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LINQFPSLE.

The present vork desls essentially with the develop-
sent, design snd testing of a nev generatien solid state d.c.
spsed controller employing advance techniques of couparisiom
and firing of controlled converters. The developed scheme employes
comparisien of phase angle charscterdtics of the references and
fesdback signels by an extremely versatile and accurate phase
comparator whieh has definite superiority over not only the
conventional methods of comparision but also over the stander-
dised typea of phase comparators. Anothear novelity of ths present
schene is the use of the pulse width modulation type of firing
scheme for the control of the converter. The order of accurscy
of cpud control effected by the present scheme {8 a whole
order of magnitude times more than that of conventionsl solid
‘state d.o. speed controller of closed loop type.
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PRESENT STATUS OF ELECTRIC DRIVBS ecewm OMRLL&MWY
BASIC CONCEPTS



1.1 Histocical Evolution of Electric Drives s [777]

The growth of electric drives has closely
paralleled the growth of sutomstion in industry, Electric -
drive system provide a convenient meens for controlling the
operation of industrisl mschinery. The high relisbility and
great versatility of electric drives has resulted in thefr
vide - spresd application. In size, electiric drives rangé all the
way’ from frasctions of one h.p. upto thousands of h.p. speeds
renge from stelled positioning systems upto 15000 r.p.». eand higher,

Historically, the first electric - drive system
to gain real prominence was the ward leonard systen, patented
" by He Werd leonerd in the 1880's. The history of d.c. electric
drives procseded from the basic Ward leonard principle to various

modifications thereof, in approximated the following steps

a. Rheostat control of Generator Field.

b. Tendem Fisld rheostat control of CGenerator and Motor Fields.

c. Thyratran control of Generator & Motor Fields & later
thyretron control of the armasture volt‘age' of small
d.c. motors.,

d. Ignitron and Mercury pool control of the armature voltage
of d.c. machines too large for thyratrons.

¢. Magnetie Amplifier control of Gonarator Pleld & armature
voltages. and ,

f. Thyristor control of Generator and motor fields and later

thyristor control of srmsture voltage,



Although d.c. drives by virtue of their
superior characterstics of precise snd continuous control of
speed with long term stability and good transient response
were the first to beceme popular in Industrial Control Systenms,
The pressnce of the mechmical commutator in d.c. motor and
its attendent problems of maintenance is 2 serious deterrent
whorin’r reliability and maintenance costs sssume mpm‘tmco.
This led te & groving interest in the field of s.c. drives and
a nunber of workers truned their attention towards the development
of a.c, drives. Thets again the very large Industrial popularity
of this squirrel cage Induction Motor by virtue qt its extrenely
rugged rotar constructiocn and consequent reliable maintensnce
fres cpnrat;m at high speed made it virtually impossible for
drive BEngineers to complatsly mgiwt the sres of a.c, electric
drivlé,. Howaver till the advent of high power s0lid state
devices like power transistors and S5.C.R'Ss no resl bresk t!n--uizghs
of 1nduatr1a1 8ignificance were achieved in this othervise highly
promising sres. During this period veriable frequency conver ters
wvere mvarqxably of the rotating types which required Auxiliary
Rotating Machines. A motor-generator aét with an adjustable
speed drive, catiblishmg the spsed of a Rotating Alternator vas
the first practical, Adjusteble frequency converter,for many
years these sets were used (and ore still being used) to supply
multiple a.c. motors in applications such as Run Out Table in
the Steel Mills. However in addition to the maintenznce problems
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jnvolved with Rotating Motor-Gensrator sets, control of the a.c.
output voltage amplitude snd response is limited dy the inherent
excitstion of the Altsrnator. Most signeficently the resistance
and the reactsnce of the slternator and its motor losd limit

the performance of the motor over a wide speed range.

The next stage of development in the area of
8.¢. drives took plece with the avsilability of thyrétron ’
and mercury ere¢ rectifiers. Invertors using these 4ev1cu vere
developed but their performsnce did not reach the sxpected
standards as the switching finies of these components is too
lmglfor optimum operation. It was only with the availability
of power trmnsistors snd semiconductor devices of the thyristor
type having switching times of the order of micro seconds thet
significent results wvere achieved in this otherwise extremely
promising sres. Since the sixties there have been many develop-
ments in the field of solid state invertars and a very genuine
interest has been revived in the area of 8.Ce drives.Historically
the first of the 5.C.R. type variable frequency invertors vere
of the d.c. link type involving both static rectification end
inversion. This wat soon followed by developments in the ares
of direct e.c. to a.c. conversion with s controled frequency

output «--« Cycloconvertors.

1.2 Glass

for D.C. Drives

The low forward voltags drop of the thyristor
provides an efficient rectifier when used with the standerd



B

L.V, supply of 240 & 440 volts, For this resson thyrister
converters are rapidly being accepted for the control of d.c.
machines, both a8 field controls for Werd leonsrd systems

and in ever increasing povers as converters to replace the motor-
generator sot. In the latter case the semiconductors handle

the full pover of the supply.| A

The basic rectifier circuit takes many forms
depends on the power that i4s to be hmdled snd the degree of
control required. In order to reduce the cost it is desirsble
to use uncontrolled rectifjers (silicon diodes) where possible

80 that the number of controlled rectifiers (thyristors) is

kept to a minfmum, while still obtsining full control over the
output voltage. The extent to whjeh this cen be done depends

on the duty of the converter and the powsr of the drive, if
 regeneration 1l‘roqu1red the converter must be capable of

inver ting and all grms of the bridge must be controlled. Fer
bigh pover drives the harmonic currents taken from the supply
must be reduced. This'implus an increase {n the ripple frequency
of the direct current and hence sn incresge in the number of

éontrolled rectifier arms,
1.2.1 Popular Configurations

1 ~ ¢ half controlled bridge with a free
._ !

An
wheeling diode,for fraction h.p. drives if regenerstion is not
required. If regenerstion 18 required 1 - # full controlled

bl'ldg. is u8’do
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3« half controlled bridge for higher h.p.

drives is used if regenerstion is not required and if required

then 3-¢ full controlled full wave converter is used.

A comprehensive survey of the soiid state

converter field 1% contained in the Table 1.] snd of reversing
drives is contained in Table 1.2. 14

control

be

control

.

Co

The autatanding fenturss of the open-laop

systens are 3

Thedr ability to perforn accurstely is determined by
their calibrastion. To calibrats mesn® to establish or
re-eftablish the input.ocutput relation to obtain a

desired system accuracy.

‘They ere not generally treubled with problems of

instability.

The most important festures of the closed-loop

systems are

Incressed accuracy o.g. the ability to faithfully
repreduces the input, |

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

Reduced effects of nonlinesrities and distorticn.
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T

Stability is alvays a major problem in the cloécd-
loop eontrol system sinuce 1t may tend to overcorrect
errors which may cause mmk oscillatian® of constant

or chsnging saplitude,

1.32 $tasic V/8 Rotating €ontrol Svstems ¢

be

Ce
B

..

f.

h.

Salient features of static system are

Extremely stable and accurate output available.

lower installation cost on sccount of no elobrate
foundation snd no careful alijgnment of machine is
involved.

