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NOMBNCLATURE

Number of turne on control winding L1(vhish

is connusted in seriss with 4.0 woterh
Numbey of turns on wnﬁmﬂ szu 2 to
hish errer voltsge is spplisd, |

Nomdeor of turme in wmim winding 3 , %0

| which contant D Ce wu&u is applied.

Current i contiwl wvinding i,

Current in contyel vinding 2

Cuyrent &u'mnsni winding 3.
Numbher of Suyns in lond winding.
OQuspus resststance of load sirvouid,

Induosones of Sesd otrcuit,

Ting constent of load Olm&tﬁ.

Total sontyel ampere turas.

DG output velts at t& restiftier wridge
GeGe teorminels |
Speed in wedians / second of d.¢. metov.
Motor sreature resistonce

Notor armature inductsnces

Notor armature $ims constunt.

Mechaniesal %ime constant

Moment of inertis of the metasr
Viscous friction cosffisiens,

Back voltage sonstens



Ky | Tordne sonstans
iL «Ls ® Notor emsture surrent,

aﬁ; aed 1‘.‘ Restptonce and fnductancs of sontyol v Anding %

Te C Time constant of the sontrol vindiag 1

Bon o ’ 1.” snd T Tepressnts rosistonss, inductanse
and time vonstant of pontrol vinding 2.
Ben ) Voltage at gensyator aymature, terminals vhieh
| 1s proportionst to Notor speeds

Ve Blfonma volisge

E‘&’ Ervor Voltege

it " Current in eontzol winding 2 due te E(n)
v Current in sontwel vinding 2 dus %o Vy

L1



SYNOPS 158

DG motors sre used for special purpose
drives, where 1t $s5 nessssdbyy to sontrol spsod, torgue,
power rote of seceleration and yetasrdstion ste. "Wapd
Ioaomro Principal? of spesd contiol is 4in grent use
today 4n very msny forms, Nowwosdeys gonerslly 8,c.
supply is avagiedles. o supply the decs motor converting

units are reduired

A achems BOssd O0n smaturs woltago contyol method
of spoed s built. The comtroll ing unit deing series
ssturable resoctoy and the converting unit being
rectifior dridge. The prinospies underlying the
System 18 explsined in the following 1ines. A8 the
lnad incresses the current through compensating
winding sncresses. Hence the ampare surps on sotuw
radle resctor cora intyesmca, This wesults into
highesr saturation and gonssfiusnt reduction in
n»actaxﬁo of scturable mactor. 5o the dwop
scross At reduces, Thue the voltage &t motoy
Grmature termmipnols can udjust itself, with load
changed in & demired manner, resul€ing into constont
speed, | |

The soturedis resctor bag deoon condtrusted
and used in the scheme. An StSompt hos deen mude
to anulyné the soheme, A methodology has alsc prro=

posed Tor different speed setiings.
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1.3, INTRODUCTION

Expanxisn of industrial assivities, uqhﬁuaﬂuu
of moputacturing precess and autonstion of industrisal
presessss have greatliy lLiswesssd the use »f metere and
the iy contrel in dadustry, When olestric sotore ware
tiret Antroduced muanusl contmi was nsed, MKeay indus~
trisl prevesses wequire sutematis sontyol of melors

nscerding to the DIeCess Yequirsments.

~ "Magnetis Contyol ' 13 ope of thw vays to schisve
automsties gontrels: AR Impe rtont sdvantage of magnetie
contrel g the €883 wilh which the perfermance of meter

cnn be sdjusted and saintained.

'ﬂswq phase s.¢c. powey is Availadle, today, 4a
sll industrisl areas., 3o generelly s.g. metere are used
where drive yequirements oan be setisfisd by ssnparatively
sinple churugteristios aof 8.8, meterss Ay d,0s pevey
distrivution fer Inlustrisl uge s umsssnomical, the use
of deo8s moters for drive applicetisny is desrecsing
The iy principal use s for specinl purpese drives, where
£ s vessansry to !Qntm‘k speed, torque, pever, Yete
of sscelerstion snd wtaxdation dymanie draking and
s Porthe

Por these drives which nesds the superioy speed
sontrel eharueteristics of 4.0, wosers, individual eom

vereien Wnits Aze previded %o donvert A.e. pover fwon



the dsstrivtion aystem o 4,0, pevary for Supplying
ind dviddunl 4.0, moter.

$.3. NORMAL METHODS OF SPEED CONTROL OF D C, SHUNT MOTOR

Tie sutstanding chagsoteristio of 4.0, motoy
is 1ts adaptability te control of ita torgue and speed.
The atondy state output sharevtaristics are given hy

Ta = K 03

V, e :

and ﬁ‘ - L E!nh
2;'

aere 1, ema V, sre the stesdy state valuss of $he
amature ocurrens uni terminal veltage and K. s . conss
tant fixed By design of the armatups vinding, Contyel
of torgue and spesd ohn d obdtainsd by variction ef any
of the quantities @&, I ena v, + o the mormal method,

o spesd sontm) of d.ve motors Are,

142: 8s Armsture Rosigtsnse Contrel

The spsed can e Mduced for & given $orque dy
inssrticn of an adjustodle Feniatanse in seriss wikh |
srusture. This method is used for starting or for a.&ri
tine slowvdewns. The disadvantage is poveriwss in sesister.

1.2, 2. Constent Amature Voliage contiwliled files Exeitation

This method 1s siwple Snd satisfactery fer speed
sentrol of shund sy cempaund moter ever & speed range ‘Qf

awut deor 8 toe £ . This field emeitation in sontwlied



by variation »f voliage Spplied to field sireusd op
by an adjustadle resigtor in series with St. The

povar leoas is comparatively smell.

$.2.3, Comptant Aymasure Currens, Centyollied Field

Ens itation.

The ohief ebstaclie to mowe wide spread use
of this method setms to be constonk smmsture current
seurce,.

1,8.4, Constant Field Current Contyolled Armature
Voltage

This syslen s the most conmonly ussd when
mesusl or autonstie contwel of spsed is  requived ever
& wide yangs in both dircetions of retation, The
contyeiled lmtt;w, veltage way be obtained rrom
controlled rectifieoww roaselving pover Trom 8,0, eouyse

oy At mAy be from & saperately ancited d. 00 goneratery.

Thia adjustadlie arasture voliage system of
motor spesd control was inventead by "Wapd » lLessnyd’
This 49 nev & days used for vide variety of feeddsck
contrel systens. In thedr sriginal scheme, & seperately
exeited generator was used &s pozar scuyes And voltage
edjustusnt was odtained by adjwsting the generstoy
field. Initially, the adjustadle woltage system vas
waed on drives requiring close spaed sentiol ever &

wvide range. Exsmples of spplications are steel 108l ing



nillesy mine Mistes, pipey meking machines and machise
folis, The ment importoant chayscteristics of ward-
levoard' contwols mAYy o summarigsed ss 3
Cons deradle povay Amplifisation in rotasing
machine enabl ing drives of largey ratings
te Be Sommtructed nusing ﬂlutiv.ly' low
pover contrel slestyento tochnam_§
2, Anfrity to hmv“i nupiwa speed centrol of
dic, motORs N | | |
3. Abilaty to provide 4ve o¥ »ve torque st
motor output shatt.
4 Basy adaptidility for sither m&unul or |

" sutomatic control eysteass.

The ‘Wardvisensré' prinsiple of srmature
veltage cantyel of D.C. motor for spsed control is
used widely with different n.¢§ to 4.0, coann&o#
units for either open leop oy sutomatic contol of

-

motor spesd.

t.3, THE MAIN METHODS OF SUPPLYING ADJUSTABLE VOLTAGE
70 AMMATURE OF Do Co MOTOR FROM A. C. SUPPLY .

i» Shunt Gsnerator for Supplying motoy srmatuye
pover, |

$1, Semieenductor wectifier Vith induction reguistor.

4% Thyvatyen wectifier. |

ive Inunn‘ vestifieve.

L ) Magnes 4o amplifieors.

The use of de0s metor at & given spet 1n sthe



plant withi'npo% conversion’ equipmant is the -ost
coanom:lcal mothod of providing a hish partormmcc,
u.d:justuble sp.ed dr:tva. Once the eonvaﬂion equipment
has boen vavidod, speeﬁ conttol or motor cln be accom=
plished ‘by control. ot amatum wltage vath H.ttle
adduionul imeutmnt. !bnca n.daustablo voltugo
control is used univoral.lly, Vlhonovor 'apot eonvorl:lon‘
is tndica.ted. The chauoturut:lcs of above, mentione d

convonton appsratua are g':hren bolo\r 3

te3s4e Shunt Generator for Supply of Mo tor Armature

' 1. Volta.ge a.nd currant c&n bq eds ily roversed by
nan:l.pu:luting :'eversiblo gonerutor and motor
field,

2. Overloed capscity of motor and generator are high.
3.  AC. and D.C.. ocircuits are independent.
4. Ratiection of I.C. load peaks in a,ce. systenm
- 4s low. |
3¢ Use of synchronous motors for driving d.c.
Vcemra-tor will impm'u‘ power factor of a. c..v
systome
o, Maintenance is high due to mechanical wear
but ‘ebdsily available.
7. * Noise and vibration more,
8. Convewsion efficiency is comparatively low,
@ BExcitation requirements are high and time constant

long.



