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The present work deals essentially with the develop. 

sent, design and testing of a new generation solid state d.e* 

speed controller employing advance techniques of conpariefcm 
and firing of controlled convertors. The developed scheme employee 

comparlsi n of phase angle chsrscter$tics of the reference and 

feedback signals by on extremely versatile and accurate phase 
comparator which has definite superiority over not only the 
conventional methods of compartsion but also over the standar-

dised types of phase comparators. Another noveilty of the present 
scheme 3s the use of the pulse width modulation typo of firing 
scheme for the control of the convertor. The order of accuracy 
of speed control affected by the present scheme is a whole 
order of magnitude times nora than that of conventional solid 
state doe. speed Controller of closed loop type. 

W. 
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The growth of electric drives has closely 
paralleled the growth of automation In Industry. Electric - 
drive aystea provide a convenient Means for controlling the 

operation of industrial machinery. The high reliability and 
great versatility of electric drives has resulted in their 
wide • spread application. ]h sire, electric drives range all the 
way from fractions of one h.p. upto thousands of h.p. speeds 
range from stalled positioning systems upto 15000 r.p.m. end higher. 

Historically, the first electric - drive system 
to gain real. prominence was the ward Leonard system 9  patented 
by S. Ward Leonard in the 18fiO'a. The history of d.c. electric 

drives proceeded from the basic Ward Leonard principle to various 

modifications thereof, in approximated the following steps s 

a. Ithaoatat control of Generator Field. 

be Tandem Field rheostat control of Generator and Motor Fields. 
c. Thyratrcm control of Generator & Motor Fields & later 

thyratron control of the armature voltage of small 
d.c. motors. 

d• Xgnitroo and Mercury pool control of the armature voltage 
of d•e. machines too Large for thyratrons. 

t. Magnetic Amplifier control of Generator Field & armature 
voltage, and 

f. Tayriatcu' control of Generator and motor fields and later 

thyristor control of armature voltage. 
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Although d.c. drives by virtue of their 

superior chersoteratica of precise and continuous control of 
speed with long term stability and good transient response 
were the first to become popular In Industrial Control Systems. 

The presence of the mechanical commutator in d.c. motor and 
its attandent problems of maintenance is a serious deterrent 

wherever .reliability and maintenance costs as a Importance. 

This led to a growing Interest in the field of &.a. drives and 
a number of workers trued their attention towards the development 

of s.e. drives. Th sr again the very large Thdustriel popularity 

of this squirrel cog* lbduction Motor by virtue of Its a tremely 
rugged rotor construction and consequent reliable maintenance 
free operation at high speed made It virtually impossible for 

drive Engineers to completely neglect the area of a.c. electric 
drives.. However till the advent of high power solid state 
devices like power transistors and $.C. 's no real break throughs 

of industrial significance were achieved In this otherwise highly 
promising are** tAu,ing this period variable frequency converters 
were Invariably of the rotating types which required Auxiliary 

t.otsting Machines. A motor-generator set with an adjustable 
speed drive, e$tebl ,shing the speed of a Rotating Alternator was 

the first practical, Adjustable frequency ccnvertar. for many 

years these sets were used (and are still being used) to supply 
multiple see. motors in applications such as Pwi Out Table in 
the Steel bills. However in addition to the maintenance problems 



involved with notating Motor-Ceasrator sets, control of the a.c. 

output voltage amplitude - and response is limited by the inherent 

excitation of the Alternator. Most ei.gneficeutly the resistance 
and the reactance of the alternator and its motor load limit 
the performance of the motor over a wide speed range. 

The next stage of development in the area of 
s.o. drives took place with the availability of thyratron 
end mercury are rectifiers. evertors using three devices were 
developed but their performance did not reach the expected 
standards as the switching times of these components is too 
long for optimum operation. It was only with the availability 
of per transistors and semiconductor devices of the thyrietor 
type having switching times of the order of micro seconds that 
significant results were achieved in this otherwise extremely 
promising eras. Sine the sixties there have been many develop-
mints In the field of solid state invertore and a very genuine 
interest has been revived in the area of s.c. drivss.Hietorically 
the first at the C.CJ. type variable frequency inverters were 
of the d.c. link type lnvolvi ig both static rectification and 
,inversion. This was soon followed by developments in the area 
of direct a.c. to a.c. conversion with a controlled frequency 
output --- Cycloconverfore. 

The low forward voltage drop of the thyristor 
provides an efficient rectifier when used with the standard 



L.V. supply of 240 & 440 volts. for this reason thyristor 

converters are rapidly being accepted for the control of d.c. 

machines, both at field controls for Werd Xa nard systems 

and to ever increasing powers as converters to replace the motor- 

generator set. In the latter case the semiconductors handle 

the full power of the eupply.l°\) 

The basic rectifier circuit takes many forma 

depends on the power that is to be handled end the degree of 

control required. I'n order to reduce the cost It is desirable 

to use uncontrolled rectifiers (silicon diodes) where possible 

so that the nuaber of controlled rectifiers (thyr jstore) is 

kept to a sinimum while still , obtaining full control over the 

output voltage. The extent to which this can be done depends 

on the duty of the converter and the pacer of the drive, If 

regeneration is required the converter must be capable of 

inverting and all arms of the bridge must be controlled. For 

high poorer drives the harmonic currents taken from the supply 

must be reduced. This implies an Increase in the ripple frequency 

of the direct current and hence an Increase In the number of 

controlled rectifier arms. 

1.2.1  onu1 .Conti ra 	t 

10 half controlled bridge with a free 

wheeling diodes for fraction h.p. drives If regeneration Is not 

required. It regeneration is required I - 0 full controlled 
bridge is used. 
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3-{1 half controlled bridge for higher h.p. 
drives is used if regeneration is not required and if required 
then 3.4' full controlled full grave convertor is used. 

A comprehensive survey of t e solid state 
converter field Is contained in the Table 1.3, and of reversing 
drives is contained in Table 1.2. \.,9] 

;TTi.•s• • 
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The outstanding features of the open-loop 
control systems are s 

a. Their ability to perform accurately is determined by 
their cslibreticn. To calibrate means to establish or 

re-eetablish the input-output relation to obtain a 
desired system accuracy. 

be They are not generally troubled Frith problems of 
Instability. 

The most Important features of the closed-loop 
control s ys tae s are $ 

e. Increased accuracy e.g. the ability to faithfully 
reproduces the input. 

be Reduced sensitivity to the ratio of output to input 
to variations in system characteretice. 

c. Reduced effects of nonlinesrities and distortion. 
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d. Stability is always a major problem in the closed- 
loop control system since It may tend to overcorrect 
errors which may cause 	oscillations of constant 
or changing amplitude. 

Salient features of static system are s 

a. Zxtremel3r stable and accurate output available. 
b. Lover installation cost an account of no alobrate 

foundation and no careful sill gnmsnt of machine is 

involved. 
c. Lover floor Space requirement. 

