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I3 10 lonn ocineo 4t uns £01t noeooonoy
to dovioco oatiofootory variablo opood deivon cnbvadying
tho robustnono and oinplicity acoocintod with eonmtow
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uned for wido rangoe of opoxd contrel by oithor contzole
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agpllcatxoﬁo, coaautotsr of o .04 notor 40 O courco
of troublos it roquiros poricdie codntomoneo, thalch may
Do inconvonicat due to 1aﬁcreapttdu in porvieo oo QOCCOD
to gocoutotor ony W difficult oF thon notor 10 oubmoppod
i oomo 1iguidd, On $ho GantEory 0.0, Rotoro cad poriie
calordy induotion cotorp aced 14t0lc onintononec CoDvigo.
Bat tho madn GLLLicndsy vith thooo cators 1o that Choy
ago goopclly eonotont opood, bosouoo opood 10 idncorly
rolotol Oo oupply Lroqueacy whieh 1o gonordlly canctaat.
. ¥ho vorioblo opood 0.0. Cotoro oon To cedeo in vordioud
gormos bat 4n noot ocpco, oithor thoy ore inofficiont
or thoy offord only o Ainitod control of opood or thoy
incorporato coosubator ond thao howo oo edventoso ovor
$ho de0e Dotor opart fron vorking aigoetly £X00 OB Ce0s
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opocdo tho offiofcnoy 40 poleood vith rofuotion of torauo.



T -

Spood control 40 cloo Ainitcl to cubsynehronons £oRGO.
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cantrui of opocd ovor o vido paro.e O£ sourco (o cehiovo
o vicblo oehoao of opood eantrod cogmitedo of cudply
voltogo Ohoudd oloo bO Coonoblo $6 0ontrol.

¢he cyotemo 4n vhich the Leoquonay, othor than
ocupply frogusacy hove boon uscd for cono $inos, in ooone
cotlion with rolluny traction ond nill dxivon ote. Dud
theno vordgblo froguency 0,/00c10 have gonoztdly booa
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to induction aotor for wide range of speeld control.

In the pressat work, o variable freguency
inverter hac been designed and fabricated to have the
spesd control over & wide range, |
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Induotion ootop for Giffomont opplicotionss AC Ao
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Tor fon 2ocdo, 1004 Somgqud 4o zololod 02 oquoro of
votor 0peod ie0e %5 @ (zotor ﬂpﬁﬁﬂ)ﬂ a {3 - 0)° thoro
2L = 1004 $orquos |
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0o insat owrront Gill bo oonioun wkon O @-’

1¢ torquo 4o conotont X a (o / a)ﬁ, po heoting Wil
ocour, 00 tho opood 40 roduccds ULth oRoppod WOVOLOrnO,
0o 1o with Shyriotors outputc motor Uill (AVO rOro 1000O0D.
Urs Poioo hoo given difforcnt powor esnirol olrouito with
ﬁhp&récxatavn'nawaﬁn ond denoedto (PAge 241)s

Gircuit 1 ¢ In thio eirvoudd omeoonive ocurront 40 roguiw
pod throush €U0 Ainso,

Otrouit 2 ¢+ X{ 40 omtecaoly oioploy cnd oo tho notor
otolle vhon oporntod on oinglo phono, opoed
gon ba controllod doun $o soro. IBEOODLVO
oorronto oro goquired through 00 warogulo=
t04 2inos,

Cirendt 3 3 I¢ roguipoo only Shroo thypiotors ond ROpree
oont tho boot poocdbilisy of oinplo circulto,

Circudt 4 ¢+ Porforacnco i0 ofnllop $0 olvendl 3.

Oirendd § s It roprooonso o convontiennd Dhlonreod ShvCo-
phooo eontsal opprocoh and gives o good
porforcanec. AT 33 por odmt 0lip, saput
curegont 40 14 pog eon¢ peostor then for ofno

_ vavo control.

Ciroudt 6 ¢ It o olfo convontionnl appronohy but porfop~
roneo 40 0ot oo good oo Cireuit S
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Circudd T 1 IO clvco wory pood porforonntce AU 33 por oong
oldp tho Anput curront 40 only 8 por cont Groo=
tor thon for nipo TOvo conteol.

Cirondt O 1 £ S0 ofniler to circuit 2 and coucoo ORECOOAVO
loee cupronto An notor windingo.

Sop, ofroudd 7 1o tho doot of all obove ¢irdudto,

Ao inpuat cureccnd ic not oignifionntly inoronced ovor Gho

otator 100000, _

I£ poldd iron rotor 10 usced inotond of
pquirrol eonno rotor, for opood control by changing ﬁho
ototox volénro ¥, tha inflaocd oiv ponp voltogoe B Lo oloo (s)
rodnecd cad thuo o roduotion of rotor iroan flun ponotrobion,
i.,c. o doerocoe of tho Gopth of rotsr ponotration bBolt .
or in othor wvordo, porumnctor 'gﬁgs » Vhich uorrooyanﬁg
to ¢ of conventionnl cotor coquizros lorgor voluon,

‘thon I 4o doeroooed end uo pofido §§%§%£w§§§§-bﬁ¢anes
coallor o0 oldp dncronoos, vithout Gotordoroting porfore
oaned 4n wongo of Bdch opocdo £.0. Bigh opplicd ototor
vollnscs  Yho fovouzcblo influoneo of tho rotor choractor-
i10ti0s of 0o1if rotor nochino 10 ohota 4B CUEVC 0f PAGe2.2,
thich ohowo thot 40 40 o008 oulted Lor opood oontrol by
volioro ocontral. Por 00did rotor nnachino, tho toxquo
incrcoooo lincorly with olidp enocpt‘fnr tho influonco of
ototor dropo with sonotont locd tozquo, oo 1t 1o atoblo.

‘chore D 40 Gofincd 05 . 0 , ® 5.
bo | oofed ol (B hgysl) Do

dopsh of ponotention t P
dopth in ohich tho tove hoo boon attonuntod opproninntely
3T por cont of 1to oricinsl voluo.
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Do the opocd control of o hodol or olovotor
tho d.0s okunt cotor Sypo of 0focdy ototo {orQuo=-0pood
ghapaotoroticl 4o ooeoounegs Lhoa opood 40 to DO Lopd
conntont CACh chongo of load, olonod Loop oyoten 40 -
poquieods G.&hop&a&éiénﬁ de Gtnatmy bove anodgoed tho -
pzoblien with voldaogo conﬁa@l in o eXoood loop, 0F notor
Zor opood control of roter {Pige 2.9).

eho oican) propogtioncl fo opocd 1o Lod to
tho thyriotoro $o control the Liriang paiaﬁ,anﬂ 60 tho
opplicl voltane to motore Tho chungo in opocf 46 Lol
book to tho oimmol oo orrag, %o ofdjunt thoe f£iring ocaglo.
.0 vronofor Lunction of imfuotion motor 10 aoownd. Do
Sranofor Zunotion of povor mofdulotor ohould nadek tho
induation notor, for limony v&riatacn‘of-ﬁp@cﬁ 2l orror
oimol. In tho oxpopioont, oix thyrictoro bovo Dootn
uncd 4n polro An odl tho (hrco plinaod. %ho opood qad
oppor w0 found $o Do Aipoor vordation in otondy ot0oto. ‘
Yho teranficat rooponao wac pindlor (o 0lightly ovor dooped
poooad ordor opotone. %ho 4Arivo voo found €0 hove tho
dicoldvantore thot contzodlcd opood roluotion ooo 00l
pecoiblos A puddon rofuation of rbfﬂﬂcnuo oﬁcnal‘cﬁnoea 
tho orror oipmol to 00 nogotivo duo to ponitivo ouly
prooponoc of thyriotor trigooring, conteol wvon oot until
tho load bnd Qoetlobrotod tho noter opood to tho point
viaro tho foodback cigunl won oneo oorc clightly canlloe
Shos roforonec Ldnnl.
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o4 fpgod gantrod By DAAD pAUNE EGOGYORYS

A loU opoodo o officionoy of Indusce

tion otor ceon BO dapmovod by Loodinn tho potor omorry
%9 0,0, oupply by roetifying ond invooting ot lino
geroquonoy vo, Stho Sorquo opcod chproetoriotico ill Do
pinglor to o variablo ppood drivo. Unny cothsdo hove
boon Qovolopo@ to ontract tho olip froguoncy powor feon
rotor, routifiod cad oetivoly uood, thon Giooipotod dn
roointora, IV com bo upod in two nothodo:
(i) By connootion €0 tho orooturo of 6 Qe.ts Dotor nochhw

néoolly esuplod $o thoe induction notor shafi.
(24) By inversion to linc froguoncy, cad injooting 4¢
o OsCa supply. Driichi heo dooeribod o rodtifiorsinvortor
achene for Looding tho rosor uillh olip £roquoncy 0.7.£%0.

wodns tho principlo of ototor £od, ohunt conmtotor notore

(2)
U.Shophnzd oad J.0%caoay havo uood tho

1ino coombotod dnvorsor to foodback tho rolor powor to
iinoos Uhon Sho ogund 2irdoy coglon ¢ﬁ'b$n invoutor
thyriotoro ape grootor then 99°%, and shon ¢ho osplicd
roatificd voltoge £0 hish casuch to ovorcoons $ho oppoving
OeNefe of dnvorte:; invoroion occurs and powor 40 roeyolod
£ron rotor boolk ¢o cupply. DBut in thooo nchomog tho povor

footor 10 vory poor.
3)
Potor e miljnnig‘nnn dooeribed o {threuph

Pooo artifie:dlly gonmutoted invortor, I%0 baoio ohoroee
toriofie ic tho tuo modo oporation:



{ 4 ) Iovortor 40 chort circuitod co that d.0. cnorgy
10 otarped 4n cholo ond Ge.2. 1inoe 40 diceonncetod
£ron d.c. circuit,

{42 ) %ho dircet curront 10 Lopced to £lov into tho
0.Ce 110 ogalant tho im0 c.0.fs c0l onoRyy
pocovoey occurs. 2400 votio of two nodos thlch
oecuro ovory hoalf eyclc, dotormimo tho voltogo

- rotdo botuoon (e8s 00@ Ge0, 1ino volGogo. 2o
opoootion 4o oindlor to Bino rotio coatzol.
ihio typo of Anvartor ooy Do of ttn Cypoot
(1) Zira gonrmtngodes D4g.(2.5) chowa tho 14no
eor—untnted throush poss invortor for viaglo phnoc.
Juring cx = %p invorter io chort cirecuitod Chrowgh @,
and Qgg At tsg 93 fa turncod on ond otill poaitivo voli-
ope turns ?4 offs VUhon lino voltoso chamgon 1t polarity,
pozor 46 dclivorod to o.c. linco. At 8g5¢ 9y 40 turned on
thich interrupts tho favercioca, turno 92 of£f ond ontobli-
shes ¢ho ohort eironit nmodo. Io the noant half eyelo,
the process 1o gopentods. Tieing oaglo of ty cnd 17 io
£iral ond davertor io coatrollod by shifting enly tho
firing pulco ot §) onfd $5. Fige(2.5) (b) ohous tho Mmo
voltoge, curront cad povor delivored ot theoeo voluoo of
firing onglo ane Avorapo 4decs voltogo oill bos |

ta ﬁﬁ '
Eﬂ?"%'fb?ammaﬁnm*r& (ccoaiweaa %}

I} ® PemeCe L8040, D = conioun Mno veltoso.

q = Lizcd Riring cnglo.
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Chen G, === O , GsCs WlGogo Looon0s OMGAGLY -
olip-rings ore chort cireuitod, nnchine io punnins nooe
oynchiranoun opood cal favortur 4o diceonnccetcd. Pover
£oetor 1o inprovod eonnidorobly, but imovortor 06ill cone
ouzeo rocetivo pocors copociolly ot hnlf rotcd notor
opoods

(31) ApGigiciok pomrmtoslons Di0.(246) enpaocitor
6 ozl dfodoo 33. ﬂ@ neo ool Lor optdfictal cooontation.
in Pige(245)(0)s Guring ©) « Gy Anvortor 40 chortod
shraunh 32, 25, and 84 4F 02, thyriotor 21 fturas on oaud
volnge on oapocdtor taran off €2, €4 Llovs thoouch §1,0,55
cal 94. Copoelifor voliono chnweges fLron 4t0 nmoxinus mopso-
tive voluc €9 o ponicive voluo cgaol $o 1ino voltngo £Sé
¢ 2 eouaing eurrvent to flou Shrough T, DJ, C aud 9.
Por conl tine o Lroetion of curront 14 f£lowo throuagh
€ ond 05, chor ing tho enpcoitor 9o tho comioen voluo of
tho line wlioge e Ghon ¢ otorto to doeronoo, 25 clompo
tho ebarge on Co At 3, 23 40 turood oa onfl lino valtago
tarno off 0. Ohort ecircuit 1o pow thoourn ¥, DI, B3
Avoroso G.0. vOLGOQOOR

2 rt V¥ By el
- Tbar o .

fow 8y 10 controlloblc and Gy 40 féxzed.

