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ABSTRACT
} This thesis to be design the automatic synchronization and sharing load for
"synchronous generator with controlled the terminal voltage and frequency of terminal
voltage by automatics’ and controlled synchrenization by phase lock loop circuit with
:could be paralled AC. Generator with on power system by automatics.
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[ . 9 s /ad & - LY LY & v .’,' ¥
ue TandumInsassinldeadersidnuazmiloudyinlondmi AATUNININ
[ v [ a -] o o =1 o
Mussdwludanduganasuiuudy wadorsioriauioneld wadorfvaly
o e o : - z o 1 H 4 : .'
witussiulusondy  Tuvmsiifadududes q nietunnaganaunldldn

v w

v dae ¢ v o /clq o a [y
ﬂ')'llliﬂﬂuvh]ﬂffﬂ AUNUNAYVDIUTIAUTIVUE ﬂmanumﬂ‘mmuusaﬂu"luaff

nAugagAfie Vv,
o usaduludandugagafiion (peak reverse gate voltage ) uannsfeadersd

]
[l

sumi'l'uaﬁnauwnﬂuuu'luu1ns~1mnm1uu"luums uﬁuunnuwﬂdwauswa'luumsmnn
INYBUDA TS uﬂﬁ’usﬂmnnnum'imﬂuusmu'luaﬁnauuunvumusmumqﬂmuummlu
TOUADIANTI musqﬂuulsurmxlsmu‘luaﬂnanqaqﬂmnn (peak reverse gate voltage) 1%
dydnuaidn v

9. NITUMANYIGA (maximum gate current) lumsninlfieaderfinssumbus
MldTaoms s suafuinniu mnszummvuuauwﬂmnﬂmqmummaﬂuuﬂa flnszuaga
gafimIidueadoditnld  dululumsnineadersldinssum: hoaliminssuadifanszug

imganadydnuaildie A
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sTUzAveId Y IUNT NN

»
LY v ¥

T, ° . . & a ¢ a
Tumsirldieadorinssua Taodyanauns ninesifuds YIUNT NS vEA 0l

9

sTuznANuINNIzIINsIAT U aF0 AN TIN5 23 (latching current) Ha31lf 2 - 19
¥ ]
fdyaunSanei Fugadsufinszuariueadorsuinninssuade wildeafornyai
q o a : : o a (4 ai o

nszuriiodyguninines Fugaamsiudygamns ninefardealiszoznmuisuns sians s
[} - o ' Yy 2 . v «t o o [R5 @ by ¢
FuETnIINANIINTIUTARINI e rFihnszuade Ty Tavansaihdyaramsanod
vonaFersfuzdinahinszuadolilugfl 2 - 18 uamanmileuiiae (t.) Wazdsiam
dygrunsanes |3

lunsdii Inaadududnfivinszuad Inad e adorigdudain Tnanozdoy q

[ 4 4

Wudunniuszoznawesdygums nmeswdonnuounsyianszua Inawnniinssuadiuend

917 veeiinszuade 1ld

thyristor
current

time

«—— —

t min .
Trigger pulse width must exceed tmin

nwii 2- 18 uamwanlesiiga fvsdessnudyraminmed

act

. ¥ o L4 L]
ﬁmmﬂmaammsﬂqﬂmnszuﬁ

nsudmaoiaunsani lingainszunlasmsnyaswassumd wanadmfueasord
vz lingmitnszua laongatwnszumd unmoadons wagorfezngminszua (doannszuadh

[ P o . . ] . &
Tnarueadorfandininszuada (holding currend funamuntt wmeofftime (t,) Fuiu

AuaulAvousadons



T M e e

26

wmaildnszuanadeadorfdininssuada mmmﬁﬂmmsammns’emam
owaagaud wieniousamuinesalusaltiensers 'Jﬁmswumu‘uaamsnﬂn AT MY
nszuamsedauie’ld 3 334e