' d. Lower noise level. 
s. Superior control and ease of opsrstion of operating 

parameters of controllers. 
f. These converters are readily compatible with the 

aiosed-loop feedback technique. 
g. Lower operational cost end less maintenance. 
b. rncreassd reliability as fl does not have any mechanical 

part, through introduction of medullar constructional 

technique, of integrated circuits and facility of 
spar* modules present. 



Essential features of digital scheme are s 

a• Its very great accuracy ubich is taherent In the 

system itself, 	is unattainable by any of the 
analog sehem&. 

b. They are compatible with the requirements of digital 
output devices e.g. computers, punch tape and 
counters etc. 

a. The digital schemes are particularly suitable in 
remote control aopliertion where accurate transmission 

of a signal is a Must. 
d. Over all sebame to more sophjsticate& performance 

aheraeteretics of the control schemes are superior 

to analog schemes. 
a. Digital devices are lean sueceptable to Inaccuracies 

because of the envjoret ental effects like temperature 
increase, humidity Increase and radiation effects etc. 

ivateb1  m txi t .min3um ,Deeds s The maximum or minimum 
speeds at which the motor will run can be set by a knob in the 
drive cabinet. Though the speed setting potentiometer reads 
full speed or zero, the motor will run elovat' for maximum speed 
or at some speed above zero for minimum speed. 
Bose s ,gags at#ndar4. s Base speeds refer to the maximum speed 
at which the motor can run with full field applied. Most 



..9.. 

Manufacturers offer several standard speeds while many also 
offer gear reducers for a wide choice of top speed. 

$ By setting the 
maximum allowable armature current, the acceleration of the load 
can be kept dawn to a safe level on startup of the drive 
Controlled acceleration of this type to inherent In all drives 
that have a built in current limit. 

Centroilad soc.larsM:an by t#mfgt  8 The acceleration of the motor  
and load is controlled by delaying the full application of the 

speed reference signal. With this feature, eccelerticn is coat- 
rolled through out the speed range and not only during startup 
as in the case with current limit control. Electronic delay 
circuits or auxiliary motor-driven potentiometers are commonly 
used to delay the reference signal. 

Current .Limit  % Armature current must be limited by the drive 
controller to protect both the motor and the .Gal`s from 
overheating due to excessive currents, and also to limit the 
torque applied by the motor to the load. When the armature 
current reaches the set limit, speed regulation: becomes ineffe. 
ctive and the motor speed will drop sharply with Increased 
load until the load demand that caused the current to reach its 
limit is removed. 

a 	This to the sate as current limit 
but the limiting current value can be adjusted to match the 
drive to a particular load and motor. 
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________________ s Drive packages incorporate a 'contoctor 
or otrgtth to otart & atop the motor. tn external a.c. diaconnoot 

switch or contractor Ia doalroblu to shut dorm the entire drive 
for azafotq, to allo*.i for remote tripping. 

Dynw1C braking 1s a mocno of oloctrically 
lording the rotor an a gonorotor to extract Its atorod mechanical 
energy cud reduce its apoud. It t o usually done by connecting 
a rociator ncro4C the armature torminolo ihilo maintaining 
full (told excitation. The roatotor to connoetod by an auxi- 
llery contactor or by a set of midpooiticn contacts of a 
r enuol ravorcing switch. Dynamo braking to most eftective rhon 
tho rotor to running at high speed. 

p~r n~l..,a _'era___ s 	The opoed reference ei na3. norm. ally 
derived from a potont1cnotor, can be supplied free an ottornol 
voltage aourco. 

'Then CM4F apoad aonsing le used, the 
orraturo terminal voltage is dotoctod as a moaeuro of the motor's 
oc tal apood. But the terminal voltage compr1see trio elements, the 
counter o.m. f. voltage generated by the armature and the voltage 
drop In the resistance of the armature windings. (rt drop). 
Since only CBt1F voltage in actually proportional to motor apood 
(the 'Th drop in proportional to armature current) by eliminating 
the IR-drop. Component fray the terminal voltpgo, a more occu-
rate indication of actual motor speed In poaeiblo. Thus ZR-drop 
compensation to a morns c" Oubtracting a ofgnol proportional 
to the IR-drop, from the terminal voltage. But because the IR-drop 



varies with different motorn a the componnction must be not 
for a opaoific motor. 

Tom: Jogging controls are unod to operate the drive at very 
lo apoods during setting up oporotione. The jog control can 
be docignod to run the drive while the pushbutton Is held doin, 
or it can be designed to run the drive continuously at vary 
1i opoedo for threading operetionn. 

Pr__€ t =fig a 	By providing multiple speed- Rotting poton. 

tiomotors and relays to witch in rh1chov©r potentiometer !e 
required, speedo can ho preset and selected by operating puoh 

buttons or by some othormoana of operating the relays, 

~u trh nlc r da rn a By including dyncnic braking in the drive, 
the motor cic rc don at a factor rote than It would if Limply 
alloyed to coast to a stop. 

a Regenerative braking, lgko dyntmic 
braking, to a moons for extracting mechanical, energy electrically  

frc the ermeturo terminals. The electrical energy to pumped 
back Into the supply line instead of being dieeipatod in a 
restate?. This fora of braking allows the motor to be braked 
to standstill. 

i 	If the operator's station In located 
rcmoteip from the drive, the speed reference potentiometer in 
usually &°anted in the station and the pot. signal oxtondod to 
the drive through a 3.tir. o circuit. 



r. jar 

Sps.&a aini ,C ' % Because the counter e.m.f. voltage 
generated a d.c. motor's armature is proportional to the speed 
at which thearmature is rotating by detecting this voltage, 
a signal proportional to speed is obtained. This voltage is 
e npared with the reference speed, any error between the two 
causing the drive$ circuits to increase or decrease the speed 
accordingly. 

8. This is essentially current limit where the 
torque output from the motor is kept down by limiting the armature 
currant. 

qul1 1~ j¢u1atig s Torque regulation cr torque control) means 
one of two things, simply an a adjustable torque limit (current 
limit) where the drive maintains constant set speed out to a 
preset 'torque then maintains constant torque at a deelin ng speed 
for further mechanical loads, or the incorporation in the drive 
of a particular drooping torque-speed chase terl tie which' c#n be 
varied. 

1.4 AnDlcat1orsof D.C. Drivet s [q) 1 °] 

Thyristor controlled d.c. daises have a wide 
field of application in the industries now a days. It is widely 

accepted now In Paper, Printing, Plasting, Aliininit foil mill, 
Rubber and where multi•aection scheme are used. 
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. the printing industry thyr is for controlled 
doe* drives have been extensively applied to replace commutator 

motors. Here the r5qu1renrnte are for a wide speed range of 60s , 
with a regulation of about 14% at minimum speed. The minim 
speed is required for the frequent inching during re-plating 

the printing cylinders. 

Sri the Raper Industry thyristor drives have been 

used for reeling applications. The paper reel may be either a 

rewind or an unvlfld stand when the power converter may be 
selected off load to operate In either a motering or regenerating 

mod** Under certain conditions of operationn e.g. when the loss 

torque exceed the required braking torque an an unwind stand, or 
during a rapid stop with it large inertia reel on a rewind stand, 

an on load change of operating mode may be required control for 

constant tension reeling to normally obtained from tension 
sensing arms. 

in a ulti-section schemes where helper drives 
are required end for certain reeling epplicetions where toper 
tension to required the thyrietor controlled motor has been 

operated under torque control by using Motor armature current 
rather than a tachogenerator voltage as the resulting Signal. 