8oeond torn ropreooat volteso drop duo to limo dolay
botoeon Liring of Y3 oad ¥2, 20ic dolny So duo o 4o
0000000:y for POVOCoal of voltoge of € aad ¢ &0 invorooly

proportionnl ¢o curront oud 40 glvea bys
2 M0

Ag P Ter—
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Fig.2.6 Three-phase 2ridge inverter
ith artifiecial commutation.
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Pig.2.7 Thyristor inverter. (a) Thyristor inverter
(b) Switch analog.
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Por throo phooo oporntion Dig.(2.7) tho theoo cimrle
phose undts oro ceanseted iam throo phooeo. [Dor ogunl
vIAEOS0 ond eurpont aicﬁsﬁba%iea,-annnsnily'a«#. oddon
gro connoeted o o naltiphone teapoformor and de0e 0idOD
1a ooxdoo. Twio caheno dvos ebnrcetoriotic oinilor

to CTord FLoomard 4rive. Dor vorfous iavostor cotdings
opoods feory 0 =0 ta o= X, cam DO achicvnﬁ, éo Coll oo
beaking eporotion for 0<{ 0 ocd o)1,

250

Ao bao bocn dlooussod, tho opocd cantrol
of Ipduction ootor uith otateor voltoso eantrol cad oldp
pasor pecovory no ito pany dioccdvomtogeos
(1) oomtown torque vhich tho comiing eam gomorato 49

proportionnl to tho oguorc of tho piotor voltoss
(1) o olip ot muioco toepquo 10 indopondont of ingut

wvoltase, 00 otator voltono coatrol allows oaly cnall
ahonges in £otor opocde AT lou 0lip Sho topquo-
opocd obnrostoriotie 1o rot cffoated by otator
ioncloneos 00 ehoo of 0lip poTor Lo nleo soro
Alondvantorde

894 chon opocd control) ovop wido wongo 4o

zoquiped only chowge of oynshronoun opoed 10 unoful nothad.
¥ cothofc can bo uood for by chargo of Lroguonsy of
opplicd wltano: |
(1) Gycloconvortors tho Alocdvontose 4o thot opocd
control io limitod only upts ono thied of
cupply LRaguoney.
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{ 33 ) Voriodlo froguonsy iavortors In tho laot

fLau yooro, invertor toehnolory hoo boeazo

0 coparoto branch of Dlcstriacl [Msinooring.

Dototled dosesiption ond principlos of

invozteops hao toon dooeribod 4o nont ehoptor,

A Lov fnvortors ucod by 4ifforont torhoro

oo bocn deperibdsd Lolow:

Padoo vidth aoy b dofinnd oo tho eosateold

of tho awverage lovol of o gquentity by ocpplying or driving
the quantition in disoroto intorvolo or pulooos o
eivenit P4g.(2.8) can bo d1vidod into ©o portions A mud D
Uppor ecoo choractor domoto ooin thyriotoro omd locor

gape, domnto cuamilicey thyelotoray vliieh holp o (urm
off tho cain thyriotorn, If€ Shyriotor A 1o condueting,
to cormutnto 4t off Chyriotor o 4o firod chieh comnce
ofo the chargod ecpacitor O, 20 divortins tho current
froa $hyriotor A o Oicilordly A’ , B, B avo $urnod
0f€ Ly tho cotlon of Ouziliopy thyrioters o 4 Dy b
POOPRetAvOLy .

Doric Uoheyiohd heo wocd Delorpny -Dodford
invoptor. Dour thyriotors aro grouycd in $uo phlnceo,
4 pheoo ond B phedee Pulco vidth oporatioa 1o oo
dicenoood obovo, I£ thyriotor A 4o on, A’ off, capoe
ocitor € A" cborged $o D CA €9 coro Wwlto. Reaetor Ql
10 cacanod ¢ fncorpaorcio on induetones L ooooedotesd
vith cosh vinding and popfoet asupling Dotooon coch oicding.
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Pig. 2.8 Improved McMurrap~Bedford circuit.
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Fig. 2.9 Controlled slip drive system.
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griggoring A ploces tho volSom of 04 (D) coroso
lortor portlion of ¥, vic Sronofoymor ocotiony Corono $ho
uppaor portion, plooing tho cothode of A ot ¢ 20 vollio,
po govornoo bicoing 4t by o not woltogo of D volto ond
nchiovig turn off an tho ebargo ordginolly on € a"
troosfor to CA. T1 nuot bo eapadlo of ocuotoining o
| ircot ourrent dooouso ﬁoth,tho lond curront onid pulooe
tion of commmtoition ove peoloricod vith roopoot $o rooastor,
To utilioo tho trappod onorgy (f.0. coorgy
tronopitiod to the monetor during nodHsobp comomtotion)
activoly anxilidny trannformor % 10 uoods. A poxtion
of tho trapsforror n 4o elooped to tho oupply valtoge
B Dby the roetifior bridro, introducing ¢ voltage 0D/ a
in o portion of the tronofornor, cacosioted with tho
trappod onorgy cwrrond loop. It hoo two offooto:

{c) Duo o inorocood dicchorgod woltogo, o ropid
dooronoo of $oopsod ourront.

{b) Trooaformotion of teﬁpyo& caorgy via tho eloapad
portion of ¥, Tho dioccdveatoso 40 tknt bloshkiag
voléngo of cooh thyriotor io rodood by Clde()i/n)]
volto,

Uith chopgo of froguonoy, tho cupply voltoso oant also

bo canzrcliea otnultancoualy, to koop tho fiuz in tho

cir gop of motor to bo conctante D0, Lor wolingo contro}
oithor warioblo tronoformor, or vorinblo Ge.cs Duo 40
ugod gonorpally for highor povoro, hormonic canocllotion
cnd Ovitohod invortors ean ba uoof. 7ho boot mothoS oon
bo tho throo phoso bridge roetifior with throo thyriotoro

-
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ond ¢hroo rootifioro, with £iltors For Ohyriogsr £iring
ooe cdpnnd oo be oppliods o eonirol tho voltogo, thich
40 uccd ¢ ocontrol fﬁéquonﬁy, o dioadvontosc of iavopw
torc 40 thoir nonoinwmooidol sutput. %o roGueo the horoo-
nico , voriowo nothoedo hovo boon upod ocuveh co owbharmondo
cothod, paloo width modulotion or £iltorn con bo wood

ot output of 4invortorn.

Puloo Uidth Dodulatod invortor hoo tho ocdvone
toge of £roguency and wvoltoago control in oac eircult,
Tho invortor voltoge is controlled by averngo vidth of
paloco ond hormonioes oro controllod by noduloting to o
pinunoidod eavelopos Hodulating froquoncy harnoniocn acn
bo nodo oo high 0o thot rotor moy rojoet thome. X6 eom
b0 oopunod oo Dloek bex' vith two control inputor omo
for feogquonsy and otShor for voltogo. Ao tho opood of
Tooponno, 40 higa, 0o it con bo wood An oay ologo loap
nyotoa for conotont torquo oporntion. A0 $he Dotor Liux
10 formod with tho produet of ototor Lfiux cud olip. It
con o vardod to oot tho torquo by ofjusting clip or ortie
totion Juot go the ornaturo flun 10 controllied by cdiwoting
curront in 0 d.0e. 0nOhino. To hovo the conisun voluo of
rotor flux a¢ cono lovel, slip ouot do ineronced oo tho
ototor flux 1o votkonod in tho conotont horoo=-potcr nodo.
Fho orronpeoont 40 ohovn in IMig.{2.,10) uhieh ineclundos o
plip coasrol looévgnﬂ o ntator fluz romulotor brousht
obout by o shoped aurrcont roforonco Chnt producos 4ndiroe
et ototor fiux control. Opovating odbove bavo opocd in
tho conotaat hortepowdr ranse 1o 1indtof by the oneinan



5 S Constant volizus
< Constent frojusacy
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Inverter

Recti-

Yariable voltage fier.

Variasble d.c. voltage

¥ig.2.10 8Slip pover recovery system.

lledium speed High speed

ty §ty %5 %

Pig. 2.11 Vave forns of inverter output current
. et various riotor-speeds

(a) Line comnmutated through pass inverter
(b) Artificial commutated through pass inverter.
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practical glip obtainable from the motor. %his io about

twice rated slip, hente the sonstant horsepower range for
& notor oxtonds to about twice the base apesad,

g -
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z3g S3ldcan gontenllod m&&mm( H)

Por botdar cppliontion of invortor oporn~-
tion, the oporntion of S.C.0. undor 4iffcoront eonditions
phoakd o3 dotalled, In the folloving &ifferont otoges
02 5.0.8. operotion Do boon dooeribed.

It 4o o throo Junction, four loyor OCnie
&aﬂacm? Goviete In thio fovico tho ond p woghon 4o
exllod tho opedeo ong e ond o rogion 20 eadled tho
cnthodo, p epogioa 4o the Goalso 40 o0diod tho (0l
It 10 o biotodle omitensng dovieo. It msemnlly hoo no
l4noar pegion of oporation oa for tho tronsiotorc. Sheo
8.CaRe oporotos oithor in tho ootarnted goglioa ov im tho
cut off rogione Uith o roveroo voltoso opilied €9 ito
cnodo to ﬁdﬁhﬁdo torninalso, tho dovieo will mot conduot
oy opprocinblo current. Uhon the anodo io —dc pooitivo
vith poapoat to tho cothodo ognin no approcicble earsont
£lauo,  But hon aoodo is poolitive cnd eathodo 10 mcgﬁ&ve,
cad o onall poodtivo volsage 1o opplicd ceroso,gnto to
cotasdo temainnlo, tho dovice ouvitebos ‘on’ o $ho caupront
flou £roa anodo o e¢athodo io linitod only by ontoracl
1004 inpodomco. Uhon thoe opproeicdblo foronrd curront
Liov from caodo to cathodo tho goto to cathodo signod 10
8o loasor roquired ts nndntods tho dovieo im 4%o ‘oa/
condision, Uhon $ho dovico hnoo owitchod to 465 ‘on’ cope
dition, tho foroawd ourpont ega‘bo cxtinsuichod by mammm

o 17
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tho eipealt impodoneo So £olduco tho earzont bolow o
opoeificd wvoluo, noking tho esthado torafasl pooitivo
with zoopoet €0 tho cmedo torminnl or in rolativoly low
curront eoatrollcd rootifioro, by cpplying o popotive
ourront puiso to the gole tomninnlo. %Tho voltogo carrond
choractoriotico of 5.0.1 con bo conoidosed in throo
pogionn: Pig.(Fe1).

Roglon Bt 16 occurc <hom sothedo 1o pooitive to cnoda.
It povorco bioocs Junetion 200, 09 S.Ceftle 0lloUs
only o omnll loakago earront $o flov £ron eothodo
%9 onodo. fnodo curreat cam Do exZproncoel by

{Rogion 4A) o - {Ial ¢ Ig (g2 ai))

e inorocoinn of tho poverse lechono ewrreat by tho
cdditon of poto tuezoeat ean ineronso ¢ho junetiosn hootiap
ﬂa:a "af;m conoe $horpnnd pumocnys. E£ tho junetion GCopoOrDs
ture o polscd the potzealicea eurrent will incrondo ocad
oo Uill furthor inorocse jumetion Cooporaturo. 40 Uith
inoronoo of rovorno volinso of cmodo to eatucdo Amorponsnos
tho Qoplotion of junetions omo nodl shroos oo o ooho high
voltope aalto, Ti4Ch of conteor n wogion 2o mode dlorgy
oo thot doplotion layor 1o not punchod throush.