1.3.3, Segjconducter Nectitiers with Industion Regulatey

4

S.

h P PO Y

e

4.
%o
s,

1¢ 3. 4,

t T8

Velsage regulation is inherently leov, pover
fastor snd conversion efftelensy ave high.
These 8y mo py¥obleoms in vegard te deo.

veltsge wvave shape,

AcCo and DC. power circuits &re sonmected

slettrically,
Rasponse time :h slows

Moviag perts of induction regulatos vequive

maintendtnge.

Thyratwen Restifiars o

chmm#n‘l in lowey hepe mises, high efficiendy .
and lav 1desling lcsses.

Very lovw contsul pever requirenents, fast
TeEPpODES ¢ u_.unar regulated to & high Gegres
of BSgcuIney.

We ight and space reguirensnts sye lov esn he
well moumted in the lower h.ps ratiage,’

No meghanieal maintensnss.

Tudes requive warm up time,

Tuke 1ife i3 limited Mesuse of hot onthode

Ignitron Rentifsere

Completely static, ne nechunical neintensies

is required



2. Effislency and pover factoy sre high, idesling
losses are low,

3: Tize sonstant 13 sxtyenely sheyt, tontyl
pover requivemonts axe lew, regulaters of
Aigh scourasy ave practicadle.

4 Conversion equipasnt £6 compeut,; speoe Feque
ivenents snd weight are low,

S5: Cooling vater is nended,

% Pesr utilisstion at 230 volbs.

%o .A.C:. and D octrousits are connestod eloctyele
VRil Y.

8.  Becsuss of e&nw up DC. surrent vaYeS,

$hese way de telephone interfarents problems.

1.3, 5, Magnetic Anplifiers

13+ Conversion equipoent s completely atatie,
componants anb-mnu'j posseses long 1ife.

2. Thcn is w0 vAmm up time, so $hat convovsien

- ccutpum is muwau awnnu.

3 Floor spuce nun&na and veight are iom Thera
are o feundation pmncu and tho convertor
is shosk and visration resistany.

& Rosponse time 4s short.

L I8 Eftieionsy of conveareion 48 high and jdeal tng.

| lenses are lov,. |

8, Paver factor s lov at lew hpaeds.

¥, Over lead sapacity is lov.
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8 AC and DG circuits arxe imterconneeted
slectrioslly.
¢ Fan oscling is needed fer efficient utilisation

of sgtive materiels,

Thus 16 2o seen ¥BA% & 4 . 0¢ Metor contIO)
scheme con be built wutilising basic A.C. supply ond
any one of shove mentionsd converting and armiture

volitage controll ing eguipments.

Se4s SCOPE OF THES WORK

In Shis wvork i$s was preposed to casemdle &
schame for spesed control a; saparately axcited 4.0,

meter. The schome is hesed on basic Weyd Leonmsyd
Prineipslc. Series satursble reactor is to Da used

to sontrol the wvoltage at moter termianls when
supplied fyon A C Single phuase supply through yedoe
ter snd wrectifier conversion unit: The saturadle
resctor and other unite of sckeme Are fo be construce

ted and she circuit is to be sett up.

1% 1s alse desived to ansiyse the schems
and oheck for staPility of wschomes In sheyt she

wers comprises of

f» Cemstyuction of componsats,

2, Study of compenents snd setting of sebeme.
3. Testing of te schems.

4y Auslysis of tw sehene.

S, And to propese gensrel methedelegy.
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2.1, SATURABLE REACTOR OR MAGNETIC AMPLIFIER
© CONCHOL OF 0 e MOTOR

8; 2

B30 |

CHAPTER II

REVIBE OF LITERATURE
THE SYSTH ABSEMBLED




3.3, SATURABLE ESACTOR OR MAGNSTIC AMPLIPIER CONTHOL

or bDC. MOTOR

Centrel of current an 'A.'c. cireuit by us ing
sunilinry ‘;QQ, axcitation to vary the impadanse of
uatﬁnhlo eagto» with Sho lood banm been knewn for
nany y:ura’.! One application hos besn Shs contyold
nf 2ighting 3;:&-. The mrlé use of satureble wrescw
tors for moter Centwl ves Mﬂiolpaa by nmufﬂ#utm
develepaent in reotitiors. In recent panxe dxy disk
yvontifisrs of ssloniumy OF copper oxide heve provad
» convensent mooans for vectification of locd current
in espder to adtain d.s. outpute HNeciifiers for
arastyze émm:nx af ds¢. wotors Wwerd first used abous
20 yeays ago, but umtil 1934~83 thet kind of drive
pas net deen of major IAnpertantes pimruv Bachuse
ot exsessively drwpping speea torqus ourva. Resent
sngimmering develepsants,; lwwever hes improvad the
:‘pﬁt!bmawnvot éha rectifior MOtor syster se that it
has become one ef the neet perfested drives. |

With the &cwiapmnﬁ in rectifier technigue,

the use of magnetis ampl ifier ey slturable Teaators

in d.e, motor speed control twtnﬂi insseoscd rpidly.

Prevently one 6f the most impertant snd useful applis
estion of soturaile resctor vy magnetie swplifier hes

12
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seen in the sentyol of the 4.,¢. moters, partisulsrly
spped. It 1s gemerally suitadle for povers of the
exer of & fovw Rilaswntts, for Righer pevers of-Sthe
motor 4t is sconemicel e use & sotary amplifier.
Saturadlie osre devices sffered & yebust alternative

%0 elettronie anuipments for contyol of 4,¢. meters.

Theve Age tvo mein wehsons for Sn sxtyemely
peoy epesd rogulation of the alementary veectifier
drive for d4.C¢ motors,

3o Armature I R drep.
2. Conseguent decrense in arsasture voltsge with

ingpess ing torque,

“ne Llater secwen s of prime izpartance and has s
predominant effect on the bohaviour of & restifier
drive. A clessa oop cempensstion fer this desrcese
fa srmature voltage affects the spesd regulation conste
daradly. Clesssd loop regulators have bLaeen eomtéactat
using *Wardeleonard” systems using sither thyratyens
or magrnatic amplifiers to contyel genareter field eme s~
tatione The wectent advent eof silicon contrelled
rettitiews has ouAbled significant isprovesents e
be made in thia type of eguipment in the following
vays

2. .Efficionoy

12 Henlsadlidty

314, Perfornance
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Newadays & goed numder sf clessd loop contyel systems

AGve deen dewvalaped using sagnetic ampl ifiers,
2.9 BEVIEW OF LITERATURE

From the study of litersture it seems thag
the development of magnetic sapliifier controlied motoy

is very recent, 1t more than two d4ocades.

CeBu &

) has given & sireuit fer voltags

W, Walter
cont¥el using wmegnetic saplifier whioh is further used in
spesd contzol of &.C¢ motors. A patesnt vas ohiained
»y DW, Path and Fi S, Herasr on "Saturedle rodctor Weprd
Leonnad ocontrol system im June 1054, An Allustreted
denaoript his of » combinstion of seturadls reactor angd
ssleniun reotifiers for contxolling 14ift motors by metns
of a Ward Leonard set was givan by G Sichliag spd B
Watainge r. Magnstic smplifier control of desd:. gone ypur
tor driving & greup of d.¢e motors for agourate sontyel
of relative speed and cut in & centinusus precess’® 1is
descrited by E. G Ager and D G Pottu.m g
2.2.8 |
' A Rusko end J + G Bﬂ.ua‘a’ denlt in detail
about magnetio amplitiary sontrol of d.Cs moters. They
muedes an 'smlyt:teal and eperimental study of the stesdy

atate opevatisn 92 4.0 oSO r with Symdlusra pewver supplied
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through setalie ectifiers and tontrolied by goturakle
nuuu. They have desorided the following oases.
4e Operstion of & d.9, wotor with SArubture
veltage sontyrol by megnestie amplifier.
14. Zaturadle rencter sontrol of armature
current apd
1it., Magunaties amplifior eonﬂbmi,\at areotursy
voltage with compensttion propoartionsl to

sranture surrent.