Pbr mul ti.~aec t j n schemes standard thyr i stor 

drives can readly be adapted to operate together from common 
speed Signals with intersection draw by armature control. 
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' hia compares directly with an individual generator por 

Coction card J.00nard s3chco. For loon prooioo duty one por 

conevortor ern by used to control parallel motora t ith inter-. 
eocticrn opood trim by motor field control. 

•A ainglo-ondod thyr star convertor in applied 
in the apeod control of the mill motor of a cold atrip rolling 

c llle Th3 convertor supplies uni-diroattonal currant to the 

motor armature,(decoloraticn torque !.o produced by reversing 
the motor f 1 old. 

Thyriator controlled drives upto 1,5O hop• 
have bocn applied to both the plastic and rubber industr on 
for oxtruolon pr000saon. lore the thyriator drive is replacing 
the Word 1 onard and camnutntcT drive, a hcn a ido speed range 
with procico tranniont and steady gtetil control to required• 
tpoad holding to sithin 1 together Frith good barrel tanporeturo 

control is owmentlal to give the dogma of plastic film thiahnoaa 

accuracy that Ia being i croasingly required by the Industry. 
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Aim 
Tt p*nt.n,n ad9veL.peents in the diffozsnt 820" 

of Sold state electronics have also psrf.und y influenced. 
toohnelogy of solid state .lectrLc drives•p*rh t 

most significant nflt*nce has been as a resat of ►p .. 
cation of radIcally it t.cPmiquoe and concept* of signal  
procsdng and spa , (developed primer for tis 
use in c wI a i Sys) to tbe all tegsth.r new no* 
of electric whine control, Just as 	 adap ion of t a 
oneOpts and ' Chn# qw have ze*ilt.d In far rsachinr 3ep r 

*nts in tprfoanc of 	tmication system, 	r 
application Sn t area of tiachin. control has also brought 
about very aigr4ficant 1rowmonts In the performance sloe. 
Uri* machine cowl eyes. 

Following?oUow&ng are the most 	tzends,tawsrde the apsId  
contrel of d.c. motor now o day$* 

a) Digital method of D * dirt' +e d control.  

b) Pulse width modulation methr contra 	m 

C) ppe looked ZOV mar control system. 

2,1,1 I Zn industrial 
par+ $$ control It it sometime necessary to be able to *Oust 
a motor's apod over a wide range with good speed resolution  
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and seproducibility. Conwntional anal" Control methods 
SUM on several accounts,, including nenlinesrity in the 
analog stud transducer and difficulty in accurately trans. 
sitting the analog signal after it hne been obtained fps 
the transducer. Also,, ale rar p 	g the signal to .. 
effect control action on the motor#  C*tea are Incurred  
which Sze z.latod to temperature, coponent aging, and 
extraneous dtstuzances.. 

A digital speed control sysim  is superior In that 
there is no nonUnsarity in th. 4494 L.transducsr, the 
digital signal representLng: epsed can he emitte d long 
distances with no degradation of the original, accuracy, and 
the digitally developed control signal o not subject to tea. 
• ratuze variations, oompønent thans or noise. 

The digital 4 std control of d. C. itor systea con* 
ots t a comparator, a suM r t. r. a /om counter, a 'k 
con fir, an anpifier, a digital  tachcter, o got point 
selector switch and deciral to binary count*r.. j -'4 ALv-m u. ICY 2 ► 

This system La not continuous but Measures and corrects 
motor speed at diScrette Intervals# The order of events in 
a complete control' cycle to as fobs 

a) Measure the actual motor a *d, 

b) Compare the actual speed to the dossed speed 
(set point), 

Find the error, 



d) cenØ the contents of the 	dawn counter an 

rut proportional 	 the sue'., The dtr ath n 
of 5 h*f . depends an eW X5 It the" c 
pss1 	mace in step.  

wait While the motor responds to the increase or  

detease in Its armature Voltages then reset the 

appropate counters and logIC devices in prepare. 
tian for the next control ale. 

Motor speed is detected optically by an 	 ge r 
of three pairs of light sources and phátocel3s. Pulses f 
the photocells are gated into a ton • bit digital grunter 
during a precisely controlled tIn. ptr * so the i nu,.z 
stet. in the 	9 at the *td of the spltngtoo rep o t 

the s* al mom speed* This speed ie then ccsared with the 

desired mod,, which Is also represented by a ton . bit binary 
nt r# This 	d speed is tbt ~d via four decimal st 
point switches  d a decimal to ' bi.narynv eta r 

The 	the comparisan circuit dtpeflds on which 
of th • condition prevailsi either 1.. 	point is larger  
than actual sped, the sot pant is maIler than actual sue, 
or the set point and -actual speed are exactly ems. 
coVeratox aitput is used in two wars* Pi t,, it decide* 
whether the 1P. rr/dawn count r Is to bS driven In the up 

or the down di tion Dry.. tg the up/down co*ater  
In V* up direction raises th. motor armies voltag and  



and pxoduCibLtity. CcHwantional sna g control ma o 
stiff• on svr3Z acceunt, inciuding nsniinsdty in 
analog wed. tranaducar and d&fficulty tn accurately trans 
$tting the analog signer otter it has been obtained frøi 
thw► transducer, Also*  ale mania. 	- 00 signal to 
•ffsct contol *cton on 	aotor, ± . , 	s incur 
wh .eh aterelated o. 	erature,cinent aging, and 

esumo dtstu±ance so, 

A digital speed control +yet Is viperior in that 
thezo Is no non  linearity ari 	the speed trsnsc r,, the 
digital signal spressntt speed con he transmitted long  
i 	c.s with no degradation of the original accuracy, and 
the digitally dve1oped cowl signal is not sub3sct to trnpop 

The digital d Sid control of .motor systemcon. 
i *t$t- a comp ratots a * r :ter. 	down Counter, a 
eonvrter, an 	lifer, I digital ' c # " rip a set point 
selector *'itch and decimal o binary Counter,j-t- Lo u. 1C7 2- 

This system i not continuouS but measures and corrects 
rotor speed at di c e intervals, 5Th. *fir of events  
a 	control c 	as foUwsi  

a) asuxe the actual **ter 
b) Coi*paz the stual speed to the desired speed 

(sot paint), 

c) Find the *fir. 



9* 

Inc a s motor sue. If the actual speed and: desired speed az 
• xactly equal, the' comparator inhibits the up/down counter 
fm Changing state 

Following detrmination a1 th  speed dtffizonce, the 
content of theup/down cowter ja adjusted an amount prow 
porttonal to That diffezei, The digital con nt of the 
ceuntor is corn* *ted to an analog voles raising from 0 
12 volts by a 	 t2"`A converter., This analog voltage  
is try tif d and applied to the armature of the meter.  

