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quality of fusl deing fired, its moisture and ash content, the
Yoeter firing conditions and stean cutput reduired of the boiler
wdt. In can be achieved by changing sngle of the bides tut
nachmical considerations are in favour of controlling 1ts speed
1teare?, | ~

Speed of dcmestic fan 18 required to be adjusted
depmding upon £ neny husan and envirozmental factors. The
drive for a record player should have vevious fixsd peeds
depending upon record's spesed, In 80 many other spplications,
the drive must have speed contirol 0 stésin high pmmvlty,
proper opsration and Mgh qualidty of product.

Praviously a.c. ccormtator motors or d.c, notors were
exployed in such apylications. Thelsuffer from thelr inherent
dras backs of higher maintenance gost, Zpark over during ComMe
tation, inwilved construction and higher maintenance cost. The
advent of silicon power thyristors sround 1560 sdded new impuatus
to the dsvaldment of variadle spead schene by meking vardiable
fraquaney & varisdle voltage power mipply & practical possidllity
by providing & veraglite and economic solid state power control
elmmt, ¥ow N\&u}. cage induotion motor basicdlly o simple
md raliahlo machine ca be used instead, slong with povar control
squimment. Nusayous Jow power motoy Bpeod control using simple
voltage control are alresiy in use nd currcntly sfficlent mtm:.
for motors in thousands of horse pover are under mnderauon .




A,C, motor rns at a speed which 48 detemmined ‘
prineipslly by frequency of the s.o, supply., Speed control 4s
fensible by chenging supmly freguency but ie not coonomiodlly
justifiadle, On fized frequency supply the torque developed by
the induction motor at & glvem alip varies approximately as tha
square of applied voltage, and steady stato operation socurs
vhen the motor tordue bdalsnces the Joad torgue, Consequently
the rotor slip 18 dotermined by lond torque and applied voltage.
The 1ine woltage control cmn be accomplished by introducing
varisble resiatance or tuprod resotance coll in sories with
stator main wvinding. Iui first cess powsr loss oocurs in control
denmt and seccnd type of contzol results in over all poor power
factor of the drive. Gize of the contrel dlement slec increases
with the increase in power rating of the machine., ZThyristor
used as 8 contyol olements aliminate all thaSe drew backs, Now
triacs end 8,C,R.'s are fastly replacing the conventional controls.

Soldd state power device introduce switeiing traneients
in the machine &8 wall ag in the powsr lipe. Generally none
sinuscddal voltage 15 aprlled seross the meohine, Inds doteriow
rates machine performence and sffeots the power dystem ss a vhole.
It necessitates rodesigning of motor for particular type of
controller or Woe.-verss, Designers ultimate objeot i to0
optimins the ovar all drive; therefore, performonce study for



B
particlar typs Of controller bacones imphrtent,
1.5, REVIEW OF PREVIOUE WORK
There 18 ot much 1 tersture svatlable as those
conteols are very recant ones, Switering congitions are slso
very complicated from mathometical point of view. Conventional
apyrosthas are no mors velid ax physlical conditions are entivdly

Afrerent. caandamblé wik has bdean dono on the snzlysis of
S.phage induction motor subjected phase anple control®S, Hovever

much work has not $0 far besn done for dingle phase induetion
motor, The problem in this case is more difffcult becsuse
mactine 48 an unhslanced S.phase motor, Consideration of
capacitor in the smuxilisey winding further eomplicatoes the
situation by incressing order of the diffsrential equotions, P.C.
Erense™ ' hes used anslog computer (differentisl anslyzer) to
study the eloctrical and mechanicdl transiants a8 well as steady
state opsration of phese angle controlled tﬁmmﬁ wpeed
controller. The development-ef-sualeg davelopment of analog
ommputier sisulation vhich onshlen one to study dynsuic and steady

state porformancs of an induetion motor han bean vepurtud7.

Bepides analog simulation switohing fmotions ean sasily be dos.
cribed by & Fourder serioes mtmdfa’ o Etesdy state solution of
individual frequency conponents cun be determined, total solution
o&n. be obtauined through superposition. At low speeds this method
" 1s well applicsble but et near full load speed apriied woltoge
vavaform for the stirs oycle i Aifficult %@ dstarmdne becauss of
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coatrolable region twe ifferont modes of thyrixtor operation
are gvidet namely oonducting mode and non conducting mode,
Cireuit eQuations are altered sscordingly for thess two modes
of operation., A mothod is given for solving these sjuations
for steady state conditdien. A program 19 developsd %o obtaln
complete sharacterigtic ot difforamt spacde and firing mgles,
Constraints imposed by ths thyristor are iu corporsted in the
program Lteelf. Inttiglly unknown elvouit conditions are
sstatlished through iterative process and perforamoe 4 calonlated
there after. |

Perfomanee charseteri gtics obtalned for a typioal
motor are criticdly dlisoussed end effect of variation rotor
resistmce 45 studled. Tds Lo followsd by sase suggestion for
japrovenant of motor design, |
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eontrol eauipmaent fors a major part of total cost of drive, which
therefors bocomes unsconomicel. For mall pover drive it is

sgain evoncmically Justifishle as cheap low power freduency changer
can be built using power tranmistors, Tiis systas hes very large
gpeed contyol range.

2.2, YOLTAGE CONTROL

A good speed control ranges osn de obtsined by varyving
supply wltage of Mgh rotor resistmon squirral cdgs induction
mober. Por constant torque losd 1otor copper losses & current
are gives by |

rotor copper loss o 8

current o« B/ At - /
"\ !

but for fan type of load

rotor ecopper loss oo {} - -5}?‘ 8

| ¥
eurrsnt oo »w«";ﬁ AB)*

vhers 5 45 slip and R 1s rotor rigiatmaa. |
Therefore vhen used for fan type of loads logses md current both
Alvays remsin vitiin tolersble iimits. |
The siaplicity of the thym stor wiltags sontrol and
Anherent dgh reéliabliity of the device provide opportunity for
sn extrendly relistle squipment design. Closad lcop schemes
whioh continuwously stjust the motor witaga are resdily epplied
0 thyristor wnltage control cmmﬁ
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FIG21 VOLTAGE WAVEFORM OF PHASE ANGLE CONTROL
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F1G23 VOLTAGE WAVEFORM OF INTEGRAL CYCLE CONTROL 75%
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F1G.24 VYOLTAGE WAVEFORM OF SYNCRONOUS TAP CHANGING
CONTROL.
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Ce2% Phoog fanlo Combiol ¢ In thin ¢aoo tomdnal wiltego of
o motop 40 voxiod by controlidng Cho firing pofnto of o pals
0f Deal 0 Dok eoanoeded Chyriotors. By phaco doloplap
£iving podnlo, oaly port of Chn vwollane In orgh oydlo 4o ncdo
avcdlatilo Shondy sofadng tho ro. e VOIUo 0f vollogo
oomidcd ¢o ¢ho motor, Tho wltogo wavo chapo oblcined 4o cuch
typo of control 10 oy 4n FIG, 2.1, | |
2¢o contiol cireuts 4o cioplo ond cufficlentiy loepo

P00 02 T oblained for hipgh solop vorictoaes Aintuctlion motor,.
Lat AC hoo DA hasmoale eonteato an‘output vollonn wvavs fop
logpo Cdey carfied. Aro 4¢ datrofucop dAmifiemat rodlo
regeeany Lotorleenca’s, |

2:22. fC. Clowpcs Control (Pulocd cumily) ¢ Povor 40 ovdtdhcd
oa ad off poverdl tincd with &n ono eydle. “ho nonn locd vaRlnzo
io gontsollcd by chrgny ho oo poded durdng on opernting gydlo
Se0e S/ Co ¢ Gy y vOLUONO vovs Chopo Lo shown 4n FXG, 2,2,