1. msv’t11ﬁ10ﬁ%01§ﬁq¢1ﬂmizuﬁTﬂmi‘ndqﬁw‘lﬂlﬂuﬂsvxmﬁé'ui?«?unﬁu'h line
commutation W38 natural cummutation fi® unaww"lwﬁms“uﬂﬁauuimu'lwﬁ‘mmnmﬁﬂuu
uaziiusau rlthadusianie mmvtﬂumsmumasﬂ"luammxamms"lunn'lmm taznszuEh
Trarueadersvzanasdaud Fadrufunamni wm-offime @, m30 T, ) foufiszsiousy
fu'litfhlodi3a nnfanii qulmﬁms'n1'114Lammsnqmmni:ufﬂumﬂﬂauu"lwﬁms:ua
aduiulWfhnszuanss (converters) uazmmlaUuusaﬂu"Mﬁms"uﬁﬂaﬂﬂumsmuamﬂ‘d

2. msmldieadorsuymiinszualaomssa Inan Wimuizay (load commutation) 1411
N5 Rouus sy TWfhnssuaass Tﬂmﬁmwaﬂulas (choppers) taz 'mﬂﬂauu‘lﬂﬁmsvuﬂﬂsq
Aufnszuerady  (nverters) ﬂammammsmns umflumimwhlmﬁnaﬂ Falszney
Arumnnudumu , Sudnined ﬂ11hqsmas~nuﬂ1mu1muTﬂuau1uﬁm'z under-damped ATTuT
n‘lnamuTnam"mnamﬁuﬂﬂussmmw uJaﬂszufm"lnammammsmnimszu'dﬁﬂxﬂunm
UIUAI tumn - off - time 92 m'lmaﬂcvmanwmnsvuﬁ‘lﬁ'

. mMeiildeadoringainsvualasiEnssafy  (force commutation) (Thumsvinlel

uﬁ"lnaaﬂaqfrﬂuwdﬂun'flﬂmhnsxumuaqmnmsﬂwﬂszqwaﬂ11meas H309103

naSﬂ'luamqﬂnQ“lumﬂwmas“lmuuama15
TURN - OFF TIME v0a0a®e1{

tum-off time (t, u3o ) -uaqwﬂf‘ﬁmsﬂﬂuswmawfuwinwﬁﬂﬁ'msuﬂ'luavhwaﬁ%
o1 nafioundy  udanduggud (@nnuenFerndufudnizmiRGond reverse recovery
time - ¢, SuBIIAAr NS eUsIRUo SR lusaEnn sy Taoli ieadorsiinssueld

tum-off time * iWufiven3ly date sheet Tﬂuwamnuﬂvaqqmnnun junction, I

tay mn‘nummm‘lunwa switching states Y93 data sheet 'NmﬂUﬂ’J'lu’J*l‘lf’J
nmeufieadersvsnymineaua (um-off fss uedi Inarduoadorflumaeiia (I1,) Y9eq
Ty 150 A quuad junction T; Whitu 125 C tazdasimsanasvonszuanesSades bivos
i1 50 Assec udnendoridinainmanznyminssuaunaiuin 6o s Sasus oz ey

7 a et : [ a o ra a J [} J 4 . [l o
Wosdalmidnaisdausasimsiuiilifu 20 vsee Tnuiuuogerodos (linear) qQu3sIAU 0.8



® e e v e

W T T -

IO W welien e e e

-~ —

——— —r

-

. -

27

Vim (Vg = forward breakdown voltage) 1ﬁa§d1€u1ﬂmnn'51mﬁqnﬁn turn-off time YzUINAN

- Y & i
60 sec uazemnsanmaaldiitudaouiulugi 2- 19

VR

—— Turn-off —_—)
time(tq)

NNN 2- 19 UAAY tun-off time VBUDATFOIT
» . -
Aniuneshiwilbiondorinymingzua (commautation circuit) sxdesnuidoiimuads
na1 TR MIUATY um-off tme VowuBATDAS
= ] o wa . i & -
wagerszmiaiiu 2 in mwauTuTRYes wm-off time Ao phase control SCR'S &41]
t A q‘ L
twm-off time S¥WIN 50-250 sec FlFTuraes/Boulvnszuaaduiu i nssuansy uay

’mﬁnJ‘a'uus:ﬁuuiwTuLlwﬁmsmmaﬁuTﬂumsﬂmf]mwﬁ Haz fast switching SCR’S #30i5un
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é 1 A { L
inverter SCR’S 31l tumn-off tme 5¥M113 5-50 sec FelFluraesAouusetuthnssumasy
Tausmsvorides (chopper) uazavasiiounthaszuansufu Wihnssuaady (inverters)

o o <t { é 1
aMTVeaTeUNT wm-off time =60  sec NIDlFINIDS phase control ¥afunaa

fwhinssumadufinnudigeqa ) = = 8333 H,
o o 4 o v s s
ninmaia ldifeatumsidnueaders

wagds1ugUnseiieenusnurhuenm lunguvesInimmesfmszdszgndldald

sdn vnaunn Tnodsdudusuinlfeadordifuaingdadamss i wenw i Tnaa 29
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o

