefore use varicus methods of control
system design like root locus, ‘Bode plots, Nichaols chart
or other linear caontraol system techniques to ensure that

tié loop will be stable as well as sensitive.

2.2 The Locked Loop Alternator Synchronizing System:

Thesystem conceived and developed in the present
work has the following salient features in respect of its

control action:-

1. Two independent and distinct comparators are

incorporated in the developed scheme-~ namely the Phase
difference detector and the frequency error detector for
the specific purpose of achieving fully automated high

precision add rapid synchronizing and having an order
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of stability considerably better than that achieved by

the conventional types of phasecomparators which have

been used in earlier schemes.

2. As is clear from Fig,5, these two comparators
are part of two distinct loops kbe of which could be
appropriately termed as the phase Locked Loop (PLL) and

the other as the frequency Locked Loop (FLL).

3. Thie péhsméiis being implemented in the

present work on a 5 kw alternatocr set driven bya DC

Motor but is applicable withthe same crder of precision
topower station generatcrs driven by all types of primew
movers by suitable modifé&cation in their existing e&pecd

control schemes,

4, In the present scheme as detailed in Fig,(5)
the basic controcl acticn is initiated and implemented

as follows:-

4,1 The DC Motor AlternatcT set is brought
up toc near about its synchroncus speed by the action of
the frequency Locked Locop which includes in addition
te the frequency error detectir,the firing controllerxr
and the three phase SCR bridge type conventor, The
alternator output at reduced voltage level is used

directly as the output frequency feed back signal.



4.2 With the 3 phase SCR convertor energized and
firing controller supply switched on the in built!' soft
starting arrangement of the firing contrclkrensures
controclled acceleration of the DC Motor through a limiting

action.

4,3 The alternator set is brought up to a speed
near about the synchronous speed under the exclusive

finfluence of the frequency locked control lcop.

4,4 At a preset value of speed (which is adjust-

able) near about the Synchronous speed (within + 3 to 3%)
whichiégnsed by the speed range comparator the frequeney
errcrdctector is disconnected the frequenqy locked locp
(FLL) goes out o% action and is replaced automatically
by the PLL whose comperétor is a phase difference
detdctor., The need for incorporation of tk PLL, is

justified on the fcllowing grounds,

4,3.,1 It ensures perfect freyuency control

with an order of accuracy not at all possible
by any other method or through the exclusive use of the

FLL.

4,3,2 In addifon it ensures perfect phase
synchronizing as the PLL in herently compares the
instantaneous phgges and produces a proporticnal error

signal .



4,4 The reference signal of the PLL is derived
directly from the 50 Hz supply and the feed back signal

is obtained from the alternator output,

5. The DC Motor controlled convertor has a built

in over current protecticn arrangement.

6. A unique feature of the developed scheme is

in eespect of the arrangement provided for auntomatic
closure of the circuit breaker conteacts connecting the
incoming tachine to the station bus bars. The
arrangement comprises a stacte level comparator acting in
conjunction with a timer, This axangements operates on
the prrmise that the contacts are closed only after it is
ensureg that the phas; difference is within %he set limits
and that it is free of cscillaticns, The is e achieved
by an =zutomatic check arrangement which brings about

the abcve chezk for a period of 4 to 5§ seconds and only
there "aPter produces the encergizing signal for the

contractor,

7. The envisaged scheme alsc incorporates a closed

loop static excitation system using a three phase S5CR
Bridge convertor and associated ccntrol circuits. The
raﬁ@%gnce for this " automatic voltage regulator is derived
from the staticn bus and exercised the control is exercised

by the error signal varying the SCR firing angle,

[
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2,2.1 The Fast frequency Error Detecter:

This constitutes fhe main functional block of the
frequency Locked Loop of the developed scheme. Its
block represehtation is as given in Fig.(ﬁ).. It generates

a DC output voltage whose magni£ud8is a function of the

instantaneous frequency difference, of the «inpu¥ signals,
The complete scheme could be symmetrically split into
two identical portions with each part cons;sting of a
zero-cross detector, a pair of integrators a monostable
and a difference detector, The action of this complete

circkit is on the following basis:~

l, The feed back signal whose frequency is to

be controlled is applid at the terminal marked "Signal

input in Fig.(6).