¢ oo feolor opeod of seopoaco tad hemmmalic coataad
ip jorars Lat 4C hoeo @cdveatorpo of Mghop ool Goo o noro
clobopato ¢anirol cd povce ofrenitey, oad greotor poflo frctacnoy
dnGovgercacs vleh rommucts 180 tes 40 Clogtle cumacato™?,
2.8.3. Intorwdd Cydlo Control s Tho cupply 40 givwen to ¢ho motop
fop cxploto o Cor eyclop epd Gt off for a cubscquead Lev gyclel.
Ho Lypo of contiol 4ndrolueon covore torQuo cad epocd pulootion,
wibrotion mf noico., o pciie frcgucacy intorforcnico g conocd’
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begsuse voltage tuild up follows sine wave and 1s not abrupt.
Slwple burst firing tecmiques are usad. The wvoltage wave
applied to tho motor is ghom MIO, 2,3 , Etepless spesd control
is not in possible vhen using intogral cyole teciniques,
| Iap Changing ¢+ In oystems vhich have an output
transformer a:zd remu only small sdjustnents of the voltage
syachronons tsp changing i3 often ppeferable to ordinary phase
control, outputy wave form is shown in FIQ. 2.4, It glves s
good performance but the cost 48 wery Mghy justifisdle only in
cass of large nachines, |
| Out of above four methods, for sl single phase
infuction motors phase angle control tectndique sppesrs to be
more sultatle beomice of
(1) Smple control clronitry
(14) Tow cost
(111) Rescnaeble guod performance characterietioes,
2,3, DERATING OF MOTOR

Stngle phase induction motor supplied through a phase
angle controller 1s subjscted to nonesinusoidal voltage wave form,
ihe time hammowics preseat in the applied voltage results in
currents at hammonic frequencies, vidch cause sdditional losses
mgnanted by siin offect, More over even when there is no current
~4n stator cirawlt some civoulating current flowe in the yotor
resulting in sdditionsl losses. Depending upon dissipation
condlitions tespersture of the motor may riss sbove prescribded
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1indts and may endanger motor 1ife 4f proper safeguard are not
provided, To kesp texperature rise of the motor within prescribed
1inits the motor has to be derated.

The tesperature rise of the machine dopands upon totsl
losses (xzn loss; hyteréss & oddy current logs, friction snd
vindage 10as) snd rate of &lssipation of host, UWith phase angle
centrel 3128 losaes cm be easily computed once the rom,.s, value
of currents 18 known (in stator mnd rotor both). Ths friction
loss at the new speed can al80 be easily computed if frioction loss
ve spesd curve bave bem Obtained, However it 4s not possidle t
sxetly detarmine izon losses. MFor thalr detamination the
weriation of flux in various parts of the cirowdt nesds to das
mown. In the melysis of single phase induction motor becsite
af nature of probles one i3 constrsined to use clroult spprosch
whers in iron lofses avre Gifficult 40 ascount for. Therefre for
such maching 1% 1s Sffionit to detervine the oxtent of derating
nscassary vithout naling approximations of doubtful validity.

Designing the motoyr with a large lesksge inductance or
by inserting externsl serlos réactor in stator helps in attenusting
hateonlo eurrents’. Hovover tho use of additionsl reactor refuces

ths overall p,¥,

Becaise of practical limitations of firing circuits
(ixm;tuhm componsnts) or harsonios alresdy present in the &.0.
supply & non~symmetrical woltage wave may appesr at the output
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c;osaiaaw%@ pdention of ouch wliago wovo 1AIR &oﬁw&amﬁ:z/
neskdae porfomcnes boemey oven hamonlon vill alio bo proocad
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- teipsordog codko.  Confnotion cussent 20 fomd €0 ¢2n00 prlow

o o of ¢ho pinucoidel curpcat eydio, Tho roapo of poociblo
lord eurFcHt vove £om thed Tordco £ron tho oticd oinucoldd of
FE0, 2,7 vhca o2 < U o puloo of cuppcato vAth thrily dor@ng

efne ot Sifing anrlo o0 ©f (ho appidcd vollopo oysllo cad theip
coaduekion mpprocthed nosd oo &8 opprosshen 180°,
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CHAPTOR = 8

fpplication sandconductor sviteldng diaonts to
induetion notoy spoed control has oroocted a nood for o Lot mad
aseurato noone of Profieting notor porfomonco wider Dl
sinuooddod oned tation fnhoraat in theso systems, In nony cose
this ozettation fctes tho forn of cltemoto poriods of nomal
sino wvave exeltotion md poriod of opm circult oxeitation,

o 4L£fienlty in tho onolysis ip eltofiy duo to the {
current constraints introduced by thyristor in cach half oycle
for o givn spood and tMpegoring anglo in stoady otato 48 o
caaplog fungtdon of notor paraneters ond the volue of rotor
curronts ot tho instont of trigcering; this condustfon pordod 38
indtiadlly unkoowm, The stator oa..f, {ndnced doxdng the hloolkdng
porded of thyristor is dlso wdefined fniticlly. Difforent
malysic avolinblo trect the situation in digforant nonnor.
Hnplicity of the solution acourasy of sinulation of procticnl
conditions arc tho major ontoria to udge thom, |

Tho cpeod control of o single phaso industion motor
 with pair of bagk t0 bosk connooted thyristors in nain vinding

iz extranely oimplo. 48 potural coymtation is nged no

eapacitors oro sodudred oxoopt for startding purposc. for ondlysis
only noin wdading 40 bedng consdderod.
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Inprooocd wOREnno vovd £0ra 40 endlyted by Fourdlor 0cdces,
tho oraordd ampoopion ié‘ra {npreoced swoitogo W) 40
w®) & VB (Y, da %+ Vy ofn 3 1% © Vg cin G 1 © G cia § 1)

sen (3,1

Ladlyoldo of tho posfomianto of notor et bo procoefed no 4L €hevo
voRs 6 Depdon of dndopandent acnomtazﬂu a1l eonnaetod Yo podop:
Capplydng tho notor o ohmm &n FIG. 3,1

o chdvalent 6fosudt of slaglo photo Andustion notor
for oimuctien) oposation (Huadoacatal) noy bo scduecd o ofnplo
oordoo B Jood, In tho form of oorles Glroull
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= Letktage resctance of rotor reflectad to statoy
in oms '

= Mutusl resotmnoe in olms

= Miring angle in degrees

a gxtinction engls in degrees

a Powsr fastor angle.

LI I

Now treating induotion motor a8 passive Rl load the sxtinetion
angle x for a certein firing angle emay bo dstarmined from the

' folleving equation® widch omn be solved only by successive iteration

CI Bln(zd) - Bolw.g) 0T RY o9 0 g4
‘Once the extinotion angle 48 known wvave forn of the impressed
wltage is known vhich can be resolved 1nto fundazental and other
bamsonic components. |
cm s O P 3.6
avy ‘ng | eo® 2 oc ~ cos 2z |

Sadppp

bry = o [efxum)w mn gx + 8n zw] P 3.9

nth hamonls component 18 glven by

&vn u‘/-%-x [ -3';1 {mn {a*D o « cos (n+D) = ] . 3,1

- &-‘f {ma {n=1) os '* cos {nel) x}J



bvn u“J%-ﬁ [’5% {ﬁ.n (0+D) o0 » &n (0+D) x

“Gpe Hn {mi © -~ do (n.1) "]]

ewm = ‘\’umi, . bmi‘ai

vn = te™ A0 3,13
Where
avo = Mmplitude of 4.0, voltage component
avy = Pesr mplitude of clne wave component for
fundsnental
byy = Pesk mplitude of cos wave component for fundamental
vy = Peak anplitude of fundamsental wsve
Yvy = Phase angle for fundamental wave

& = Peak saplitnde of sine weve component nth harnonie
bm = Fesk amplitude of cos vave component nth harmonic
et = Pesk smplitude of nth hamsonie wave

Yn = Phase angle for nth hamsonic wvave.