] . ] »
vinsnnoigeenziludesiginnnniiqa sz luneniusioezdeanissanasveanisnsa

Myl n?amwzﬁ’mﬁmsn?ﬂ‘lunnsammnmﬂﬁ sunaus i uLaznAIveIms i pf

Y=t ¥
munsanugulasnday

O'ITuﬁ T'Hﬁﬂ

unawwly

inn floa

-, 4
NIININNOT

AN 2-20 unuANEAL993 1L aseny

= o o Y ¢ o ' 1

lumsldueadorilusesdesfennuduiusiasiaitadg 9 vouma

[] - 4 c': o 5 ¢ o o 4

910 Inan uazie9snsnnes Tﬂum"lﬂmum:mﬁqﬁﬁﬂmnﬂn"ls'l‘)’fnumﬁfx?mi' Hundniie
Y o . 9 o 1 y -

TWiiuansaviem 13 Tasdasasy swazamaidnanv s muaas B luenmsuaassty
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oa lulfAmsenszumuazus Wusyanasgaudyn q alagnaiu msnd Ileosuuuduganaud
g * o A . 1 «~ J -
Moador 2 &1 An1dTaemsWeadorsdmilnhnszualudiduan Safanitninssuely
13l SeTTaunsoniuguivldnssandugani Tunumadumdddngs q fidoudla
[ y a d A a o H o 3 Y 1e3 0 o & v
5oy 9 erldeadery nieunuainduiesndldn mewiuWidufindeu i lusufios
. » :
fnnselddedladaosnfadmiums Idausnlanssos Wumnudon anusuussdy assue
g o a4 MY . e o Y Y a ¢ o
ALY AN WgARIUBAEDS 1A dimSumsyasaudy adudfueadery 2
¥ .
aunsagarunIdicTliuin uazlvay  uazerMWyrunueadorsruguiided Inanldunter
a ° P ) & '
Al Taonsidenninlfieadoriinszuaiign q nilugdaneigsannsantugyidnaongaa

JUndu



e

- B

" B e — T

33

-— Trina

SCR1

D1

_/

WIIMUNY

SCR2

) o2

At 2-22 praaugudide gy

2.7 seilusuil

1u:zuumuquv‘%’ﬂzlﬁom?un§u 9 1 eevusnil (op-amp) 1Hhe intergrated
circuit imRiEh de. Feesdl 2 Buymiaz 1 emim annsovoisdyee hnssudass
niedggnaififinanid

eeduexdifiu differential amplifier 518 2 Sunm Taoilduwwmitahy inverting
(-) UAZBUNNIYUY noninverting (+) uazTl 1 e sedusuill 2 $ dwmiuiedumsade
wanunzavezeglusaa + 5 Tanl wfe + 15 Taawt weasesernliSoudadedumassioNls

» } 4
up Wt ledrezde et winan uasdravueamsesio v
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+Vs

funn Vi Vo funm

V2

Vi1 __ZN
/

o ¢

nwii 2-24 seduend (n) dygydnwel (V) equivalent circuit (7) AuaudAduyn

v v

I
- 19IMHY

4 .
sousudmnavesvlidrdmivdegunseintouen eusulysdueninmIidugud

- o

e 1

N ¥ ¥ . (] 1
ApBUNMINARIaINTI tazeniitadegunsaldmiusamennamevereduaafiitrn

[ 3}

] S = T:h.
oh

y & s (=) » a A WYe o a a o 4 o
AN vweigneenuuyiiimsilestuunnile Idsudyyusuynituiaita  uie

Tnanfirodonfimdnices )
ooviondvasitbifimsflounduiiudnuas open-loop Tgmauiiilugaunddad
(1) anveeluaniig open - loop (Huoriugd
2) aawAaumuvduiuetud
(3) AnwAumuvTeeniiugud
(4) $29n9veINTIABUALBININD (bandwidth) (Hupiiud
(5) usaduemiymugud nﬂausqﬁuﬁuwmfmmtﬂuquﬁ
lumadifes Lifesduendiifigumuialugaunafindife s dedidand