Nogion D1 Ia $hio rogion onodo io pooitivo and
enthode 4o nopotivo and tho dovieo 4o 4n dlooiing
condition, Jumetiono cmo ond thros a0 forcord
binocd and junotionoon $To0 40 Tovorned bioooed,

so casie eursont 4o vopy oonll. Anodo cucpomt will bos

I, {Rogien B) © X0, © Ig @2
ThORO .Zoa io oonturation carront for junciion €O in £OpPOro.



Ao omodo earrcat 40 poodtivo oo inoroonc of poto curront
uill inoronco tic casdc ourpont.
Lonlmco eurpont 40 o niero s nllli cmporad.

Depion O fhore oro four nothodo for owitching tho

thyrictor £ron rocion D €0 soslon C.  If tho
caode to cothodo voltago is imeronsod, doplotion loyor
ot junetion too 4o incronced, 0o 45 the nccolorating
volinro for ninsrity eorriors croocing junetiontod. Uhon
thooo eorpiors ayro occolorated neroon jJunction téa; thay
collido vith the £irod atons of ¢he eryotol ctructuro
and dxnzcﬂgp cdditionn) ninority corriorn. Uith dncronso
of voltage, ninopidy covrioro dioloedpgo ~ony odditional
corrpiors Guring thoir treasient cerooo Junction tCo,
rooulting, 4o on ovolaneho beonkdorn of tho junetion, ond
0o Junstion 50 Qloo weomon fogvard biaocd. 4Ag gll tho
Juncetions mrg nov forvard biogod, oo onodo curront 10
1inited only by oztornnl lond impodanco. She aoode %o
gathodo volsose ot wvhich éovieo ouitehod £eon Region B
to opdon € 10 enllod fourned DroaRovor VOLUORO.

, If tho poto o eothodo in mndo positivo, chieh
injceto cdditionnl ndnoprity carricro iaty ccoond jJuaction,
1o tho ooeoné cothod of ovitching the dovieo Cron Roglon D
to Roglon €, Sultebing tokeo ploce at loos anodo to
catirodo Lopunrd woltoso, thom Lovredpd broall ovop vollogo.
80, taio io tho cothof gomorclly unod t6 oviteh £von
Qopion D go Dogton C.

Tho third cothed 40 to 1lldninnto tho 0o o
eathodo sogion.
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- Tho fourth mothof 1o by ropidly incroooing tho
cnodo to eathodo voltogo. 2hie &v / 4% turn an- 4o
bolioved to b enuncd by cnodo to goto ond aoto to eathoado
enpaeitonecn,.

Se2.  Sildcon controllod sootifior furm L€
shorc ore throe nothodn 5 turn b J.Ce'ls 0ff.

(%) Baodo eurront 1o roducod to minimun,ecnlilod
hold on curront. In thio oose anofo ic neintainod ot
poaitive poatonticl. JAnode curront con bo roduecd by '
opoening o 1ino ovuiteh, 1ncreasing tho load rosliotcnee
or by chunting, past of lond current.

(38)  Anodo curront 1o inmtorruptod by rovoroing tho
saodo to catiuodo witose. Tho dovies guitoheo ¢o roglon A
by zovoroing sho polarity of A onodo.

{134) By ocupplyins o negaﬁlva cnte cursent, but thio
io uood in lov curront roting dovieoo.

Por gocopd nothod, thoe thyriotor io uounlly
rovorcod Dicoed for oo epprocinblo portion of ascotive
hnlf cyoclo of oupply voltolCs

S.5.  Zgpe of avorsorps Y

Uhilo tho groapfor of curpcat from on¢ valuc €0 onothor
oceurn ontomntically duc to poriodic varintion of onsdo
voltnge laveld in o roctifior cireuit, tho rolicble neconps
lichoont of thioc surront tronofor io onoc of the baoio
prodlons of tho invoroion prococs. Tho coosutation io

tho peEoseso of curvont trancfor £ron one cloctrice wolvo

to cnothor in roctifior ond invoptor circulto. Tho cotue
. srm A TTEDADY INIVEDSITY OF ROOPKEE: JOS S R
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~gotion noy involvo difforomt ovonto:
(1) poGuction of forvord ourront to soro in omo valwo
(24)tho doloy of ronpplicotion of foruard voltose to thio
volwe T4l 4T hao rogained its forcoaxd blocking
ecapability ‘
{214) build up of fopuara aaxzanﬁ'in cocond volvo. In
cape of lov £roguoncy oporatios tho ecircuit conse
tants gemorolly dotoroime the $ino intorvel poquired for
coaploto eoautntion. Por hichor £rogucacy invortoro,
caasrocteriotico of 30R oro roguired for eﬂapleec GO L
totion proeoss. Tho difforonco in favertors ic noinly
dua S0 the poarticular toshnique vhich fo usod fo rodueo
the curront to corpo in o co.duoting valve and Qeloy tho
ranppliecation aé forwvard voltoge o thio volve until 4¢
bao »c oined 490 Loreard dlocking copobility. ZInvortor
cizrcuito el Lo oolf ozmedifod, chors tho elirenit 10 001l
opeilintosy or coporotoly ozeitod chore o oignad 00eiilos
Sor 10 wood oo o drivor for tho povor invertce. Solf
gxeltod typo invortor Uill ofCon rogquiro CORC Koparntoly
opplicd Seonoiont $o otoxt. In goparctoly deivonm invortors,
otoriing tramsiont ©ill oceur, doponding apsn tho position
in tho driving ooeillotor ¢yole vhom dece powwor 10 opplicd
¢o tho fnvertor. Soparafoly oncitod invertor cust LO
dosigad ta aceormolato tho otortiag tvonoiont carpronto
vhich nigy £lov 4due to induactivoe locdo cnf Sronocforn OO0
ticiag curreonts Invortors 20n B2 clocoifiod on:
1. 0.Ce Zino voltoso conrmutotod Invortor
2. Pornllol eopoeitor commatated Imvortor
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5. Borios copoeitor comwutated Invorter
4. Inpuloe sormutatod Invortor.

1. 0.0, 1line voltoge cormatoted Invorsor Ma.(3.2):

Zo0 chorge o given sootificr o an invorter,
tuo of the most basie modifieantions thot ore roguirod
{1) thc tuo torminal roftifying clomonts nuot bo roplaecold
uith thyristoro, |
{11) o rolaibzle mesns of cormutotion maust be incorporatod
- into the eirouit,. The lino voltano esoutated dnvertor
i pothing but phnse controllod roctifior. Uhon firing
angic & 10 103s t:on 90°, tho roetifior will givo pooi-
tivo woltage vith reforanso Go govo asic. Uhon g fo 90°,
the output volitone will Bo gore and far ¢ groator thon
¢0?, tho oufpat valtoge 1o nogotive, oo the roctifier will
“delivor pogativo povor or it will oot as invartor. The

avernge ousput voltage 4o pivon go @

1 ,aea |
Ty = = fs B)p,o 4B Tt.d(ut)

Bl"'ngm o
=i - [=eon ot}
] _ (44
a%m'ﬂ
-1 - o0 Qs
3

©

Do, output voltage vill follov o eosinn curve, with soro

11
ot @ o —;— « Dor nozimen phaso control anple of rotord

for tnvortcr oporation, tho cagle $ pust bo ot locaot
groat cnoush to producso conploto eo——utation (P=180-g).
fac tinc dntorval of nogative voltoge ob S.G.Bc. puo$ Lo

-
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5 Principle of Parallel e
inverter, Fis.3.4 Parallel capacitor-
computated inverter.
La
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. Fig. 3.6 Equivalent circuit
5 Bquivalent circuit of PFig.3.4
with a large d-e¢ reactor. of Fig.3.4 during

each half-cycle.

| equal,

- e — — —

i Areas showvm fo
T =(7/6) must be

so that EL = Ed

Pig. 3.7 Viaveforms of Fig.3.4
neglecting load
inductance and assuming
a large d~c reactor.
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oufficiont to ceconplioh tho primeipal ovents of coomae
totion, othorvico tho eirpulit will oporoto oo Teetifior,
eirculnting ozecccive currente DOtz 4n 0sCs hd GeCe

- eigoudto. BDuo $o the roactanec precent in tho eireudd,
the Lfiring onrle will e corc delgyod, oo intorvol for
nopativo veltago on thyriotor 30 rodeced chich ooy Goune
£oslure of oozousotion.

2. Poroldcl copacitor conmutated Imvorioro:

Goriagating Princinlo: In thio the coombtoting 45 domo
by ecopoelitor connoctod in parallol with load.

Conoidor tho Pige{3.3) rhen S.C.R. 1o gotod on, tho
capzeitor will bo chorged czpsoonticlly with polority
ohotne [ow, 42 5.U. 40 cloood, copacitor will Do eonnoe-

tod aeroos S.C.Re 4o o dircotion to provide & nogntive
anode~cathodo voltoso divorsing the locd curront throurh
tho cnpoelitor taraing oEf (ho S.0.R. Sise of tho copocicor
doponfo apon the coount of iood ecurront and tino intorwval
roquirod to pat tho S.C.R. 0ff.

Jin~loc phnsc Iavortors The oircuit 10 chova in Pig.(5.4).
1%t io ﬁimilar t> the abovo edrcuid vlth cooontating
thyrdotor {inotond of S.U.} ond d.o, rocotors SN0 eocate
tion tahoo ploco vhon aont 8.C.R. 10 gotod on. W0 dec.
pacetor 14ngto tho farush of curpont floving 4o ¢apaeitor.
2o D.Cs source cltornatoly oupplics Be.Ce to $he $T3 holvoo
of tho {rcmoforcor prinoany produeing OseLe O0F ODposito
polarity, vhich 1o oguivalont Go o oguore wave alSornoting
ourront in o sinplo picory winding onld theo e teanpfor-
0oe or ooeondory OV LD On O«Ce $0 tho lotf. 520 Gopo=
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~gitor cnn bo ploced om the oocondory cide giving o
ginplifiod oquivolont circult co cahoum in Pig.{3.5).

4 net eonacitic roastonco 1o gonogally roguized Cor
oatiofeetory ommtimg Fho oguorpo vavoe surroné Courco
Sagut' ¢on bo oolvod into Pourdor conpononts onad voald
Civo oetive and ronetive coopenonts of eurreat corgosponie
iag °0 the oguivolont pornile) lood.

Cipenit fnolvolos A dotoilod onalysis of Pige(3.5) eoa
bo dono by colving difforontiol cguotions vith $ho QODUD-
ption that lond inductuonco ond 2ipnlo ia d.c. curront
is nogiigidio.

| 1 e dD
S0, tho oquntionn till give:

LA © e-?/?.,s: -2 e-t/*s)

0g, © == — T = = {1)

1 #6’9/2?-“( 1= é”?'/z’)

kY

] Ve | (2)
ey /2%y |

I 1€ 'q;.-»(lne' |

-~

r4 1ee V2 _ gy ot/e (5)
i o . — - o™ . b 3
L 4%

] 1#&\-’2‘34!;‘('_1 bé’g’%)

D 1V V5 (o)
11 T3 e & “2:/29 4.{? - '.nlzg R

n ) QNS -‘-;-( 1 T Er)

vhore € o 4RC.
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Sho offoet of ehango of lood woltoso cnd leod rooiotonoo
or co--utating copooitcneo com Ualotorained, oo obksua
in Pig.{3.6). It chous thnt cavechanps and poak ookl
tufo of lond woltose ahnngos oppeceicbly vith e¢honge of
porcootors,  Sho cognitudo of thoe load voltngo vant
incrasoe 0o Q.0.Ce 40 inmorooocd in ordor to oointoin
tho orons equnl.
$he timo intorval in vhich tho ansdo-eatholc veltuge 1o
nogotive icoodintely oftor conduction of o glvon 8.C.R.
i important for comwutation. Uhon tho imductnonee 1o
nogligidle the nogotive anodoegothodo woltogo intorvol
1o onsentislly the comploto cozmutoting poriod, vhich
ouot o pufficiont o 0llow tho B.C.i. to rogedim 1tc
forunrd blocking copobility, Ao choun in PAge(3.7),
this timo insorval ineronoon vith inercasias loold rosio-
toneo or aajmaﬁuﬁing capoeltoneos Joy for o Glvonm loni,
the eapaeitance puot bo sufficicnt o provide tho Rooo-
osory comminting tino,

She esomutating tine eon Lo enlenlotod for O
conptont &yc. ourront onrd paro poniotivo load by cguating
cquation (1) ogunl to soro oo:
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It ooa bo choun thot cormtating angle io apyroziontoly
aqual te potyr factor cacle of tho eireuit. Uhon tho
lood inductanco 40 prosent, tho canlysic bocomoo gadto
conplicated. Chon ioductaneco 1o quite lorge, the output
vavoforn 1o noarly oiunooidal for cany prostieal caooo,
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Por covo gonovoliced otady of offost of chowo of diffope

cat porcnoforn oz (ho porfoeronned of inuoricr eca o dond

by cimalotios tho oieenit 9z cnnlosue conputors %S00

2023300 com Bo cuonpliood 0os

(L) TDor puro roointive load, co—-utoting canlo ineronton
vith dinercnoo of pesiotonec ond poall coplitado of
S locd woltoge 10 0lss inopcancd, 03 roondoing in
grontes voltage on the  0CR°. |

(11) Goc—utoting oaglo imercooon Uith 4noroaso of epmmue
Sotinn eopaoitor witay oll otheor clirelidt parc—otor
bolng eoenoscnts, '
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{124) Choa inductivo lord 10 odfod vith other porn:etoro
gonotont, comoutoting cardo 1o roduecod ond locs
voltoso enn boeosno quito oseillatory.