The effect of esch homonic voltage is investigated
separately! The analysis i carried out s Lf thars were & row
of motorfarranged on ths sgme shalt and therefors rotatmg at
the seme speed ¥ but fed from oivoults with differant voltages
Vis V35 Vo9 V7 .es ¥y of @lfferent fraquencias ¥, 3F, &F, 7F ,..n}
respectively vhere n 18 the orver of hawonte,
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She spesd of rotetion of nth hamonie mmf 48 n NS,
Where HS ia synchronous speed for fundmeutel. Therefors the
slip of the rotor corresponding ¢o nth order hsmmonios m.n.P, 18
given by
o al . .‘3..;:..922 v.r 3,34

Por esch of the motor conceived for & partieular
hamonie; an eduivalent ciyenmit 4s set up which differs from the
ddrcult for the fundenontsl only in its parameters. The current
and torque from eash of the wquivalent clradt srs sumed vp to
get total response of the machine,

I A T S P L T % O
Tn ti + 93 + ‘25 * pan L Z% shw 3,36

s approach is vary inwilved one requiring laborious
computations. If bigh accuracy 1s required & large no of hamonlc
yoltage oouponents have to be considerad, Further the badt e.m.f.
generated in the steator winding during non-conduction poriod con
not be drectly obtsined, |

In the scalysis of drives fod from thyristor controlled
supplies classicdl models 1ike stoady state squivalent circuit
are gonerally not usefill beocsuss the sppllisd woltage may de
dtseontinuous and non-sinonecddsl / non-uniform, Clrcuital nodels
are perhaAps the most usoful in stich osses becsise these can be
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easily satablished mnd are euslly subjected t0 matbhueticel
treatment, Thess can be used either for dynmmle, transient or
~ stoady state analysis,

For the enalywisz purpose in the present cass model 1s
taken in Qust-helonteic referance frame FIG, 3.3, Epeed
finctuations ara not belng considersd, Ondy twansfornmer volisge
appear in stator winding, both speed and transfomer voltages
sppear in roter winding,

The voltage equations in Quasl-holonomic refersnce
fremes are of the fom

(v] = [®][a] + [s]p[a] (0] 6 ] . o
g = spesd of rotation of rotor = Wp
L = inductance notrlix
G = btorque matrlz
The complete weltage ADA current equations ean be writte in the
natrix fom as,

In the above matrix
Ras; Bdr, Rqr, Bgs = yesistance of respective windog
Lasy Lary 1A, iqs = self Inductance of the rospsotive vindings.
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M3 = Nutual inductance between the windings of 4 « axis
Hq = Nutual induotance betwesn the vindings of q « axis

For balanced rotor machines these equations con be
further simplified,
Rdr = Rir = By Ldp e Iqr= Ly
The simplified ®™ltage and current equations will be given as-

motor wvith 1ts stator wﬂ:&ge controlied by & pedr of bask o am'
comnected thyristors in series with medn winding 45 considered
{FLG. 3.4). -

¥heo yonndng with only nein windlng in the circudt 1.e.
48 opan wnd rotor indings shopt ocirendted, the above squations

o N 3&&

'Yy 3’¢$

Yhere R = Ras = yesigtanes of main winding
Ia = Lds = reactance of nein winding
K = ¥4 =mutudd inductwce betwvem ststor & rotor,
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tasa subjested Chyrlotor coabsol tho oporatien hoo ¢o
bo compldored omparcldly 2o Cwd parto for condneting cad noRe
esadueting podo. T fllowvng oopmptioas noy bo volldiy nodo
1, %ho Curneon md (RrR-0£F $Ancs of Chyriotoros oo nofMdgidlo.
2, o hozd ¢a cuarseat of ¢hw thyriotord apo nerdipitiy adl.
9 o Lomond Gmf; 4o Lo ShyFiower oro nodigibio,
3.2.0 Qondugllon lodo ¢ ko owe any cno thyriotor condueto tho

ncln vingleg voiltego 40 scao o0 qupply voltoge dpmordng Cho
foruend Arop 4n tho conduotiop (hysdotor. Sho opeed flvetuntions
duo 00 ovddohing of thywdcter opo woothed by tho Lncaiia of T

{hn rotor cnd of $ho comncoted lord FO, 3,5, Dmdng eonductiag
0080 cav 3,83 » 2.28 apply vith Vn oV 8o (IR + o0)

v %m(‘:ﬁ_“m Bk - HD | m 1 ess 362D

ewe 3# 31

(128h poveres divcetion of sotation)

v = [8)[] 3] »[a] *[o] w [4]
. {[a]«:» (o] ve](a] < [1] o [¢]
pla] =~ (8] {[8] « [o] wf[s] (] [9]

W a P
v 0 ¢
] mn(R oc) ® o B

u
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b ohowo cuetican 101l bo veddd Shroughnnt pone
coataotica pordod,
3:2:20 Uslon Glne IREOG Tho golutdcn for
coatuoiling cad suaecondeoting posiodo oo obtadned by colviag
ol Gencoun igforaaticd cquoticns (3,20 o 5,31 & (3,35 - 3.59),
Ideiclly sloeed dleotric o nomotie odraxdt 1o considored,
In oubociucnt cydiop volor cuprcato apo cotobliched vhlch oro
tronted o indiind conditteny for ¢ho nccs ayalem,

o coluiflen obtedncd HOF tho condusilng pesdod 40 of
tho form. |

80 o Oy o™ 0,,0%% c PP 0, o (1 +8)  .oe 3000

e Gm“'c'?‘% “az"%% G0 e Cyy Ba (1R ¢ G

1 ap o CyyoP1% 6, 0% 0P 0y, cin (1 ¢ g ... B.42
lop coz=geadusidon posdod

8ar = Dy P o D, 06 e 342
ig» o 933’ Qﬂéﬁ ¢ 933 ﬁgs“‘; PP < W

Tha cocfeicdontn Cyy ¢ Ogp sese Py o Png oo Sulticd condition .
dopiafeal Samin,

L8 giving cardo o0 ono thyrdotor Ao cultehod ony
sloneldcd valtoge 40 appdfcd ooroso ¢ho ndn winsing, odrveedt 1o
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When subjected thyristor control the operation has to
bs conpidered separataly in two parts for conducting and nonbe
conduoting meds. The following ssmmptions nay be validly made

1, The tum-<on and tum-off times of thyristors ave negligible.

2: The hold on current of the thyristors ars negligibly =asll,

3. The forwsrd 4rop in the thyristors sre negligitle.
3:2.2, Sondueting Mode ¢ When ever any one thyristor conducts the
main vinding voltage is same as supply woltage igmoring the
forvard drop in the conduoting thyristor. The spood flustuations
dus to swltcking of thyristor are msoothed by the inertla of Mm
the rotor and of the comnocted losd ¥10, 3,6, During conducting
mode #qu 3,55 » 3,28 apply with Vi oV 8in (W& + o0)

‘ VSin(ﬂc*m sve S50
G _
o ees 3,31

(With reverse dirostion of yotation)
] = [A)[4] +[&] »[2] +[e] w [4]
« {[8]+ (o] w[s] + [&] » [4]
p(t] = ~ [x] “"{[a]w- [a] Wr] [1] ¢ [&] " [v]

W o= ¥ anm'wm)\;: : g'
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ol Mpus | faa | [k

sl 1. =

..b%& 1ae) * | V sanlwt+ oc)
%% “ "_ ! 0 ase Js0&

The adove equakions srs vellid ab lodg a8 thyristor 18 in conducting
node, |

Hlocking Mods + When curreat in the neln winding goes below the
held on eurrsut of the conduoting thyristor; 4t svitches to the
dMotidng mode MG, 3,6, Ko current 18 allowsd to fiow in the

main vinding until the next thyristor is triggeredl in the subsequent
half eycle, The system equations pertaloing to OFF pertiod is
obtained by imposing curpent constraint iy = 0. |