Lower floor space requirement.

Lower noise level.

Superior control snd easse Of opsrastion of operating
parsuweters of controllers.

These converters sre¢ readily compatable with the
closed-loop feedback technique.

lover operational cost and less maintensnce.
Increased reliability as Vi dc?; not have any mechanical
part, through introduction of modullsr constructional
technigue, of integrated circuits and fecility of
spare modules present.
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b.

4.

=B

Bssential features of disiﬁal aehnva are

Its very grest accurscy which is inherent in the
system itself, wislh is ungttainable by &ny of the
analog scheneh

They are compatible with the raquirements of d4igital
output devices a.g. computers, punch tspe snd
counters etc.

The dfgital sohemes are partieculsrly suitable in
remote control applicetion where sccurate transmission
of & signsl is & must,

Over a1l scheme 18 more sophisticated. peri‘ormance
cheracterstice of the control schemes are superior
to analog schemes.

Digital devices sre lass susceptable to inaccuracies
because of the enviorenental effects like tempsrature

increase, humidity increase end radistion effects etc.

t 127

The meximum or minimun

speeds at which the motor will run can be set by a knod in the

drive cabinet. Though the speed setting potenticmeter reads

full speed or zero, the motor will run sloweiy for maximum speed

or at some speed above zero for minimum ape‘ad.

Besa gpeeds, standard 3 Base speeds refer to the maximum 3peed
at which the motor cen run with full field applied. Most
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inanufascturers offer severasl standard speeds whils many alse

offer gesr reducers for a vide choice of top speed.

Lontrolled accelaration by current limit + By setting the

maximum allowsble armatprc current, the accelaration of the load
csan be kept down to 8 safe level on startup of the drive .
Controlled sccelsration of this type is inherent in all drives
that have & built in current limit.

gontrolled sccelsration by timing s+ The accelarstion of the motor
and load 18 controlled by delaying the full application of the

speed reference signal, With this festure, sccelsrtion 18 cont-
follcd through out the speed renge &nd not only during startup
as in the case with current limit control. Electronic delay

circuite or auxiliary motor~driven potentiometers ere commonly

used to delay the reference signsal.

Qurrent Limit : Armature current must be limited by ths drive
controller to protect both the motor and the S.C.R's fronm
overheating dus to excessive currents, and also to limit the'
torque applied by the motor to the load., When the'armaturc
current reaches the set limit, epee& regulation becomes {neffe-
ctive and the motor speed will drop sharply with increased

load until the losd demend that csused the current to reach its

limit is removed.

Qurrent limit, pdiusteble ¢ This is the sane a® current limit

but the limiting current value can be adjusted to match the

drive to a particular load snd motor.



Rineconoet nuditeh ¢ Drive packages incorporate & contactor
or owiteh to otart & stop the motor. 2n aoxternal a.c. 4icconnoet

guiteh or contoctor 18 desirnblo to shut dovn the entire drivo

for sofety, to olloy for ramote tripping.

. ¢ Dynomic braling 18 o moons of cloetrieally
locding the motor as a8 gonorotor to oxtract its otorod mechanicol
onorgy nd roduce its speed. It 15 usuplly donc by connacting

o rosistor ocross the armature torminols vwhile maintaining

full ficld oxcitation. The ropistor 48 connectod by an quxi-
liory contactor or by o gsot of midponition contacts of a

neaual rovorsing eviteh. Dynemic brgking ic most offective whon

tho notor is running at high spoed.

s The spoed reference signanl normolly

dorived from o potonticmetor, cen be suppljod from on oxtornol

voltopgo Soureo.

s When CEMF spood oconsing 18 uoed, tho

crnaturo torminaol voltoge 18 detoctod os o mossure of tho motor's
ackunl cpoed. But the torminml voltasgo copprises two olementg, the
countor o.n.f. voltego goneratod by the armaturc end the voltoge
drop in tho rosistence of the armaturo windings. (IR drop).

Sineco cnly CEMF voltage 18 occtuolly proportionel to motor spgod
(the IR drop 1o propor tional to ermoturc current) by oliminating
tho IR-drop. Component freca the terminal voltege, a morc necu- |
ratc indication of asctual motor spood 19 poosiblao. Thut IR-drop
conponoation 18 & moens & ocubtracting o oignol proportional

to the IR-drop, from tho terminsl voltogo. But becauso the IR-drop
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varies vith diffaront.motors, the conponsetion nust bo sot

for o gpeeific motor.

don st Jogging controls are used to oporsto the drive ot vory
loy opoods during setting up oporstions. The Jog control cen
be dosjgned to ruﬁ tho drive while tho pushbutten 18 held dovn,
or it con bo derigned to run the drive continuovsly at vory

loy opoods for throeding operations.

Pro=nect gpoods By providing multiple speéd-setting potan~
tiomotore and rolays to switch in whichover potenticmoter is
roquirod, speeds con bo presot and sclectod by operating push

buttons or by some othormemms of operating the rolays.

Suiek pley dayn ¢ By including dynemie breking in the drive,
" the motor olows down ot o fester roto then it would if simply

alloweod to coast to o stop.

g 3 Rogenarativo dbroking, like dynemic

broking, 18 o moens for oxtrecting mecheniesl onergy eloctricolly
frca the armoturo torminals. The olectricol onorgy is pumped
back intc the supply line 1natsad of baoing disaapatad'in 8 GEe
rosistor. This form of braking nllows the motor to bo braked

to stendatill.

Romoto gpond esontrol ¢  If the oporator's station is located

remotoly from the drive, tho speed roforence potentiomater is
usually g%nted in tho station ond the pot. signol oxtendod to
tho drive through a 3-viro cireudt.



Spsed seneing, CEMF : Bsecause the counter e.m.f. voltage

generated s d.c. motor"s armature 18 proportional to the speed
at vhich the srmature is retating by detecting this voltege,
a8 8ignal proportional to speef 1® obtained, This voltage is
y compare& with the reference speed, sny error between thc'ﬂwo
causing the drives cirecuits to Meraas'e or decrease the speed

accordingly.

Jorgque limit s This is essentially current limit where the
torque output from the motor 18 kept down by limiting the srmature

current. -

Torgus Regulation s Torgue regulation {cr torque control) means
ene of two things, simply an e sdjustable torque limit (current

1imit) vhere the drive maintains constant set speed out to a
preset ‘torque than maintaing constant torque at & declingng speed
for further mechanical loads, or the incorporation in the drive
of & psrticular drooping torque«~speed characterstic which can de

varied,
1.4 Applicatiors of D.C. Driver : (9, /0]

Thyristor controlled d.¢. drives have a wide
field of application in the industries now o days. It is widely
sccepted nov in Paper, Printing, Plastise, Aluminfum foil mill,

Rubber and vhere multi-section scheme ere used.