2, The instantaneous frequency difference is
measured by comparing instantaneously the half cycle
period nythe input feed back signal and the pulse
duration of the monostable ocutput signal which acts
also as the reference timeperiod and therefore as the

reference frequency signal,

3. The upper half of the circuitoperates for
the positive half cycle of the input signal and is res-
ponsible for generating the DC cutput level which is

a function of the instantanecus *ime difference of the two
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signals for one half of the input cycle. The lower
half of tk the circuit cperates during the negative half

cycle of the Input Signal.

4, The difference detectors used are essentially

differential amplifiier.

5. Each half of the input signal is converted into
a squarewave (refer B & G Fig.7), by the Zero Cross
detector which in turn is linearly integrated (refer
E and J of Fig.7) by integrator 1. At the instant of
commencement of integration by Integrater 1, the
monostable is trigge;ed by pulses (refer D and I of

Fig.7) and its output is as showr in C and H of Fig.(T).
The monostable output inturn is integrated by Integrat
2. The outputs of each of the two integratérs are fed
simultanecusly tc the difference detectocr(ref. E and J
of Fig.7)e« The output of the difference detector is a
<

DC Voltage which is proportional functicn of the

instantaneou difference of the two frequencies of(refer

F & K of Fig.7).

B. The ocutputs of the two difference detectors
g?@ultanecusly fed to the larger signal hold block.
At every instant the larger of the two inputs to the
hold circuit appeaxzs at its output terminal(refer

L of Fig.7).

3

are
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2.2.2 The Fast Phase Error Detector:

Representing the main functional block of the
PLL in the developed scheme the fast phase error detector
has been specifically develcped to generate a linear
DC output voltage Fig.3d . represents the ﬁauetfonm“diegtem-fc
diagram of the developed detector and Fig,10 the complete

circuit diagram, With reference to Fig.

The reference signal and the feedback signal'are
given to OP AMPg Z. aid Z,, respectively, which act as
zerc crcssing detectors producing square-wave outputs.
Later these are converted to sharp pulses and applied at the
gates cf the field effect transistors, The integrators I3
and Iy are quenched by these respective pulses. The
integrator i) wil) bc quenched depending upon the relative
phase positicn of the feed back signal (Fig.9) . The net
difference of the two integrated outputs are available at
the cutput as a de voltage (Fig.9). Since integrator I4 will
always be quenched by its own pulse, the output voltage is

propcrtional to the phase difference,

Salient Features:

1. The phase error detector, generates a de
output voltage directly proporticonal to the phase

difference.
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2, Since the use of a filter becomes unnecessary

the response time cof the PLL using this type of phase
detector in a PLDS will be much less than the existing

PLDS's.






CMAPTER=II1I

THE DEVELOPED SYSTEMS DESIGN CONSIDERATIONS AND
EXPERIMENTAL RESULTS

3.1 Desicn Considerations:

The major design considerations which have been
taken into account in the design of the various functional

blocks of the developed integrated scheme are as under.

3,1.2 Of The Fast Frequency Error Dectector:

The circuit diagram of this developed detector is
given in Fig.ll. The frequency error detector has been

designed to meet the following specifications:~

1. The respcmse time should be the minimum possible
from stability considerations,
2. The input frequenecy range should be of the

order of 0 to 50 Hz.

3. The output voltage should be a pure DC signal

whose magnitude must be a function of the

instantaneous frequency difference of the input

signals.

o
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The developed frequency difference detector has

been primarily evolved with a view to achieve the minimum
possifie response time so as to improve the overall stability
of the control system. With this end in view thte developed
scheme samples over a half cycle peraod of the input frequency
and is thereby an inherently more superior technique than

the conventional detectors of thke counter types in which

response times are limited from accuracy considerations,

SALIENT DESIGN FEATURES

1. The integrators designed have been provided with
"in built" Synchronized resetting facilities to

gnsurc good repeatability.

2. The monostables hawbeen designed using IC 555

timer with a view to impart to them higher
stability. Higher accuracy is ensured by the
use of tantalum {lLow Leakagc) capacitors in theixr

tirimg circuits.