L2 X4 3032

]

The remilting modelm ie

.ss - 338

wus 3.8
induced wiltege
a =N pim vy 3,37
Bystam suation can be written as
das 3;%

e 3.3
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o ohovo cguekionn 1Al bo vildd Chrourhont pode
ecaCuotiCa porded,
32:2 Lolutden Uglun Glnemit dnprocsh s Fho cofution for
eoaducving cod neaeconducting pordodo apo obtalocd by colving
pirAtenconn GAgPereatiod clunticas (3.20 « 8,30 & (3,35 - 3,39),
Id¢icily sadoed élcacmf:: 28 nemetie edrexdt 1o considopcd,
In ouboctucat cydlep rotor carrcto ors cobebliched wilch oxo
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o colutfion obtefncd Sor Tho condusilng posdod 40 of
tho forte

in o Oy "W, 0% ¢ PP, mn (B eg) .o 3,00
. ol . » | |
1 8n o GBI-O 1{5# Gmﬁﬂ@‘ﬁ* amqﬁa% Qm an (iR ¢+ ga)

2 a0 o Gyyo"3% G0 6, Po €,y B0 (R ¢ g L B2
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relazed inttislly {(zero iuitial conditions). Equations (3,42 ..
3,44) are valid ™11 198 goes to zero. toN is obtalned by
solving the equation

c],], 31‘& gt-lw O g‘ag-l- Ca 8in (W + ﬂl) e 0 ess 344

1t tol paricd of Wif oydle continuous conduction vesults no

control, |

tol  period of MWL cycle discontinuous conduction control is

obtained, |

Rotoy currents are obtained at ¢ = toF , those current -&aeay o3

governed by equations ‘(3;42, 3,49)

After end of the poricd of half oyele another thyrletor fires,

the rotor current at the end of helf oycle are trested e initiad

eondition for next eonduction period, The process contimes t11t

gtexly state 18 achleved, Ia&ﬁmtmmt torque nay be obtalned
Taliy . Lgp *re s v 3.45

This approach 48 again very much involved, CGood

posults are expectod if one is interested in evaluating dynesic

perfommce of the nacidne.

3.2:4, Btate Spaso Technigue s Stats.space modelling of systems:

poses notational sonvenience, facilitates sprilcstion of modern

control theory mnd simplifies dlgitsd stmulation, The initdel

conditdon Btate wsctor pertsining to stesdy state operating
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conditions of the induction motor 18 directly solved for and the
nenad for simudaticn of thyristors are alsc awided, Etate spave
modeliing of tha fom(X]= [A] [x]+ [B] [u]is employed snd by
using a steady-stats criterion the initidl condition state vector
vilch voulld give rise Arectly to steMdy state s deternined. The
order of system 18 thres for & normeal single phase mm:mm motor
and five for a seapacitor run motor. If the modal of the form

[xjn [A] [X] 4» used, the aamsmn&ng systan size will go up to

five md seven mpecﬁmy |
Linear Btste eguations for single phase im& . motor
during conduction pexdiod 1s given by | | \‘};\
(X1 = [41[x]+ [b]fu] .46
During non conduction psriod the linsar state aqilx;ﬁona
are cbtained as. - | 4
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(2e) = om {[B] ¢}[x1] - 3,40
Do voetor X8 of Cho enfl of noRectadueting note ¢ = Ypp 40
o obiciced 2pan cquntlon (3,48}, |
[ze] s[nttopm] = oo {[B] Topp] (2]  wor 30
o olutlon poreaiatug ¢o cendustdeg modo 10 EAVCE by
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@ colutdon Hop AKZ& ;Ao by cluotion (3,63 40 Mowovor in
crploto rdneo

o o T ®a (Ym ¢ 6 soe 3:50
Wero & pocien wddingd.
o veluo of § noy o oveluated by comming ©
0 oo fndopoadeat vosdddo. Hpdng caglo @ 40 dotormdned £
oo RA/) afin (e ¢+ P.o) &ale - 0)
| a Up %on
o gool cbarlng veluo noy bo tkca 63 5w B
Tov 8o obtoldned £me.
§ ® - Un Doy
f3though tho coluilca for X1 60 glvea by con (8) 4o
pov coaploto. IU g oa cpprozinato colwtica fud ncofs corrcetion
viddh 40 Gon2 by atomﬁamnm ’



Once initial vector 18 know, state equstion may be solved to
obtain, torque, back e¢.m.f. and losses etc, This approach gives
sufficiently good resulis snd xskes efficiont use of occmputer

In the mslysis presonted 4n tiis dissortationy the
dreuit model 88 represanted by the smations (3,32 « 3,39) &
(3,39 « 3,39) ara used, Gince snalysis relates % steady state
operation, no épm flustuations, Initially winown elreudt
condltions spo established by iterative process thow in I16,3.8.
It s further sxplained as follovs i1«

1, Initislly motor is considered to bo rotating st certaln spoed
and no currents are flowing in ths stator snd rotor circuits,

2, At cortsln firing angle oo thyristor 45 gwitchod on, line
voltage apponrs across the stator vinding, Curronts start setting
up in the stator and rotor oircult, Bunge Kulla method is
applied to obtain sclution of this prodlem, Values af an fncranent
are caloulated from some initiel velues, again those coloulated
valuss are trested as initial values for noxt increment, Gecond
onrder Rungs Xulla metlond gives sufficlont acourssy for this
purpose. Ceortain fixed increment length 4p taken vhich osu be
roduced 88 extinction point 48 spprosched, Thls po:.ut is detectad
by checking value of main vinding curvent. Conduction equations

(3,32 » 3,34) are valid £111 maln winting current gock zero.
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T

Torque = M ‘&mlfw
developed power

P o= Hinmiqr

K Hotop 5 Since oll the currente ﬁnxdng
condustion snd non-ocnduction are inown Total Ia R losces can
be sasily determined.

Total IR 1oss = 3 J {Mwa + Rel1ar) Zarela ) 2} at

Baparato loss detemingtion nay bo of interest if affect of
parmetor variation 1§ to be studiad,
T is period for half woltage-wave uyol@

A,H.5, and Averags Vs}.ua of cnwmt Ones moin winding current
vave Ml is mown ruan.8, and average valus of ourrent ¢an be
esasily detarmined

s VR [Tt
Ton
loy * &; L 1, 4t

Efficiensy s Iron and rotationdl loss are considored to be
constant. From totdl losses effictency can be detormined as

Power dovaloped + OTElo Tosses + 1ron 1085 wnd
rotational 1oss

x X



Though both 6f the sapproschas start from similar circwtt
suations tat method of solving then 48 entirely different, The
approsch used hare 18 new snd has soveral advantsges comparved to
Rmanoorthy’ @nd Nowtny & Pat’,

(1) Performence charseturistios are obialned which ere in tems
of speed and firing engle variation, For phass controlled drive
thase sre practically obseryshle varizbles, In Rememoorthy's
approach the performence is obtalned in terns of speed md
eondustion perfod, Conduction period is not & physicdlly observable
paremeter, Therafore this spproach is praotically more medk |
roaiistis,

{2) If motor s yunning at certain spesd and supply goes off
nomsaterily, then reswitoling translents nay bectne importent.
fuch a study 4s possitle in this ofse Just by cbsorving the
behaviour of ¢urrents lmmedlatdly after reclosing of the switeh,
(3) Its computer prograx 18 very lnmple and it doss not requirs
large memory., Perforstnee studies ean de dong even on & Mmsll
aompute such as T0C 512, .