In the printing industry thyristor controlled
d.c. drives have been extensively mpplied to replace comvutator
motors. Here the requirements asre for a wide speed range of €0s1
with a regulation of about 10f at minimum speed. The minimum
speed 18 required for the frequent inching during re-plating
the printing cynliinders. |

In the Paper Industry thyrigter drives have been
used for reeling applications., The peper reel may be either a
re-~wind or an unwind ataﬁé when the power converter may be
selected off losd to operste in either a motering or regenerating
modes. Under certain conditions of opsration e.g. vhen the loss
torque exceeds the required braking torgue on an unvwind stand, or
during 2 rapid stop with & lsrge inertis reel on a rewind stand,
sn on load changs of operating mode may be required control for
constant tension reeling is normally obtained from tension

S'DSi.n‘ armns,

In multi-section schemes# where helper drives
are required and‘for certain realing spplicstions where taper
tension 18 required the thyrigstor controlled motor has been
operated under tdrqun control by using motor arbaturc current

rether than a tschogenerator voltage as the resulting signel.

For multi-section schemes standerd thyristor
drives can readly be adapted to operate together from common

speed Signels with 1ntor:ection drav by armature control.



This compares diroctly vith an individual gonorotor por
soetion Yard loonard cschama. For loss praeiso duty one pover
convortar crn bo used to control poarallel motors with intore

gocticn opood trim by motor field control.

A 8inglo-onded thyristor convortor 48 appliod
in tho specd con?rol of tha mill motor of a cold strip rolling
n4ll. Tha convapter supolies uni-direetionsl curront to tho
pnotor armaturs,fgkcoloration tqrquo is produced by reversing
tho motor fiold. | |

Thyriatof controllod drives upto )50 h.p.
have bocn applicd €o both tho plastie and rubber industrios
for extrucion procoscen, Heore tho thyristor drive {82 replacing
the Ward Loonerd omd coamutator drive, vhea o vido speed rango
vith proeico trensiont end stondy cteto control 1o requircd.
Spoad holding to within 1 togother vith good borroel tcmporaturc
control 16 ocrentiel to give the doproe of plastie film thicknoss
aecuracy that 4o dboing inecroasingly roquired by the industry.



NEW GENERATION SOLID STATE SPEED CONTROLLERS:
REVIEW OF PRESENT TRENDS
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al
Ths phenensnen, dsvelepmonts in the diffexent areas

of 30lid state slectyonice have alse pexfeundly influenced.
Ihe technelegy of solid stats elegtric drives.peshaps the
mest significant influence has besn as a xesult of applle
cation of radically new techniques and concepts of signsd
precessing ond cempavision (dewsloped primazily for the

ust in communication systams) to the all tegsther rew areas
of slesgtric machine contyel, Just as the adoption of thase
cencepts and techniques have regulted in far reaching improvew
ments in the performance of cmmmunication system, their
application 4in the axea of machine contrel has also brought
about very significant fmprovements in the performance elec.
trie machine control systens,

31;1 hita's

Following axe the s&ustﬁ;_lm tzends, towards the spesd
contrel of d.cs motor now a days.

a) Digital method of D.C. mator speed control,
b) Pulss width modulation motor control systenm,

€) Phase locked loeop moter control systam,
| L
Z2elel Digltal method of D.Ce Matex Soesd Controls In Sndustrial

procoss control it is sometime necessazy to bs able to sdjust
& motor's gpoed over a wide pange with goed speed resolution




—————————. .t  ———

— A —— i £ g ) MY

e s



_ 4170

snd reproducibility, Conventional analeg control methods
suffer on ssveral sccounts, including nenlinearity in tw
analeg speed transducer and difficulty 4n sccurately transe
mitting the analog signal after it has hun obtained frem
the transducer, Also, while manipulating thw signal to "
effact control action on the motox, #rxors are incurred
which are zelated to temperatuze, cumponent aging, and
extrsndous disturbances, |
A digital speed gontrol systesm is supexior in that

thexe 1s no nonlinearity in the spesd eatransducer, the
digital signal zepresenting speed can be transmitted long
distences with no degradation of the original accuracy, and
the digitally developed contrel signal is not subject to tempe
erature variations, compament changes or noiee,

| The digital d speed contzol of d.¢s motor system cone
sists: a compurator, a subtracter, a wp/down counter, a B/A
convexterx, an amplifier, & digital tichowetsx, a set point
selector switch and decimal to binaxry counter, Tt Moo bip 2l

This systen is net continuous but measures and coxrects

motor speed at digcrette intervals, The order of events in
a complete contyol cycle is as follews;

a) Megsurs the sctual moter spesd,

b) Compare the actual speed €0 the desized speed
(st point),
¢) Find the exzor,
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d) change ths contants of the qp/dm countar an
amount proportional to the srxor. The direction
of the change depends on the zesult of the comw
pazision made in step B, |
e) wait wiie the motor sesponds to the increase or
decreass in 1ts armature woltege, then reset the
appropriate counters and logic devices £n preparse
tion for the mext contral cyols.

NMotox swcd is detected wticauy by an nrmglmnt
of three pairs of ught souzces and photocelis. Pulses from
photncalzs axe gated iInto a ten » bit di.gua.l counter

duzing a pnaisﬂy controlied time pamm. 80 the & number
stored in thel counter at the end of the sampling time represents
the actual motor speed. This apeed Ls then compared with the
desired speed, which is also upmunﬁd by .a ten = bit binaxy
number, This degired speed is obtsined via four decimal st
point switches and a decimal %o binary convexzter, |

The aitput of the comparisen circuit depends on which
of three conditions prevallsy either the set point is larger
than actual speed, the st point is emaller than actual speed,
or the set point and sctual speed axe exactly maqual, The
comparator output is vaed in two ways., First, it decides
whathexr the 0§ up/dewn coeunter is to be driven in the up
diregtion or the down direction., Driving the up/down counter
in the up direction raisss the motoy armature voltags and
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snd xeproducibility, Conventional analeg control methods
suffey on ssveral sccounts, including nenlicearity in e
ansleg speed transducer snd difficulty in accurately transe
mitting the anglog signal after it has been cbtained frem
the transducex. Also, while manipulating the signal to
cfftﬁt‘cant:ox action on the motor, #xrors axe incurred
whieh are related to temperature, component aging, and
»xtrsneous disturbances,

A digital speed control syséem is superior in that
there 1s no nonlinsarity in the spesd estransducer, the
digital signal representing speed cen be transmitted long
distences with no degradation of the original accuracy, and
the digitally developsd control signal Lis not subject to tempe
yratuze variations, companent changes oF noise,
| The digitsl d spoed control of d.e. motor system cone
sisis: a compurator, a subtracter, a up/down countey, a B/K
convertex, an amplifiex, & digital tachomstex, a st point
selector switch ond decimal to binary counter, Ti-b adownw Fip 2l

This systenm L8 not continusus but measuses and coxxedts
motor speed at digcretts intexvals, fhe oxder of events in
s complete contyol cycle is as follewsy

a) Measure the actual moter spead,

b) Compaze the astual spesed to the Jdesived speed
{set point),

¢) Find the esxxor,
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increases notor spewd, If the actual spesid and desized spesd axe
onﬁtly scual, the comparator inhibits the up/down counter
from changing state,