To deseribe moe spooifioally, the speed tor4ue
eharsnteristions of the nRotor were determmined for Sdove
menttoned ssses, The effectiveaness of siwile foeddhcis
sonssctionn end the use of axterni] Arastusre Sivenis
snduptanee was ssesertatned in Iupeving the epsed regu~
1atien. An exprossion for npeed of em e tor; Ap terms
of torque snd Ffiring sagle vas derived. The firing sngle
is sssumed to bo & functiocn of © ntiewl currens only. The
czr@uité for all sabove nenticned sesas slong with experi-
nontal aurves sye ¥iven.

e 33
. (4)

W, Lesnhard presented a paper sn ‘Speesd contel
of DC Metor wusing & *Mugretio Amplifies' It desnls
with ssnplified anelysis of the open loop cbapecteristios
of & aySton using & mugnetic omplifiers for speed sontyel

of nepqﬂtolw oexsited mo¢or with Ctwo cupes 4,9.,
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recfifiey which wsupplies to the symeture of d.¢. motor.
Veloe ity fasddaek in which &8 wvolsage proportional to the
spesd of the motor is applisd te control winding of
nagnetis saplifier is deverided: The moter is driving

& fathe. Experimental yesulss of the system are given.

2.3, TR _SXSIAHISEMBLED

Be 3¢ 10 |
A simple ¢losed loop ;-'sp“d mntuz:.hha

for the seperstely extited d.v. motor with conatant fisla

a:ﬁaumhn. us dny 'n‘ur!.-i ﬁntui&hzc ractor is oassendled.

The Schematis diagram representation of it is shown in

?13;0 | SN

The syaten cons ists of the folleving components
3¢ Seperately excited d.e. motorm
i%» A series sagturable esctor.
243+ A rectifier bdridges
ive A d.0. gonorator cesupled ts the motor
The detailed description of cempenents follows in the

next Chapter
$e3.2. ( ! 'ﬁ of 8 7

The load windings of ssturable resetor ors supp»
1ied4 frem the 230 wolts a.0, temminals. The Sead
winding s further consetted to the S.0s terminsle eof
silscen meetifier dridge. The d.c. terminal of rectifieor
aye gsonnsctad in series vith the shunted sentrel vinding,

to the symature terminals of the motors The meter field



59 seperately excited and hept tonmtant. Tie -gt_nv is
mschanically ceupled ts & d.¢ Genornter which tion:
with sonnested load sexrves She purposed of lead on
the metoxs The generstor Srmaturs voltsgs is compired
with d.c. yefewsnte voltage « The syror voltags is
fod to the snmother contyel winding X,2 eof saturadle |
resctors The thisd contrel winding 3 , is deperstely

previded with censtent voltags 4.0. soures.

2.3.3, ﬂ.m“! of the Systemt

The sim of the systom is te keep the moter speed
eonstant, irrespectiive of motor load varistion, 8t a
preseat valuo, sp ns to aske tﬁv spsed of the matoy

independent of terque i.e. losd cuprent.

The 8.0, supply voltags $s rectifisd by silicon
ectitisy bridge, vhich s contrellisd Ry the ssturadle
geagtore The lieand winding are supplisd by 230 wit
&G And the wvoltsge 81038 the Arsature of motar is
adiusted By controlling the current in control winding
3, to get the dewived spoed At & lesd in detvesn no
1988 and maximum 1884 condition of the moter. The output
voltage At the gene Yatoy armature is compaired with cens~
tent d.c, veference voltage me thet no error volsage
comss apross the econtrel winding 2§ of saturahle yeao
ters The e ference signel oo rrespending to des fred

speovd and the generetey armature Sterminel voltage whish

18
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i3 proportional to spesd ave compaved. The entive system
orks $to keap these two voltages os DeArly equsl as
poseible » "hapn sdditionsl doed is thrxown on the aster
the surrsnt in the series sircuis and hence control
winding 1 Anoresses.  Also with oonsoquent speed dwep
- generateor symaturs faviinal voltege d10)ps &nd An syrop
voltage davelopes aeross sontrol winding 2. Thus
the d.0. eent'ml sapsre turns inorensss on setursnle
"',“"," cors, vhich consequently decresses the
maptance of the nlemtorl and so the dyop #croes 1%
reduces, eo that the vectifier supplies somevhat highey -
anwau wltage neceranry to u;ma_m the opsration of
the motor st desived spn& under condition of inoreased
dond,

Far operation vith wreduced losd yeverss pherenens
takes place. Less eurrent tlows in sontyel winding %,
and the direction of current 1in eontrel winding 3 1»
reversed due $o reverssl of ersor voitege polarity. This
causes Fedustion fn contryel Smpere Surns aa ssturedle
redgtory corw inCredning ite reactance and lo.tha 4rep
seyess it inoresses, so that the symature autuﬁr
supplien the somevhat lever tmthn voltage necessary
teo msaintain the operation of the noter &t desived spoed

wndey condition of reduced load, .

Far operation &8 Any sther spesd, Sths reference

voltage and the geatrvl survent £ ssntrol winding 3,



~ )

/

are sdjusted vhich metns reference level of contyel
ampere turne is shanged . Simslar operation ceccuys fer

this speed setting.

Thas the systen is designed for neintainiag
the spesd Detveen the rangs w7 800 to 1400 wpim. conmse

tent &t the set wvalue.

20
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3.1. COUPONENTS OF Tl SYSTEM

As deséyiwd fn Last Chmpley, ths syntem of
speed esptyol consists of the following sain cexpenents.

te DT Notoy, spesd of whieh 48 to be soutiolled.
2, Horiss saturabdls ﬂmd‘tﬂm ‘

3, Bectifier wridge. |

4 DC Genevotor ete.

A prist descyiption of these conpomants v given i
the folloving pagest

3.3. D¢ MOTOR

The most conmonly availeble adjustablo spesd des
vige of today use the dses wetore THs motor uses

was duilt As » compound weund metors The ratings of

the sotosr deingy 300 wattes, 128 wvolts, 2.4 axperes
apd 1923 BRPM  The srmature of the metor hes

48 coils each of 10 turns would. with Fo, 22 AW, G
wire o The shunt f£40id cold conoints of 2000 twrne

ot Mo, 20 AW, G (0,0143 Ltnch) hoesvy formex magnet
wire and the seyies field ¢oil bas got $130 turne of
Koo 1B AQG o (0.0403 Snchlh Mdvy forsex magoet vive,
The moter is sise provided with A seeling fan. The
symAture temmineals Sy0 marked og Ay =88 A, o sevies



serias field Sermirale a9 5,end 5, and shuat field
terminala 48 F, and P, on Scmminsld Mard.

As & ahnmé notor 1% may ba eperated by dise
ssnngoting tba serian fisld. It makes en idenl odj~
uNtadlo specd motor fey driving wamali drill HYOSudE,

band adwa op 2%er siop mechines.

In the prewont spwcd contyzel systenm, this

metor s weed an upnruﬂ.y sxsited d,¢v moter,

Thin doe, motor is oeupled to & #,0. gederetoy

whieh serves tha purpose of loading the motoys The
moter fs tostad for variation of spewd with mootifisa
Ge0, woltagy varistion to ammisture when fleld currsnt
and towqua on POtoy shaft was Meps constant. It is
feund fsr ths variation of-‘lptid from 500 P M. to
1400 £ P7.% Tie covrespending variation required
f azmature velsage iAs from 90 weits %e 180 volts
vhich azain corvespends t9» variation on G.os wsido of
vettifier frox 70 volts te 200 voits mmen The mpoed

Soyqus cusve fay the motor , when smmature is supplied

trom & full wave veutifier, is drevn,

Ths resistanyes and inductanges ef fiold

s Aarmatuvys was alse msasuved apnd the values imumd

to do
#g % 370 Ohms, R, = O
34' " §.% heaney Ko* ® 1.7 »ilit henry.

23
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Results for 4,0, notoy tasts are given Wwlsvw,

f. Variation of spesd with velsage Yhen ousput tovrque

i» sormsant f‘“ = 0.4 namp.