{4) Rammwoorthy's spprossh invwolves iteration st o stops, one
for firlng engle determination gnd other for correcting inttial

state vastor, Thorefors 1t “;% superiority ovar ths present
approash 48 fayr as computer tinmg is concemed, |

{8) In Gmeic molysis of induction motor the overell situation
becomes very complicated. ’msq simple program om be easily
nodified to Do of uss in transient (Ammie) studies,



i
The accurasy can be casily improved by reductng the
step langth and steady state check eriterion. Murth order
Funge Kults method can ba used for further improving the reslts.
Mmalysis for capscitor run induction motor von be dong
on similar 1ines nelng the matrices given by Ravamoorthy and
nms‘ow

*
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dpoudt oquatloas for tho conduotion pariod
(3,92 « 3.30) o cyuetions fop nonectaduction poriod (3,3843,38),
o conputor propecy koo boen dovdloped updng tho oonrossh suggosted

fn cocdlon 3.4,

| Flotr chooly for (ho &losontiovwous cusrcat conduetlon Lo
pivea 2o FIG, 4.1 . Control 40 obtolned only 4n thlp modo of

wmﬁﬁm Sovardl otopd dn tho Qov ot noed oxpienation,
Stop 1 v Heshing porcactor wa plvens o nutudl ond oodf
induotonee ean bo casiky obtclocd €m0 -

1 = nffie

s Lpally X8/
0 ceoo enmlliiory wviadlng 40 propeat

Loelng Qg*ﬂm) /] Us

Ia
Qﬂ‘ﬁ“

M o/ (p,n.0. voltogo of the oupply)
0 = Copleagth 4a ocs.
Bcp 29 S eoceeleicato of [4] o [b] & [B] notrix wieh a0
not DavD opead doponfiead eomn' oo gleen on | ‘



“Hend WMi/C Parameter F(M,Fi’ﬁ,l_fvi,,

LT i, Y B
%
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8) .HBz2.B4.05.C L2 >
—— . . e
_ ~"Take
speed C-50 YES

insiep of S, N 50 ****** —f@
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§ 7
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9
I NC

T
by m;erpolchon fing XH for wiuch
Cwi=C,CD=7 ,CQ=7condution

Jeriod 10
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a
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Computre D CQ for{I1-X)iH raon

conductior oeriod

i
S—— T —— 4
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vy

.Swucn ov r to non conduction
.period H incremens

— __}'_9

Reverse ithe signs of CO, CQ

AH=0 Taike CD,CQ, as nitial NO _ T2 with imhal Cormr..

conditiens check no.of interation ™ "<cl\<BCD-CDI£~ E
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TSNS
" Colcuiate! PirtTiny conduchion W
Non coitduciton CAVR, TAVR, for
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_ 18]
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. Print the results. i i
o 17 '
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FIG. 4.l FLOW CHART FOR THE ANALYSIS OF SINGLE PHASE SINGLE WINDING INDUCTION
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Ucing cireult oquations £og tho conducion porded
(3,92 « 3.30) caf cyuctions for noa-etaduetion porlod (5,3843,39),
0 eaapatcr progec hoo fovdloped volng tho approssh supnooted
in ooulen 3.8,

Frour ghooty fov ¢ho dlosontinuwous cupreat conduotds
clwa o FI6, 4,1 . Control 10 obtoadnefl only in thip modo of
operation. Suwardl otops dn tho fov ehnrt nocd amplonation.

(Lop 1 o teobdng pormotor rm plven. o rmtudl ond 0063€
Lndnetcices oo bo oosily obtelocd £ros -
I o ot
lao bpe(lg +I0/ U
10 ocoo cumlidory viaalng 46 proncit
bnpaizf cag*:zm) / ®

Qtz"ﬁ”

Wl o/ (2.0, v0Liogo of tho oupply)
I = LCop leagth 4 Ocs.
Hop 20 Tho coctricicntn of [4] 4 [b] & [B] notids vden do
0ot Navs opeod depoufieat tom0 aro glven an '
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il

oLy  R/D €y o= Re/by

2 ell , Re/D Dy ®e Opfiy
5« Ip TYD B, =e Re/fby

& wll, /D D alll. ke
o In,yD

all , NYD

Sgno opesld 40 ohwocn,

e = 8 o Cpocd gives 4n dlested el padlens / Beo,

o
op 4t
4
B3
G
Ca
Dy
Etep 6 ¢
BCep 7 0

o Cupply froqucaoy 8n dootried rodions / Sco.
= 834,159 fop 60 U cupply,
o opocd dopcadont tomo of natrdx A& B aro
ooleulateds
a Hlp e /D
oI, by, /D
= » 5,Up /Ly
= S B,
° .
o bp
Initiclly olrewit 40 conoldored to bo rclamcds  Zomo
initdol econditions apo Gcken, o
Frot opdor Macar GLforcaticd ognntions Loy condieding
modo oo Sdrea, Uslag ocoond or@op Rundo RKutlo niothed

fporcacato aro cticnloted fop B otop longthe



il

ny s (A3 + 42, g * aa;im + 34,60 c0),B
vy ® (Bl +B2ipg * Blidyq + BA.Sln o) H
w1 ® {Cl.ay +C2.4pg * C3idpq) B
= imtwy
ipdy = Spa*t Wy
iy= i *W
@ (nev) = 0o {o1d) + HWs
up = (Midpy* A2lpgy * Ay * Mo o) 8
va = (Bl.iyy + Blpg, * B3,dp¢y + M.6in o0)H
Wy = (Clapy + ca.x,gl * C3.4yqy o8
fulnew) = 14(014) + Huy + uy)
tpglnew) = $,4(000) + Hw + wy)
Lpginew) = 1, (008) + Hwy + W)
A8 = M+ B (it keeps check of the tine)
Step 8 3 1If aven after the end of period for half eyclo maln
vinding current doos not become zeroy it means thars 1s condition
of continnous current conduction and control 1s lost, co < #§
Step 10 s If botwen tho consecutive points of computation, the
gurrent changes its mgn, in order to get extinction point linear
interpolation 45 used to odbtain value of time at vhich current
passes through zero,
. in/u
2 H vill De the increnent when current pass through zere or point
of extinotion. Conduoting equationsears valid ouly upte tids point.F




< (1

Stap 11 3 For the rest of the interval of duretion H(1.X) none
conduoting mode equations have to be taken up.becsuss just after
extinetion polnt conduoting mode equations are ne longer valid,
Step 12 v For noneconduoting mode pariod (starting from time
vhet iy > © o0d euding at point Wt = 1) the followving first
order linesr differentidl aquations aere solved using, Sccond
order Rumge Kutta method, o ®

Xy s (Dnipa + Doudrq) X |

¥y = (Byipa + Boudpq).H

irdy = i+ Xy

= 4q*t Yy

Zn = (Dy.dpgy + Doiipgy) B

Ty = (Bpipay * Endpgyl.B

1pa(hew) = 424(008) + ¥(Xy + Xp)

irqlnes) = 1pq(01d) + Ty + Iy
Btep 14 1 At the end of the period for half cycle signs of the
rotor currents are reversed, Instead of solving for negative
helf cycls the sane positive oyale 48 sclved using them as fndtlad
conditions, Tus langth of the propgran 48 redused.
Step 15 ¢+ Finel willucs st the end of the period for half cycle
are compared vith the starting values, If they exceed certein
1imit next itoration is perfomed, ZError chedk affects the
accuracy of the reanlt, If ohod: eriterion 1s satisfied it memns
stasdy state hos been szchleved,



38w

Step 16 ¢+ Integration is done to obtain average torque, aversge
current, r.m.8. current and totel copper loss. DBack emf is also
aetermined, |
Step 18 s A check is provided on ths no, of iderations perfomed.
I1f renuired stosdy state is not cbtained within prescribed no. of
Ateration results are printed out. It is in order to chevk
conpater from calculating infizdtely,