Fomwing' detemination of the speed diffezencs, the
content of the up/down counter 1s adjustsd an snount pros
portional to that difference, The digital content of the
countay is conmvertsd to an analog voltage ralsing fxom O
12 volts by o ENEae 0/A convexter,  This onalog voltage
is then amplified and applied to the azmaturs of the motox,

AN

"

At tﬁn ond of sach omparision cycle the up/dewn countey
is driven either up or dmm amount propoxrtional to the
spesd diffexence, ‘The proportionality constant &3 an adjuse
table system parame ter which has an impertant effect on systen

respons®. The greatesr the proportionality constant, the moxe
escillatory is the motor's transient responss €0 a step changs.
The smallexr the constant, the nore sluggish is the zupom; ,
Amplifier gain is another importaont parametsr regaxding sysitem
transient response.. |

-l
:v t..m m 'MQQ%

way of sp.od ::ontmL af mau deCy mzw is with a vaxisble
reclstor connected in seriss with the mtor and power supplye

A deCy motor runs at a gpesd proportional to the average applied
voltagts Hero the average voltage is obtaimed simply by buming
up ¢he unused power, But if a system wanted that taps sinimm
snexgy from the power source - while delivering high starting




torqus even at low speeds » pulse width modulation is
worth loocking mq

Once fairly complicated and cestly, PWM has lenee

- fited from advances in solid state slectronics, Now most

of tiw Glﬁﬂt?tmiﬁ hard ware can be yeduced to a single IC
chip so that power scving and high torgue 1nvoiv¢ very little
penclity $n terms of price or circuit nmph#tv. |

In PEM, the motor usss full supply voltage at all
speeds, but thd power is turned ON and OFF rapidly to do the
averaging or stated more explicidy, PuM iz simply a mattexr of
applying full voltags ¢o the motor in a seriesg of short pulwes,
and varying the duty cycls {ON/OPF ¢time ratio) to wz—y the
aversge motor voltage, '

Since motor drive torque is & dirxecet function of armaw
tuze curzent, Lt may be betisxr to epurats with constant rather
pulsed drive curgents., In this case, the fregquency should e
high enough 8o that the armature current never drops beslow &
predetemmined level duxing the OFF tinme of the output power
tranststor (Motor curyent will then be flowing thrxough the
free = whesling diode), Once gpeed rong® and frequency is
selacted then the type of drive system is choosen,

‘Thexre are thres comonly used methods foxr cbtalning
the pulse width modulation, The classfical approach uses
digcrette compensnts in as Astable Multivibrator Circult,
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A cinilap cothod ucos on 4ntogrotod oporotional coplifion,
opood voapiation foom 905 o O53 1s prootical for thepo eizcuico,
™hicd agproceh vl a GOS Antogrolnd » ¢izcudt quad NMAND goto
( comiontntory Dotsl o oxnldy somicondustor corpzicod of fous
NARD gatoo)e This clzcult providoo o opood pong of cppromle
catidy & o 9! of full op20d,

ALY thood edreui$s azo manuolly contpollod with no
peevlicions fog ony oloetrlical dnput olegnal ¢o ¢ho coneeol pulco
- widlhe TFox contzol by on _a;oc%xﬁca& slignal, o high gofng cporae
ticnal coaplifior compazates with a 1inmidod output owing ond hich
810w 2a®e  Two input sicnalo a0 =Couired ¢ o ¢xiongular wow
of £i:2d froquonsy ond coplitude, and o vazichic dece volQogde
™hic Cypo of lg(izw;ﬁ/& ‘:,‘3,’3, cﬁﬁiémlwgﬂim widtho fzen full ON
¢o full OFF, Howovor, thozo s o cBi¢he opoed Juap &n ho
Lrongiclon fram puloing qmﬁm& to otoody cutout cousod by
gounding at the peolhic and volloys ¢f ¢ho triangulor wovops
In moot coco, 4t 2o not difficult ¢o Alnmit this Sum;r go 1eno
ehon X7 of ¢ho ON or OFP m, |

A peop okput ologo is roquisod o cpply the puico
©1d¢h Dodulatod cdgnal to 2 cotes. Uolng o Haslington trono
030¢oz 40 tho pimploot and most dix0ct moans (BF coupling tho
pulcs Ondxgy to tho moteor. In addiClicn ¢o tho Lxonciolow 3
0 €300 o vhooling dlodo 1o poquixads, Thio diodd nust bo obio
to Gam_app:anﬁméwlv 407 of tho manloun cursont expoetad in
Sho otee (which could o oaaﬁly- lacgor ¢han ¢thD noronl oOpORe
800 curmont 47 ¢ho notor flo oxpastad o bo otallod for poriods
Lcngox thon o cacond o2 0)e |
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For very « high « curzent spplications, Gexomanium
powey devices sxe the least expensive cholice., The input
to tha germanium dewhce cireuit is not from the output buffer
of a control ai.mu, but directly fxom the output of the

any of the operational amplifiexr or comparator,

: . BTG
2+1,3 Phay -"-'-' DOD Mp' p.lontrol Syate ) Al‘though The

primn:ry tppncatioa for phaal iockid Mmps has been in
frequenty synchronisation of receivers, a losser known
application axea may tum Sut to be &iaeost aqually impéxtant -
the procise control of motor speed., Thw conventional osthod
of motoxr « speed control %is with analog sexrvos, Phase locked loo
motox control systems axe becoming more widely used as the
cost of digital circultary is reduced, This type of d.c. motor
contxrol has certaln advantapes over sonventional analog sefvos,
Among these Ls the shility to obtain speed accuracies better
than OJX and poasibility spproaching 0,002¢¥, Motors of any
size can be contxplied with this technique once 'tha charace
teristics of the motor hawe been incorxporated onto the

regponse of the phase « locked loop thw only dfference is in
the motor - drive circuit,

The PLL, 4n its most elementary form, consists of
thres componsntsy s phass detector, a fm pm ‘?‘ﬁ?’é‘ ‘,’33 -
s veltage controlled escillator (VOD},,/ A frequency divider has
been sdded in the feed back path to provide for vazisble
speed operation. The ocutput of the WO is a periodic siognal
whese frequency is controlied by the input voltage, In the
cast of a PLL motor contrel, the d.¢, motor with an optical
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tachometer acts as the VCD. The phase detector compares
the phase of a partodic input signal against the phase

of ths VOO output, and the output of the phase detector is

a measum of the phase difference botween the two inputs.
The diffezence voltage is Jow pass £iltexed by the loop
filter and applied to the WO, The contxol voltage on the
VOO changes the frequency in a dirsction which reduces the
phase difference betwsan the imput ﬂgﬁa& and the local
oscillatéy, vhen the loop is *locked*, the control voltage
is such that the frequency of the VCO is equal to the froe
queney of the fnput signal, when s frequency divider is used
in the feed back loop, ths frequency of the WD 1is an integex
multiple of the input frequency. Since the motor shaft spesd
is proportionsl to the output signal frequency in the PLL moter
contrel loop, this spoed is controlled as a coutrately as the
frequency 11::0;&