»
nSsuifisunueuiveseotuenidail

2.8 OFFSET NULL

soduenilugaunfidous swuduyniaassdentnsinide ussiuBuyntaana
AvatfugudToarl  wssdueniynozugud  Tumalfindndalsamnsam lddeiuss s sy
i lildgud Wy lefwed 741 4 1 tar 5 dmdudertaeeg offset nul Aeldnandu

MuAenivuIa 10K ¥ B (linear) Aaginndt 2- 24
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mdfy offset ‘VlﬂﬁTﬁfiﬁ’é]‘U? 231!9\1'18‘”6‘1?!51’314 ummasunauwau‘lﬂ%
!!ﬁ’ﬁi\ﬁ'ﬁn 6 mauﬂuninu ﬂmmmmummﬂaﬂm 10 K ﬂu1ﬁ!!5€ﬂu1ﬂﬁ1ﬂ!ﬂ1ﬂﬂﬂﬁﬁl

mn 6 ﬂ’lfﬂjﬂ‘ﬂﬂiﬂ‘u lﬂuﬁuﬂ

-Vs

Vo=0
10K B

d’) Voltmeter
L T i

-Vs
N 2- 24 MIEDINDT offsct

1
|

2.9 INVERTING AMPLIFIER

mm’mwsnmuan‘lﬁaaﬂueuﬂv‘im%ﬁvmuﬁtymmsmﬁ'u'lﬂnmmmmsa
AISHAARY Ias‘laammmxamwmswmnuawmmauwm Ami 2- 25 H3 AR MY NeY
TRawauns

ruNIS

Vo - R2 VI / Ry -Ad V1
P 1 & [ .
lﬂi8€"N1Uﬁﬂ1ﬂﬂuﬂ1ﬁlﬂﬂﬂ?1 mausmuauumi‘lumﬂv 1’!1111!!5@@14!@1‘"1!7"%“?!1]
malmaueuwmﬂuave*‘lmmamemwmflumﬂ m‘uuﬁ'mm1m’ua’mwmvmwmﬂm{mmm

e'uwn ) outoff phase ﬂmﬁuwmauww 180 agm



s

el U

B m ey

T o hm amem

Wy o

-

TR T e o™ oman v e

36

RL
Voi

Vi s Vi

Vo

i
—

MuA 2-25 inverting amplifier

2.10 NONINVERTING AMPLIFIER
m:'ﬂ'a'msmuuaﬂ1ﬁ'aaﬂuauﬂﬁmﬁﬁﬁwwﬁfgtymusaﬁuWnszuﬂmw?a

nIslaaay Tﬂu"lﬁ'ﬁmnpmm1ﬁwwmﬁeuﬁuﬁ'tyiy1m5u1~mﬁmﬁm‘lumwﬁ 2-26 USIHURIVYN

v ldmuaunis

quNg
Vo=[1+R2/R1)] V1 = Acl V]

Vi
Vi _
- | >
h /\ % N ve \/
, \/ L | 100K
F R
110k

MUA 2 - 26 noninverting amplifier
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o

" . ¥
Wedyanadunndeswliiuda noninverting  FYYIMUITINUOIMWNIL inphase

o o L] v U
& & ¢

nudyguussduduynie leussdusuwnifiuyon usqﬁummvmﬂ:xﬂumﬂTﬂmmﬁuﬁuww
(1 +(R2/R1))

2.11 VOLTAGE FOLLOWER AMPLIFIER
. 4 o [y ] -
voltage follower amplifier M38(5UNAUIT source follower uaaslunwi
= ' v ° Y o o . . = o
2-27 tﬂummmqﬂsmuuaﬂ“lﬂa'oﬂuauﬂnmumwwﬁtyfymuuu noninverting  1A8NOA5IN1T
o (A,) Wunilde AYYIVUYDWSIAUIBINNNIL inphase wasviudyyaussiuduyn (1

+HR2/R1))

vi

/\‘ NN ) ' /\

Mwin 2-27 voitage follower amplifier

2.12 SUMMING INVERTING AMPLIFIER
Tumsaolvsmousnseyueni e v wdyenus i Taofidyeauss

) 1 4
AuBu¥MLenInAugMinNT LAY s MMzl

Vo = -[(RFR1)VIHRIR2)V2+HRIR3)V3)]
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RF=100K