3.1.3 0Ff The Fast Phase Error Detector:

The present phase error detector was primsrily
designed to eliminate the basic drawbacks of large response
times arising from the necessity of providing low pass
filters with other types of phase detectors including all

types of PLL's available in Monolithic IC form.



‘ ‘
i MoK -
: 7O F1RING S nglS

(oA TLGL ¢ I1PC T

o R
PN e

iy

{ loK -
{ — Afpe 4:;

+15

TR CFriir
,;?.. AN
‘\Mf ° | -

fOK_,g v

oy !

1

o

]
|
e é
i

STARTING AND HEED BACK
AMPLIFIER CIRCUIT .

-
FIG 17

Xg e rapmy

, . 1
by T - T C ey ,_\\ ;
4 > ) [ ' ’
- 1 §r16:- 14 - T - - h
. \ N T R R ’
X ~ {\ . o { R R S
. s T g Cr{ren
. I
g 5

T %

L B

7t 1y ras
G106 &

R1G.Y3 CIRCUT

EAY ‘;»
AT
GHiR
Colidmr

AGRAM, OVER CLHURENT PR



In all phase dctetor being used till yet the neccssis ty

for usinglow pass filtrs basjically arose from the fact that
the outpet signals wave form was of the pulse type. The
technique of phase detection develnred in the present work
was so altecred as to ensure an output signal which was
essentially a pure DC signal whose magnitude was proportional
to the instantanecus phase difference, of input signal;

Some ~ of the major design considerajonof this improved

type of phasec detectors are as follows:-

1. The phase detection was conceivegsuch that the
instanbtaneous phase difference was converted inte
tne level difference ot the integrators in contrast
to the other types uf existing cqmparatncs

based on gating techniqucs,

2, The resetting switch for the intégrators are
designcd with FETS from considerations of
improving the switching charactecristics and
simultanecusly maintaining the linearity of

integration,

3. The integrator timing capacitors are of the
tantalum (Low Leakage) types in order to improve
the linearity of integraion, This is not possible

withelectrolytic typeof capacitors,
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J.2 Experimental Results:

Frequency Erxrroxr Detector

The developed frequency detector has been fully
tested under Labcratory conditions., 7he salient

aspects of the test results are as unuer.

1. The output response curve is as shown in Fig,l7

for reference time of 10 m/seconds, This was
tested by applying both Sinusoidal and square

wave signals,

2. Performance Parameters Details:

1nput r1mpedagce one M Ohm .
Output impedance 75 Ohm,
Frequehcy range 5 Hz toe 45 Hz
Output voltage range 7 to 0 volts.

Supply voltage + 15 Volts,

Phase Error Detector

The circuit was tested by using 2 sinuscidal signals.
The relative phase difference was varied upto 180°. A
gocd linear relaticnship was observed between the output
DC voltage and the phase difference (refer Fig.18). Even
when the signal contained random noises the » circuit

was found to be stable in operation,
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Plate 31: A view of the
front panel of hbe
"E:xxperimendal G eneralized
Locked Loop Drive System
eum putomated gynchronizer
~developed at Roorkee,

Plate 32: SCR heat
sinks used with the

three phase fully :
contrclled convertor
of the developed ELLDS.

Plate:

The author at work
on the control panel
of the ELLDS,




st rronuency

piate 333 A close upP view
uw of the miniature

pulse transformer

devemuped for firing

40 A SCR's'of ELLNS.




2,

Performance Parameter Details:

Input impedance 1 M= Ohm,
Output impedance 65 Ohms,
Supply veitage 4 15 volts,
Phase difference 0 to 180°.

Output voltage 0 to 3 volts,

3, Wave Fleem Resulds:

The wave forms of the varicus circuits and systems
tested under laboratory conditioris are as shown in plate
clicse '

Nos.1l9 to 30. These are in/ agreement with the theoretically

predicted wave Turms s detailed in Chapter II.