Intemediate resulis om be easily obtained by introducing
PRIN 7 statemont ina am 7 end 5%9 2,

Trough this rogion is not dmportant fvom coptrol polnt
of view. DBut to obtain complate perfomanco charactorictics the
saag approach osn e appilted vith o minoy change. At stsp B vhen
perdod of nalf oywle Is compilete 4t goes 0 step 14 Arectly mnd
tha iterations continue t11l steady state is reachad. Computer
progra in Fortran IV 4s given 4in Appendix 1L |

Validity of any spproach can be proved best if itp
results ave in conformity with results obtained from a practical
set up or with other analytical results which 4n temn have beem

4e3eds | . ‘ |
given certain perﬁ:ma a&wtw&at&u for the sane data as
used by Nowotny snd Fatt® in thedr esrlier vork.
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These results valate t© & muchine with following specifications
and paramoters,

Kaze plete Data
Vangyp 1100 r/min €0 Hepty
o0B to 230 Volts 22 gmperes & uF (running and/or
. starting capacitor)
Type 5C contiouous duty S0°C rise

Mzotine constants N

B = 15,32 olns Xl = 12,03 olm o = 1.2

Rr = 24,73 ohms Xy = 164,91 oms XC,530,6 oim

Ra = 55,21 ome Xja = 17.020ime V =200V

The mutusl end self inductances om be determined from
M = X/ Ws
Malpa(X;+3) /W
La = (XM a2 + X3p) / Vs

Ls s Ly = 0,5 H 1a = 0,67 H M =0,4376 8

e torque-spesd curve F1G,4,2 md curves for vaplation of
sfficiency, torque conduction dingle and RME current with firing
sagle FIG 4,3 are plotted, These are very close to a8 given by
Ramomoorthy (10).

A paly of back to baek connected thyrigtors {2 N 3670)
18 usod in the main winding of single phaso indnction moter. &
mubbar cirenit 45 used to protest thyMstor from witage surges
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in the Jue, T WT rolaxation oscillators operating in anti-
parallel mode are used to obtaln trigzering pulses for the
thyri stor psir., They operate in positive and negative part of
ths oynle alterpatively and are synchvorized with line, Phase
ngle control from & » 175° 1w obtained through thls cirewdt,
Detiled cireuit is shown fn FIG, 4,4.

To obtain complete torque speed chorscteristic of
induction notor 4t 18 coupled with & d.c. shmt motor which is
connected to supply., In the atalle region it 45 made to oporate
as & gencretor and in unstadle region 1ts behaviour changes
from moter to generator at equilibritm point, Thus ths combined
characteristics of the drive ensdbles us to obtain unstable region
also, Bines d.c. motor was not of sufficient cspacity to meintain
emilibrivm condition in the unstable region,wmplete characteristic
for large firing angle could only be obtained.

Nowe plate date of experinontsl injuction motor H P = 0.5 {Watts 380,

RPH 1440 Phase } Cyolas 50
Volts 220/230 faps 38
Rating Cont Class 4 insulstdon,

From short cireuit and open circuit Lest the machine constants ave
obtalned as deseribed nl7;:

B =4,2 o X1 =85 olm

Ry =61 oms I N = 100 ohes,
The sclf and mutucl inductances are

Iy = Lr=0,343 8 M =0,3182 B
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Oenoe plata doto of couplcd 4.0, Dosldeo

R0, o 16800 HP = &

Toltos = 220 Corrcat = 1,35 fop
Rotdng dontinvoun |

Vopl fleation froa sirastiend sot up ¢ . AC, motor 4o 1o£S
unorsdted powas 40 Lod £ d,0. 0ldo.  Spod vo ccaston
laogas. Cuswoo oso dotomidned for Aifforcnt AR cursontt.
ot vhca 0.6, motor 40 orpdtcd tal d.g. nesilno oolo ob geno
4%0 shaft povor eca Do dotomincd oo

Porquo v0 pocd and ohoTastorloiled for LoFguo VO
aaglo, eonduedlon period vo fixing cagloy offlclicacy vo £ish
anpla, o curecat Vo fixlng ocaplo ot o pArllalor didp ago
odleulotof. Calouloted ehorastorioties oxo obvwm In FI16,4,6
FIG.8.7, Points obleincl ompordncatiy aro nadicd oa thode
enarostordotlen, ¢ 40 pach Shot cooputed sonulto oo alood
cusugh %o opporincatly obtclncd peoulto, Doviation of 308 4
oboowvel, 200 Quvdotlon voo alto mopostcd by Dosvotiny cad Po

Voltogo, cuepcal cad fopquo wowo chapes awo plotic
cgcdnot tioe for AAfforcal Fizding cagics MEG,4,.8(0) PG, L4400
£16.4,8(0) & TZ0,4,0 (ono kadg oysie caly). ‘“opo notuso 10
@ollee to Chod ohma by ﬂmm@mhyw, oo notuzo et ogcl
emporcd 1d¢h She ompoimently sccopdcd ourrcat cad v0l8ago f
fomi0 crota ia photogwaphs PLR(a), Fi(R), PH(c) cad FiKd),



"HOLCA WO NN
ZSYHo ZT19ONIS 40 SONIAONIW LNIHIALI Nt WHO= IAVa Z9VIT0A 3 LNZdEND Oy Ois

-

Si(0A Ul 20DLOA

034 o
7| T T I -
002 08i 09l ov!

"N

c

C

mw

®

% Ql= Pasdg
oomu b2

oog

< BOUID Ul LU

N7

o
o

It
30

W



S04V LS N GIINAOHLNI S| EOLDVIE HC o DS EE NMIHM FANND (T 2N0EQ
o o T i . P B} e ST 10RE

O 06 08 ©

Or mfﬂ I.IIDDJJI e T -

—QO0!

6
&

einis w atanpoauy Sl 103302y

s

founls u; "
iBLS U; B2arnonu; s Eounysisay O

Ny

TN0HO L

SLIVIA DNAY v



Zn Pi(Q) porfeotly contiauvous wvavo could ot bo oblcined doprno
of Gl0IF poriod of Chyrdotorp fa tho eirendt. [2G.4,20 clouo
gotupo of Glfforcal Dtator cad sotor currcats (noa obsorvadic)
videh P40 cloop plefmpo of fnotonteacous torquo dudnp econdusiing
poriod caf bagk cf Gusing noneconducting poriod.

Zorquo peod charcotordotie of minglo photo indueticn
notop for 4if2erat pocfoford o rongtoro 4n ototor nain vindng
apo ohmm 4o 40, 1l. Theso dleacato avo nomdlly uped 4n
eonveationdd notkod of opood ecatsol. "
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o folloving nopeoto of noltor pox%mmco'mﬁw phnoo
el opczation oro eoncidored aflﬁntaﬁ‘ea‘#;.

Uhea & posiotor or o pocelor 40 uoed for oposd contiol,
padr tosduo ogsuro of eortaln fixed opeods vhilo 4n caco of
phose anglo control ponlr tordvo oseurs ot suetcocdlvdly highos
opocds oo Cirlng coglo 40 dnorectod. Ao 40 pot deolpchilo fram
opcad eoateol applicntion m&ﬁ‘i‘: of Vicry oo 4 pofuees rongo of
opced ecaloel.