Ve 40 60 80 100 120 140 180 180
velts

93:;:‘» 290 300 680 800 3020 1800 1375 1600

2. Varjation of spesd with torqus chsnge with sonstant

appiied wiltage

Supplied from Hectifier Bridyge

Voaltage Knt esnstant st 1280 ypuﬁ

Te rque . 1 | :
1m0 10e 0 3.18 3.73 4.5 S.28 N ?S * 12 13,8
- Speed in
1400 1288 1238 1170 1120 1080 1O 980 =0
ToPeMe
, y
»e %S 0.7 i 2.8 5.3 0% .8 2.2 2.4

These results aye shovn grephically in
Pigure 2 snd Figurse 3 wespectively.
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3:.3. 4, Series Ssturadle Resstoy

This 1s the important componant of the systen.
‘Saturabpie Hescteor’ s defined in 'Standard definitios
for Magnetie mzttun“"“) a8 an electronagmiin dow
dcey, smpleying one OF Weye non lilewr magnetie coves,
ussd im 8, 0. civcuits o wesuye anplifisation oy sontreld
sonsonly by mesns of & #.0. sigasl whioh infiuvemses She

non 1inesyis :o

T origionl purpese of *Saturedls resctow,
ne G.ualo-ni‘ 3y Burgey and Frankenfield is S0 provide
& methed yegulating snd mntmgnm the current and
potentisl in an siecirvical circuit sr system of @ irouits
wherehy the wse of hesvy movabdle parts and sxpemiive
-apparetus is aveided and sinple affeciive medns sre
previded in pliece thaveot and smecth snd uniform
varistions 4m the cirouit saxe obtasned for the puye
peses of yegulation witheut use of mulsiplisity of
 contacts asrrying lead cuwrents®, Thus ia shert o
satuyahle w:&nr is an adjustenls induceter in which
t‘m ourrent veltages welatsionship is adjweted Sy vontyel

of memefon applisd to seve.

Contrel of A.0. impedence of an slsctrical
sireuit is nesded in many brenehes of sleetrical
snginsering and the satureble ceve devices have been
used to & small entent feow this purpese since She

deginning of sentury. Saturadle cere devises sffered



26

s yobust utt-ﬁuﬂu to slectyontic equipnents., Satue
able yeastors snd wagmt ic auplifiers elallanged the iy

slestyonis equivaloeonts 15 saveral fislds,

3:3.2, Basiec Principle

The sinplest satupehle yasstor consiste of &
single fevremagnetia core (sither rectangular oy
eirenlay) having two windings, mnely 8.t goil oy
lead winding and & devs OF contyol winding. PFor
esivenit operation the d.0. winding 18 connscted te
s 4.0, source of centrol weiiage and the losd winde
ing is cenmmoted in gseries w;ﬂi the loed and o nﬁppir
#f %0, voltage « Whan the current in the wontrol
vinding is varied, the m.m.¥, of tho cerw ond hence
the impesdence of Che 'Loa;d‘ winding is chaaged,; thewvedy
deternining the wunn.guwuf appesring acress tho
lead.

3.3.34_Cove Materiales

The core materinl sslected for sAtursdle rease
ter olould have certain distimet characteristies.
This utor-m shoul & hwn. & square (oy pessangulor)
B-H ourve, In sddition the core natersials should

aave the followiang preperties.

s, Lev hyntersis and eddy current lesses:. This may
e abtained frem materiale having high reststivity
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L] lmr;nunm forss and ahility to bDe preduced
in thin Laminatisng.

¥ High saturatgon flux demity, B, . this chare
acteristie pe™aits & given MM of cove
materinl to have » Isrgey powey capacity and
1s extrammliy impertant vhere lev weight units
are requived, |

8s Stadilidy st meagnstiec ehavanteristios under
condftions sf varying temperaturs and meshsnigs}

strain,

Somne .‘!’ the mere sommon snd useful core materialsg
sre,y
L » Sildcen » Lran siloy § Stlectmn, Traneew, Hipereil,
corontil. | _
ii. Nickelrswon alloy » Deltarnaxn, ru?umnn Qﬂbn«u’.
Nicalei , Hpernik, eoperaik, parasiley,
Molypermalleg , Mumesal.

3+3.4. Core Constsuesfon

The varicus types of Ceres used in saturadle
vescter conutyction can e Wroadly sumnarised inte
tve main groups.
i, leminated coros of either silicon stesl, gwein
ovientsd ailieen stesl or niskel ixen alloy.
1%, nm oy spivally veund styip Cores usually of grein
srienked silicen steel or nickel Syen alley
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The laminated Sores Are Wuilt fyem Eond I
punehings of cold rolled stesl. The cores Are wo
WHilS ShAt She BRSt Jeints @e ret all secur in the
same pesition in etsh ceomplste Llamioation. Sature
Sien takes ploce iun the regfon of the Joints Defors
the main Wedy o the seve. The result s that & sharp
sotupration peint on the magnetisation ecurve of the

sore odnnot M aodtaingd.

Single Phage Single Cere Constyuction

Toe shres legeed sasurable renctsr in whieh
foes winding s provided on the cantrml lish snd lead
windings en thﬁ outsy limbs and ssnnected in seriss
s iﬁws in Pigure (@) v*h aentre liud of the eore
is used puvely ss & 4.¢, flux path as shown in Fig.
the a&.0, vwﬂ:&ng W ing u: coumctud thay m lw-. flux
of fundamental flequemy rlnu: Shreugh uu pam of
the mu- ',l‘h.o mur 1imde Are used ss vetura paths
for G.e. flux. Neutralisatisn of transformes e 2feet,
se for as wuum of fundamental !umamy are sonseraed
in nnotnpauud umtumuy ;u this l.ruunutnt.

The s.ce flux uml.hn the path a8 ghova threugh
sntey linbds,

3.3, 8 _ Windings

Tor windings practice fellsws very ©losely shat
eof Sransformer Stechnique. The ceils Are vound en

pakelite formerns The ferymers remAin &aa integrsl parte



,‘t the ?l'imﬂ.n&!o_. The use of formers is preferred
~in smaller yetctoys where largs numbar of turns and
selatively fine wirs sye ussd. Intqv layer and inser

¢ il ingulation again huw Sxansformer practice.

3.3.8, Assemply

Bndd Wﬂ roir slesnping the taws such &z would
be used 'm shell Sype transfosmey naﬂnny cannet W
used 48 ¥he 8.0 toils are assembled en the eutar
2imbe |y Clamping of coves sust therefore confined te
the tep and botton yokes DY menns of steip or angle
wmateriali came being talken t¢ aveid yolhie to yoke
flux lﬁnﬁuﬁ, Packing ntridps of bBakel ites may b ueesd
%o Bold the cove 1inbs Tightly 85 the sposi, Tersioal
beard ts alse mounsed.

' S.4. DETALLS OF THE SATURABLE RZACTOR REEPARED

Iz the present Sirvcuit the satureble refeter
is umed t¢ vary the impadange of the sircuit ang
Shevedy variotion of aymsture veltage to centrol the

apesd of the wotov,

The test on d.8. wotor skowve that for constant
;utput tovque, for v&rutun ot spesd from J00 ¥ Peme
' to 1000 wpeme the correspemiing voltage ehnangs i
from 180 volts to 80 velts 4.0. The sectifier test
shevs that for this veltage change sorrespending s. e
dmput woltage o the rectifier terminals e 200 ¢

29
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80,8 wolte remewe This means 1if we supply e s e
lond terminslis with 330 wolte mains Shen Shewe should
be veltage 4dvop varying Mitwvaen 30 %0 184 wvolts due
to saturadble resetsy, for spead sontrel from L1800 €
SO0 #peme It Su Susumed that &ll Shis 4wop s

asyoss the saturable pesstor reastonce. ‘

3.4.8. Core “‘t.!‘i&l t‘

TBe core Ss Ul eut of celéerwiled « siliesn
steel °'E' and ‘I’ laminations. A specimen of it, slong
with dimensions is shewn in Pigure (3). The depth of
tore s used equal &n-‘ inches for wvhich neaprly 8.8 Kg.

o stsmpings are used.

S.4.3: Design Procedure

Spaﬁ! 12isations

Supply voltage 230 volts.

Supply fyequency ¢ = 80 co/e

Avasiiable material fer soxe fe o0id @-13..6 B4l 1econ ateel.
Satuyatisn flux dens ity 8' = 1.5&!:/:’

Stacking factew E = 0,9

Hetght et stook 4 = 4

Width of she core leg & = 3©
Theyefore cross sentionnl ares of the Core

A‘ « punédxkK
» A" x 4" x 0.9 &u’ % 33.2 n !0",untcr’



2

'iﬁ hawe,
E & .46 ¢ B.' A, B
° 230

ov!&‘-

$oA% % S0 x 1.8 n 23.8 x 20”4

= Bes = 300

»-

o Torns / leg = 300 / 2 = 130,

Menn length of the magnetic path & 3 x 3% + 8 x 4» » 13
= 18 x 2,84 = 435.8 cmw,

From DeH curve fer the asterisl the amperes tuwns

Berresponding to flux Aensity of L. wb/m® iz 1620

m.tam;’n’ » Thexefore,

45.0 »n 1650
100

}!’I_,- v
% 980

Now liudting the control eurrent te 0. & aEperes. Se

the number of control turns to b provided » ﬂa;’ G &
= 1350,

Tese ni.y also bs dervived frvm the losd eurvent and

turae value &9 fellowset

Our load current will bde dstawmined by the wasted
current of the 4.0, metor wvhich s 2.4 amperen. So
dociding the lsad surrent to be 3.8 smperes. |
Taking the average wvalue of cantyol current *0. 6 aup.
Yor squsl supere turms _

N,y = R, I, 800:5.671-1', x 06
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Therafore the aunber of turns provided on
uatwt'w&nd;us is 1880. There are slao two musve
contyn) windings provided with 1000 acd S00 suwyne.
',fmn ts siso tappings provided et 500 , Y50 and

1000 vurne,

Por load w:tﬁl:na the 20 s.wegs sondustor is

usede
The 4is. of the conducter ® O 918 mns cross sectionsl
tres ¢f $he gonducker = O. 980 mu’ |
The winding is previded in 3 layers.
Width ot the w@tng - a-x 18 + 4 snsulesion
-g.¥e8 + 4
. 0,745 nn * ¥ mme
The former size = 4% x 1,1*
"I 10:.3 + 2.8 mne
Se mesn length of turn ™ G(S0,2 ¢+ ) + (38 +.7) 3
“ (318 + 70) |
» 2858 mn.
= ,258 neteyr.