(iv) Thon By io roduccd, tho 1608 wltape bBoeonoo

gquidco oocilintory for Dich rooiotive locds oal thio cay

couso tho hich ponk voltosos on controlled roctifioro.

1. Inigicl charge on tho ¢apacitor 10 noCOOOOTY.

2. Beoidunl £luz in tho coro nay cauoe ontarntion

| of the tromnformer, lovor fzun &eaa1azea are

uoed cad alr-gop noy bo yaaviéeas_
S+ Iovortor ohould de Saced off by diccomnocting tho
. potor posthor throa turninn off tho gotos
¥n opdonr €0 inprove porforoanco with indace

tivo doodn cddithonnld foodbaek potho aro provided fLor Lood--
boek of induotivo onorgy into ¢Lo oupplye.

\

3. Soricn Copacitor Coomutatod Invortces Pig.{3.8):

Coporolly 4t inovolvon o CoTion I=0 2000
nont cireuit to provido cooTutntion. Dooonant frogqueney
of Cho ciseuit dotorminos the duration of tho doapod oinve
c2ida} palos of ecurpoat throupgh the controllod roetifying
olonont in oordco with tho rogonont clrcuit cnd tho lood.
Scrdcg invortor emx producc cinucoidnl output if lood %o
Zircds Chon lo2d eurront io dnoronood, the woltogo on tho
eopledtor inorensod. %o roduer thic probdlen foodbdack diodoo
ca bo uood vhieh vill tmeronse V eporoting locd ooy
clco. Cac—ugotieon 40 2ot 00 Oovors problon 08 in parcllol
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capacitor iavortor, ¢o powor cuitehing 40 not noodold.
Vhon §CR, 10 gotod on, vAth BCR, off, O cordon rosenont
oirouit i0 comnoeted U0 G.c. Oupily. I£ tho rooiotonco
in ¢ho lond 1o morp, tho copocitor woltago bo aqﬂ agsor
£ivot holf oyelo of oceillation ond thon condustion otopo,
0o curront &ropn Dolew tho SOR holding curront. On pocoad
holf oyele, vhon 9C3, 1o oloood, ogadn it 10 orloo rooow
nons eirouit, vith véltaae 22@ 02 copAGATor 08 JouTeQ..
Pho ourreat 16 ognin nanxnnsoidal puloo ond copoeitor
ohagen to nogotive 20, Agpin, vhon SO0, 40 gatod on,
tho eopoeitor voltnsgo will bo »amﬁ rathor thaa cors. At
the cnd of tho thipd bnlf eyoelc conaoitor voltase L0 pPOOL~
$4v0 4D,, Ooouning neglipibic looooo, Thls voltogo whld
go on inorapodng, but oo tho poocicttnec io proocnt in tho
procticod oireulito, oo 4¢ oil) Do linited Oy oirends
'gaxumeﬁafag S0 DeCe VOliogo nerosno thy 2004 0 noy o
dotorninsd by occleudating tho Lrootion of ¢Lo Lundonontal
and. onch howroonic in tho apnlicd aquaro wovo thot Gappocro
aomoo0 Re  $ho 02Loctivo value of fundonostol 0oansnont
of tho voltogo qeroso R ean bo givon bys
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ot thio pcconsnos ot carrant Wovo ohopo 10 0leo oinﬁoaﬂ-
acl. |

%o proetico ¢ho oircuit givon 4n Pig.(35.0) ean
ot bo uoed cacgenofully ovor o wido rongo of lood. Por |
thio, comc codifiention 4o ohoun in Pig.{3.,9)s Sho ronO~
tor oo beon oplit fato two pordo, thoe oontro ﬁag going
to 1008 ca3l outor tormimalo are comnootod to OOR®, cas
capplys. 5Ro condcnoor 4o nloe dividod ingo tto parto.
£a0 importont odvantons of thio cirxenit Ao thot omo OCR
oy Bo Surasd on boforo Sho curgont in tho othoxr 002
oacidlotco o coroe Vhon €2 SCU A0 Gurnod 0By & vaiﬁaaa
1o fadacod 1n tho conplod vinding of tho »onotor, which
aovaaano'thc voltaso on e othor OO0, couning 4¢ to otop
conduction, 3J0, oporotisg £roQuoncy con bo penohng
hdzhor Chon roconnnt froguoney of coriocn Helmd cirvonlt,
o pook waldoso aﬁ;aach 8011 L0 slczo incronneds Sho olvine
So50 of tro eopoeitore io that onm coch hnlf eyeloy ono
holf of the lood currcnt 40 obtoinod £rom deo. ooureo
ond ono holf io ohtnznnqAby £ron oopoeitor, XI£ c:pﬁgm@
ond nzna@asl ond E& end B aro oquoal oo proviouo oirculs,
00 ovoragd oureout for coch holf oyoclo will do holf, oo
roduotion in d.¢. courco ripplo curront. Tho larne Bogntivo
voltago on the SOR 40 obtodned by ootion of tho ccasro
toppod roootse, vihich givoo ioprovod au:nuﬁgt:on.

Gs Inpaloo Goo-unlnted Invodtoro:

Ao Anpulno 4o uwood to hriofly rovoroo tho
voli0sG0 on tho eonfueling Chyriotor,cllowins 4% to turn of0,.



¥ho mocpdtudo of tho guloé ount bo sufficiont o ocntin=
uich tho earront in the SCH and dusatioan ohould bo
lons cnouh ¢o provido tho hcceocaag turn off tino.
Gonorolly paloo is forcod by ncons of an oseillatory Im(
circeuis, in vhieh notural poriod 1o dircetly relatod to
tho turn of£ tico of tho controllod roctifior and chore
cetoriotic Linpefoncc of tho notuork 1o zolotod to 4.0
saprly voltone ond oorinus valuo of lood cureont vihlch
oust de concutntofl. X¢ tho porsod of $he C.0. outpat
of the invortor ig long eonpaved vith the turn off tino
of thr eenteillod reotifiors, tho oigo of tho com—utnting
goopononto 10 polatively omoll.

Tho inpulopo onn Do gororotod oither £rom som0
curilisyy com-utoting elircult or 1% noy bo goparentod by
turaing on tho S5CH that ic complonontry to tho controlled
zoetifior Doiny turnod off, Tho Leodbool dloedos gomorally
used in the iopulao cor—itonted favorter conteibuto o
tho goed rogulotion cnd ©bility 2 handle wide voriation
of lond poomitedo, povor footsr ond féagﬂnngyﬂ Thoy bave
ounll) olco with hich offiefoney. WThe veltngo control
con 0olod bo Gone by nidnsr chonpol.

In thioc contro Onpped dece 30 unod, the noin
86n° aro potod sa to conduet the gurront o tho lood during
altornnto balf eyolos of 90 Dete outpuate Uhon tho locd
ic rcootivo tho diodon Dy ond D, conduet dueing port of
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anou hnlf gyele ¢ zotarm povowr Lron tho lond to G.C.
capolys Cecomutation of Cho onin conlimallod pootifioes
o ceoonplinhed by conus of tho cuniliney eontrollod
rootifiors 0CR,{A) ocnd S00,{4) 4n conjunoctiom uith tho
copzoltor € and the ipduectonce L, chich generato thoe
iapaloc.e Tho eircuit oan be opoerated upto o rongo of
Lroguoenty, with porioed 10 tinos lonnor thoan tho turn off
tipe of thysistors. |

Onoeations Iat 0CR, 4o conduciimg curront to tho
lood fron up?er»naxf oapply . copaeitor € 10
chargod vith Y point pooitive vith roopect
to X. o coocutote SOR,,500;(A) Lo fired. %ho

tisehorgo carront palso throush scaiga) s © ond E buildo

up to oxecood the lond cusront Iﬁ. 03 eurront throush ssnl

1o no®o. Zho czneooo sureoat Lflovo throuph diaao gi‘

Aftor rooching a pool, eacutatiag eugront 4, otarto So

doony ood ¢ Ao obhnppoed vith rovoroed polaritye During

the $ioo, By ic condueting, forcapd drop of By cppooEo

a3 ABVOrso valtoso QerRa0s 8931 ond tnrac 1t off,.

Uhon 4, 40 sore, waich ecouxs at © Vi
ingorval, Sanz do firpcd. Toruafd voltopzo 10 opplicd on
90} . 4 poeond ocmd ouch oooller paloo of current &,
will flov £ron d.¢. supply theough BOR,(A)s O Iy, and
Scﬁz t0 ko up tho loosos Incureed during tho Lirot puleo
agd eonplote tho ehnrpoe of eopaeitor to initicl cognitudo,
bat vith oppooiso polarity. Aftor cocond gnloc_saﬂl{ﬁ}
gtop conducting. ULow, rhon scaata) 1o L£izoé ot tho cond
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of ecsadwoting holf oycle of S0, , ecpoedtor 40 rondy to
eazmutoto, Uith indestive lond B, vill condust boforo
S0H, 10 f£irald, vaon cor—mtoling curront i¢: f£oilo bolow
lcad euwpront IL. Znopay otorpcd in tho comautating induse
toneo L)’ ot thio. tinc will oouco tho eapacitor ¢ $o emga
te o Eighor volsope, £o 1t till produco larpo cancatating
carront paloe, Shuo thoe elreuit hos tho adveatage thot
conmntating paloe vorico vith the lond sutonaticolly. If
eomiing olesents bove higher Q, foctor, commtoting
looooo ©ill B5 ooodl and invertor officioney nigh. Tho
cormatoting paloe 1o minimun ot no lood, no loosoo Uill bo
loos. %ho lond voltoge io o gpuore vave undor oll condie
tionn of loadinge. It 1o ngouzed thad rain con®rollod
reetitior 3%:&2 io gatod omoetly u VI secondo aftos
cuniliary 5S¢ (4) io goted, oml S0y is goted © VL0
poconds aftor SS&Q{A) ic goted.

The $tico o ovollable for rocovery of noin thy-
pigtor 40 tho $inv during vihieh tho foodbask rootifior
gozricn the omgose commatoting pulodg. Optinus cor=utotins
paloc 4o thot mam achioves tho »oquirod tuepn off tino |
vith tho looot capunt of onorgy 4 cn”c, vhowe L, 45 tho
voltage oorons tho condonscor. She optinum ocours whcn
I,:i = 1.5 XI‘,, Thore xn ic poak commmioting. e eapacitor
veltoge and tho eomrmiating currca$ pulos can build upto
tholse mmm voluweo ovon undor no load sonditionn, einply
by cdvoancing the guting of malpn thyrictor. Tho tino delay
'sl botuoon the goting of the cuzdilcrey confrollcd rocti-
ficro cnd the nain thyrictors 1o reduccd to lons thon
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o VB¢ . Tho optimes puloo conditon io ochiovod by

ty = 04767 = VEZ or 244 V%2 ocesnds.