3.3 Details Of "Experimental Generalired lLocked Locp

Drive Systems Cum Automated Synchronizer"

The development of the abave unit was taken up in
the present work with a view to create facilities for
advanced experimentation in the field of precision locked
loop drive systems and fully automated Synchronizers.

nique
Some of its [/ . featues are as follows:

1. Sufficient flexibility has been"in built"

into the unit so as to facilitate detailed

experiment al investigtions on the ffect

of comparators on the stability of locked loop

drive systems",



Plate 20: Qutput

of difference dete-
ctor of fast fre-
gquency errcr dete-
ctor. Horizontal
scale:20 m sec/cm
vertical scale
2V/em,

Plate 19,.:0utput

of fast frequency
errcr detector,im-
tegrators (uppexr
trace of Irtegrator
2 & Lower of inte-
grator 1 Horizontal
scale: 10 m sec/cm
vertical Scale:2V/em
per both.

Plate 21: Final
cutput waveform
of the Tast fre-
quency error dete-
ctor, Horizontal
scele:z20 m sec/cm
vertical scale

50 mv/Cm.
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s 00 s 00 cll\" LR ] ¢ 00 ‘e TN

X :o.ca EY lll’ RN IR I O Plate 25:Upper TI‘CCB

| i (1)Output cf Compa-
. ] rator Lower Trace
(2)Final firing
AR RS BNAR  aEaRmamEas; ettt ettt pulses athdela,y
I u-'-u'¢ (X1 O K1 angle = 90u Horizontal
I scale 5 m sec/cm,
4 vertical scale
YRR R R R ] 9940::nnn| [RN] nooa‘i RENEREXE) (-10‘ a 2) 5V/Cm.
l . -

WAVE FORMS FOR VARYING FIRING DELAY
CIRCUIT

Plate 26: Upper trace oA __,’,.'_'
(1) Sawtooth input ’//y I Y 4
to comparator Lower - -—+ ” i .
trace (2)tFinal firing ;f y,
pulses at celay anyke FHHHHH Lot ot oSt
equal to 1T62(Approx,) : L r el
Horizontal Scale Smsec/cm, ' I 1
vertical scale(l)2V/cm + o+ .
(2) 5v/Cn, ! 1 ‘
= — i
i
N
- {M
¢ * 't - .




Plate 29: Output
waveforms~-harizontal
seale 5 ms/um, (1)
output of phase detea
¢ctor with zero refe-
rence shown below-
scale 5 V/em.(2)
Square wave inputa to
1, and 12- scale
10v/em, (3)Output

of I, and {(4) output
of I1 - ssale 2 V/om,.

Plate No.28:

Ouputs of inte=
grators and the
quenching pulse,
Horizontal scale

5 me/cm, (1) Pulses

on I4 and (2) pulses
on I>-srale 20V/om,
(3)Outpuz of I, and
(4) output of I,-
scale 2V/cm.
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Output wave shapes cof
the lwo ingugyrotors
of the fast frequency
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Cutput of Zifference Jetector, of
Fest Frequency Error Letector., At
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It would permit experimental perfcrmance
studies of different types of closed loop

solid state drives.

1t would open up the challenging area of
detailed expeximentation and development
of fully automated synchronizers for

power station.eppliications,
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CHAPTER-IV

CONCLUSIONS

4,1 Major Assetts Of the Fully Automated Dual Locked-=Loop
Type of Alternators Synchronizer:

with the incorporation of two independent and

distinct Locked -~ Loops the fully automated synchronizer

in-hexits the following significant merits:-

l. Theelimination of PLL and its replacement byA

the FLL at speeds other than near about the synchronous

speeds eleminates the problem of harmonic locking. .

2. It improves the systems stability by

minimizing the transient circulating currents.

3¢ It would bring out heavy reduetionocf the
turbine foundation transient stress levels, It is
of interest to note that the basic cause of these
high stresses is attributable to the draw backs
inherent in manual and semi~automatic synchronizing

methods which are in use currently,

4, It would bring about considerable reductan
of the transient during the synchronizing cperation
these in turn would ensure the following improvements

and advantages,
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4,1 1t would eleminate considerably the possi-
bility of grid failures arising from imperfected synchron-

izing operation.

4.2 It would lead to a dsfinite increase of the
.power capacity of the existing power systems by increasing

the transient stability limit,

4,3 By in-corxrporating such Synchronizers there
would considerable econcmy in the design of the trans-

mission system,

4,2 Specific Recommended Application:

With overall system stability considerably improved
the high precision Locked Loop Drive Systems are admirably

suited for tk following applicationsi:-

l. As fully automated Synchronizers in Power
stations.