Po Lge ¥

S0 wasiskance of the lesd winding = "“""""""‘“"‘"

0.031 x (,288) (300)
0, 836

" 2,78 almw.

Inductanee of lead Winding
N8 KBa,
200 » 1.0 % 33.3 » t’d"‘

- =TT
2.8

s &, 410 Henries.
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The windsing s dons by oepper sonducters using
80 seWeg, for 1ond winding and 32 sawyg . for all the
thres sontrol windings. The ssturadle wveactor is
construsted on 3 legsed core with lead vind inge
Neing on outer lisds and all the esntzel windiage on
the oon#:;al Timh of Sthe core: The methed follewed Yoy
windings ard sssenbly is simlley te thot descrided
eazliers, A torsinal doard is also provided for mtking
connestions:. Tho sasurable veaptoy thus prepared se

testod and the fallowving rorults were vbtoined.

3.4.,4. Toat Rasultn

i, Remistonce of lead winding ™ 3.95 Obme.
8. Begistances of eontrol vindings?

Winding Nos3 ( Having 1230 tuwyns) = 78 Okms.
Vingsng Fo. 2(Having 1000 turns) = 50,8 Ohms
Winding No. 3(Having 500 turne) * 3% Ohme,

3. Experimental Data for Transfey Chavseteristies
with Srput woltege 230 and lead resistance, Ry * 100 Ohus

I d.e.
¢ 8¢ O 0,08 0, O 1S O80 0,88 03I0 O35 0,40
-"t

A

:L:u 40 80 80 114 130 188 475 $8e 490
] »

:3:"’ 4 0.8 0,88 1.14 1.9 .83 1. 78 1.84 .19
*

l. d. e, ed8 O.3C .33 co'e"
Vigag™t $08 208 304 208

Iigag™ 0 8.8 8.8 3.0 2,00




PHOTOGRAPHIC VIEW OF SATURABLE
REACTOR PREPARED | |
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Time 4t can » ssen thet by varying tlhe eontm}i
smpere~Surns level the veliage ac¥oes the lead csx be
varied. A photogreph Of the satursdie Yemetor prapare

ad is ehown o0 She adjeining page.

3. 8o Do (RNEBATIR

A dece gonsrstor is coupled ts the motor
under test, whkith ssrves the purpase of lord on sofer
The genervutor Slee ssrvos ODe purpose of miving voliege
propertivosl to moter sponds This woltege "is somptred
with vefarencs voltage and sexves the purpese of voltege
fes dbAck to saturadie rusotor.

The xvatings of 0k genezaldsvy used arxre 320/930
voltus 4.8 sapeves, 14850 BB, sutput 1 hep. T

generdtcr 15 URGCA A8 o asphnately oxcitcd gebayatow.

3. 3 RECIAELCEARINGE

Regtiftews piay &8 Loparicnt part in gagnetie
amplifier sireusts, In many ef thess appliestions,
low maintaineneey teag 1ife ewmpeataney and mohsniesl
FADCE YAIIEINTT APDEBY O Mo mém of grens japertanns
With tha prasent atete sf a1t wetalio recsitiers npet
thess reguivenents: Ths use #f revsitisre for furnishs
ing . gover to d.e. uotors 19 hetening sove esnman

pavtieniarly fer variavle veltages drives.

The tull wavs reetifiow hridge wWoel u She
spsenbled sirsuit esnnisgte of drnilisen disde Sype



rectifisors (17 RSD 4) , tha zatirygs for whish aze

Siven.

Veltsge Ratingn

10 nils sesend spenstent ARV,
Maxisnn repitative ARV,
Reconmended working P. bV,
Resomnupieod vorking B M S,

Peak forvard wolitage 4rop
Current Batings

Mok inum yated current
Maxisun one oyole ssrge ourrent
Operating tempurature

Operating froquency

800 welite

400 wolts
. 240 valts
3850 welts

ﬁo_ 2 wwits,

17 ampavesn.
¢ T Y] AW
ssa*

25 to 10060 o/e

AlL these watiags ars for R, < Santsren. Mediun

Rowvv_»tgliimn Mif wavy paxtaus / diedn,

All %ml shove mentisned compensnts aleng wvish

nesesaAry selsuring instyuments vers asaenbled »s slwwn

in She cirouit (Pig. 5! ). The atrsutt iz escked

for the racuirod polarities snd thoa tested for the

roquived spwet esntyel for & pariisular pore set velue

of apeeds The sxperimental deteils slongwith results

\Ore given in the sudsequont chaptars.
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ANALYS1S OF  THBE SYSTEM

4. 1o BLOCK DIAGRAM

% 2o
de 3o
de 4y
4 8

TRANSFER FUNCTIONS QF COMPONENTS
SOLUTION OF BIOCK DIAGRAM
STADILITY OF SYSTEM

RESPONSE OF 3w ORDER SYSTEM

o2



& 8. BLOCK DIAGRAM

Ap attenpt is made ¢ andlyss the system
The bBleck d-ingrem representstion of the speed vontwwl
sysSem is given 1in Fig: 4! .

In the folliowing weotion $rensfer funetions

of individual compenents arxe found ous,

4.2, TBANSFER MUNCTIONS OF COMPONENTS

43,1, Sotureble Hesster

The squatson for ampers tusrns bdalance for

the saturabdbis rescior oon be wriktan e

| eoe 1)
Wiere Ne, » Nyg snd N,y ars turss in contyel

windionge 1,2y and 3 and Ny 4is She load winding turns.
le, o Jog » o3 &nd I;  we-ing corresponding surrems.

Ng I, s the total econtml smpers turas.
B

o‘o Ng 1o - 2
Ry (2 +T, 8)
see(8)
. Ba R (1 +T8)
. » Ni’ - "L ) ves (3)

Waere T, * Ly / l_. 4s load tise constant,



Q2
Qo

42.% DG Motor

The decs motor whoso Specd is to be
contzolied is 6 sspurstely oneitod ones SBpwed of the
notor o©An de varied By varying the voltago impressed
on the srmsture. Following assumpiions ars mddg in

the derivotion o0f sotor transfor funttion,

o, The motor O3s¢¥gdp fiux s proporsionsl to field

surrent £ & Ky lt

b The tortue devolopad dy the moter &s propo rtional

to the iy gop filux ond armstare , current,

T, = Ky,®#1, = KK, I,

¢e The dDRok vems f» A8 proportional to motor speed
Ve L I(. Sénm

" A schemBtic reprasentation of the cirouit is

given in Fig, 42 , Ino the armbture circuit the treasforw

ned sQuation is

(8) = (R, * Sly) I (80 + V a)
= (B, *+LS J1,G)+K S6a

vd.o.“ ) ~K, Son )

lu(ﬁ) o eae 8 )
B + i 8

~
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V“.a -~ K‘ “. (»n)
T.l.) = K; K‘ I‘,

Ry + Ly S
vea {¥)
also
T“(S) = WUSe £)56n seen (8)
From 7 ond 8
Oy () Ky Kely
Veo (80 " s e sb.)(a_‘s + 2,0 ¢ RS K K1,
ese€9)
Q‘(S} K‘
o
Va,c &) S Mt ( ®+ 8T, ) (A +85 7T, )+ xbx*s
sese (10)

4.23, Bactifier and Specd Senms ing Element

It s essumed that the imput 8,0¢ wits Q,
8nd the output d.e. volts V,. beare & goustont

tics it mby be written ag

&)

v
: ) w K“ see (A1)

The gensretoy coupled €0 d.C. motor 49 used s
& speed sconsing elemsnt; in the aystems JThe aymoturs
teminal woltage developed In ths generator is asgumed
preportional to speed. 5o mow 8 velation mdy be

wyitten as follews .