The uss of & deces BOCOX as the voltags controlled oscle
Hator in a PLL increases the complexity of the loop design,
In slectronic PLL design, it As assumed that the VOO xesponds
instantaneously o change in the input voltage, A motor, on
the othexr hand, has a auch Mng!;r response time due mostly to
the mechanical inertia of the aystem, This zesponse delay
effacts the stability of the PLL and places much more stringent
wquirements on the phase datector,
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Thiee types of digital phage detsctors are presently
in use; the exclusive  OR circult, the edge - triggered
flip « flep, and a logle gate configuration that behaves in
a manner sintlar to thet of flip - flop, but has some advane
tages, All three types are found in phase « locked laop IC's,
Homw:. some phass locked loop clzcuito use anslog detesctors,

of the many parmurt which age mmi o dnm:ib-
 phase duuctom. tha pamtsxs which most diﬂ::tly influence
~ motor PLL control are the frequency Capture xange, the frequency
 lock xangt. ‘and the abllity of the phase detector to aveid
‘1o_¢k1ng on hmmcs. T smqmmy lock range is the range
of frequenciss over which the PLL can maintain a *locked"
ecnd.ttim. m. detarmines the mgo of motor speeds, Tha
fxtqmmr captuye range is the xmgt over which *lock* can

be acquized Af 4t has been lost. This is important because
the motor can not yegspond inatantansously to rapid changes
in the speed et point, and the motor will lote “lock™ for

a short period of time, with the propar phase detector,
*leck® may be required quickly., Fox the sywe xeason, the
ability 2o %ock’ only on the fundmmentsl frequancy &s alse
necessary, Large changes in s8¢t point could result 4n
incorrect motor speed A€ the loop locked onto a harmonic of
the zefsrence signal, '

The basic function of the loop filter is to remove
noise and high « frequency components from the error voltage.
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£t also has 2 major rele in deternining the stability and
ayﬁaau performance of the loop., Passive filters axe suitable
for many applications. Howewvor, bettex performance is usually
possibls with active filters that have tho aodded expense of on
amplifiex,

Motor drive cireuit is used £o raise the powsr Jevel
and provide additional control, |

109294
CENTRAL LIBRARY UNIVERSIY 0F mogmyes
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CHAPTER - 3

FURCTIONAL DESCRIPTION OF A S0LID « STATE D.C, EPEED CONTROLLER
USING P TYPE FIRING AND PHAESE LOCKED COMPARISION
TECHN IQUB
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3.1 Introductien s

The developed scheme 18 essentially a precesion
type of d.c. Speed controller employing advencad techniques of
firing and comparision a8 well as incorporating Some of the
latest advances in Micro Electronic circuits like operational

amplifier integrated logic circuit snd ministurised techniques.

The scheme essentially utilised two types of
closed loops. The first one 18 with using =oft starting circuit
which is used for smooth starting of motor from zero speed to
the 3peed near synchronous speed. The other closed loop consists
of a nevly dasveloped phese comperator of integrastor type which

will vork mear synchronism.

Pulse Width Modulation 48 ueed for firing circuit.
Here a triangular wsve and a varieble d.c. reference is compared

| in the voltage edmparator. The pulse width is varied by varyihg

the d.c. reference input. According to which the firing instant of

the thyristor is chenged which vill chenge the controlled d.c.

output.

3.2 Rumncticnnl Descriotion s The functionsl block diagram
of the developed scheme I8 shown in the figure No.3.1. The
functional description of each block is as follows 3

3.21 Soft starting Circuit ¥ This efrcuit replaces the starter

of the d.c. motor., It i1s used -to stsrt the d.c. motor smoothly
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from rest to near Synchronous or befors the speed renge of the

phase comparator.

| It is essentially s RA-C network. A dicde 1s
connected in parsllel to the capacitor in forward bilasing fashion.
The voltage abroaa the cepacitor is further reduced by utilising
2 pre~set. Hence a2 constant voltage VR i® applied to one of the

. ~ - N +'2>
input of the voltage comparator. 1% » Arom g e

3.22 Capmparator spd smplifier 3 The voltage comparator (VC)
‘compares the two input signals snd gives an output voltsge
‘corresponding to the difference of the two inputs.

Most of the VC's ere easentially high-gain
d1fferential smplifiers operating in the open-loop mannsr and
driving an' output stege conditioned for specific ldgical voltage
level. It 48 en ordinsry type of voltage comparator which e .
compares the two input voltages.‘

A roference voltage VR from soft starting circuit =
and sn variable input signel from Digital-snalog (D/A) converter
are sgperetely applied to the voltege comparator inputs, The
VC output 43 at a low voltage level (logic O). Whenever the
input if more negative than the reference voltage; it is a high
level {(logic 1) vhmiver the input is more positive than the
reference voltage. it - Ahowm —n Fig-No 42

The veriable output voltage of D/A converter is
corresponding to the d.c. motor speed wvhose speed toc be controlled.

A RC filter circuit s used to filter the a.c. ripples.
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1 -
Voltago comporoators epo froquontly

3.28 WL:
uged dn tho dosipgn of teot oquipment roqguiring o ceireuit that
een gonso tho timo instant when thoe input signal poas outside
Aono prosot tolercneo ranga. A cefreuit that preducos such a

GO-110-G0 typo of output 18 callod a windcy coaporstor.

The windov comperator i8 of the type which producos
o vingow thet indicetes by » logic 1 output the presenco of on

input goignol folling within the rengoe preset by reference voltagos
Vy end V. 34 an Maswm M FLgrWeaz

This vindcy conperater enploys two voltago
compar tors to produco the windoy. The sene input signal is applied
to both comparstors. Sccond comparstor comparas the input signal
with the roforenco signol Va in such o vway that a high voltago
lovel (logic 1) 1o produccd vhenovor tho input signnl oxcoed V&.
Pirot comperator, boing inversoly connoeted, compores the scro
input sipnel with 8 lergor voltogo V. Firot comperstor produces
o logie 1 output only vhon the input signsl 98 loss then Vge Tho
ocutputg fron the tvo comparators aro AlDod, yiocld o high voltage
l1ovol vhonovor doth comporators at the logic 1. Howovor this
oceurs only for input voltagos in thao rongo of Vy é;V¥n£;Vh. Tho
windoy comparator rongo 10 corrosponding to the phase comporator
rongo.

Tho output of the windcy comparator 18 oppliocd
to the boto of the firot trensistor. Thig trensistor 45 odjustod
to conduect (O01) for the vindovw cooporater rengo, othorvise 4t

vill bo OFF. Thoe coill of the rond ocuiteh RSI 418 connactod botwoon



the positive supply ond collector rocistence of tho tremsistor.

ind tho roosd oviteh 16 connoctod to phose comporator cnd /aplifior.

Tho socond transistor works og on invorter, thot
g8, 4% will bo OFF for vindcy comporator rango ond esbovo cnd boloy

this renpgo 1t will be ONe Tho €03l of Ropd Switeh ng

to tho pooitive supply end colloector rosisteznee. Tho read owiteh

1o connocted

Rsﬁ 18 connocted botvoen voltage comparantor snd fapliftor. Thoe

soft storting cireuit will work in thic rengo.