At the end of each Ciarision cycle. the up/de  Counter 
Is d r . n • $that up or d 	tarnount proportional to the 
spend differeni. The  proportionality onstant is an a u * 
UUK* system psraitrr which has on impertant effect on system  
rr spina*. The greater the proportionality  constant, the more 
.sctllatory is the motor' s transient response 	 .a stop change. 
The eaall.r they ccm t$n , the more Sluggish is the response, 
Amplifies gain io another important parrneter regarding  
transient response., 

2.3,2 	frt du 	nJptoojntrp4avst The east, it 
way of bra' control of an d. c, mot r is. with a variable.. 
resistor connected In series with the .motor and power supply. 
A d.c motor runs at a sped proportional to the average applied 
voltage. Hers the average voltage Is obtained $imp►ly by wing 
up the unused pornr. But It a system wanted that taps minim 
energy from the power source „ while delivering high starting 



toz *von at law $peed* 0 pulse width duly on Is 
worth l ooki g Into, 

Once fairly 	pltc*mod and + 	ly.. PWM has bens. 
ft t*d from advsflCs in saUd statS , tniice, now most 
of the elect 	hard ware can be reduced to a sine It 
chip so that pour e3vLng: md high torqs involve very , . fir 
penolity In terms of price or circuit ccrnp3a4ty. 

In PWM, VW motor 	full stply voltage at all 
speeds, but the power is tumid ON and OPP rapidly to do the 

averaging or Stated mots expliciiy, P" is simply a matter of 
applying full volts to e motor in. series of short pulses, 
and varying the duty cycle ( + /`OP,t tis* ratio) to vary t 
average motor vola 

Since . otor dri.ve torque is a direct function of ari$-,  
tuar Current, it iaay be better to eperate with constant rather 
pulsed drive currents. In this case, the frequency sherd 
high enough so that the rrnature c an* never drops below  
predetermined level during the OFF t J* of the output p r 
transistor (Motor current will than be flowing through the 
free • wheeling dodo), 	r e speed rang► c nd frequency It 
seIset*d then the type of drive system to chooen. 

There are three ca my used methods for obtaining 
the pulse Width modulation, 	a classical approach urns  
di sere tte components in as As tabX• It vibrator circuit* 
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A c tothcd uoo o n 	giro d Q; 	on 	MOVo 
Oj Cd uitItcn on 	ç is p oo cal for thoco ccu, 
"ft ud nx , coach uzco' t. C: OS &god dcu&t quadMW gc 
(c1mtcy r c tol y r 	a 	v 	d oil 
Mttt r, a o). " i circuit providoc 0 opoad zflVo ipprott 

t tD2y S to 97 o$' full L dv 
Y 

r 3. th ccuito 	neoUy MU01104 ttith no 
p c, .c c 11'0-° any c 4oct a1 Input agaaX to t Conte pu cQL 
wicc19 tos contzo by on oZoctrico o gna3p a high gain + a© 
ticn1 c li ` .av o pavo tl with a l . d output oti t jcnd 
iZov, 	Ti* input grtas Lazo s quirod 1 0 t rnguicr a 
► ` ?4.- d roquoity cnd 	tu&,# c o va$cblo d0ca vo3tae 
Th o ypa of ciudt can ccntDoZ ja2c3 dd o , fail 0 

-'" , , a1AY 1 .=u. Fi • No'2.•z 
to 	, OFF,! HotovO, atom is a 1ct o ?od up in ' 
t 	.onl fzan pu o ng Gon aZ to otoc4r - oU t Gaud by 
to 	ng at the pooi:c and valleys f tho tisnguaz sovcc, 
In cc3t Coco* it Is not da `lcult ó 1si1t Ms. jump to ,l+ 
than SS o tho OZ c t OPP 

A ► v3jr Or put Qt O Is toq 	d. to p y tho pel 
wid CoWntod cigntL to i wt 	Ung a flaltngton try 
ototv o tho ofrgoat and most +c . of rtana c ' coupling 'h 
pgco Crgy to tho r to + In addc to th oto 
a fzoo a rke oling 44oc to quiacodo This dtod i u st bo oblo 
to ooy. appro,inrntoly Ci Oftho M 	um curnt oxpcctad ,S 
~:1 chi v (ibich could ld bit c acily l& 	than tho nocinlopra 
'one Curzon% 1#7 tho o9tov fLs Onpaatad 	ho otallod for piodo 
l: c o than a c co or ~*' 
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For wry • high , 	nt spp1ications.. 	ro.aniu i 
per device* are the least .xpensiw øhoic.. The input 
to the gerein deuce cirsuit is not from the output buffed. 
of 0 ontzo1 circuit, t, but directly tan the output of the 
any of the operational 	lifI , or c arater. 

2. Lo3 	 4t.t Although the 
primary application for pba lock*d loops has been in 
frequency synahzonistton of recel 	•. 0lesser km.n  
application ar*a may tun out to **asst squally .! giant ► 
the precise control ' motor mod*  The conventional as od 
of mOtor • mad Qontrol ic with analog servos, Phase locked ica 
motor control M$ are cordng more widely used as the 
cost of digital circuitary La reid#  This a 	of d.c motor 
control has cep.in advsn 	a over 	 n + al analog 	. 
mend: 0*9r Is the ability to obtain s ed accuraciss better 
than 049 and possibility appmachin- O.00. motor# of sy 
elm can be controlled  with  th. this t.ctwiq me# the cbarac.  
taristic. of the motor hove been incorporated onto the 

spens5 of the phas • locked loop, V* only iffezencs is in 
the motor - drive cIrcui 

The PU., in its most eemcntary form*  consist$ of 
three componentat a phase detector, a low pass fi r, and 

JM 

a voltage controlled oscillator (VOD).. / A frequency divider has 
been added In the feed book path to provide for variable 
speed operation. The output of the CO is a p riodic s+ r a 
vihese frequency La controlled by the input voltage. Zn the 
case of a PLC`. motor control, 	d.c motor with an optical 



3 

tachonetsr act* s$ the V. The phase detector WMPOZss 
the p)ae* of a periodic input signal, against the phase 
of 	out', and the abut of the phas detector  

measu of 'ms, pase d ftonco. betsan the t.o Inputs. 
The diffszsnc. volts Is low pass filtexed by the loop 
filter and applt*d to th 	Th Control volts on the 
V chimes the frequency In a dtr.ctjon itich isdIcss the 
phase difference 	 rn the input signal end the local 
oscLlletór41 Yfl*n the loop is *locksd the control voltags 
is such that the;  frequency of the .'CO to equal to the fre* 
cui Cy of the tiut .sign4, When a frequency divider is used 
in th* feed back )Loop,, the fxsquency of the 	to an integer 
multiple of ► input . + 	. - sires the motor shaft  
is proportional 	t output signal frequency in the .PL. aster 
cowl loop„ this speed is ccntrol3sd as a_- trs ly as thi 
frequency Itself* 