¢t 9oid

S A (syug (S%21+1)22Y (s)us
- T (s)u3 ug 25N - (S)TDI 2N
-
S 9O iswm»;?kmtv Woys  (S)2PA PAL Ly ©3 N (8)21°N
- = - MM o= —t - =
we > (SIWP . °PA | ©3 (SCPL+0)°%  (5)°3

(S ..UP+C~u& _ s) UU)

SI>N

VEETY! T (S)PIN

2332ON-€2I€0N
"
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8) .
L L &t s !’Q‘ta)

L 3‘9 Control Wtuﬁlum {1) ond €2)

in the contyol winding L whioh is shunted with

resisténce & froction of §«c» wvoltogos Vg, , couses

current lgqy *88 @0 the smpare turns devalopod

By this windiong syo Rﬁ ly3 %o now,
By Vgo ,
N | s N sees ‘13’

sl ol L ]
o nui“ *Tci 52

In the second contrwil winding tlw asmpere turns deve~

1oped aro dus to ermy wits = vl, - iin

So
809 S‘“ )

) 5 -
2 o3 v

Nc evee (88)

4. 3 SOLUTJION OF BLOCK DIAGRAM

With vhe above devﬂvpci tyans for functions

13

pustst in block forms the composite diock dlagrom

reduces to Fig. 43 .
. Ve o Ry Kpg(8 *+ Tg S)
o‘(SJ = : -

Ng lc Nb

vse €23)

CHACS
BNIKAL Usrmky UNIYEKSILY v KW 6w,
‘NOORKEE.
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&03 K& )
(8) o . . vne £80)

: Rog€s + Toy 82

° s‘(SJ

g ® Ga(S) Y (8)

BB K, (3 ¢ T, S) (2 4T,S)

BBy €34T, SN K N K, (2 9%gS)

vee £87)

S0 pov,
nﬂ“ma ca&ﬁ (8 ¢ Tgl) (14T 5)

Gy 82 =
[‘xebnc,mwcasnno (30T, S5 “oa“x]

x Paa 2 (8 ¢ SE, ) (3¢ ST, ) ¢ zsbmgs]

Unsoch on cinplficotion

maﬁm le& (1 «@’a’ 5) (a @’s‘qa &)

%tﬁ) =
¢ N T ‘ '
* s[nnfn Laoa. Kb‘f'annmaa_]— {8 -@3‘0& S)

¢ 8 [ﬁnf’un&‘n@"caﬂx%ﬁaﬂo&m%z*&] (8¢%45)
+ 8 g
“nﬁgnml;aaa Eot 'En-" i ¢ ?naﬂ’ Bl Noay By On

: S
(T,e T, (1 ¢ sgS)] ©8 [Bbﬂnnbﬂca (Fa T, )€89T,,8)

< Bgl:m om aﬂaﬂ‘ x&a ) (3 ¢'EQS)]

L N 4 (ﬁa)
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For etse of vriting, putting

Ro RypKye ¥4 M
R, ',‘cl ’a !l,, "5
KyKsMuBe1 = A

ai'l“@‘(ﬂr’!l K} =B
KKyRohre Baky =€

Expression (§8) con pnow b written se
M(a + TgB) (L + Tox 8)

‘ ' " 2
Ga‘s’ » 5[(N¢A)(S*‘l‘°18) + (BCI(1+T 5 )‘ * 8 [ﬂffn*'r.i

(1475,8) +B (T, 4T ) (H’To33]¢ 3 {;l (T, Ty

v
-

(3+ 'I‘“S.il ¥ [;3 (T“Tn)(t "‘Te ﬁ;]

sav (19)

S Ky Nga
53(3) - vee {20)
9‘3‘ 1+ l“, 3) :

From (10) snd (20) we have

b
Ga( b

2 + Ug (B8) Ha(5)
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=
[ B(NAAMA+T gy B I (BIC IAITS 108~ (N )(De 4T, ) |
(19T,,8) +8°B (T,9T, X1+To 8) " v T, T)
Bog (147425 ) ' Ava |
(14 T, 8) +S BT, T N1 + T, 8)
+M (3 *TOSJ 1 -f";ﬁ"c‘s) (SKt Nﬂ )
| vse (23)
So mow tho choydcteristic eaustion of the system $s
4 ‘
s [ By Ty NT,IT, + BT T, T, )] -
> sa ‘ | :
] IR T, +B T “rarn;] ¢ Ry Ty rm T,1T,
B TaTy) + N (Tuef Mgy +B (Ta+ Ty)T QJ
- —

R,n [(mar‘v B Tofm) + NI 4T, 0T o3B(Ta+ T,)To]
< To%er BooKy *+ By, Tea {“‘ Tat Ty ) + B (Ty+T,)

HNAANTGy + (BeC) 'ro] |

(R [NTat T e m CTe T, v ey B¢ T, |

* nbgrc{mu) * (B _)] +* xt Nw (’l’o«r Ton)

+ S

* Bﬂﬁ [‘N%) * (W)] ¥ “ﬁﬁ Kﬁ u ese€32)

Thus the oharscteristic squstion S» found ®»
b of 4th ovders If wvo neglest aymaturey & ins eonstent

whieh i geongrslly found €0 be smll In esss ¢ f shunt



T,

. wvhich 48

motor And also loasd Cime sonsiont,
alse very small dus to prodominatly ‘m#tﬂu

load, smracteristic oeduetion (20) reduces o ths

s [‘“anea ) Ry Teﬁ]

+ 83} By [" Tu %1] * Bon B2 [“‘ Ta* 87,0

+ e Ty, |

e

+ 38

+ (B-’(:J]-o- MK, Ny Tyy
L
*p,g[mm;ommﬂ +N, K M =0
sss (23 0

Bguotion €23 ) can now ho weitten 6ad

3 , B (N#)
s * 52 -L—v - 3&-—-& e —— P w
, Tuz T@l mol 1- N
r
3 1] (N+A)
792 Tcl N ’1“1 N T-
3
(N+A )+ (B+C) *x Kt Nea
+
N T‘T ol N ’l‘a‘l’ “Bﬁ
(NoA ) +(BsC) - Ngg Ky M
+ . :
N T‘rﬂ TC' TC-Q.. R T"u-vy"l:’Cl RQ’_ TCQ

LA R

. - -
Rop [N Ty B T, ) #(N*A)TG,J +Ryg Ton Fm«w
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forat

v

wnd

-

(26 )



4.4. STABILITY OF THE SYSTEM

The charecteristic squation of Sthe system e

odsoined in the lost sestion. Now after putting
]
the ¥sluss She sauation €24) yeduces to

3 2 ,
S 4+ 26,7085 +30p8 +9p8 =0 ens 28)
Now appiying "Houth « H uswits Criteria” fop

stability study of the egquatson (28)

s® ' 3op
2 R
8 26, Y0 s Py
i 26. T0x3 0¢= OSN3
: 206,90 |
=201, 7 Y
s ] ees

| Sinse thero 18 no wign ehange in the
tirst column, the nlymiul s mo o0t loctted "
in right half of the S= plems. This estsdisishes
the stability of the systen.

4 9. RESPONSE OF 3y ORDER SYSTEM

For any 3vé erder systes the eCuation may de
wvritten in the fomm |
- xt)  88wo™ +we ) o

The Sransfoymed eGustion ¢f motion with Sero inisial

sonditions can then be given as
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2
2'»’. vo
8

Se ) (S* +23 8w 8 +W0 )X me.

- Jlr‘ vn’

. » x w -

8(8eM)Be 26w 8 ¢+w?)

Aftey saxpansing 4n pars sl ¢ motions and sppiying the

inverse transforn, we f3nd genersl solution, 4s

Mg *§vo ¢
» A
.« = 3 ‘wa . _0T2® Sin (ws + V)

{8 vo *N‘,ﬁ) *U’g ﬁj‘ﬂva ﬂ\a)a+w‘ﬂ

Yo

, PP 4 1 )
Wiwoe "V - w‘ g 5.?‘
~s
and W,_ =  gan v n“""'s
& ve
y s tluﬂ b
8 we » 3‘-‘
Fyom Equasgon (1)
™ y
X = ;Vﬁcln‘t i-o’ :‘“‘ Sin (ws » ¥ )
- “’

Where ., =
3 2
- {8 wo #A") +* v

- W N
- (]

™
2
2 2

w \l 8 wo *Al‘) * v

The amplitude fectors L and &y ¢Sn be seen
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to represent simple function of the vester lengthe,

Ay By C anga D sn thas compleox plane a8 shovn in Pig,

Thus constants e, ond ey San b9 expresged 48

s o (A /B)g

L s (A/B) C/D)

Tre angle Y 4s given by
b= ¥y ¢+ V¥,

Consoquansiy, the third order step responve oen bs obte
ained simply by platttnd the stebility wots, nntu'ung
the vectoy lengths and angle and then putting the pesponse
etustion. The wesponse characteristics ore governed

by welative wot locntionss When the resl root 1s displaced
to the Left of real part of the eemplox pair, . will
apidly nicmuca Where s &, will remdSin nesily
constents. As o t&nult. the omcilletory mode will send ¢o
dominate She response and the response time will bs
sssantsially & function 02 8 and wvo wveluee Conversely
whep tho wesl ot lies to the »ight of the complex

woEs, the Aperiodic mode will clpasteriss the tstal

TeSpo NSO,

When the redl yoot £s eGual to the resl part

of the complex pair, tat s », ==& wo
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The Shird sxder response sSuttion is
-85 wo §
™

x = 3 |10 8 Stn (vt +Con ¥ & +w /8

183

It wve asgumo epritical damping »otio 8 = 0,708
the response bowed on O‘ ® wep €t 4 4n order to mbke
the analys is independent ¢f wvo 1 |

. =70y B hod
x ®mie=3e nﬂeo.wvsmm.vov+7).