Iggh rotor posiotance glves botter opocd control roago
bt for lovcy rotor rodploneo vot nuch spond wrdotdon couid bo
obtodned of £l Jood, Shovoforo o Mph rotor roclstenco 40
peearmended £aon coatrol ronpo podnt of vicy,

B2, OLIZC LOLCRS

Oyl Yeocon pomclly dcorocte 0o £ising anglo 40
fnepceocd oo ebotm 4n 1306.5,1, Loos guivd hove o ndnina of
eortein opoct, on oithor 0ido of widch ths loocos 4REPOCDO
concddomadly. Z¢ Lo oboorved thot Zor o par{damloar fortuo tho
looeop fagponcs Tha ioocon £op ¢ oo torguo urdor ccatimmuo
conchétBon condition, Furthamoro opead aleo £allo doma for tho
peao torduo produstion,
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5.3, DERATING OF MACHINE

It is evidant from FIG,5.1 that for same torque
production at increased firing angle the olmic losses inoresase,
Borecver 1ron loss are also expected to increase for higher firing
mgles because of higher hammonio contents, The cooling conditions
are also deteariorated as reduced spacd results in poorer dlscipation
The net remilt is that to operate motor safdly without violating
tenperature conditions maximum power dslivered by the machine has
0 be reduced. 4 dafinits guldaline could not be given decanse
of the difficulties nmantioned in section 2.3,

5,4, CONTROL RANCE

Lapger control range 18 obtained if tho motor has a
rotor with higher resistance. 3But bresk down torque also
decrensas ap rotor resistance is inorsased therefore range obiained
is not aB largs 88 1t 48 in caso of 3.phave industion motor.8¢11L1
urgg rotor resistanco 18 desiradble from control point of vie,
Rmpge of Mring Angle Control s Control oircult gains control st
lesser firing mgle in case of m8chine having high rotor resistance
FIG, 6,2 which results in smoothar speed control,

5.8, EFFLCLINCY

Efticiency of motor decreases ns firing angle is
fueronsed FI1G.4,7. Efficlency is Mgher in cass of lower rotor
resistances. Therefors it ig disadvantageous 40 use machine
having high rotor resistonse from efficisncy considerations,
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5¢6. RM.§. CURRENT

Current vs. speed curve for &ifferent firing engle also
show & miniss «t certain speed ¥10, 5.3; in fact at that spesd
nackine has Mghest power factor, For the produetion of sane torque
more current flows at higher firing angle and at refuced spesd,

5,7, INETANTANEOUS TORQUR

The varistion of instantanecus torguo with time has
Almost the same nature &85 in an infuction motor with continuous
conduction FI0, 4.8 & F16, 4,9, The torgue 18 clearly sean
oonsist of an average unidirection componeat superposed by en
sltemating component. The frejuency of altermating component
depends upon the conduction period. It inorosscs with decrasss
in conduction psricd, Redunotion in average topiue &3 obtained by
raduetion in peak tordue and not by developing a region of
nagative instentancous torqus. Therefore phass angle control
W11l oot necessarily lesd to amcessive vibration and associsted
motor uoiss,
5.8,

OF CRINGE OF ROTOR RECISTANCE

At rotor resistance 18 increased break down torque
appears at reduced spesds and L1tk magnitude i glso deoreased,
This dehaviour 14 contyury to S.phase Snduction motor where bresk
down torque rensins constant with variation in rotor resistancs
wd only 4ts point of occursnce chinges. Increase in rotor
resistmece cbvicusiy reduces the efficiency, but a larger rauge
of firing angle snd larger range of spesd control sre obtained



16.8,2. %uo not poovdt 40 ¢hot eontrol rending Coooth.

o obtcin lovpo cpead vogdation sotop sodlotomeo nay
Bo kot Migh, cineo diorlo phono fnduetion cotord aro uscd £or
vooy cacdl powes opriigation. Sho peduotion in officlcacy ofn
bo tdcratcd ovor the goin of cpocd contrel soage. kovpo ofp
oo op pooutor A0 nofn vinding noy bo wsed 0 rodueo radio
feenueney ntoploveacs,

Ionkieatden ¢ Phono raglo eontiol 40 cuecossfully ciployed 4a fon
exapceCordotie docdo. €loeo ot Lowor opocd tho torgue rouuircicat
10 lou thoncfors curnent cnd olie loodog dwoys pencin with 4o
Solorabic Ainito,

For dvivos nocding prciioe goacttat speed alopsd loop
tyeten Lo foncitlo wodns phane oagde contedl vith lephooo industion
notop. Ihio vould Bo concddorably tuporlor % constmmt spocd
axivop vding othoy Cypop of nmotop,




o vork proconted An tho Morertalion noy bo emtonded
to soveral othop ritwotlons, Tho arcos of furthor vorlt aro
pugcontof oo £ollovDi-

{2) In ondem 0 cLUin groator Ccgcurety in malysio soproccating
phrnoncnon sugh oo coturation cod (in offest in potor bars by
allong potrr parcnictor (0 wory vith spocd sosuléo dn good
corpclotion oP pould oparnllion. |

() Dyacte Ctugieds Tho poeoomt vork ona Do wocd o8 Oub-routing
in tho nafor proprml 0f Ayacke otudy. A% ono oposd tosauo 40
cclendaled cociicration 40 Dound out, £pocd com Bo emtrapoloted
cogafng ¢2vioped Corqua (o Bo coantont.  Thea of acy opoed
{ooguo Aevolopel af ceecicration opo restlewoted videh oro koot
camotont Guring ncst dnoncaaat. Sido dynente otudy of tho notr
e o Cotemingd by stop by ofop coluntion.

(3) Sho 0c2o cpprocsh 62 Do extealeg $9 eopasilor mum fnGuotion
notep by contldoring conltrol doicad dn ¢ho nondn vinding and
ondil oy vinding Woving o capaodtosr dn soslos.

(4) Ey eaabluodod $ho curvos fop copesdtore wua notop cad osindlo
vindlog HOTOF G0 CTa oDONID Te0 abosootorietie. Fop oopoedtop
clerd comnl, run Lolinidca notors £o doap 09 olatidfondd oviteh
10 cloccd 2-6 cuming for eapesdtos fua roter aro v84d. Afor thw
opccd of vidoh enntzigfupd o28eh 40 rlenned cunvas of cinplo
cotor vindng arc v, Cinflafy caspectorlotden for eopositor



wid B

gtart and capacitor run (two capacitors are used) induction motor
can be obtalned dy different capieitor run characteristics, Op
decision % opefate on dlffercnt prograws oan taken hy computer
at the eritionl speed vhen change in the motor circuit is done
through a switch,

(5) Thyristor rating requirements can #1280 de found by observing

the current and vwltoge pesks and the yate of rise ‘ﬁ% ’ % "
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CONCTOrz03

o nothad of cordydlt precaatel o vodd) for doler-
ninling $ho obocdy ototo porformoned of L-phaso fndvctiva notos
mubjosticd 0 thyriolor cohltmi. Tho nothod of colutlon of
ciucticns io clnpler Shra Choso proositod by carllor authops,

o oothed em Do conlly omonded fop otadlon undor troaniot
coadiclons cad £or copoalitor oturt ond aapoeitor sun ootorn. Xt
40 Delowed Chob ¢ho nothod of golution requires leosor cemputon
¢ino ond oufflelontly cood cocurney £ 105,

Porfomionso aharcesord cideo fog various valuco of
gring ansio howd boca thooroflenlly ceaputad cnd comparcd vAh
ammorinoted rood o, 'i‘ha D ohor cloto agresnoat. ke
inpomicat conalucicon (e e b drem fran porfornonge ohAROLIT-
ictieo oro &0 bALEY ¢ |

(25 Loopo ronss of opoed vaioiion 1o obbtalined &n 8200 of
1-phovo dnductlon motop having lorgo wotor vetiotonsg
bt Cho ronZo 40 comevhat podused boooubo of scfueiion in
bocd: dowm CorQuo. Conpordflvadly Bossed rongo 40 obialined
4o eooo of paocy eoatrollcd 3-phopo Andreidon notor. |