The use of a d•c. astir as the it tags Controlled **o&** 
U94 T 10 a PLC. increases the cotZex&ty of to loop design. 
In sal*cam c PU d.dgn , it Is assuvsed that the Vt;o responds  
.inst*ntanOuely to Charge to the input vcltage. A astor, on 
the other di d has a 	b finger response tias due asetly to 
the chanical inertia of the sys m,*  This response delay 
effects the edify of the .. and places mine► *030 stringent 
requirseants on the phase detector, 



Three types of digital  ph* 	tec rs are pres►ntiy 
In Us* the exclusive • OR circuit1  the edge , trI 	d 
flip flop, end a logic gate configuration that behaves In 
a manner similar to that of flip -w fly, but has so edven. 
tag**, AU three types are found in phase • locked loop W*.  
Hw.vsr, so' phase locked loop circuIt. use analog detectors.  

of e many paraetsrs which are used to describe 
phase tectoas , the pn;* as whIch most directly infiuenS 
motor pig. control are the frequency:  Capture range, the frequency  
lock 'Tango, and the Adli ty of the phase de te r to avoid 
locking on harmonics. The frequency lock range to the rang,  
of frequencies  over which he .Pit can maintain a 'lo ad'* 
condition. This dsterminc the range of motor speeds. The 
frsiU.ncy capture "after Inc the range ov*r which "locke can 
be quired It it has b*Sn lost* This to i*po t*ft because  
the actor can not respond instantanii*isly to rapid changes  
In the speed sot point,#  and the mo 	will io 	lock* for 
a short period of t 	'With the proper phase detect*  
'lock may be required quickly. For the søe reason 
ability to 'tom' only on the fundefltsi. 'a q 	y is also 
n• $$sue. £ate changes in sot point could result In 
Incorrect forspeed It the loop lewd onto a hnriionic  
the reference signal,*  

The basic function of the loop filter to to remove  
note and high • frequency ccmpanante fx the *: r voltage.  



It also has a major aka In diternIng t e stability and 
dyna C prfoxmsncs of the loop* Passive filters are suitable 
for many *pp1i*tiOns. Howe rr1 utter performance is usuaLly  
pods : possibI with active ftitars that have the add *Vence of 

'Motor drive cIrcuit is used 	 rs5se the per level 
and provida additional 
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FUNCTIONAL DB$CAMION OF A SOLID «► STATE D.C. SPEED, CONTROLLER 

USING PWM TYPE FIRING AND PEASS LOCKED C PARI$ION 

TECHNI( S 
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The developed schwe is essentially a preceaion 
type of d.c. speed controller employing adv Iced techniques of 
tiring and comparrieicn aye well as Incorporating some of the 
latest advances in Micro Electronic circuits like operational 
amplifier Integrated logic circuit and miniaturised techniques. 

The scheme essentially utilised two types of 
closed loops. The first one Is with using soft starting circuit 
vhj.ch Is used for smooth starting of motor from sero speed to 
the Speed near synchronous speed. The other closed loop consists 
of a newly developed phase comparator of .integrator type which 
will work near synchronism. 

Pulse Width Modulation Is used for firing circuit. 
Here a triangular wave and a variable d.c. reference is compared 
in the voltage comparator. The pule* width is varied by varying 
the d.c. reference Input. According to which the firing instant of 
the thyristor is changed which will change the controlled d.c. 
output. 

3.2  	ticn l D acri2tis  s `h_s functional block diagram 
of the developed scheme is shown in the figure No.8.1. The 
functions description of each block ie as follows 

3.21 	$ rft startin 	Circuit it This circuit replaces the starter 
of the d.c. motor, It is used to start the d.c. motor smoothly 
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from rest to near synchronous or before the speed range of the 
phase comparator. 

It Is essentially a A-C network. A diode is 
connected in parallel to the capacitor In forward biasing fashion. 
The voltage ecrose the capacitor is further ra acrd by utilising 
a preset. Hence a constant voltage V is applied to one of the 
input of the voltage comparator. S  	 am, .,~ <<~ om 4'L 

3.22 .fir ator and hni 1I fi i Thhe voltage comparator (VC) 
compares the two input signals and gives an output voltage 
corresponding to the difference of the two inputs. 

Most of the VC's are essentially high-gain 
differential amplifiers operating in the open-loop manner and 
driving an output stage conditioned for specific logical voltage 
level. It 3s an ordinary type of voltage comparator vhi.ch 
compares the two input voltages. 

A reference voltage V from soft starting circuit a 
and an variable Input signal from Digital. alog CD/A) convertor 
are separately applied to the . voltage comparator Inputs. The 
VC Output is at a low voltage level (logic 0). Whenever the 
Input It more negative then the reference voltage; It Is a high 
level (logic 1) whenever the Input is more positive than the 
reference voltage. 	-~ 	^~ .~," F` a • c\o • 4-'2. 

''he variable output voltage of B/A converter is 
corresponding to the d.c. motor speed whose speed to be controlled. 
A 1 C filter circuit Is used to filter the a.c. ripples. 
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3.P.3 	 Volto o- conporotorn are frequently 
used in the danign of toot equipment roqufrinc o circuit that 
ctm aonco tho time instant when the input signal Boos outoido 
Ao ►o praaot tolerance range. A circuit that producoc such a 
GO.•IM-0O typo of output is called n Mind comparator. 

The window ocrnparator is of the type which produces 
a vindo s thrt indicates by a logic l output the presenco of an 
Input signal falling within the range preset by reference voltages 

This trinda, Ica perator eziploys two voltage 
co: partorc to produce the jlndw. The no input signal is applied 
to both cc~paratorso Second comparator cotparos the input signal 
frith the roforenco signal VA in such a ray that a high voltage 
lovol (logic 1.) is produced ahonovor the input signal oxcoed VA, 
First can, parator, being inversely connected, eo poros the sto 
input ai gn al frith a lrrgor voltage VB. First compsrntor producon 
a logic I output only vhon the input signal in lose than 'VB* The 
outputq from the to conpnra"ftoro tiro ffT d, yield a high Voltage 
lovol ihonovor both comparators at the logic 2. fo'ovor this 
occurs only for input voltogoc In the ra zgo of V ` 	G' $. The 
u1.nrioi► comparator range to corresponding to the phase comparator 
range. 

The output of the 1r1ndc comparator Is applied 
to the bone of the firot tronsiotor. This tronsictor Is ad justod 
to conduct (OD) for the window conporatar range, othorvico it 
will bo OI`F. The coil of the road o itch RSl to connoctod bot ocn 



the positive supply and collector rooiatnco of the trene#ator. 
Ind the road osjtcb 16 connoctod to phase caDparntor end , pljfjor. 