Response of the System %o Unit Step Punetion

The gtorncteristis egquotfon is

3

8" +20.708° L3005 +088 wo

2 ,
oy (Sv4.02) (S + 21.48 S + ’o&Q.S) = 0

0'0 “x - - ‘!.2

For She quavdeetia eduation

sﬁ
: +24.78 8 ¢+ 201 .88 = 0

21,78 *__J. (2. 77 o ¢ x por.88

X ]
8
»ei0,80 ¢+ J 16,4
soﬁ'.a . 210,80 ¢ 4 13,4
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So nov A = luo._awz + (108

=  23.38

2 o
B = Bzo.ao)*&.oz] + (18.4)

= 40,28
c B 492
D = %34
- 8. ¢
w = $an 3“ S ARpA——— % t‘ﬂ“‘ j,.' ép
1 10, 89 }
= 3,03 wadians
"% 38,4 -t
T 10, 89=4, €2
= 1,29 yediense,
se Y =M +¥, = 2,28
Constants? s
22,39
¢ = = = = {(A/B)
10,28
% .83

®s = (A/BXC/D) |
23,38 ‘ 4. 02
) (

£9. 28 18, 4

-~ {

= 0,200,

Sy famer sespense solution to unit stepy funttijon

- wde §3 «10, 80¢ .
is thes xn = §~§,83 ¢ 200 » x Stniu.dtd'.at)



CHAPTER V_

EXPERIMENTATION AND METHOIOLOGY

8.1, BXPERIMENTAL DETAILS
%2, EBXPERIMENTAL RESULIS
8e 3, HETHOOLOGY

20
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3.1, EXPERIMENTAL DETAILS

The system dencrided in Choapter JX was
sssenbled vuing 413 the semponeats along wikh
s gsestry mstsuring instruments. The sirgust disgres
is shown dn Fig S| o+ The syatem thus swsemdled
is then tosted.

Firstly the DC motoy field 19 exsited so
ro%ed volue which fs kept sounstant throughsus $he
experineat: Then slternating supply of 280 volts in
spplisd to sarvies wsaturable rencter load windings,
‘Khu'wuu surrent and voltage agsuss the ammeture
of the motor apd alse SUrreus Acyess osupenanting
winding of saturedls vevstowr, The eontrol winding 3
1s supplied with velsnge, so aa to obtain desired spesd
at malf fall load on She mosors Then reference velsage
Ve i3 80 mdjusted that She error veltege ,V, * E(n)

is equal %o ssre o Urder this condssston contyel
winding 2 garries no currents If w eessapy it
referense volts msy de adjusted a0 os ts Cause some

desived vaslue sf current in the sontwl vinding 3,

After thesed preliminary settings She load
is gredually put on the motor By loading the 4.0,

gensyetens This csuses more surwnt in the motoyr

o1
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arusture and so alee aore current in cempensating

winding Se.

Thus mow with ineresse in load, Shewe e
Ansyessse 'i.a eontwi smpeve SRrms on sesureble resosov.
This results gnso less inducssnse and hense less
renetance of the resctor and so theze will be less
veltage ¢ﬁ§ tcinn. it «+ So the veltoge at ths aymes
ture terminals of the wotor Incyassss; the ineresss
being decided by level of compensnsion. The compemse=
ting empere turns 2an be varied by ochanging the value

of shunting resistongs Gcross S$he compensasing windinge

52

This all takes pnlage tnetentancously end spead agsin

goes to its previous valus:. The spesd osn » made

constant irrespective of lond by cbtsiningidonl sond g~

tion DY proper adjustment of shunking resintoree whieh

shangas the volue of sompexsating curres 1o sompenstt>

ing winding. Thum to edSnin closer speed vegulaetion,

armatture quErent compemsation, ss well as a sfigml

proportional to gene rated voltage ivaun is pwepertiousl

to speed is fed ek So ths seturable yasston

The systen s tested fer folloving values of
prevent wspeed!
838 , 1000 o 3100u , $300 ,4250 and 14 I!-P.u.'
The emperinental results ave given in $abnler form and
also grephicslly shown 4in Fig. .
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8.2. EXPERIMENTAL RESULTS

A, SPESD PRE SET AT 828 B P M

S ® 0,08 amp.
Erroe wits adjusted 3ere for 1 smp.

dovrd,

leg = %d 8smpe | X @ 0,2 emp.

w ok am, eme e miE
£ 1.0 %0 O 14 say o
3 1.2 9 . Get?s 830 o 85
3 1.4 =] %31 830 © 82
" 1.7 ¢  om3s 830 0,03
s 1. 88 " 0.260 830 o, 02
. Be 4 os 0,300 838 $.285
y 0. ¢ 83 0,088 810 1.89

B, SPEED PRE SET AT 1000 zepeme

Initsal Conditfonss Shunting resistenes = 10 oxms

. ‘ ~ Ezro# voltege seso for Iy = 5,3 smp.
deod.

Ress conditsons aye ssme &9 10 A
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% change

1 1 Spesd '
s1. vﬂs COMe from des ired
Noe  oup volts amp. speed.
3 1.2 110 0, 128 1000 0
3 1. 48 112 0. 150 1000 o
3 1. 68 113 0, 180 085 1.8
. 2.1 113 0. 210 078 2,9
3 0.9 . a00 0. 10 1000 0
. 0.6 108 0. 070 1003 0.8
C. SPERD PRE SET AT $100 R P.M.
xn‘t’.‘l Cond 1t 1o ns Shunting sosistance * 3 ohns

Error wvolts zero for I, ™ 0.8

i:: :i‘ap. Vaa | ,lonapg sp.'v‘ f;:h::::“ﬂ
: volts anpe. speed.

1 06 112 0, 06 1100 0

2, 0.9 148 0,09 1093 0, 48

3 1.28 118 0,12 1083 1. 30

4 183 1us 0,145 1083 3.1

s g apl‘ | 118 0,163 1043 s

e 2.18 119 0.20 1030 7.27




o
e

Here speed deviation is too much from desired

value dus to less aumber of turns fL.e.
800 instead of 1250 ss being used in coupense~

ting winding for other settings.

D. SPEED PRE SET AT 1200 R P M

Inttial Conditions

Ryn
1@3 ﬁ'@ﬂa ' BHDe
Ervor volte Sem for IL ® 1.0 amp.

* Shunting vesistance = i1 obms

v I' | 789‘01! » c'hﬂm_go
3:.. I »e compe | ' from desired
o X .
‘ amp volts amp R P M specd.
s 1. 130 . #9228 1200 [
2 1.9 130 027 1195 0.5
3 2.3 130 0. 328 1185 3.0
4 1.2 128 0,17 1205 0.8
5 0.8 122 011 1210 0,833
E. SPEED PR: SET AT 12350 R P. M,
Conditions: n'h = Shunting Resistance = 11 ohms.
Ics = 0, 03 omp

Evror volts sero for I; * 1.3 amp,
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81. 1 v 1 Speed A change
Ko, Amp L Vo u“ | .,::»' RPN i.":‘.:::i’.'
i 1.3 130 G238 1280 o

2 1. 0 137 0,280 1243 e

3 1.8 138 0,328 1339 1.2

. 2.4 138 0,370 1218 2.8

s 1.0 134 0,180 1288 0.4

e

0.6 130 0, 120 1288 = 0.4

P. SPEED PRE SET AT 1400 R P.M.

Conditionss 1, R, = Shunting Hosistance = 17 Ohas.

lca L I ' X 9‘ ampe

Ezror volts mews for 1. 03 smp. load.

oo B e e e e
amp vyolts - qu. B P M ired valuo

1 1. 63 158 0, 40 1400 o

2 1.9 157 0,40 1360 i. 43

3 1.4 183 0. 33 1420 1.43

* 1.1 1832 0. 27 1430 2.14

3 0.9 130 010 1440 2,88
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To compare the speed verioctfon with load obdtained
with the contiol system with the (1) ancempensated motor
speed cariation and (14) When only voltage coupc#:utinn
is provided and current conpoﬁéathn is absent, the resul~

ts in these two casos are given.