Uhon tho load hoo idnding powvor Lootox, conzutation 10
gintilor o no lond esndition. ’

It 1o oinilor $o parnllol invortoro excopt £ocde
back dledou. Dl povoe oupply Dquires o contpor top or
o noutrol point ootablishod by o pale of lorgo enpacitorc.
Thio ic usoful whoa spall caount of G.0. powor 10 roquirod
ne feecdback roetificors nre copnocted to topo on tho
prinary vinding of tho output transforsor, vother thon
to the ondo of tho windingo in oxdor to onoblc tho foode
boelr of anﬂﬁgy otorod cad othopvioo drapped in inductiol
L juot oftor eycomtation. Sho variotion of povor Loetor
of lond and output voltsge ie looo oo conparad o porallol
invortor.

Optious volueo of L, cad C of the obove oireult
orey

ﬁe‘xema . ﬁe‘ Qﬂ
o . ,i!,a

C o

ThOro Icnn o paginun value of lond curront at coomutotion
te o pinfoun torn off tino for thka 8CR,






CAALRLE _IV.

_(19)

BIVISLY AR X0 CONRN0% SeUTins

Peineiplo: In tho Pig.{4.1) o oiaglo-phcoo orpoasgo-
coat Ao chowne. DPog ¢oomatotion, copocitor €
hon bocn eoznoetod in parallel with ¢ho lood.
<ho thyrlotors aro f£ixed eyelioolly in tho

diapomnl podeo. Suppose thot ot the oad of o particu-

loy balf eyele thyriotoro Eri ond sz ora eaniuceting,
tho capneiter © 4o chorged oo S$E2% Lto loft hond ploto

&0 povitiva, ey Gnd 993 orc pow Lircd, tho witase on

S 30 opsiic? in rovoroa o Qﬁl cad EE@» zixe ¢urront

flovdng i tho innwt 3nﬁaaﬁ02'b s OCoothor ofth o o

carront Sinefng in tho 8Epxs fxicafion ilend, dicehoeseo

C ol chanrgon 4% opin 49 o oppInito dirosbion. _Qayeic»

taro O, ond %r, OFO thup tMEmO& OfY provided that Lho

dicolnrpgo ¢ico of € 1o ot looot cquol $o thoir fLorvard

»OCOVORYy t1l00, Co tho outpat tnvoforn io ggenre in chapd.

2ho absvo invortor io ocaited only fLor rooiotivo
lo0do, E#t 1£ the load 1o Anduetivo, tho ronetivo cncrpy
eouncs the load wltore ¢ rice goloative o tho dec.
inpat veltano anl oo pay ecuso fodlurc to canmuloto
oving ¢o tho hich foruopd voltnmos chich Oppoos QEEoas
tho thyriotoro. %o avold thdo, 1% 40 uounl to provido
on odditloncd oot of diedoo oo ohown im PAgs(41.2)choroby
roantivo onorpy io pofurped to Oho (l.0e Oapply ot tho
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— 281 _ with Diodes for
] reactive current
ﬁ; feeddback.
X
22"
-+ ant -
CRERE:
PMg.4.3 Three-phase
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boginainr of coch holf eyolo and tho veltoge So chieh
the thyrigtors oo cabjocted arc limitod to 1ittlo more
thon capply volingc.

Yo ot throo phinoo oatput scinmiloe unitoc ago
eonaoetad €0 Lavn o theot phooso bridgo cad $hrco eopacie
tors oro providod to coroutation of cneh phnoo, tuch an
oerongeoont 20 cheom $n Pig.(4+.3)e  Tho thyriotoro ore
girod cecording 6 O pattorn in chich thoro aro oix
firing pulooo por oyolo, ovoch thriotor condusto, uvith
o yroniotivo load, for tvo oixth of tho eycle. The
confuetion 30 ohiftod fron ono thyriotor %o Sk nout
Ain tho upsor ond lowop ¥OTD, cltoFantolye Dop 0 wonine
tivo lonad, lot Qﬁi ond 926 are eonduoting, co tho
osupaly woltoce will appoar ot X2 ond vill Do Qividesd ia
XY ond Y2 toemimnlo. If now T23 ic firod, voltogo ¢n €
ic appliod im woveroo ocrons Iy ond oo i% U1ll bo Surnod
offe ?23 ond ?rb ars now conduoting cnd ousput voltosoo
are nodifiod. $So ontput voveforn will bo ofoppod, chish
contaln all od4d knrmoaiém dneept thivd cad it0 cultipleo,
glving £1fth hormonic 20 por eont, coventh howmonie 14
por eont oloventh baeroanie 9 psrecad ote, Uith fundenone
ol 95 por coat of tofnl. |

41 Zoodmy of Invomfox for Lotor Contmol:

Yoz ool loodo, tho abovo invartor
deoepidad 4o ocultubdlo for 0 rangoe of froquoncy. DBut Af
indnotion rcotow 1ozl 4o eonncetzd, to vory tho opood
over o vido ronnos thope oro folloving diondvontonen:



{1) 1iIo 2400l oporating conditions, tho co~mmiotion volw
$850 cadeh oppony ceposo tho cozmdongors 10 jJuot holf Cho
oRppLY voltesno, nad only bnolf tho totol copocitor io
offcotivo,
(41) 4t stemBetill oof of vory low opocdo noter noy woquiro
tac £all lond or ovon highor éurwwn&, thile the wliage
roquirod in quito lou., fo commtoting ohnrpo on copecie
torc is proportionsl to tho load current, 0o nt low vol-
togopy greotent chorgo 10 noeded, vaom voliopo on oophe
citors in lovoot. | _
(111) Uhen tho motor is runndng, tho Oemefe GoROPOGOR
vithin tho motor 4icloris the invorter output wovoforn
in ocuch n uny that voltage on the copacitoro ot tho ince
tanto of eom—utation ic losuwy ovon thon vould Bb crpoeted.
IR2 eoffoet af theac Lastoro ic o sako the totol
eopacisonco ponuired inpraetiondly large. So, tho comie
tating graoten rogquired chould Lo £reg £ron oll tho obovo
dofeotos Doz thio renson two ndditional thyricotoro aro
roquirod Pig.{4.4). ey 1o fired at cach deoircd eencue
Soting inotant, Re.e. do0n times por cycle. I condonosr €
io initiolly chorgod with $£€8 uppor ploto nogntivo, whon
Trg 16 fired, the voltnge ot tho input o the bridge io
rovorced for o driof poriod. C ic zmou charged pooitively
foeon tho ooln supply ond dac So olored onorgy in b, ond L,
nequirco o voltoro gonovhat highor than the oupply, co
producing o POVOESO VOlios0 on Tra cnd turning it off by
poturcl eomatation. 957 i3 firod bolore Tho noxt CoOmme
tation, C now ehorgoo nogatively through tho omoll inductor
as'cc thot after a half oyelo of oescillation its voltagoe
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Pig.4.6 Control System

for the inverter
of Fig.4o4o

l.High~frequency

]
t carrier input
2.Gating circuits

b} 3,.Shift-register

> M 4.Variable-frequency
_l pulse-generator

5, Pulse amplifier

6. Declay circuit
7. Pulse amplifier
8. Bulse amplifier.
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gorchos a lovol vhich approochos Soico the ocasillory oupply
voltage plun voluco of pooitivo voltopo oftor cormutotion.

» do, in thio onpo, tho charpo ovoilable {0 pore
tinlly Qopondont on the main onpply voltogo ond partially
on tuxilicry oupply. Uhon the ooin supply woltaso io low,
ot in, vhon cotor 1o af oCandotill, tho commuioting
chopno 4o ontiroly dopondont upon tho ouxilicry supply,
thieh Dust do odoguato o onouro propor cormutotion of
$ho bigacot motor curront roquired., Dot thon thoe nndn
sunply woltape io hich, tho comautoting chorge agy do
odequntc without tho offect of ouxiliary ocupply, 0o, thO
d.c. commutoting cyston providos cooploto £ioxibdilisy So
acet viriuslly any oparuﬁingvanaﬁition.

Por tho opord oonteol, 0o holfl DorOC=pavor,
thogoo phaoo, 50 cyclon 0.D.Ce Cluentfonsl [46 poter hes
boen aﬁeﬁg antod wltono a% 50 oyodeo &0 110 velto. 4o
bhos boon diceacocd in choptor IXX, (ho denign of favortor
conpanento, vith induetivo locd 40 guisto diffienls. Dut
%0 havoe tho approxzinnto valace of difforent indecfors ond
capacitorp, tho circuit con bo colvod by Dirohhoff’s Lowo.
The inSuctors Ly ood L, upod oro of obout 10 pil. valuo.
The cosmutating eopoeitor ic Bpls So tico of holf eyele
of thio I~c oiroult 856 u | L0, wialeh 1o approxicatoly

30 p oec. It oo found Shot 12 6400 of Ly 02l L, $0
inerocood, ecocmatotion £olled ot about one capsro lood.s
Por L, ond L, injuctoro, two outotrouoforacrs mvo boon
uwolds If tho voduo of El ond &2 1o inorcoscf, tho wovo-
chapo of ¢ho invortor oulnut io Giotortod, oo tho Ime
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Qut-put voltage of 3-p Inverter,at 12
with resistive load (XY, YZ phases).
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Out-put voltage of 3-— Inverter
at 16 ¢/s with resistive load
(XY, YZ phases).
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ecapononlo ALY 039 05 600i31ntoro, ool o9 tho Btops of
outpat witnso wawo Larod wAAY contodn chorging ond dice
ebARCAn WOveLormo, ounordapscols I¢ oo Lound hind
canll valuon of Anfduoetsro 31 anfl By ¢nvo qaito cotice
footagy rooultos %ho valuo of &1 oad &a 2068 40 OpProfie
natoly ian tho rongo of o fow hundrod nillihonrion. If
$ho eondenoors oo put $n poarclldod with industion rotow
lond, ths porforconoo 04 000DALALY Soproves L.06 tho
consutotion dnprovoo with braling eepadility. Tho oonis
diary volinse uwood for ocmantotion wosn 100 woltos If 4%
io Qecrancod, tho load eorzying coposity of favordor
roduoen, IO chowd $hat ouziliory voltoso cad eoonatoting
asndonsord Qro Aoporiont porcoosers Lox aaﬁiuéﬁoﬁany PO
forannoce. Cho Lo003baek weoiotaness obiould bo of low
 vnluco, othoowwioo dhore will bo vwolgngo o tho d%0@0s

o whdeD 0oy conco €olduro dn ontiofsotsyy oonutotione S0

goobon pODACOLNa00 of AD oo , § wotln poting hovo booa

#RC8s

4424 [Cagor iedve Aazorsoz Bosdam ||
Voa Goodrming tho iavor$or, tho Aigforont

patings of tho 800° chould Uo earod of, Tho ototle Lnvore

tor ogudp=ont ©oy havo continuous ond o chort 04ro ovor
1o0d ratinss Dor & opplication tho cbovo patin o with

)

go=Tuatntablo dend coporo roCing chould aloo Do esnpidoged,

10 contintoun ond roncaltey rodtinnn dopcad upon
tho interanl diocoipation of tho invorfogs. Thoy dotorning
x> piping of hoot oinlyy cobloo, brodhkess ote. If tho
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e mtating potling 40 hicy, Sho ovorlocldo com 00 toloroe
tad, 4 tho ovorlecd $irc 1o roduecd. S0 Go==utotion
roting doporfo upon Lo 0iod of cnorgy otornsd clomonto, -
pindaas dete Dus wOItoa0 o3 furn off 9ino roandromnto
of conC,

Dfo. Charleo Ds Book ond LAger D.Ghonflor hoo
fdlocucocd tho provciurg Lor oaloulating tho goooutation
FOTANG0, 40, Shodr ponore Who concvboting copaeity ohouid
De ouf€fioiont o comtote tho meol Poooiblo conbinntion
of poth curront, loond Gromsionto, Srnaoionto agesnnonying
£roquoney chonse, oporotion out of oyneliranion; (e0s 0L8=
goto, during cotor otowting, low Gece bBuo voltoro ond
cotor nomfooturing toloroneen,

Duo to poak circuloting ewrronts, tho es-—utation
bvardon ineroncon. [/ Gnorlos and Chomdlor hoge givon
“he hormonie footors $o enlealato Sho nominyn ceo-utotablo
eupront, walch hont ¢ho motor 40t £ull lond oino cavo in
anpoEose 1ﬁ§.é-1) ¢+ oetonl runaing lood An 0ino Tavo,
COPOROTe

sao thyriotors uccd apoe 100660, with avorono
curpant rotlng of 10 Coperon, 0o, for tho precont locd,
thoro 40 hich Loctor of onfoty. Dvon thon, eosoling £4ino
hova Boon wood with I capopor rating gloog £u000, (5 pEo~-
Toet R0 Shyriotosn £rom oneooolivo hoot c2d carront, vhich
any filow in eono of Lodiuro of es——atstion.