Tho cocond translator vorkkc on on invorto, that 

lo g  it trill be OFF for tt5nd ac parator ranao once abovo cnd boloi 
thin rcngo it will be OD. The colt of Rood Switch RS9  in connected 
to the potfdvo Oupp17 cad cQUOCtOr r+otB.stan.co. The reed ctritch 

F sa  is connected botwoen voltage eorpprotor and I plifiog. The 

soft otortine circuit will wort In thin rtnco. 
YIs7 

3.24  E „L 	 a Phase comparator uomporas the phenoa 
of two input oigpolo and given a d.c. output voltogo corrvaponding 

to the phaoo difference, The phase dffforcnco between the input 
phaaoo in ao oopond to tho difference in the apoo6 of the d.c. 

motor wh000 epood to be controlled to the reference ninel. The 

output doe* voltage in linearly proportional to the phoca difference 
between the two Input phones, 

It 10 a newly developed typo of phase co; per ntor 
The banjo circuit of phone cooporotor doplctc two parallel 
connoctod 	intogratorc of acme charactorati,ec, caaeodod trith 
a djfforontial empliflor which oubtracta the two output sign als 
of the intoarotors and gonoratoc itv, output signal in the to 
of d.c. voltao. Field affect translator (FCT) with differentiating 
circuit 3a uced for r ecotting. 	C 	- ' "'  

Phaacr 1 which is corrooponding to the reference , 
of nal in applied to on OP 121p which in acting as onturatod .rnplifior 



and givon oquaEro..uavo output. This output in fad to the to 
intoarotorn. StortinC point of +O intogration of firot integrator to 
fixod. For resetting of I Integrator Is uppo.r difforantioting 
circuit is ucod, using PET as twitch. ' Starting point of integration 
of II intogrator is adjusted by pulses corresponding to phnao-2. 
Pho©o..2 is corresponding to the feedback signal. 'or resetting of 
it lour differentiating circuit risith YET an witch is uopd. 

The outputs of the tuo integrators are fad to 
the differential rnplifier uhieh, subtracts the tto and gives a 
output signal In the form of d.c. voltogo. The inputs of the phase 
coaparotor ore applied at lotr voltage. 

3.251~*►A Llpr. s It Is an ordinary op tip used to amplify the 
co€t starting circuit output and phase cunporotor output. The 
gain for to inputs nay 	differ occording to the roquircmento 
of the oitching circuit. 

is>i 
3.28WJJSb nr~ 	a It in the tiring circuit for triggering 
the thyriotors of the 3-0 hoif controlled full t avo rectifier. 
The d.c. output voltage of 'tho converter in changed if the firing 
Instant of the thyristora are changed. .-k -"~  

This circuit utilized the P11 firing technique. 
The firing instant. of the thyristor to changed it the d.c. reference 
voltage of the comparator of thjo circuit is changed. 

The first Op tap of the snitching circuit works 
taO the oquarci.ktavo ;generator. A square-wavo gonorrtor acts as a 
self-triggorod ac,itch to continuously nitornr,to 'bath and forth 



botttoon tuod.e. voltrgoc lovols without utilizing cn outaldo 
triCCoring Dignol. 

T this squrro.-uavo output Is oppliad as the 
in tut to tho integrator circuit. Tt rsaultg in n trienguln?.4uivo 
gcnorator. Tho circuit convicts of u low-pots B.C. Filter. 

Conajdor the rofoforms starting rat t=fl= the area 
unc or the Input curve I,ncroccos linearly until ti this produces 
the cnp output during this time. lori t1 to t2 Vo drops linoerly► 
in r espouse to the nogstivo Aron Conoratod under the .inut 
curve. The output should thoraforo stay constant iihen thoro 
is no input (since no tiros io generated) rico linearly for a 

constant positive Input and drop 1.9nonrly for a constant negative 
Input. 

The triongular - trove and a d.c. voltage rofcrcneo 
arc the inputs of an Op 1p comparator s the comparator output 
a :sitohoc fri full OII to full OPP trhan (cnd cc for as long as 
tho. trisncular trove tnplituda a oodo that of the d.c « reference 
voltrco. Thus to vary puloo trjd.th, wo Faust vary the d.c. rofersnco 
voltage r~pli Ludo. 

The output of thn comparator is ted to the Uni 
J'Vnction '1'ranol.stor IUJT) oqulvalonnt circuit. This device is 
uaad to apply a sudden pulco of poorer to fire a thyrictor. Tho 
loot transistor torko in puloo cnpljfior. The output of it to 
applied to the pulse trcncformors of the 34 holf-controllcd 
thyrictor bridge. 



033" 	 / 

X47 
3.271 Puls1 jCFn„ fo er $ } itching circuit output is fed to 
the primary aide of the pulse transformer. Pulse trehsformors 
has primary to secondary ratio isl. It is used for isolation 
purposes. A diode is connected to the secondary side to rectify 
the Input pulses to positive side only. 

3.272 Thyr~ ato ;CQ jgr toorr~ s The Introduction of t'hyr is tars 
has brought into use a number of controlled rectifier circuits 
which are a mixture of thyristors and diodes. If the inverter 
•operation is not required the 3.0 bridge circuit is simplified 
by replacing three t' yristors by the ;.guler diodes. 

In this scheme of solid state speed controller 
for d.c. motor, Inverter operation Is not required. Therefore 

34 half-controlled, full-wave thyristor converter In used for 
rectification purpose. i-t 	 ~,'^ F~ j- tvo 

The working of the half-controlled 3-0 bridge 

can be explained by considering it as a phase-controlled half. 
wave circuit in Series with an uncontrolled half-wave rectifier. 
The output voltage of the uncontrolled rectifier is constant* 
but the controlled rectifier deliver$ a variable output voltage 
which Is added to that of the uncontrolled section. By delaying the 
thyr!e for firing beyond 90, the - controlled section operates as 
an inverter, and power delivered by the diodes is returned to 
the i.e. supply by thyris for s . 	 - 



- 

The invortor beck o.o.t. opp0000 the rectifier 
voltage and roducoa the ror ultcnt output voltage of the brfdgo. 
Thoorottcolly soro output voltage is obtatnod uhon the firing 
angle to 1'00, but in practice;, tho circuit may malfunction at 
.largo delay anglos duo to tho failure of 0 thyriofor to cannu-
tote in tho limited tibo ovailobloe Thic iu lmotin ao "Half 1toving" 
Effect. 

The output voltage ripple gradually chwngoc Ito 
character from a 64 ri.pplo than the firing angle a4io zero, to 
a 3-0 ripple a hcn in largo* 7 hn input p.f. Ia oleo higher than 
that of a fully controlled bridge rectifier trtthout a froo-
tthooling diode. 

Too 3.4 a.c. voltage in applied to the bridge 
through c 3-0 Auto tronoformor and an inolcition tranoformor.  
Scott-'rencformer in uood for loolotion purpoeo. 

3.273 	 s Volt aGa ' me ion to 
raay be generated In the circuit cuing to Inrush currant to tronO. 

formc r pg ary,, *tray capacitance botsoon primary and oocondary 
of the trmsformer and interruption of the current Into tho 
primary of the trcnoformor. 

Voltage trenolonto, If thoy oxcood tho pock 
forward rating of the thyrintor, could doetroy thn device. Egon 

.f thin rating to not oxcosdod faulty firing could oce 2  rhjch 
In many canoe could lend to 	over current end operation of 
current uniting fuoeo. In the rovorco direction a tranolent 
hill couno relatively large curronta to flag In a omoll area of 



the thyrl atcr junctions  coua nG 1ocnlioinG heoting and device 
failure. 