Wws3
tor ¢ Phaso eomparantor comporos the phosos

of two input signals ond giveo a d,c., output voltage corrosponding
to'thq pheso differanco. The'phasa daifferonco botwaon the input
phesos {3 corrospond to tho difforcneo in the spoed of tho d.c.
motor whoto spoed to bo controllod to tho reforonce sirnnl. Tho
output d.c. veltagoe is linecrly proportional to tho pheoo ditf@ronca
botwoen tho two input phnoas,

It 10 o noewly dovoloped type of pheso ecaporator
The booie eircuit of phace comporoator deyieta tvo porolloel
connactod &2 intogrators of seao choractoroties, cesecdod with
e difforoentinl smplifior vhich subtrocts the two output signals
of the intogrotors ond gonorotos ite, output signel in the fomnm
of d.c. voltogo. Fﬁold offoct trensictor (FET) with differontioting
cireutt 10 used for resotting., TN > Akt s Py

Phaoto«]) vhich 18 corrosponding to the roforoneo
girnel 1s opplicd to en OP /mp vwhieh 40 acting os oontursted enplifior
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ond pivon oquaro-vava output. This output 18 fod to the two
intogrators. Storting point of &P intogration of firot intogrator 10
fixod, For rosetting of I intogrator 7 upper difforontioting
cireult 4o usod, using FET as switch. Sterting point of integration
of IT 4ntogrotor is sdjucted by pulses correcponding to phaso=-2.
Phaoc-2 1o corrcesponding to the feedback signonl. For rosotting of
1t lover aiffercntiating circuit with FET oo suitch 18 used.

Thoe outputs of thce two integrators ere fod to
the difforentinl cmplifier vhich. subtracts the tvo end gives a
output gimmel fn tho form of d.c¢. voltoge. The inputs of the phasge

comperotor ore sppliocd st low veoltago.

3.25 [nplifier s It 18 en ordinery op fap used to omplify the
poft otorting circuit output and phoso conporotor output. The
goin for two inputs ney B diffor occording %o the roquircuents
of the ovitching eircuit, | '

[sél

3.25 L 3 It 48 tho firing circuit for tyriggoring

tho thyrictors of the 3-¢ hnlf controlled full vave roctifior.

Tho d.c. output voltagoe of the converter is changed if tho firing
. R ‘o N0 4§
instent of tho thyristors are chenged. A 4 AJ&*”&‘”“ Fig No4
This circuit utilized the PH firing technique,
The firing instent of thoe thyristor is chengad if the d.c. raferonco

voltage ot tho comporoator of this eircuit 4s changod.

The firot Op fap of-tho switching circuit vorlks
08 tho squarce-wavo gonorator. A squere«wove gonorstor acts oo o

solf-triggorod oviteh to continuously cltornato doek snd forth
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botwoen twed.c. volteges lovels without utilizing ooy outpido
trigoering oignel.

I£ this gsquoro-wavo output 49 epplicd as the
fnput to tho integrator c¢circuit. It regults in n triengular-vavae

gcnorotor. Tho edrcuit consists of o low-poss R.C. Piltor.

Considor tho wafofovne starting nt t=0, the arcea
undor tho dnput curve inerocagaes iincarly until tl this producos
tho cap output during this timo. From t1 to t2 Vo drops linocorly
in rooponso to the nogetive aron gonorated undor the innut
curvo. Tho output gshould thoreforo stay constont vhen thoro

18 no input (oineo no aroce 18 genorotod) rise lincorly for o

constent ponitive input ond drop linoerly far'a eonstant nogative

input.

The tricnpgular - vovoe and g d.e. voltape rofcronec
oro tho inputs of an Op Zap eomparutaf, tho conparotor ocutput
gvitchos freo full O to full OFF wvhon {(cnd ot for o long 68)
tho trisngulor wave gaplitudc oxecods that of the d.e. rofcoronco
voltegoe Thus to vary pulso width, wo muatvvary tho d.e. rofareneo

voltogoe caplitudo,

Tho output of tho comparator i feel to the Uni
Junction Trenoistor (UJT) oquivalont circuit. This dovieo 4o
vocd to opply o suddon pulee of power to firce & thyristor. Tho
lost tronoistor wvorke in pulgse cnplifior. Tho output of 4t 40
applicd to tho pulse tronsoformors of thae 3-8 halfecontrollcd
thyrictor bridgo.
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3.27 Half-Controlled, Full-Wave 3-¢ Bridge Thvristor

: 1441
3.271 PFulse Irsnsformer

the primary sjde of the pulse transformer. Pulse transformers

Switching circuit output is fed to

hae primary to secondary ratio 1%1z2l. It 48 used for isolation
purposes. A diode 12 connected to the seccndary side to rectify

the input pulses to positive side only.

_ {\,1,3] ,
3.272 Ihyristor Convertor s The introduction of thyristors

hag bdrought into use & number of eontrollad rectifier eircuits
vhich are s mixture of thyristore snd diodes. If the inverter
operstion 18 not required the 3-¢ bridge circuit is simplified
by replscing three thyristors by the peguler diodes.

- In this scheme of solid state speed controller
for d.c. motor, inverter operation is not required. Therefore
3«7 half=-controlled, full-wave thyristor éenverter is used for
rectification purpose. I s AW — FVJ'“R"4”6

The working of the half~controlled 3-¢ bridge
cen bs explained by considering it as s phass-controlled half.
wave circuit in series with sn uncontrolled half-wave rectifier.
The output voltage‘of the uncontrolled rectifier is constant,
but the controlled rectifier delivers s variable ocutput voltage
which 48 sdded to that of the uncantroilcd section. By delaying the
thyristor firing beyond 90°, the controlled section operates as
an inverter, and power delivered by the diodes is returned to
the s.c. supply by thyristors.
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Tho invortor back o.0.f. Opposos the roctifior
voltago ond roducos tho rosultont cutput voltago of tho bridgo.
Thoorotically soro output woltoge is obtninéd vhon tho firing
cngle ie 1800, but in proct!ce,'tho cireuit may malfuncticn at
lorgo doloy engles duo to tho feiluro of o thyristor to cammu-
toto dn tho limited tino ovofiloble. Thio 46 known as "Holf Uaving®
Ef fact.

The output voltage ripplo greduslly chenpos 1to
choractoy fron o G- ripplo whon the firing engle <48 goro, %o
o 3-¢ ripélo vhen o« 18 lorgo. The input p.f. 48 alco highor then
thot of o fully eontrolled bridgo reetifior without a froo-
vhooling djoda.

Tha 3-¢ p.c. volisgo is oppliod to tho bridgo
through ¢ 3-F Zuto tronoformor end con 10olation trancformor.

feott-Tronsformor 48 used for isolotion purposa.

3,873

ooy bo genoroted 4n tho cireuit oring to inrush eurrcont to tronde

t Voltogs tromoionto

forncey prinory, strey capacitenco botwoon princry ond Socondary
of tho trcasformor cnd Intorruption of tho current into tho

prinary of the trocnsformare.

Voltogoe trensionto, if thoy oxecacd tho pook
forvord roting of the thyristop, eouvld dostroy th. dovieo. Evon
$f thic roting ic not oxcocedod foulty firing could occur, vhich
in meny cosos wvould lond to &=wyrEy ovor curront ond oporation of
current liniting fuses. In the sovorso dirocction o tronsiont

7411 couoo relotivoly lorgo curronts to flcr in ¢ omall opon of



the thyrioter junction, cousing localising hesting cnd dovice

foiluro.