R1=10K
Vi —m—mm——NW—

R2=10K
V2 —— ]

R3=10K Ri

AMA-
V3 —SAA /

Vo

WA 2 -28 summing inverting amplifier

2.13 DIFFERENCE AMPLIFIER
’J\WﬁJU']Uﬂ’J'llJllﬂﬂﬂN‘UBQ’diUfU'Imm?Uﬂ'J'I difference amplifier uauwmamm

~

inverting 1la% noninverting Y9900UloN1] Aaadly mwn 2-29

RF=100K

M,

V1 R1=10K

An
ﬁv"v

V2 R2=10K

% R3=100K

ANA 2-29 difference amplifier

1mdnmsues superposition AvAATT v aA10saINI I ANTUUT IR YN

Wiy
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Vol = - (RERI)V1

a o (3 e
wozd v, dansesaansing vz Rus sdwe innivhdy

Vo2 =-(1/(R2/R1)) V2

b 4
o

AU VO = Vol + Vo2

2.14 COMPARATOR
lunsdifezliooruondimifidy  2eesSoudoudyna n3eiFoniud

comparate aauaaslunIng 2-30

+Vs y +Vs

7 7

6 > 6
4 4
Vs -VS
Vi vi
v v
A ¢vref ) ¢vr ef

d' =t o
MWh 2 -30 NesfSeuifoudaynn
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Tunwil 2-30 () 7 V. fita noninverting (+) uasfidaygnadiwm (vi) 2
inverting (-) uresduenig (v,) sl +v, s v, > v, uazusedueiyn v, ezidh v,
dls v,> v,

Tuamil 2-30 @) \/ #h inverting (-) uagiidygnudum (vi) itz
noninverting (+) wssduenim (v,) sxidlu +v, ills v, > v wazus UM (V) sziilu
-V, iile V<V,

2.15 OP-AM DIFFERENTIATOR
2eriugnvesssthionil differentiator dumasty amd 2-31 exlusedn
iy

Taoh  dviide ti’lué’m1mstﬂﬁsuuﬂmuﬂﬁ’wmﬁuuw

RF

Vi A ](
Ri C

/

ﬂ'm‘?il 2 -31 differentiator

t 4
MsuenunusuesanhFmesd (Xc=1/2 17 fo ) ualsmnfudunand fnuugedu
. 4 o v 1 > - Y d
LMYMIMR ARG Tumal§iassiian R, aspynsunuanhdes dwnasly ami 2
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d 4 . v s doa a4 ¥
Tu it 2-31 tRevzandanimsynsvos Ui RERs HedUNNIANUDGIYUINRTIL
vimihiudu differentiator 1odunniinuiouniy £

fc = 1/2 TtRsC
Y. a . d o 1 ° Y o A 1Y . . . k4
DIBURNUANNOININA £ NITITNM N UDUAD inverting amplifier A7y

IoaT1veamiy

Vo/Vi = -Rf/Rs
Hagaued R, Tuaums 5un7 time constant ATILYIIAUTINIE VDS Tryayeis
duwn 1 lwda

2.16 OP-AMP INTEGRATOR
op-amp  integrator fauaAaly NINH 2 - 32 Taviiussummmduldamuaums

qans
v

1
Vp = — | fVidt
1 [RCO]

TumadgiRestinnudnmy R, devunifunhdimes esitasasmsvey

Ty dunniinaudedt q

[1a
SIS

Vi —w

Al[-—-——— —}

NN 2 - 32 integrator
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A mmmn am

ey e v
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Tumsud de offset voltage (ioa1n input bias current ‘ﬁﬂ?’ﬁﬂumiﬂlﬂ R,

Whlunees duaaely amd 2-33

RIRs
AN ————
* RI+Rs
o
'2'A%
C
i€
Vi —w

Ri

AWH 2-33 integrator

uazeseeimifidiu  integrator (ife Tygredummiinnudunei F,

Vo
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y
01

Suynilanutrdesnd F,  eviihfimiousy  inverting amplifier #2uDATIMIVT WY

Vo/V1 =R5/R1

Taoialy) R, tidy 10 oiwe R,

2.17 szuunrunuda luiifetda P-1 CONTROLLER
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y 44 W « 3 a J a e a wa
voyanddguaziuds: lomimnunmsiins e Woszvuaruguda luia
Touryiiavesmsmiugy  uazuunvesszyURILAY mzdudeyafivildnsudavaznis
nuvasrzvulaoia i idensainng dfegamuifuas mnsuausavesssuuednlssngy