It is nocaceory to ensure that $a many sources of 
voltage trcnsjcnto Oro ol2 ,natod from a thyri,ator circuit as posol-
b1c. The coat cor only used nothd of eliminative of voltago trout ion' 
jr, by connecting RC Circuit lrnon as 6iWB t Circuit across the 
individual devices. i '' i Lot,̂  - "- E' NO 4 7 

The controlled dc. output voltago of the 3 
half controlled bridge Is applied ocroaa the ar cturo of the 
d.c. motor rhauo speed to be ccntro31.ad. The d.c0 output voltage 
vary according to the diftarcnco bat Won the reference signal 
and feedback signal. A choke to connected in Genoa ti th the 
armature of the doe. motor to roc uce the a.c. ripples and against 
hunting. The choke In aeries of crnatuo of the motor absorbs energy 
during Ott ported from the Supply and tad to the notor during OFF 
porlc d for smooth control of notor.. 
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The schematic diagram of the solid state d.c. 
speed controller It shown in the Figure Ho.4.1i The basic 

deign considerations of the aches* are accuracy, reliability, 
economy# space requirements and operational requirements. 

This scheme provide very accurate speed controls 
reliability and aynebronisation capability,# by looking canto a 
reference frequency,, speed scctreciea of 0.002% are possible,, 
which represents almost a hundredfold improvement over earlier 
methods of speed ragulatica ., But this regulation reduces to 0.01% 
at the lour and of the range. 

The rali sb .. itf cf solid state devices used in 
the comparators and switching circuit bas been good. The thyriators 
and power diodes used in the 3s4 converter are excallant from 
reliability point, Th+ refore the over all reliability of the scheme 
is good. 

The cost of thyri,ators is decreasing day by day 
and can be said tolerable with respect to their power handling 
capability. And the Op Amps used in the switching circuit and 
comparators are quit lnor~ a days. Hone* the over all scheme Is 
cheap comparative to the conventional Ward meoaard method of 
speed control. But is Is expensive for higher paver requlrssenta. 

The space required by this scheme Is very lose 
and can be called as package control of the d.c. motor. 

.I 



The facility of v riotionc in tho basic design 

of the unit 10 provided according to the different operation 
roquiroants. Hocansary nod.ifteotlono eta be date In the Ocf cnc 
if remote control. Is needed. 

	

4.21 	M.A-j tjD&- . 	.W,  * The soft otert ng circuit • SC sh+ n in 
the Figure go« 4.2. Time period of the circuit euct be moo then 

the motor time period, ?imo period of the circuit io cduatod 

by tho volueo of the rooiotcnco P . and Copoci.tor C1. 

As the does motor hco largo inertia so it r ll 

take time to opoad up near to c ►n.chron*, . If the soft otorting cir- 
cult to not used then the phase ccmperater will give oczimu output 
voltage corresponding to CorO spaod. This large voltage will 
generate current of largo pock value which gill burn the thyrlatore 
used in the 34 half Controlled bridge. 

The output voltage of the soft starting circuit 
o reduced to match the D/i Convertor voltage cc 	2n,g to they 

reference frequency or opood. 

	

4. 	'ini i 	F 	n '  1 	It ic ohoun In Pigs Boo  4.2. An thmm 
is no intention of reproducing any port of the original input 
cingnel wave ohopa. 1`horoforo it Jo u high gain differential 

nplifior operating In the open loop nonnor. 

	

4.23 	t , , CManx 	r  S 	TES to Ohoun In the F1g.i)o.4.2. The AFFi.iru..  

tftndo coaparator range should be corroopond to the trorking range 

of the phnUo comparator • Ito rmgo to tad 3uated by using tr v 
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pool.tivo reference voitocoe no Clio of the inputo of the t io Op 

taps. Thovo voltecos ero . 	cc tparo6 with the roforonco 
vo tolo 'V from previous comporotor output* u e the ronge of 
the vindo t comparator to Ala  to V. 

lwortor circuit 10 wood vhcn the output of 
the jna comporotor iD out of the rengo or photo compnrntor. 
For than rengos oft starting circuit Will. York. 

4.24 	 t Tho circuit dloiz'c ► of the phase coraptratt 
ruck the i ovo forms of the phogo o porotor ore Chown in I g.T1o,4.3 
cnd Pi.g.Uu. .4 reopoctivoly. Oporut ng froqoncy to flXod to the 

-e' -v  ULe- c 	)€ €ck#r 
roforenco zignel frequency for  c 	 ..  . Thtoarotor 
time period mutt ho greeter then the tine period of the oupply 
so that the integration chould not eo ploto boforo. t B reference 
+Moira In the Ptg.Uo . 4.3 to uood for nullifying the off not of ouch 
juto6rotad circuit. P ct jtcho$ ore uocd so cb cl rostct,cnoo 
bot!Oon oourco tr4 4r.Lin to let. Thorofor the copocitor of 
differontjotiut circuit In diochorgod quickly. 

Thit, typo of phcae eomparotor in a fact rooponso 
detection n3othod. It to ototlo against the rcndom noi000 Included 
in the input a# final. The holding ebaractoratjcs in the output 

cignol of #.cs form to out oticolly , uortntcad doepito of the 
fact that it ban no holding circuit of high input iopodcnco typo. 
Each part of the device can costly be constructed,, with the 
popular IC ccnpononto. tic] 
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4.26  1` tpJ n, 	It in oha rn in the : i.g.fo0 4.1 of clonod loop 
achc oo It in linos to incroono the mplitudac of the aoft otarting 
olreuit output end phone comparator output no that the d.c. 
lovol of the ouitching cir it'a cooperator chengoo auffici.ontly. 
There is only one input at a, time to the iapli.fi©r an the Trott 
otarting circuit and phase cc parator con not work oultoneounly. 
If the soft starting circuit output voltage 1-a to the gain of 
the r. pliflor for It con ho incroansod, 

4.23 	 s 	It is ohoifn oho 	 to the Pi.g ».f o. 4.5. First 

IC rorkc as aqunro-waao generator. The elanonto R, and SCI provide 
the integrating or timing function. The required regenerative 
action cameo from feeding the non inverting input of the Op .,fig I '' 
frith a fraction of the output voltage inpodonco acroaa the a piifiar 
inputo trill be vary lw under the conditions Imposed by thin circuit, 

The cpljtudo of the output voltrgo arc controlled 

by the pool tjve andnegative pear oupplioc. Tho output voltage 
wavoforra has carp loading irnd trniing odgoc, typically mak$ng 
the trnnoition from one caturotion level to the other In f+c 
nicro occonda. The tr en ltXon t2o to determined by the olct 
rote of the Op tap. 

The 2nd Op Inp works at integrator. Bacnuso 
one end of the capacitor 	tied to the virtual ground polntq  
the output voltage of the cm pli fior equals the capacitor charging 

voltage. The frequency 1a controlled by tho reap rote of the 
triangular wave. 





It to a lc -pats flC filter wh000 ti. to a Ot t 

to much larger than the oqutro-wavo poriod. lh effects the lorgor 

the t#avc constant s  the more linear the rt►p output s  although  

the cplitu6e is also reduced. 