Out-put voltage of 3f§ Inverter at 50 o/s
with resistivo loas (Xy

y YZ phases),

Out-put voltage of 3«9 Inverter

at 80 c¢/s with resistive load
(XY, YZ phases),
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['474(4e5) chowo tho poattorn of Lirinn
paloos roguirced by tho voricus thyriotora., Ao tho lozd
40 &nduetivo, oad ¢ho lood earecent Shorpoforo £ioU COn0-
ticoo in ko Shyriotoro end oonotinso fn diclon, 4¢ 4o
noeaoaary £or thypiotoro 4o DPAGpo, U0 To cappidcd with
ocntoadod gote cirpolc gother thon obort palcco, ond 00
Sho goto cirendtc of $ho thiroo armo of tho Y2dldro ovo
not ot 0 £incd potontinl, £000 forn of Coa.rolk CArouds
fant pornito continnous 4ircoot curront o0 To cuiteohcd
cnd ot ¢thoe oows ¢imo pmﬁvi@oa o roquired icolotion cunt
0O uocde Dor thio purpooo, high froguornoy ooorior 4o
nodtohad, on thn lapat pide of on isolating tecnoloroor,
vith tho ontendod goto oicnnl, by an *AUDY ato 4a cogh
thyziotor. %Yho ocutput af %o in fod to caplifior ond
troaofornor.  Tho outpud of tho tramsforcor 40 rootifiod
to cot tho fcolated oignole Tho photogropho chew tho
olcanlo o b2 fod S0 *AID' goto ond output of fAID?
Cato aloos |

sho controld picnalo for (ho thyriotoro arc
obtldood oo o counding eliroult cvdh 00 o 0LLLES Posiotor,
4n o cennor ohovn An PAe(447)e Sho ohifC pogiotor eone
pricos oin Dimary otogeo enanootod Lo o £iag 4o oush o
37 ot o pattorn oneo cof up 4o R0 elro.fd io ohigsod
oo otnge Touad tho rins oa tho roeoipt of o oldft paloo,
provicion 1o rondo Andticlly Go cot un o pattom civing
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outpato £romtoo adjccont 0degos, and ohife puloos cwed
provided by o puloo gonopntos Thich ronc of oiz tinos
tho Qooipcl invortor froguonsy. Sho patbtorn of sulpato
£ron tho oseillator io thus ohiftod cecording to Lho
ronuirod fizing coguonco. Pipins puloce for cormutnting
thyrictor <y oro dczivﬁﬂ‘ﬂieﬁcﬁxy‘ac tho eerroot foo-
quoncey f£rom tho puloo goaocrotor, ond thooo for ompocifor
chnging thyziotors, 9:7‘£rua tho saro oourco dbat vio o
cshort dclny Pig«{4+:6)s 82, tho corroet coguonco of pul-
ooo 1o providoed, vAth porfoet rogularity, umdor tho
contrel of o oiagle puloo genorntor, vhich can be f£iirly
controllod.

4.841s Dooim of Contreol Circultn:
Shift Remdotor Pin.{d8.7)1 It ioc caoondo coansotion

of ainaiiea, in vailch two inputo ore £od to cooh bincry.
Tho bioarieo erc connocted to oach other with dolay

eircuito. %be ohift pulooo arc 0ed by tho pulos GoDOPOe
tor, vhich is controllins the.ocutput Lrequonoy of invor-
tor. 00 dolgy ccotions hovoe a dodoy much omallor ﬁhdn
the tioe iatorval botuoom puioos ond opo roquirnd to
onours thot on individunl binory obhall not poeccivo o
triggoring oignnl oirmltoncously €ren tho chift 1imo and
£ron o proeoding f1ip £flope Tho ahxfﬁ pulnec olwayo 4rivo
tho binarioo to ototo gore, Zho coupling botwocn the
binorics 4o ouch thot o cucecoding £1lip £flop vill roopond
only 12 tho procodins binnry rpea £rom otote 3 U otnte O.
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Tho paloo ovzich rooultc from ¢ io tronsitien will drivo
tho ouecocding £14p flop to stato 1. |

Por tho proocont aoplicotion, olx binarico aro
eonnaetod 4n corice with doloy circulite, TShe laot ogtago
output 1o Lfed to imput of Lirot binory vith doloy circuit.
So the shif¢ rogiotor is econancted in ring. Comootobloe
dinnry 10 uool for doloy purpove., Thoush Re netvork con
be uo0d for doloy but the porformance vpe found not
catisfoctory. Dor otorting, two firot gtages are sot im
1 popition cnd root in O ﬁosi%iag, Vhen o ohift puloo
io applicd, 1t will chengoe 1 % zo¥o. So firot tuo
ptages with root of four b%a&aa will ke in O pouition
in troanpidion otogcs Dut wacn £iret tuo ofosos ehongon
froo 1 $2 O, theoo a&%e negativo puloess vhich put pocond
ond thied otagor to L and oot oftogroeo romain in 20ro.
Jow oeceand ond third oteget aroe in 1 pooition and firod
=ith fourih to vixth obogeo are ot 0. Uhon mozt chift
puloe 1o opplicd, above oporation 1o shifted by ono otoge.
&% the ond of oixnth ohift puloe, the original osct up ino
obtainod. |

Dagirms @3
1. Biotoble Uultivibrotor: She solf binocd dinory heo

boon used, {9 avoid nogativoe povor oupply for diasing.
Aogunz that Q io cut off ond @, iz in ooturction,
Connoctiono batveoa tho baoe of Q, cnd tho collcetor of
Q, oro indicated in F1g.(4.8), tho conncetiono from tho
bage of {y to tho eollcetor of Q; oro in Pige.(4.9). Tho
o teonoiotors usod nro 28075, DaBeDe Zornoniun $ypo.
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8imoe Vi = ( Iy, ¢ Igy) Ry To enleulato ooturction

curronts, tho oguivalont eirecult for Q, 1o glven in
Pig+(4.9)(b). o eolloetor cireuit of @, ic roplacod
by Thovenin®s voltagot

Vcc( Ry ¢ 32) («16)(22 + 10)

2 S 82 e ac 22 + 10 + 4,7 .
P AP {l)
Bo(fy ¢ Bp)
and Lt Thevopin?c rocistonco =
, Ri,* Bz.* E@

Similorly, the Thovopin’s cquivalent of booe oircuit of
d, 10 odtoincd fron Pig. (4.9) 20 & voltoges

- oY N = “'_ 4335 ?o

%¢%¢%' 36,7
| R &3
ﬂz(ﬁxﬁﬂe’ (20)(26.7)
R o 32 Bﬁ 550?

‘ ‘ o ’
= 7.28 T - a)

ia cortes with o rosictopco o

Heneo tho cquivalent circuit of Qz ic oo chovn in Pig.
(4¢9)e Sinoc o germoniun tronoiotor 1o unfor conoidorw
'ntzan, U0 QOCUN, vBE{naﬁ)gs = 0e3 V nnd VbE(Qngﬁuno.l Ve
2ho Rirchheff®0 voltosgo cquations oros

0455 = O3 @‘xgz (?.3@ + a&?) L2 Zcz(.é?) = Q

ond 13495 = 0.3 ¢ Ipa(edT) + Igo( 4ol + 447) = 0.



. | . Loa 14.3 oo
jonec D — g —
?o{oin) ekt

Tho voltopnes in tﬁa cirehit con be fLound:

vgﬁ o {Iga * Icz’ nﬁ o (*@403 - o342).47
o '-6089 Ve

Vogn ® Vppa ¢* Vgm  © =e3 = 6489 o <7029 Ve

: 2 10
331 *+ B, s2

=z w2245 V.
"am e ’#m - Vg o w2245 ¢ 6-89
o $,645 V.

4 pooitivo volus of Vi, of only ohout Ced V 10 roquie
Pod t0 eut-0lf & p.=p-p VPanoiotor, Heouco Ql 1o GUEtOw
inly off,
From Pige 4.9 |
. Yoo *Fa VppaeBo

em "L L ° —
| ByeBg BgeRy

(=26).22 = ToLY 2 47

&
22 ¢ 4.7 2607

-

© o 1902 w 1020592 « Y045 V.



Out-put current of 3-9 Inverter

at 30 ¢/s with induction motor
load,

Out-put current of B-T Inverter at 50 ¢/s
0

with induction motor ad.
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Outpat oving = Y, © Ygys = Vo

2w G269 ¢ 14246
o T+47T ¥,
A The vory procicoly voluoo of voltoses ond ourpcnts

ore oot zoquairad for L1Ap £lop oipeuitog oo, osounptican

7o rotuoo tho troasition timo, omall eapoeitoro
are introfueod in parallol oith cqupl&ng rooiotoro of
the binorys. Ao thapo eonnsitors oro uood Loxr naling
obrapt tronoitions Dotwoon ototon, thoy oo o o3
cozsatoting or opood up copseitoro. 4 conpronios ioA
undo ia tronoition and cottling timso, for £iring tho
vaduoo of thooe cspacitoros Do 2 F3pP enpoacitor hino
boon coouxmsd,

Oomicun Zroquoney of oporotion Lor vileh comnutoting
condonsor will inmeroado tuo pvAtehing opoodl Lor obavo
£1ip £lop:

10 ¢22 92 z 1022

£ -] g

oz

3

2= 99 = 30022 2553210z 22

= 2487 & 367 ofo.

Dolay Oiroulis: Por dcloy, oonootoble caltividrator
has Doon noede w20 doloy oon Do cdjuoted
by vorying tho valuco of roofotor oald
eapa2itoros $ho blotohloe cirenit Qonignod



above 10 uoofl for pmoncotablo eircuts, tith oinoy ohonnos.
Por coupling »oolotor of £irot troncfiotor ono condonver
io uned, vith reolotor, which ic conmoctoed $o nogotivo
ouppdy point. ©ao dolay Hirn will depond upon Hho proe-
duet of BCs Ior tho prooont cano, tho Sino dolay ucod
io3

. - @t

To0069 8042207 n22z10

o +304 = 10°? = +304 pAllioecond.

frinnoringy eiggesing oional vhich $o uwovally
iployod to iadicate a t#ann&%ian fron ono osotc to thoe
othsr 10 uounlly o pulce of chort durction, vaich io
uood to trigoor edthdr oyerotricolly or unoymmotrienlilys
In unoyrmotericnl trigporing tho trigporing oigaal io
offootivo dn in&mcing o tronoftion in only ono dirodtion,
A second trigcordng o4nnol £ron O COparoto Oourco nuot
e dntrofnccd im o difforont oonnog €0 ochiove tho rovore
oo froncition. Uo, Zor tho ohift roriotor, umoynootrienl
trigporing o uwcodse Oocopd pulco 10 Qorived fron gostsds
peovionootagoe 4An oReClicnt mothod GF Orignerins o
- binary unoynsotticolily on ko loading cdpgo of o puloo fo
to apply tho puloo fzau‘n:bica inpolcneo oource to tho
output of tha poncontuoting dovico.

S0, for tho prosont occhoso, the oQuaro wavo
io fod to the monootoblo cireuit, which givosn sharp pulood,
aﬁiun ara used Lor Srigzordng tho blaasrioo,
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Output oving o VU o V@m - Vom
2 - 5499 + 1446

0 T+47 V,

Lg the vory prooicoly voluoo of voltaszes oad curponto
oo o0t soquadecd £or £i4p £lop odrealing o0, tazunition
ando £02 V ey 620 Yorroag,) 00 volahe

7o peduca R0 Sremsition timo, oonll éapoedtoro
are introfuccd in paralilol vich ocoupling rooiotors of
the biaory. Ao thoeoo ennneitoro dro ugod for robing
obyuapt trcacitions botwcon ototen, thoy oo tmoum 09
cosnatoting or opood wp copaeitoro. 4 conproniios A0
nodo o troncition ond cottling timoo, for firing tho
valuco of thooo eapaciltors, $o o 33pP copoeicor Lino
Boon ooouod,.