15

TussvumugudaTwild vilanfnsiloundy (feedback or close loop control
system) fAdaadluning 2 - 34

H(D)

A

AN 2-34 szuymuguda ulRwieitnstloundy

P Ly =] ° o [ . .
PIAUVUAYYIUN G’\Jll‘lﬂ'lﬂﬂ’liuuﬂ'lﬁﬂgimm feedback - lfSvuifvudy reference input variable

]
a1

1ﬂut‘7ﬂgﬂ41mwﬁau1‘(’1’1fjﬁduﬁxﬂu controlling element G, D) ol¥ controlling element  ABY
auoalyd manipulating variable un"chu-?ixflm’fuﬁm"a {plant) tﬁaurﬂﬂﬁ output 39 controlled
variable C Tdnvazdulylumafinonndosty ref Input variable 10B98Y i leves
szuununuRed iy controlling element G, O mszdyduinimhiiudlvanunan
indeusEnin output C iU input voataszuy nanAemMITuRIATIUAMIAInADY actuating
erroe e 11’1'1111@"6\")1'1'11 11?’1”35"'0M'ﬂl”luﬁlﬂuﬁl’lﬁ‘lﬁ'x‘lﬁ%‘l'lu (1At manipulation variable m )
ﬂ‘liﬂ’J‘Uf}!Jll‘UUﬁ"ﬂ’c’f’JuNﬁmlUUi’Ju 13 proportional-plus intergral control

b 4
anuduRutves manipulating variable m nU actuating error ¢ YD MINIVANUUVHTU IR
P
110]

m = kp[ 1+ 1/Tid]e000
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Ki  =gin 4

R

Ti = infegral ation time.= Kp/Ki
= syozaii integral controller T¥MynavAUBIMIAUNMIABYALBIUBS
proportional controller (F3UNA1YBY T, 9 reset rate )
4?48mmu'lﬁ'é'w‘lﬁazuﬂsuﬂdaaﬁ'auﬂm"lumw"?; 2-35 URSNISABUAUBIYSY manipulating
variable m 'ﬁflﬂ'ﬂ actuating error e ‘Iuﬂsm"ﬁ' actuating error i step function Ha¥ ramp
function mmmﬂe']é"ﬁamwﬁ 2-36 uag ﬂ'l‘W‘?'l 2-37 muﬁﬁu

¥
O

KF =[ 1+ (1/T. D)] ——>

A 2-35 lassunsundeswes P- I contoller

—>

2 o0
| Unit Step
t

0 £
m(t) T _-~%— P&l Control
2Kp [T

el ! / P-Control Only
Kp b _ X
-+ I - Control Only
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2. &0
| Unit Step
t
0 e
A 17
m(t) 4 _-"4+——— P&l Control
2Kp
Kp
< l " I - Control Only
0 ' N
Ti

NN 2 - 36 MIABUAUDIVDY P - [ controller @B unit step actuating

error
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T e .

e(t)
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Unit Tsmp

t
I - Control Only
//// P - Control Only
P & 1 Control
Tl ¢

MHH 2-37 A1SADUTUBINBY P-T controller AR umit ramn ameension
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3.1 managsymasfivesnsiaed
Al
Shunt Field
.Armature
El  E2
A2
§1913-1 2993mu1uves DC. motor
3.1.1 MunaIaauEHan( Shunt Field, E -E,)
- MIRIAINIWMUNIU (R
@ s El
T Va CV R¢
—e E2
JUA3-239sMsmAaBIm R,
A191IN3.1 Yurinnanaaesniai (R,
Ve 30 60 90 120 | 150 | 180 | 210 | 220 | Vol
I 0.05 0.11 0.17 0.23 0.28 0.33 0.38 0.4 Amp
R, 600 545 529 521 536 545 553 550 Ohm

z
R,=——R’=551.125§2
n
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3.1.2 flvaaiaeitnges (Armature coil, A -A)
- WIRIATINAIUNIN (R)
= Vdc CV) Ammature
= A2
< :
JUN13-3 2935MSVIARBIMIAT R,
A1913N13.2 TUANHENITNARBINIAT R,
Voo 2.5 4.8 7.5 10 12.5 Volt
I 0.5 1 1.5 2 2.5 Amp
R, 5 4.8 5.0 5 5 Ohm
ZR,
R.=—7=496Q

n
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3.2 minaapummasniveuasesu i hdedas vy