Third Op fp works no . comparator. The pulse 

width is varied by varying the d.c. reference voltngo cmp ,itudo. 
Ao the d.c. roforencO voltage is the output of the amplifier It 
viii vary a ►tit the d.c. motor attains the required speed. 

Sjncc a thyriator usually is fired by a short
t9,mo pulOo of gate currents  c circuit lo needed that cc delay 
end control the Instant that Duch a pu uo occurs within each 
half cyclo.Go the output of the cooperator to f to the U 'l 
oqufvsiont circuit. It to used ac an oscillator. 

The last tr ojotor in the figuroTh .4.5 is used  
no tho pulvo cnplifter. Tts enin nuot be enough to CDO the 
sufficient cxiplitnde of the puioe to fire the thyr°iutoru. 

4. 'l . 	 % Pulco trarsfonaor provldoo icolotion 
orrcngomont for the ensmioaion of pukes from the pulao circuits 
to the goto - cathode torainalo of the thyriutor. It to chain In 
the 1ig.fo. 4.6. 

The coot of those pulse trensforn ore hoc to be 
taken into account, although considering the inCtgnUicnnt paver 

CEt1B UL LIBRARY UNIVERSITY OF ROORKEE 
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requirement for firing a thyrictor the extra coot Is enroll 
conporod to tho coot of pines circuits. 

	

0.272  	it 	 : Tho 34 br id go half controlled full. 

t evo thyriotor converter is chcsn in. I?ig.flo. 4.6. As the rccti- 
fication operation In only roquirod so it in economic to replace 
come of the thyrictoIe by parer di:odcc iing to tho high coot 

or thy ictYo s compared to the diodoc. 

Thyriatorc and pa or diodes hobo of excellent 
record of reliability,, the only failure ha oceurod on a result 
of over hooting. The coat of thyri otorti has fallen nubotcntiallp 
over the poet yearn. In addition their power handling cppecility hoc 
i.ncroolaod. The point once rognirod In very lose.t 9l 

	

4.273 	 I The annbor 
circuit nco4 for tho protection of thgriotorc ageinot voltage 
trmOtcntn 10 Oh+a n. In the Pig.11o. 4.7. The electrolytic typo 
of capocitore era phycicully cocU, CD be uccd. The capacitor 
con diachorgo through the rooitor ubon the circuit in do-energized. 

Thin typo of errmngDant of protection of th,rrictore 
roqutrcc loco space and base maintenance. This circuit to oc nanic 
also* 
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54  —21MA  connections  sh  in Fiquxe No. 43 bein 
a , Eirst. the xsfsrsnos motor • sl rnat** Is stud, 
D, C. suip1y is applied t the motor r matu and ft*3d and 
miter is started with th M' help of a star. shen d.*,* 
supply IS fed to the sltznator field it starts generating  
the voltage.  A reference. signal pr,ortions1 to it is applied 
to the phese cpsrator °Input. Then d.c. supply Is fed to field 
of the motorhoss spud to be co 

r 
 ed and a separate d.c.

supply is fled to the 4ternatorcog,d to it* NOW 6 30 

s c,, supply Is switched 	on and .►c, voltage Is applied 
Hugh Scott tr sf. er (isolation 	sfo r) to the 
cwwertar bridge while simultaneously  powr supplies of ! 
different printing nig plates axe made ON.. 

In the ginn ng moor 411 *tart by soft starting  
circuit and motor wi3l spud up to 	 ynchronous speed, 
The synchronsus sped 1$ taken as 1 500 r p.m. of the reference 
motor alternator set *rxspondinq to 50 c/a. 

Near synchronimn I.e. Sid bran 1404 r.p.m 
and l600 r.p.m. phase copsrator will work and s h I 

motor whose wed to be contol ed to syn 	+r speed 
.e. 1500 r.p m*  

xf due to sO oscillations occurrod the motor falls  
out of synchiss and *van out of the rang. of the p a 

eparator. soft starting cizcuit Starts working and makes 



4U144* 

the speed of the motor In the range 	 phasecompara' 
and 	 n phase co orst will again synChrontse the .  spUri 
of the motor to the refeznce speed. 

5.2 rictus t 

a) motor wilt too no Orly 10 seconds to reach  
spied rssr synchronous speed. in this rang• #Oft starting  
circuit will work 

b) Phase coiarator *rte Wig" is 1400 r p.*► 
to 1800 rop *. 

c) Accuracy Is very high In this . sysm.  The motor 
- fires speed to be controlled will tun an the pod as that of 

d) , A slight sustained oscillations are there du. to 
instability, 

This ache can be Modified to pr .vide a provi ozn 
of better looking when the synchronisation of the d.c. motor 
is Vis with respect to the refarsnes signal and the ►t r is 
loaded* 

A facility  of multiple t"*ad of the reference opU+ 
cenbsprovtdtfadivdmbyNcetxt.risaddsd in the 
food back path of the dlod loop se)*m 



45. 

PociUty of regeneration Can be provided If the 
3 4 0 bridge halt controlled full wive Converter is rs 
lid by 3 • bridge full controlled full wa c rag. 
Similarly the facLUtiss of regnerstive hacking and dynordc 
bracking Con be pr 	d by making + ssa: modifications  
in the design of the 	of d o speed controller. er. 

.4 	Aips +~ 

law Cost of integrated emits and thyristore  
makes this schema of d, speed controller economical. Motors 
of any size Can be controlled *.f . this 	nigt* once the 
hs. act st * of the motor have been incorporated onto the 

response of the Scher, 

E, ais.Uy suitable for finis schetr at* systems in which. 
m•tors must be synchronized to each other or to an existing 
c2ocktng aignsl An ex *le of the tenor Is corwoyor for  
me t als handling, of 	 latter# a drive for a cc~ 
peripheral such as a disk 	 t 
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pia connections of printing circuits plates are as followsi 

1 	Noce 
2. Variable point 
3. 0/p of IC 

4 4:1y 
5. Of of IC .  
64 Supply 
70 0/P of 102 
So Noce 

Cround  .O„ N,G, 
11. Final o 	ut 
12. floe., 

of prs e.t (MI f it output) 

1, output 
supply + lye 

3. SW)p1y 9 .' s 
4. N.C. 
5. Re fete n signal (input) 
6. Other signal Input (Feed back signal) 70 NoC so Hoc. 
9. N.C. round  U.N.C. 

. N.C. 

ink compsrat 
l ?I.C,: 	_ 

Supply + IV* 3, N.C. 
4,, Supply •. 'l, 
5. Input from D,A. Co► ri r 
6. To ampltf or input~haso corinirater side) 
7. rxm. phase comparator output 
S* s.,. 
9 N.C. 

WoTo a, lifter Input (Soft staffing circuit) 
U .0 round  32. Noce 

w Supply - I 	 7, M,C 
2. P4,0. 	 8, N.C. 
3. 0. 	 90, Output 
4, Non irnmrting Input 	10 Inverting Input 
6. N, C« 	 12. Supply 
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