Ooxdoun froquoney of oporation for which comnutoting
condonsor will inoroaso tio ouitohins opocod Lor obavo
£iip £iop:

20 ¢ 22 32 z 1002

£ - : 2

naxz o ' ‘
2 %95z 30"8nes22 2299 210z 22

e 2+27 & 307 o/a.

Doloy Oipcuits Por Goloy, ponootoblo cudtivibrator
haoo boca uocd, %0 doloy ean Lo odfaotced
by vorging tho valuoo of roofistyr oal
eapanitoro. Tho blotohlo cirenit donigaed
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F16.9.9 The egquivalent Civcuil coben ins én Soturation,
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Yho baso of Lirod %ranoiaésr of oash binnry 1o £el Ly
o diode cnd 10 K- posiotonso cdleh ore conmoetol to
tho output of monontoblo, ucod 6o pulse goasratsr. Tho
daoipn of monootoble io oimilor to tho dopipgn of biotablo.
Ao tho soeon@ tronciotor Lo Joolod dy Lo Oiz binarioo
through 10 KN repiatonacoo io porollol, tho repistanco
ot tho collootor of cocond tronslotbr 1o Sokon only ’
500 { °, Eoittor blosing 1o donme vith 47 L resiotamco.
?hc tine conptant of pulsos, ot

? = 0,69 x ,002 x 10°% x 51 2 20°

e .07 milll pooondo.
The monotable io triggorod tarough ono condonceor, to
. providoe foolotion ord difforcatiation of sQuUOre wavYss
obtcdned from oguare vovo gonorotor,

o output of binnry otogeo oro cmnlificd baforo
fooddng thion to tho PAUD' goton. Sho caplifioro aro
of oinglo octage., @0 oveid loodins on tho binnrics, tho
booe of cuplifiors 4o fod by 15 K - posictonteo,

Ao tho gopdificry chould givo gquito lorso
sutput, to ooturato GLsCoLy 00 follicetor rociotanco chould
bo low, which 40 tohon a70-1- 8,

Zor high £rogueoaeye vhich 1o upod no eorricr
froquoncy to food the P*AND* gate, cotoblo nulti-vibrotor
io uood.

Denign of Aotablo Nulti=vibrotors
It 1o otoilor to biotablo oirculs, Thoro eopce
siltor coupling 1o uned inctead of rosiotor couplinn, oo
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nodthor Sruonolotor can rontin porcanontly cut-nffs IDho
covofornd 0% tho bosoo ond colloctoro Lo tho oulti. owo
crhow . 4a Pige{4s11l)s Doforo ¢ = 0, 02 L8 in cotuzation,
earpying ourrent X, vhilo O1 1o Dolow cutenff, [loneo,
gor © <0, Vg 10 popssivos vy © « Yes* Y02 ® Voo(oot.)
ead Vs © ?QE(GQQ‘)ﬁ Copneitor Gi ohorgoo Shroash Ri
cad vy, £follio ozponoaticlly touned “Vgspe O € = 0, Dooo
D, manshoo tho catin voltogo Vv ond 01 condueto. A0 QL
coco to saturation, Va1 ricoo by xag to veﬁtcaz.)' oo
indicateds 2ho riog in Vg couwsos on oquol piso of Xl
za.er outs off 02, and 100 colloator £falln Gocoxdo ~vca.
“is £oll in Vg, 40 couplod thzough oapacitor O 3 the
ﬁa&a of 01, conoing tho unlorohosot O in Uy 0od obupt
drop by tho como caount O in vgo,e e wavoforamo ot tho
booe of A1 ond tho collootar of Q2 ehongo oxponontially
vith sho tino coastond ¢ o (aﬂ ® Ehb) gy to tho lovolo
Vg 00l = Voo RO0pootivolye

¥ho wltase ¥pa 10 I.0g ¢ Va‘nﬁ P20 ond
dooronoes oxpoacatiolly with ¢ino eonotont ¢, o 0y Ga
tounrd «Vaye &0 € o 7y 4 Dy vooehoo $ho cutio lovod VV
tod & povorso (Pnaoition tokoo plact. %Tho0 wavefortd in
the firot otoso Guring tho fatorvol ¥y oro tho oozo oo
tho woveforno in tho gocond osogo during $ho dntozval
%, oad oro choun in Pigs 4411y |

oo Sonoddarntlonnt
Tho poriod 2 4o givon by:

Por oynnotricdl oircudt Iy o Oy » O o RER N, ond
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4704 2.y
TO GATE
DIODES - - ---- = '
ES INGG Ry = AT7K | C, = 33bF

R, Q2 _ . - 25875 Ry = 22K

Qy - - -- - --ACI2 Ry = 10K
Q, Q5 , Qe A

_..ACI12 Rq = 4704

Q’?:QZ;QQ} © 4 4

Qdo e AC128 C‘ - O'Ou?. /LLF:

Fic. 4- 3 ’
4210 One Stage Of S/njt -register cwith amfa/z‘cr + §aéc, ana tronsformer
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e 22222130 2 .00 5300 21,58

& o3 millii cocond. |
B, 10 tokxon 1 KL 0, 40 tokom 207 ©, Durtng tho
gouespo of o traanition, the onithor ourrond xB ;.3 % §
vary by A Ipe %o Ioop tho endstor voltego Vi tdoootd
conotant during tho tronoition €10 Eﬂ, amgnaaﬁar.aa %o}
uged to by-poso R.e Valuo of.ﬁg 10 docidod by &

p
B N % ~2"~ K Yy
: .
Fice 4410 chowtz tho ono otoge of nhift rogiodor, ouplifion,

opto ond icoloting tranofornor. $ho o4n otogoo food Shoe
thygiotors fron Try Yo Trge Pn# ﬁﬁ7 and Qggg SO DOXo
amglifiofﬁ oro wiode Try 40 fired with cono doloy oo
panootadble dipory, with soquirod tioo eonatant 40 uood,
uith tho copiifior of ?r7, Zcoloting tranoforuorn Oro
guoﬂ for thovo thyriotors aloo.
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MULTIVIBRATOR

L}

QlorF! QIoN! Q10QFF

Qi OFF] QION ©  QICFF |
Q20N | Q20FF | @2 o ! Q20N | Q20FF| Q2 ON
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(FREE RUNN\NG)
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VOLYAGE
2o}

| PU WAVE-CONVERTOR

or VOLTAGE

Fi.51 TORQUE SuLiP CurVE OF AN INDUcTION MOTOR
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9.1ds Zho comploto wneioblo Lroau
Uith vorging the ouppdy frogquoncy, tho

voltose oppliod cuot qloo bo voried, €9 Roop tho conditw

lono 4n olectrlo ond nogmobio olrouito, norools X2 tho |

£roquoney 1o roioed and woltnge 1o kopt csnnioat, tho
ramotico £40ld will rotato at fantor rato and tho inope
ecaod bacmAeqaqf. will bo producod. I1f tho ousply

voltoro 10 not roisod and wotor doos mot Toguiro any
ineroated book 0.0.f tho oagmotic ficld ill ba Gooro~
coodto such a point ﬁhdﬁ‘a now £iold rofnting 0% 0 pow
opood will gomoroto tho 0oTo DALk 0L 00 tho o0ld

field rototing ot tho old opoeids Thio CeDefe will Do
roorly the sono oo tho opplied valtogo. ilcocalt will bo
doorenos i nognotic £i0ld and oo doerenoo o LOIQUo.

Zhe invorteor uced dooo not onbody ony focdlity for woltoge
control, For wvolsogo control, on catotrousformor 1o

tncdy with 0 reatifior. 00 the varioblo Q4Ce Waltopo 30
£04 t5 tho invertor, vaibh will give varioblo .. voltogo
on cutput oidos Jho othor cothod of voltosy coatrol con
bo, 0 theoo phono 301 roftificr, in whliech witogoe con Do
sontroilaed Dy focdims tho oone oignaol, whdeh 40 woed Lor
invortor oporotion. Dat Sho dpawunol of $oin nothed Ao
that valtoso o froguoney rotio con not bo chaazsed oo
needod for various opilicotions,
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if . tho wotor 1o ptortod ot hich voltose ond
frogqacneyy thoro will be imrusch of curront corrooponiing
to G4roet oa Iino otorting on o mormol cupply. TRO
ptorting torguo will bo poor with otorting currcnt nany
sinos thafull lend curront, thieh io vory unfosirabloe
fron tho point of view of both invertor roting ocnd
commtating oopoeity thos must bo providod. Bo motor
i0 otorted by inercooing froguenoy ond voltoge grodually
fron low initicl valusne For revorsing tho diroetion
of rotation of tho dArxivo, tho diroction of uparatian of
Oh&fﬂ-xéﬁiﬁﬁeﬂ io poworood,

don), yortoblo froquoney nyabons

%ho output uoveforno of the invortor uned, ars

chovn Uith rooiotdvo ool Limfuotion motor londo. Tho oute
phﬁ unvofors for roolotivo load i idoniienl to tio
ota§paﬁ ravoforn chovn in Mg.{ds ). But for inﬁueﬁiou
moter lood, voltoroe woveforn io coaoidorobdle diotortcd

duc to imfuotones of the load, but the harmonic coasont

16 not vory Gifforonts

' The invortor dooignod ona (lve o froquoncy rango
zrné 2 o/p upto 100 ¢/oe At 2 o/p the thyrictoro uill
havo to bo doratod, as only tvo armo of tho imvorter
bridge uill bo eaprying curront for a long period,

&% lov froquoncloo, AL the woltage to £roquoney rotio 1o
inercoocd, high otarsing torquo cam bo oehiovod. At lou
froquonoy, thoro 1o Quito a'pnlsntian'uf torquo, oo lovtoot
£roquency 40 Gueidod by th» pastieniar typo of cpplicabions.
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@3
e, 0uCe Join hac chowm Pir.(5.1) thot torgue

1o roduecq 4n tho oquared ratio of tha fundc-ontol GolpoO=
ncat of idnpat voltogo wave in peus  Soy,thon horooniceo
oro progont,tho machine will oporato oo Af (ho ooplicd
oinucoddal valtago wore roduecd. %ho woltans roduction
gactor being tho fundrrental componcat of wvoltogo wovo
oRapo, docproaced in p.u. For tho Lottor ustilicosion
n¢ tho notor, the fundomontol conponont in tho wvoltage
gave ohopo to thoe cwtor ohowld do hkopt high., I bhoo
boon found thﬂe if Qece vOltogoe to Lroguoncy rotio 1o
ﬁcpﬁ conovent, tho Sorquo roducon with inercono of £roe
guoneyy 62 1¢ aaroos w&tﬁ'tha Pigs Sede

In thofr popor luseno Ae. Glingohien ond Hovord E.
J@ﬂﬂamsnﬁavn found the 1lodoes and porfoermonec of inducw
tioa mata&,Aa@an £cd from nonninuopidol GOUrcC. ﬁhc wavo
Lora, vhiech 410 obtninod fron etatic iavortorc, eon bo
analysod with Pourdor Andlyoio:

w(t) = V2 [ v, oin Ut ¢ V5 oin 50t ¢ Vg oln 70t ¢...

+ V), oin hot } “ww (1)

Por cnqunao tho ringor ooy Lo ooounod ﬁo:ha connactod

to difforont 1ndcpcnﬁant gonoxqtoro, all comnoetod in
coricns ach gonoratoxr roprooonts one of the torm in
cquation (1). Oo ncohino will hove differont oquivolont
circulto for difforont horconico. 2eblo X in Apponiiz
chowo thot nogeoSiodng earrons for non~cinuvolidal oupniy
ic nore Shom for ofnuooidol ocuuplye %The major contrde
bating foolor in podustion of industances 1o duo tp tho
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inoroeaeé lockope flun prodneed by harmonie curront Ath
bichor coturation of portions of cormotic eirouls,
Qingohicn and Jordonm havo givon mothod to
calguloto ¢ho namotining iendueetnaco, ﬂhaaca.motee L0
supalicd froa mon oimucoidnl courco. Tho loosos 4a Sho
rotor OFo incrcagod guo ¢o hormonios, Detor homonic
lo0000 are tho noin lonses which oo Sneronced duo to
dcop bor offoets Tor kﬁh hornontio, the loocon will bos

o5 )2 Fre I QoA ©f oro tho votor
current and gogictonee roopoctivoly, Lor ke hosmonico,
o belns tho nunber of phasod.