Casme (1)
Si. I v ) | Snpo‘dq-.. | Total speed change
No. LA
' amp. Vois R P M
1 0, 7 140 1400
2 045 133 jﬁ:aso |
3 1,1 126 1200 Total speod ohange
4 1.3 124 1200 380 R P. M
8 1.8 11 1130
s 1.9 100 000
1

Case 21, Yhen only feed bheck voltage compensation is applied

. S ' vSpdtdv Percentage
i:‘. IL Vaa Tasakx speed ﬁh&‘l‘:ﬂ‘
aup ~ volt B Ps Mo from desived
1 %09 126 1200 0
2 1,38 1.21 1140 s
3 1.4 11 - 1080 . 10
4 1. 8 113 1030 4.1
L |

Se2 109 ' 960 20
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Comparison Betveen the Desired and Obsained Voitage

as Motor Termionls ag Different loonds

The motor specd I8 maintaingd constant by
adjusting the voltage At motor terminale extearmally
with d{ffevent losde. The ocurves showing the welationm
stveen load on the motory And the voltage at srmature
terninsls required to maintain the spesd constant &%
desired valus Sve drewn. The &ctunl relation obiained
unter the ocontrol system given under 5.2 , are also
plotted on tho some greph, It shows that these curves
follovs Quite closeiy the denired cuwvase The results
for the cass vhen spsed maintained sonstant &t d2fterentd

lsodn by external adjustuent of eltage sre given Below?l

Speed constaat at Specd sconstent at 1000
zli:« 838
B . Ver ot L aap. :ﬂ

1 o6& ss 0. 80 104

3 0 83 N 088 108

3 1. 03 0, 9 . .38 110

4 1.3 93, 3 fed 1Y)

8 1,03 08 1.8 113. 9

L 8.0 | e, 3 . %18 116.8

S 2.3 "
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"—

. | Speed constant Speed adjustea Spesd conatant
?,.,‘@ at 100 R P at 1200 R P\ M ot 1400 R P M
.
I, Vo a 3, Vau i Van
ampe Yoit SHD, xolt | _omp, dte
1 .8 152 00 £ 5- ] O 83 148
2 o&e | s1e o 03 258 2,05 | 1e8
3 236 {. 11b 1. 28 28 | s.a8 182
4 1.0 120 L7 430 5. B8 194
s 100 121 2. 03 133 2,28 180
] 2.3 182.5 | 2.4 ‘138
METIDDOLOGY

When & d.c. saporately excited wotor is aupplied

¥y converting 6.c. single phose voltage inte ds G

voltage using & converting unit os desoribed in our schems
1% 4s found Shnt with inczesse in Jood the woltage lesd

to the armature drops. It is noticed thns the speed

also dgopo.

T maintoin the speed of motor constant with
Mmm.q in lond, the temminal witoge slwuld inopease in &
particuler feshion. 4his indiceses thit with ineswose in
locd, we Mve to provide overcompensation for voltage dr0p.
Alse the compensation slwuld dDe wuch that 3t wil) lesd o
*eduirod mode of witage rize with inerwase in load

U rre n\.,
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This particular mode of Sncresse of voltage, re=
qusred to meintain the speed ¢onstant with 4ine yetse in
losd, can be achieved by using & series satursadle
wetector and rectifior as & converting hnit. The sentywol
winding of saturable sesotor 4s to be connectsd in
series vith sotor amaturs « As the load current in=
creases current theough the control winding and hensce

the contzol Bupazi tarns op the wsore inssesses theredy

csusing bighor saturation apd comsofuently reduction

in resctonce of satureble core wesctor. Thus
ths voltoge drop “cross the resctor weduces. So She
voltags 2t the Bsymature teminsis increcss with
inc yesse in ioods Thus the desired epeed cdn be
uinmamﬁ: h?-pmv;.dknz proper conponsation by salecw

ting proper control winting tuwns,

ln ﬁntusluy as u was previcusly p;upotod to
owam wnc contyol only by woltago fesddack by taglo~
ﬂmmtom ‘lf/ba contsol windings vers designsd fnt‘-wu
value of nurﬂm us ing conductore of endllier cro8s

section.. Bll' 4t was fourd thnt this compensation alone

. 48 dosuffidients So the present schame using seriee
! /

/
compens®$inon wos useds In this scheme &2 the contreld

| winding was incapable of toking® full lood surrent.

Shunts Yere provided to 1imit current throuwsh it. Bus
1% v&s;/'tonnt that due to this irrmmnt the wind ing

is mupuPlc of develeping desired ampere Zuym to

| pndu. t}ho recuired woltage wise with inesesse in

loed, M.p dus to NMigh vesiatunse of the winding

¢
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soxie voltage alss 4drops Boress ite So the methodelogy

Msed on sinuilation 1is given Belew

The curves showing relstion betvesn tho ineredse
loas8 ocurrent and the woltage to mointein the motor

speed commtant are dvavn &s given in Section 8.3,

The some relation is odtained by adturedie reactor
series compensating, sontrel winging curront adjusting
externally «» As given Below the test results were
obtaineds As given in Secton 8,3, for &é# BB M
gpeed sastting the contrv) currant in series Compenshs

ting contyel winding s givenin tThe following tabhle.

_ Turns required
S1, i v 1
L . ‘el on ¢ontol}

L]

7 dmps Voits Aup, wind ing. *
1. 0 @ a8 O 8 208

a 0. 88 00 0,18 208

< . 03 $1. 8 Q.17 z a3

L 1) 1,30 8. & 0«22 2113

] i 65 03 .28 241

.. 2.0 90, 8 . G3e 212

2.3 28, © o, 38 208

* In actunlity the control winding bas got 1280
tarne « But if we desire that the stame load cup

vent is ¢ sirvulate in control winding whes
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1t 43 eonneeted in serios with load, then the
- turms weQuired on that control winding oon be found

ot frwn the ashsarvalions gilven HBLVA,
1980 = O 4

o, 8

The number of turms =
= 203 turns,.

The turns from other observotions Ain the todle

are given in the Jast oolumn of the sable No. 1,

S0 1% can be seen os 'an oyvarage we siould pIOVIEEe

310 surns of wire 0f higher oross nuetﬁ»n An this
eont o) windings 'i'hu. number of turns I8 found suits
to ali othor speads:. So 1f properly designea componw
sating controel wvinding is pwvuti des ir~4d speed

contxedl ovan bs obtuineds



CONCLUSION

¥o yego ing experinent énd analysis shovs
thas it is poesible to gonml. the spesd of &
d, c;, motors when 8,6, -ng‘lé PMASe supply s
Gyailedple and the aoter 318 supplied thywugh »
series scturadle reactor &nd reotifier set. I
‘alsp shows Mew to evoiuste the charoctaristic
and papsnpter of satupebdle resctoy so that it can
behave in & Tamhion neOssssry for specd control of

& given G € OO

b3
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APPENDIX 1

CALCULATION OP CHARACTERISTIC EQUATION

Tho ehayoctoriatic oQuotion obtotnod 1s

. s | 1 % B (H+n)
8 + 8 "‘;- * M > m o e
o3 -TM NTN Tﬁ N
r
1 s B | oA
+ 8§ | - ‘ * e —
Ton Tes m‘m _g NT o
( (DA )+ (B+C ) | BN o
* s tane =
' ! LNTQ .ng v N T,RTQERGR
NeA+IC Bﬁcﬁ Nga
+ i
NTuTo tTua murc:p czT¢ 3
here _
M = Roﬂatxmxl ® 84 unix 0% .08
= 3%
N = RRBRN £ #4x 1 x300x 002

L= 8
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A = K'K‘ ul.ncl. » 0,912 x 0. 08 x 300 x 3

= 188

Bv ‘%t‘ﬂctx‘-nﬁgu @ i x L 02 x 240 x 018 x B4 x .
= 3,89

C wKKN, K By K
 ,012 % +08 x 210 % 018 x 54 x . ®
= 114

Now putting the values of constants we Mdve

3 ¢ 3,68 6 +1860
s 4% 2. - S  —
: « 203 28 Gx, 28 0 x .2

3 3 3. 68 g + 188
+ S » +*
« 203 Qﬂ. & x .28 $ ’:’
(18048 )+(3, 8B+104 ) (33Ix240x4. 7))
+ +
G X2 %28 ﬁgﬁmﬁﬁ&um
O + 2186 ¢ 3,08 + 114 240 n +» 7T x 33
i +
B x 2 n28x 203 Ox2me 2083 203013
® Q

" So wow $he charasteristio stustion yegutes to

3 2
S +26708 +3008 +98 = 0O
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