F1

F2

U1

Vi1

W1

U2 V2 w2
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]

CJ A 9 a =S o
13-4 2vamuluve ansesriln IvhSe Tnsia

3.2.1 ivnadamnuinitinnizdy (Field col, F.-F,)

- mMImaEnuunIN (R,)

@ Fl

+ Ve 3R

F2

A 1
JUN3-5 9vamInaasImm R,

A131N3.3 HAN1INARBINIAT R

pe 30 60 90 120 150 180 220 Voit

I 0.04 0.08 0.13 0.18 0.23 0.28 0.30 Amp

R, 750 750 692.3 666.67 652.2 642.8 666.67 Ohm
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el = v

ot

S

R

3.2.2 NYAAINDIT3180T (Armature coil, U-U)

= Z'Rf'

' n

=688.62
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- MIRNUAUMIUR,
::% Vdc Ra
< U2
31i3-6 299 3smImanemI R,
A1313713.4 HANTSVIAABIRIAT R,
P 4.5 9 15 22 Watt
I 0.2 0.4 0.6 0.8 Amp
R, 22.5 22.5 25 27.5 Chm
IR,
R.=—"=25.625Q

n
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naaau e iilnaa (no-load test )
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W, Ul Ul VI wi
)N
A%
U2
U2 V2 w2
7U13-7 2a93nanaassanis hill Tnan
minana.s wan1snaassantiz il Tnaa
V 210 230 230 230 230 230 230 | Vot
A 0.10 0.15 0.20 0.25 0.26 0.27 0.28 | Amp
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NAYBUAMITAN IV (short-circuit test)
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@ j Ul Ul V1 W1
O
42

gﬂﬁ 3.8 1999N 1 SNARBUANIILRA2993

RSN 3.6 HANTINARBLAN I AA7995
A(NsEue 0.2 0.4 06 -| 08 1.0 1.2

agy)

A(NIZUERATI) 0.02 0.05 0.08 0.14 0.23 0.25

INTIEREUU  Zs

E o
V/IA (A wWwRRuInY)

230/1.2

=191.67 laviu
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V= (1+ 20k/10k) Vi

= (1+ 20k/10k) 1.5
=4.5 Tiav
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3.5 misenulUganTIsaUd Y

Q
P

R -

o P
11% 3.16 yaasvapudRua

™
(9]
[¢]

o
O

Nc — = —— - G ‘."N

P
319 3.17 2995 Lamp test
o o o [ o W 4 s a
YARTIVTBUS RN LINALUY Lamp test H1g 1nsvaevdnumrawsuninaiuiia v
LY d o k) U A Q o { 1 o L
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3.6 nrigadnuy mmm?'ﬂanmmndnuammé’u
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3.6.1 1oufTaumnaunsasiumanissiuiat v us Uy

10K
Vs o ﬂL
Vi, i
10K

10k

o h L ORI
111 3.18 nvsnfSoudvuussdumamsadutiafudiusy vy

~
= =R o diay o g a 4 4 a4 a v
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3.7 PMIBBNUULIN NTAANUUANAI1IYDIN1IND

A <4 - P - Y 4
Hunrsasasaeufou luniliweanisalas ludite I raudveussiuveunios
o = o A o ' o -
rwiia bt lfaduvesssuy Hrouddmiegainiunanguiismua nsdalasludee
1 & lx A » W 1 Qs
hifadu Fuudnvundnifunsasisteuninmandieusdy

+{LV
+2

10K

LY.
A—{‘mp—EI::?'— T-Hp.v
\I\ Vo
4081
o T Cortrl
L Swa.
10k,

-2 T

10k

=12V

v X 4
1 3.22 2sesdRmamuand wvesnImd
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T 7% . G ! 1 8 LOAD
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| _—