It is nocoessary to ensurc that &9 meny sources of
voitnge trenoionts oro oliminnted from o thyriotor circuit as pbsai?
blo. Tho pnost cos~ enly used nothod of oliminoticn of voltagoe tremsion’
ic by connceting RC Circuit known ap EIUBER Circuit aeross tho

individuel Govigos. 14 W &ﬁ»GVW14Mfa3‘N0'4-7

The controlled d.c. output voltogo of tho 3~
holf controlled bridgo is opplicd aeross the argature of tho
d.0. notor whooo opoad to bo controllod. The d.c. output voltaogo
vory occcording to the difforcnec botwoon the refcronco simel
end foodbock signol. A choko io connactod in serpios with tho
armaturo of tho d.e¢, motor to reduee the s.c. ripplos and ogoinst
hunting. Tho choke 4n serias of srmaturc of tho motop absorbs cnorpy
duping O poricd from tho supply ond fod to tho notor during OFF

poricd for tmooth control of motor.
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DESIGN CONSTDERATIONS OF DEVELOPED SCHEME
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4.1 fensxal Congidersiions

The schezatic diagram of the 80l3d state d.c.
spead controller is shown in the Figure Bo.4.31. The basic
design considerations of the scheme are sccuracy, reliadbility,

economy, spsce requirements and operational requirements.

This ;ehmc provide very accurate speed control,
. relisbility and ‘uynchrqnisstion capability, by locking onto @
reference frequency, speed sccurscies of 0.002% are possible,
which represents slmost & hundredfold improvement over sariier
methods of speed regulation. But this regulstion reduces to 0.01%
at the low end of the range.

The relisbility o solid stste devices used in
the comperators snd switching cireuit has been good. The thyristors
and power diodes used in the 3«7 converter are excellant from

reliability point. Therefors the over all relisbility of the scheae
1s good.

The cost of thyristors 18 decreasing desy by dsy
end cen be said tolerable with raspect to their power handling
capability, And the Op AMmps used in the switching circuit and
conparatorl‘arc quitoWa days. Hence the over all schene is
cheap comparative to the conventionel Werd leonard method of

spesd control. But s iz expensasve for higher powsr requirements,

The space required by this scheme is very less

and csn be called 2s packegs control of the d.c. motor.



Tho feeility of veriotiont 4n tho basic dosipgn
of the unit ic provided occording to the difforent oporation
roquiromonts. Hecoosary modificotions ccn be danc in tho oehamo

if rcmotc control i9 nosdod.

L4

4,21 Bofd Sterting Cixenit ¢+ Tho soft starting circuit 48 shewm in
" tho Figurc Ho. 4.2. Timo poriod of tho circuit muot bo moro then

tho motor timo poriod, T4mo porfod of tho ejrcudt 4o adjustod

by tho volues of tho rogiotonce Ra‘nnd Copoeitor cl'

As the d.0. Dotor hao large inortioc go 1t will
tolto timo to opood up nooyr 20 synchronica. If tho soft storting cire
cuit 19 not used thon the phooo comparator vwill give nexinum output
voltogo eorrooponding to goro spood. Thie lorge voltsge will
gener pto cuprcent of lorge posk value whieh will burn thoe thyristors
used in tho 3«0 holf controlled bridgo.

The output voltaogeo of the soft storting circuit

40 reducced to meteh the D/4 Convortor voltogo ceaerding to tho
roforonce frogquoncy or opoocd.

A ] It 45 choun in Fip. Ho. 4.2, An thor
is no intention of ropreducing ony port of the originsl input
oingnal vave shape. Thepoforo it 19 o high gein difforontionl

emplifior oporating in the opon loop monnor,.

s It 30 ohovmn in tho Fig.ll0.4.2. Tho

vindcy comporator ronge should bo corpoopond to tho working ronge

of ths phoso compayator. Ite rcﬁgo it odjuoted by using tuo
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positive refercnec voltogos oo ono of tho fnputs of tho two Op
fapo. Those voltepces ero st coaporod with the rofaronco
voltago Vi, from proviouo comporator output. Thws tho ronge of

tho vindow comparator 4o VA, to VB’

Invortor cirecuit 10 uoed vhen thoe output of
tho windoy comparator IS out of the renge of phogo comporator.

For this ronges goft starting eireugt will vork.

] Tha cireuit diopren of tho phase eonpor ot

end tho uavb forms of tho phasae counporator ore shown in Fip.llo.4.3

tnd Fig.lo.4.4 raospoctivoly. Oporoting ﬁoqyenc%égimd to tha

Zeng
roference signal froquancy for cepsEnttmnrade

=EISY . Intagrotor

time poriod muct bo groater thon tho ¢imo poried of tho supply

g0 thet tho intogrotion should not eomplote boforo. 4B poforenco
shovn in the Fig.llo. 4.3 ip nood for nullifying tho off oot of ocoeh
intogratod circuit. FET switchos arc uocd ao chonnol rasistoneo
botvoon courco tnd drain 49 lov. Thorofor the copscitor of
differontioting circuit 1o dischorgod quickly,

Thin typo of phase conporator 48 o faot rooponso
dotection mothod. It {0 gtoblo apainst tho rendon nolinos inecludod
in the input sipnol. The holding charcetorstics in tho output
oignal of d.e. form 1o putemeticolly quorcntecd dospito of the
fect that 1t host no holding cireuit of high input tmpodoneo typo.
Ench psrt of the dovieo con casily bo eonstrueted, with tho

populor IC ccaponontso. [15]
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e

4.26 /[plafiox @ It 48 ohoyn in tho Fig.ilo. 4.1 of closcd loop
gehenoe It 30 unod to fneroogso the omplitudos of tho ooft sctarting
oircuit output cnd phase comporator output so that tho d.c.

lovol ot tho owitehing circuit's coaparator chenges sufficiontly.
Thoro 42 only ene input ot o tine to tha eaplifier oo the goft
ptorting circuit arid phase coapepotor cen not wvork simultencously,
If tho soft sterting circuit output voltaogo 19 lovw the goin of

tho cplifior for it can bo inercosod.

4,28 WM& 3 It 10 shown in the Figoﬂao 4.5. First

IC works ag gSquerc-¥avo genorstor. Tho eclemonto Ry on@ C, provido

b |
the intogrsting or timing funetion. Tho roquirod regonorativo

nction comoe from feoding tho non inverting input of the Op Lap 1 @
vith a fraction of the output voltago impoedsnee across the snplifior

inputs vill be vory lovy undor tho conditiens impoced by thiso circuit,

Tho caplitudo of tho output voltsge arc controlled
by tho positive and nogative pouvar oupplico. Tho output vOltogo
vovoforng has sherp logding cad trailling odgos, typicolly making
tho tronsition from ono foturaftion lovel to tho othor in fou

niero sceonds. Tho tronaition t:!mo 18 dotorminod 'by the Bloy=-
rato of the Op Zap.