2. For all drive applications demanding extremely

high precision specifications= ,2% to less than ,002%

regulation.

d. For all drive applications requiring automatic
Synchronizing of'Large Number of Mctcmswith xespect to

each other,




4%

4, For all drive applicaticns requiringasto-
matic Synchronizing of a motor to an existing elocking

pulse train,

4,3 Some Speecific Application Areas:
1. Computer peripheral drive such as

a disc unit,
2. As a conveyore drive for materials handling’

3. A reel to reel tape drive.

4, In fully autcmated high precession andshigh
pressure misting systems for controlled

enviornment ecological systems.
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APPENDTIX A

LINEARIZED MODEL FOR PFD

The objective of this section is to derive a
linearized model for the PFD under locked condition and

constant reference frequency,

Assume, with no loss of generality, that the

reference signal,5; , leads the feedback, Sp. The output
x of the PFD will B Vg during the time interval between

the leading edges of 54 and S5 as illustrated in Fig.Al.

The phases G4 and 85 of S, and Sy, respectieuly,

are
8, (kT) =2 Tk (A1)
g, (KT + ) 2 Ik (AZ)
Denote

The PFD output is

1152288, 16328
EERPAL Lk e B 7S OF A SHIED
KOURKIR



r

: Ve KT <t £ kT +
x = |

.0 elsewhere

v

Now suppose that the

nominal value of 8 + @ + 6 @

Since the reference frguency

only if a change occurred in

Q-—)Qz—%g

This will result in a change

output pulses,
and a change in the output,

x =4 x + 8x

(A4)

system operates around a

(A5)

is cunstant, (A5) can occur

G2:
(A6)

in the dumtion of the

(AT)

(AB)

The method to be used here is tc determine the

relationship between ox and EB.
the linearized model of the system.

pulsedurations are such that (A2) must hold,

Bo(kT+ty + Bty ) - BO(KT + ty + Stk) =

The relationship constitutes
Note that the new

Thus,

2IIk  (A9)

Since B2 and St are very small, we can expand (A9) by

Taylor series and retain the

fist order terms.



d8

2 o
B, (KT4t, )+ —gg— (kT+%), )0t - bO(kT+t,) = 2Lk (A10)

Simplify according toc (A2), and ncte that

48,
at v (A11)
Equation (Al0) becomes
w(kT+t ) Bt = BA(KT 4 t)) = O (A12)
°F BO (KTt
O (kT+t,) (A13)
bt =
K wlkT + tk)

Since the fequency is nearly cohstant, we can write
1
Bty = —— BO(KT+ty) | (A14)
Then the resulting change in x is a pulse of duration Etk.

~
§VS kT+tk<t{kT+tk+Stk
' (A15)
8')(#4
l
g

Q- elsewhere

Since Stk is very small, we can approximate the series

of pulses of (AlS) by a series of impulses cof the same areas

Note that the area, A, of each pulse iG:

v :
Ao Vg Bt = —2= 58 (kT 4+ %) (A16)



@

oo :s %:‘a' BB(KT + t ) B(t = kT = £, (A7)

Note that if the frequency is constant, t, is constant,

and we an can shift t to eliminate tk in (Al7). Also

note that w = 2I /T. Therefore,

(a u]
VsT % 8a(kT) 8 (t-kT) (A18)
bx = —¢g— e

Thus, the linearized model of the PFD is the sampling of

8 by a train of impulses of weight VST/ZII.

e



AP PENDTIX-B

STABILITY OF THE PLS

Given the characteristic equation (13),
22 4 2 (=1 B -BC +C) +B =0 (B1)

In order to determine the stabiity, use the transformation.

zZ = .—L’-—.J.'__ (B2)
-1

This transforms.. the inside cof the unit circle, j2¥4( 14
2
C(1 - B) X +2 (1-B)X 42(2 4+ 2B + BC- C) =0 (B3)

In order for the zots nf (B3) to be in the LHP, all
the coefficients in (B3) mus® have the Same sign.
Furthermore, as ( 1 - B) is always positive, we require
thelast term to be positive, too,

2 4+2B4+BC-C )0 (B4)
This can be written as

C(1-B) £ 2(1 + B) (B5)

oxr

2( 1 + B) (B6)
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