(2) Wipghor cfficlcasy 4o obtolned eoapencd ¢ paciotor
controllod incuetlion notop,

{3) “raus of tho nduetion motor vordes moothly with fising
o, Thopofore o ooplous Shcat of cichine nolpo 4o
crpeateds
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» HMnple closed loop schate £OP previse speed control
of the drive is feasidle there it hes its wide application in
1ow power constant spesd drives.
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C.C. ANALYELG OF 8X0CLL PHALE INDUCIION HOTOR DI LOUH IR IUOUS

COTIDTCTE O
) TORIA? (7 P 10,0) FORTALT IV

DuAll s A1« 8201 © 250
AR /D
A=« AU SRA/LD
Ad =« ALROWI/D
Dle- ALlSRRBR /D
Do U1 ¢RA/ D
Dam AoV /D
Clo-RR/ALR
By=€3
Lesdl
D0 1000 = 1, 10
2l 2 e,
EPRBagezll
PRENT 603 5 6 P D

503, ORI (4 B (°D = P 10,8)
6 o EPD 0 3 o3, 34D
ABs AllCALNIOG/D
Birw ALIICALR = E/D
Clm. Al 082 441
C2oxb
Bané

Contesss



Contlsees+

502

¢

Ei=Dg

DE2OOL = 24,
%webjé. . 2

PRENT 502, ALP

FORIAT (4 H AL P = P 20,8
BLP = ALP * 3,14150/180
I=)

CM=0

COb=0O

CQ=0

M=0

M = M+l

IF (M.20) 9,301,200
BCh = CD.

e =G4

ALP = WP

& w CIN(ALP)

- Ml=0

Mel o 41
IF (il - 0,01) 15, 200, 200
Uim{Al *CH +42*0CD + 43 *CQeadel)*H
Vim(BDl*Cli «+DB2eCD+ B3« Qeiedl)sd
H1a(ClL+CHeC23°CD+QIvCQ) *H
Qi =CH +UL .
CDL=«C D+ VY

Cont@evaseves



Contdevarees

CQl = CQ+W}
ALP=ALP+Hs 314,15
ST =81RK (ALP)
Ugm (A *CHAZS CBL + A3 * CQL + 44 » GL)*E
Vom(BL *#OM) + B2 (DL + BI%CY + B4 ¢ 1)l
Was(CL»OM1 «+C2*CDL +C3*CM
T=(Ul+UD *»,5 |
V(WL »72) *.8
Wa (W +WR) * .8
MaxM+1T
IF (eM2) 318, 12, X7

17 o= Oi2
CD=(D +V
CQ=€Q + W
PHINT 50, O, CDy CQ

50 FORMAT (3 2 35.8)

. 06010 (11,194

1B Xx. MU
CD = CD + VsX
0 = CQ ¢ WeX
X} = (DLACD4E2CQ) *H#(1,-X0
N = (EL*CD+E2%CY) sH¥{(1,-X)
CD = CD+X}
l=Cl+M)
G 10 {12,14)4 2
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G@ntdvptsvpﬂ

12

€0

b8

01

X1 « (D12CD+D2%(Q) 1
N = (BL*CD+E2CQ) #1
CDL = CD+X1

Cia =C +MN

X2 = (D1 +CD1L+Do*CL) #H
Yo = (ELeCDL+B2*CQL) *R
Ch=n Ch+,5%(R) +X2)

CQ = CQ +, 5N +¥R)

Al = Hedll

PULCH 60,CD,CR

FORIAT( 2815,8) -

G0 0 (22,15),1

I7( Ak 01 ) 124 13y 13

CD = 0D

€3 =.0Q

08 = G,

IF(ADEF{ BCDWCD)wy 1) 23,22, 30
IF(ABG(BCCwCQY =, 1) 301401y 10
$un ;
CAVR=O,

CR16=0,

TAVRO),,

W N



le
Contausesss
W DGlofiloCloes
60 o CICRIVE] ¢ DAS(CDSTD ¢ CQoCY)
PIENT 503, 1, BI
CATMI w CAVR ¢ ¢1 ¢ 11 / 0,08
QAR = TAVR + G ¢ B / 0,04
TI0 = GRS + CICEICH / 0.0%
1005 o £9B8 © 0% / 0,01
0 (ED 11, 23 M
94 CI0 o LQAR (CRII)
PIEUT oo CAVR, 2AVR, OIS
804  PUEIAY (5 K CAWR my, D 35,8y 68 TIVR =y T 16,0, '
& CRIB o, B 36,8
€0 W 10
1B Clao(BoCeCyeC0D) ¢ ol
PREDT @0C 23
06  FRIE (43 51 =y T 30,0)
0C = I © (CDoCD « CQSCQ)
208G = 2000 4 62 ¢ 1 / 0,01
IF (4 - 0.01) 12, 25, 00
PRI 800, 2065
FORIAZ (61 A)8 oy 33.0)
COL L0000
COI LU
CP
E3D

EE8 8¢
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APPENDIX 11

ANALYSIE OF SINGLE PHASE INDUCTION MOTOR

CONTINGOUS CURRERT

FOMAT (7P 10,8
Dw M ¢ M - ALK * AR
Al= ALR *RM 7/ D
ASmn. M *RR /D
Adu-OR*W™M /D
Bees.M*rRM/D
B2 = AIM *RR /D
BamwMeM/D
€3 =. RR/ AR
DO o N=2 W
Na20..13

 BPD x5, %K

PRLIZ g1, EFD

FORM AT (4 SPD =, P 10.6)
8 = 5D %2 314190
A3 = MM * AR 5 / D

B3 = . ALM * ALR * §/D

" Clmae ™ *E/ AR

C2=+ 8
HP =0
Ii=z=1
=0

FORTRAR 1V

c&nMooﬂng



Contlesess

& F

Vi

D=0

CR =0

M =20

M = M+3} _

IF (4« 21) 9, 301, W0

BCER = CD

B = €9

ALP = BLP

8 = 8IN (ALP)

IF (AH » 0,01) 16,1313

UL ={A1L*CM +AR*CD +43%0CQ »+ A4+ 8l)* 1
Vi =(B1*CM + BR*CD+ B3 CQ + Bae S)¢ H
WL =(C1eCH +CpeCD+Ca® CQ*H

o =M+M

Chi =CD + V1

€l =CQ + W1

ALP = ALP + H * 314,199

B = SIN {AP)

Uz ={AL »QQ +a2*CDL +a3 0 +» 4q * 8+ H
Ve ={(Bl «O) +B2+C01 +B3*CQl +B4*8l)*H
Wz =(CL =0l +02+C +C3*»C)*H

U = (UL «+02) * .8

V =(VL «V) * .8

W =Wl + W) * .6

Cd =M +U

Gantdd;q#nq
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Contlrwvane
D alh<+¥
CQQauCl+U
M sl + M
12 @Iun{% o z::.CD = wGQ
17 o (ndn e a0 Dlosohr” 55, 23, 1
23 IP (AB3 {D00 « C4) « O,01) 30}, 303, 10
L I
AV =
CRiE =0
06D = 0
All =0
g 09
I Ul sl e eCQ 28
S = Gl o (1 ¢ B8 ¢ R @ (CD*CD + CI+CQ)
PRING 603 5 G4, TN |
603 FOXIAR {0 18.0)
 PAVR = TAVR ¢ GEI © B /7 0,01
CRAB = CWIS + 1 <Gl @ B / 0,03
1988 ¢ /0BG + 08U 7 0.01
IP (Al & 0,01)23, 504y 504
504 PRIDT G085, TAUR
506 TORIAT (58 TAVR =, E 168)
CRIB = BIRT (CRID)
PIENT 104, CRIS, 2066
W4 TORIAT (5 B CII6 oy D 16,8, 6 I 068 5, B 16,0)
100 COUTIIUB
£20P
Eip
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