Thoe 2nd Op Lp vorks as integrator. Boosusc
ona end of tho copaeitor 10 t10d to the virtual ground point,
tho output voltago of tho cmplifior equolo tho copeoecitor cherging
voltagoe. Thé froqueney 19 controlled by thoe recap rote of the

trionpgulor vevo.
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It 18 a lov-posic RC £1lter whodo timo conttent
18 much lorgor then tho gquero-wave poriod. Tn effeet, tho lorgor
the tinc constont, tho moro linocer tho renp output, olthough
tho caplitude is also reducecd.

Third Op /fop vorks no comparator. The pulge
width ic voricd dy varying tho d.c. referance voltage cmplitudo,
Ao the d.e. rofercnee voltage 48 tho output of tho cmplifior it
vill vary witil the d.c. notor attains the taquircd spocd.

Bincc a thyriotor uwouolly is firod by a ghor t-
timo puloo of gete current, o eircuit 1o necdod that cen doley
ond econtrol the instant thot cuch a pulse occeurs within oech
half ecyclo.Go the output of tho conparator 4o fed to the UJT
oquivalent eireuit. It 10 usced 62 an ogeillator.

T™ho loot trensintor in the fipurclin.d.b 1s used

ns tho pulsc enplifier. Ito goin must be cnough to pivo tho
sufficiont eaplitude of tho puloos to firo tho thyristors,

orrcngonont for the trencmiosion of pulses from tho pulce eireuits
to tho goto - cathode torminals of the thyristor. It 48 shown ¢n
thO Fi 8!“0. 4.60

Tho coot of thooe pulso trensformors has to bo

tokon into account, nlthough considoring the invignificont povor
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roguircment for firing o thyristor tho extrn coot 45 tmoll

conparod to tho ecot of pulto cireuits,

$ Tho 3«¢ bridgo helf controllod fulle
vavoe thyristor converter 18 shoyn in Fig.llo. 4.6. As tho rocti-
ficotion oporation 40 only roquircd so it 10 cconomie to rapleco
gome of the thyristors by porer diodos oving to tho high cost |

of thyriotors comperod to tho dfodes.

Thyrictors ond powor diodes hovo e excollong
record of roliability, tho only failure hnos oeccurod ag g posult
of ovor heoting. The cost of thyristors hoo fallon subctantially
ovor the past yoars. In gddition thoir power hondling cepacility hags

ancreaané.'fha nointenoneo roquirod in very loss.|q7)

Tha onubor

circuit used for tho protection of thyristors ageinot voltago
troncionts 40 shoyn in tho Pipg.llo. ¢.7. Tho cloetrolytic typo
of copoeitors corg phyoically oooll, cen be uscd. The copocitor

ecn discherge through the resitor wvhon the eircuit is do-cnorgized.

This typo of errengenont of protoetien of thyristors
roquiros logs space end loss maintencnee. This circuit 15 oecnomic

81806
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5,1 Teat Results: Cennections shown in Figuxe No. 4.1 being
made, First, the xeference motor « altemathy 1s started,
D,Cs supply is applied to the moter axmature and fisld snd
metor is started with the help of a starter, When d.¢.
supply 18 fed to the altermator fieid it starts generating

the voltage, A yeference signasl preportiongl to it is gpplied
ts the phase compsrator input, Then d.¢, supply 1s fed to field
of the motorvhoss spsed to be aqgmihd and a separats ;,m—
swply is fad to the altematox/coupled to it, HNow a 3 « O
2.¢, supply 4s switched emd on and 2.6, voltage is applied
through scott transformer (isolation transformey) to the
converter bridge while simultansously power supplies of the
different printing plates aze made ON.

In the beginning motor will start by soft starting
sircuit and motor will speed up to near synchronous spsed,
The synchronosus speed is taken as 1300 ze.p.me 2f the refexance
motor alternator set corvesponding to %0 c/s.

Near synchronism 1.0, speod tetween 1400 x.p.ms
and 1600 repems phase comparator will work and synchronise
the motor whoss gpeed to e controllsd to synchronous speed
148 1300 TePomy |

If dus to some oscillations occurred the motor falls
out of synchronism and even out of the zange of the phase
comparator. S5oft starting circult starts working and makes



the speed of the motor in the range of phase comparator
and then phass comporatar will agafn synchronise the speed
of the motor to the rafexence spead,

5.2 gonclusionss

a) Motor will teke rmwarly 10 seconds to reach the
spesd meax synchzonous speed. In this rangs soft starting
civcuit will work.

b) Phase comparator working range _u 1400 ::.ps«.nléy..~
t0 1600 Tepem,

¢) Acturacy is very high in this system. The moter
- wheeze spesd ¢to be contrelled will zun on the speed as that of
the reference speed,

d) A slight sustained oscillations are thexe dus to
instability,

5;3 2008

This scheme can be modified to previde a provision
of better locking when the synchrenisation of the d.c. motor
s done with yesgpect Lo the xeferende signal and the motor is
loaded,

A facility of multiple gpeed of the xeference speed
can b provided if a divide by N counter is added in the
feud back pnth of the closed loop seheme,



wh B

Facility of regeneration can be provided if the
3 « O bridge half controlled full wave converter is xeps
laced by 3 « © bridoe full contrellied full wave converter,
Similarly the facilitiss of regnexative tmcking and dynamic
bracking can be provided by making necessary modifications
in the design of the scheme of d.c. speed controller,

™he low cost of Integrated clxcuits and thyristors
makes this scheme of d.¢, speed contyoller economical. Mptors
) of any size can bs controlled With this technique once tiw
characteristics of the motor have been incorporated onto the
regponse of the schenm,

Egpecially suitable for this scheme are systems in which
motors aust be synchronised to sach other ox to an existing
¢locking signal, An exsmple of the former is conveyor for
materials handling, of the lattey, a drive for a computey
peripheral such as o disk unit,
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Pin conmnections of printing clxcuits plates are as follows:

e NoCo
2. Varisble point of preesst (Amplifier output)
3, O/P of zc

. c:/gp of 1c x

& ply ~
7. /p xcz

D Cmnd

10;5 N C.

11, Final output
12, N.C,

1;’ Ouﬁp\lﬁ
2¢ Supply *+ 4w
3. Supply  ive
#e NuCo
5« Reference sional {input)
6+ Other signal &nput (Feed back signal)
Ts HeCo
8«- NaCe
s NaCo
1@.‘31‘0“
11.M.Co
12‘ “'CG

nindow compaxator

1: NeCo:

2+ Supply + 1'0.

3! Nﬂcl

4, Supply = ive

5 Input from D,A. Convexrte:xr

6« To amplifier input (Phase oomaraur side}
T« Prom phast comparator output ,

a' “‘ (
G NeCe
30.To amplifier input {Soft starting ciz.-cuit)
11.Ground
124 NeCs
Amplifiex
1. supply - ive Te NoCeo
2e NoCo : -8B, NG,
3s NuCe 9. Cutput
4, Non inverting input 10 Inwrtlng {nput
5,0 NuCO 3»‘& »

6s N,Co | 12, supply + v



	Title
	Synopsis
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	References
	Appendix