NoetiZione=invortor delvo gyotons orc wod in
variod opplicationsy £or contoolliing tho opoocd of Ol
noehines by ehonging tho froquoney of opplicd volvaso.

At lov froguoney oporosion, tho oyoten bossmen wunsioble,
wvhlch io one of tho noin probdleozn in the Gooimm of rootie-
fioreinvortor drivo,

o eonploto ponoroliscd tronpiont oguations
of o oguirrol coge induotion motor ore noae-lincar and
honaodﬁso oxteencly d4ffioult ¢o oolvo onclyticolly.
Bogors koo cmnlyned tho pyston by onoll onelllations
cbout o ntocdy ototo condition. Wao non-linoor difforcons
tiol cquationo have boon liazoricoed cni by Kron'c toonge
fornation, thono oquationos oro convortad into ordinnry
difforcatiol oquntiond. o hao schoum thnt opecd 4diotupe

baneor of on induotion motor nay bo highly donpod dueing
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operation at lov fragﬁifgiﬁ23

ODony ceroro bove pinulated tho oyoten on
onnloguo tonputor by ascuning o linear cormodtic cirouldy
udifora oir gop and idenl nta&or vinling diotribution.
Thomns L. Lipo and Paul €, Ernnae‘%ﬁva uoed tho omnll
Gioploocnont mothod o find tho systen otability by
[gauict otapility oriterion, The koroonicoc in Cho topw
pinnl valto oo oro noglecteod and moohine 40 aanlynod in
tho oynehronously rotating roforonco framos. %Tho influonco
on oyetca otability Gue to channos in vevornl machino
parcaotorss £Altor paronotors ond roetiflor con—utnting
reaetonee hon boon ofudiod, Tho rooudto hovo Doon conpis
rod with thn wooultn obtainod on digitol ond ganlopue
conputer, _

If the p,oten lond is ouvitchod from eritionl
point of otobility to umotodlo :ogian'%hﬂ oustoinod ooei-
llotions occurs, Bat $f locd 4o owitonod to otoblo rosion
tho pooitive deaping of ooeillotionoc bringo v otoblo
oporating point. Uhon tho syotonm 4o in upotodblo roplon
tho positivo Qonping in opncillotions will oacouw duo to
roetifioro ond in that porto of ooeillotiono which inecludo
-opnrating‘poinxe outoido tho roglon of‘imnt&b&l&%y.' AO
tho syotos ooeillations incrsnso, the rostifior curront
aocunos oa intormittont coro nodo of oporntion duo to tho
unddiroctional curront conotamt, So, ouotoinod ooollloe
tiono will occur, vhon oguivolont doopian ovor o couploto
oyolic io soroe It con Do coneludod thot unlooc pogion
of inotokility ic ocufficioncly lorge machine will Anvo
cnotainod eooillailions rothor thon bronkdothn.
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If tho inortic of the oyoton 40 imoronoed tho
poplon of fnotability Lo roducold, DBut ot ono particulew
intormedicto valuo tho oyoton bos moximum ored of inoto-
bility.

To onhnoneo the invortor cornutotion, it oy Lo
dooirablo to nako tho mognotiolns roactones iarso 00 Dofue-
oing the mommotiodng curronts It was found that the OYbw
ton boecomoo unotadlos for o givon load, of ¢ particulor
voluo of reactonco, Lz, Lipo bhos nlco choon tho offoot
by Oyquiot plot. Uith incronso of nmgiiﬁnae of fundanon-
tal of applicd vtontor volbtoge, reaian of inotnbility
iacrooseus Hence on inerecse of broakdown Sorguo is pocome
panied by o largor roglon of Snotobilitys IS ochous {hot
1€ ¥/ £ rotio 10 inorococd the rogion of 4notodbility
ineroascs, |

_ I£ tho woluo of condenoor 1o roducod tho inotom
bility rogion inoronoess In the praoticsl cot up 19 woo
found that L€ tho condonoor is redusod {to o miniouz, ooy
shﬁnga of lond, scuoed the invortor to otop workinf. 1£
the f£iltor induotanne 16 inoronned the repglon of iante-
bil&ty inerongos, On tho eonlrsry, tho inorcase of filtoer
ropiotance ecusos the ogoton otobility to inoronsc. If
tho comautating copocitor i fneroesccd tho oyoton bocomeo
tore otable. Honeo, cocording to tho lood fluctuntions,
onoe aan}havo tho roquired rogion of inotability. It con
bo concludod thot ot hipghor yvaluot of induotonco of tho
gryoten the roglorn of inotability ilneronsco, whilo inercsoc
of oyoten copoecitones the oyoten bocomoo noro odeblo.
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(14)
Btop Hogponoas Py 4+ Lovrenoon ond J,.1. Otophonoon

have ohotn Dy anclofuo esmputor rooults

that oo tho froguoncy of oporntion 40 rode
ucod the donping of ooeillations obout synchronous opood
changeds %Thoroe 15 a poarticulor froguoncy whon;aampina
aof osclillations 1o minimmume. Rhio frequonoy con be found
exporimontnlly for a given cystom, Uith roduotion in
enpply~frcqnunay, tho frequeney of ooeillations folloy
rosulting in vory long potting timen, At the highor oupply
frogquoncy, natural frequeacy Lo approximstoly indopsni~
ont of oupply froquoncy and 45 iaversoly proporiionsl ¢o
gauore ool of dnertics

Bopid ppogd ghonming If the woldngo to froquency
ratio is kopt conoptont, tho ropidly
chango of apecd have leso povarc pltorw
$ing tzonnlonts than tith machine oporated £xon o £fized
froquenoy oystem. Also tho runm Tun up tine 1o oloo vory
much wodnood,

8nged Roveroals The averoge upoful torquo in plugce
iag 40 highor in voarioble froguoncy syoton
than in fixod Croqueoncy oyston. Tho Kinetio
norgy of the mochinn 1o fodback o tho ounply, 00 hootiop
prodlen io oloo reoduced in onse of broling cnd opood
rovergale %ho roto of chango of sapply f£roguoncy dopondo
upon tho oyoten pancnetord; If tho oyotc 4o oporating
in bigh gtability rogion, tho sachine braking con bo dono
in roducod timc.
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Gede MCgiiﬁggiagge

An contiomed proviouolyy Sho invortor
deoicacd hes tho advantasoe that o ouddon ¢benso dn
lond vill not couge tho Loilure of con-utation. Zho
prico of thioc io ca ocuniliory G.ce valtogo.e But Sho
odditionnl cdvaatosoo Juntify ¢hio provicion of ounle
liory GeCe ¥O100700. zho cuniliory de.ce voltoso hao
boon £0d £roa 0 soparato Ge0s buo, Altornotivoly i€
o o fokon cithor £ron o oot of Ge.cs DOTTLOPLIOD OF
£roa reotifiov. 1In ofLsoe of railtmy ftroction WROERO
speod control 40 poquircld by ouechr o drive tho cuzilioey
dece OUDPIy 10 0ot 0 Problc. Ia Soloeting (02 caidlie
ary goureo, o0 mudt goe TLnt courgo inpodonea bo canll,
co 02 3 cuCpso o eomaldadtlin,; condonsor 4An chiaptost
pocodblo CAzo, Che auziliony valto 2 obosudd Lo 5o
Lindisod ¢t the oun of noldn d.Ce WOL0OL0 o] UAGo
auslliary voltogro ohinald bo lozo Cuna the Lortard Lzoal
ovor vIl0a0 of tpyeiatar. oty xidoo the esoutoting
thyriotoros ooy bo doxageds  Suo valuo of condonsor
dopond on o caninua lood curront U0 DO ca:au%ateéfl)
It hoo boon found Shat $o mopformcaco 0f Oyoden nproves,

1€ eondoncoTs OPo contoeted alt $h0 C.C. 0160 of inveortor.
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Za0 dmaubdash with tho favoptoro io thoir
- popoinaceidol outnute Ao Gdceuncsod in ckoptor V, tho
cachinoe will onnpoto 0o i€ onopation for o couras of
godueod val%aaosaa) boeouoco tha Corqus for o noehino
oporatin,, £ron nonoinuoeidal voltoso oupy 4c lo2o (hom
that of 0 mesiking oporoting £ron o pourco of oinnosidol
voltoro oY oguad Ten.o0. voluo. 4 £iltor cunm w0 wgold ot
tho outpad of 4mvertor to inprove the porforonnco. Por
invortor, wnior diocuopion the wvwavoohape hoo oin otepo,
'so 480 fundomontol esoponoent Lo abould 95 por cont of
%$otal. I€ coro omosth oinucoilul wave 1o pogquipcd, QO
eontradl odrcdt of Cho oyoton Will Bo oo caaglieaﬁca..
Onro con hovo oporonicotold)y odnugosidol wove Dy Dub=-iornonic
Qoﬂhﬁﬂ(la)c

.Gzﬁaaa 0 1cot Lo goord, piogablo cooant of
‘warl: bao beon danc on otebllit, of rcetiflop=invortor
‘drivesc. D020 ©ill provido o guide lino for oyoten dosica
with on oyo oa opvicun parccotoso for givea cénﬂitiona.
Comnnor~d ¢o induetion loal coffoet of lorge ifmdu-tion
cator lood, $hio oyotcn of opced contirol will havo o
favourablo loading cffoect. It Lo boca diceaoecced in
ciaptor V, thot stortins curront 4o low with vordablo
froguaorney oyotca, then valsose ond frdgucncy aro inercoood
£200 lood to ratcd valuoo. “has largor inductlan motoro
eon o dircetly olortod £roa tho 1linco withoad too lorsy

flneﬁunﬁioas o2 cudnly volta{.
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Ge2a 1240148 of Annlientionst

Uith robuotnooe cnl oinplicity, tho
induotion motor hoo tho deovdoel: thot 400 opecd con
a2% bo comtrolled, Iooirod lood charceteriotic eua Lo
obteinad Cronm varicblo froquonsy fnvortor dpivon infiute
tdon notor. 8o, tho £icld of opplicotion for cn iniunce
tion motor drivon by ototic Leoquoney invorscr RO inge-
ronood trcmondouslys. Gonerald Eotora(2§ » 20) 10 trying
to dovolop tho clectrice car drivon by ototie invorter
£0d infuction notor., Uith dovelossont of choelp bDottorico
t> sﬁpply the invortor, clcotrlic eoxo ouporecod o0

satenodilion in anoor futiro,.

GeJe Seong of LaBeom0 Lamits

In G2is 4 nostatica $ho induction ootor
cneod gontrol hios baca attcante . Ly Lecding voricdlio
£roguanoy cus)ly to tho astators Ga the othor hongl 48
tiio vordioble Lroquonsy voltoso 1o £00% o mobor of wand
otor idaduction rmator, thoro io pooosiblliidy of widor
rango of opood control, with orcollont bralidng choractor-
iotico. It hoz bacn oiown by Proscodt an’ nagu(27)ﬁhaﬁ
sush ¢ oy300 4r inhorcntly unotoblo, with line froguconey
£od o gtator cal rotor. lLarticr iavooticotion oa otabi-
ity of thio %y;o of contra; Wit varinblo Lroquoncy
cun 1y on both otator cald rator nay 1acd (o useful rosulic.
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Cogments: The reliabllity of the system can be
enhanced by the use of printed cirocwits, In
case of any fault replecement of faulty ocir-

ocuits becomes easier., This type of speed contirol with

thyristors will bs commercially fessible when thyristors
are availadle at & reasonable price, which is expected
in not too distant tutxirn_.
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APPENDIX

voltage measurements were of

rectifier- type.

IABLE I,
NO-LOAD TEST .
;ggzsinungigal supoly 8 -oi suppl
y 6 27 A5, 27
% .62 28,7 46 28
1 .62 30 4T 30
g .63 32,5 47 32
| .64 34 4T 34
Ezsag 39 +50 39
T2 “ .58 41.5
% 75 43 .54 a4
D .78 47 .56 a7
i
Rotes- Inetruments used for ocurrent and
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