_ |
F

< * 4 o_ A 1 ey
nal 1esnaasunsaiuilatio Inana Taelufinisnaun

M4 mnafisufsueaveal, SV, £, n tay I , Chitimanduga

I,(A) 0 0.45 0.90
V(v) 220~ 210 201
f(Hz) 50 49.3 48.33

n(r.p.m) 1500 1478 1450

I, (mA) 63 68 63
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MR 42 mnudSavfiausayeal, ay v, £, nas 1,

0.90

1,(A) 0 | 0.45

V(v) 220 220 : 220

f(Hz) 50 50 50
n(r.p.m) 1500 1500 1500

I, (mf) 68 69 69
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L,

Z A4
b
N\

A 1 L] 4 o 1] o
145 mnageumsutnisse Inan(nsdds Wivuuduszun)

PL (w) 0 25 50 75
Ig (A) 0 0 0 0
Is (A) 0 02 0.4 0.5
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AT NN4.4 A1 1MTAIR VB Iﬁlmz Is lﬁﬂlﬂgﬂﬂﬂ“uﬁuﬁiﬂ'ﬁ‘I'HUI'Hnﬂ
PL (w) 0 25 50 75
IG (A) 0:2 002 O-b 0:4‘
Is(A) 0.2 0.2 0% 0.4
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4.5.1 Voltage Regulation
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Load (w) | IL(A) Vg (v) VE(v) If(A) f(HZ) Vim(v) | Iam(A)
0 0 219 110 0.1 50.5 95 63
25 0.1 220 151 0.13 50.5 105 1.52
50 0.2 219 155 0.13 50.5 110 2.36
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4.5.2 Spced Regulation
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Load (w) IL (A) Vi) Vitg (v) Nr (rpm.) f(Hz) VTg (v)
0 0 110 220 1494 50 1.49
5 0.02 110 215 1494 50.25 1.45
10 0.04 110 211 1495 50.25 1.45
25 0.1 110 210 1494 50.25 1.45
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Phase ¢ontrol by thyristors is common practice when converting
single-'and three-phase ac into dc and providing power control at
the same time.
To control high-power thyristors in power electronics requires
special’devices. The TCA 785 monolithic integrated phase control
has beén developed for this purpose.
By the selection and configuration of switching points with
external access it allows a large variety of functions to be
performed which would otherwise involve high costs using
discreté semiconductors in conventional circuitry.
The first part of this article describes the TCA 785 and thyristor
control. In a second part to follow, line-commutated rectifier

 converter circuits and ac current controllers will be dealt with.

i
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 The TCA 785 integrated phase control
suits very well to a large number of
drive ciréuits such as

o line-commutated current converter
circuits, e.g. half and fully controlled
single-phase and three-phase bridge
circuits as well as star and double star
circuits.

e non-commutating current converter
circuits, e.g. single- or three-phase
current controllers and switches.
These applications require different
control devices, i.e. 2-, 3-, 4- or
6-pulse control sets.

Further requirements of integrated cir-
cuits to control power elements are:

e ICs fof power electronics must be
capable of triggering two thyristors
connecteq either in series or back-to-
back.

"‘J i

Dipl.-Ing. (FH) Werner Schott, Siemens AG,
Bereich Balielemente, Anwendungstechnik,

Munchen ,

o three-phase operation requires paral-
leling of ICs to allow the delay angle to
be adjusted in the three phases R, S, T
with only one potentiometer.

» Trigger pulse shifting should be pos-
sible continously between 0 and 180° in
the delay angle.

e Depending on the load or circuit
design different pulses (long, short,
continuous pulses) should be generated
to trigger the thyristor.

Other TCA 785 applications are as
zero crossing switch in full-wave con-
trol with a’ triac and a voltage pulse
width converter with optional fixed
frequency (f = 10 to 500 Hz).

Special features of the TCA 785 in-
clude the following: wide application
range because of external accessibility,
supply voltage 8 to 18V,

extended temperature range =25 to
+85 °C,
current
10 mA,

consumption  only 4.5 o

LSL compatib{e, 1.e. controllable by
slow-speed, interference-free logic
with 15-V signal level,

two outputs for 250 mA trigger cur-
rent each,

two additional outputs with inverted
signals,

inhibit function: trigger pulse inhibit,
arc suppression,

trigger pulse extension by external ca-
pacitor, i
reliable zero crossing recognition,
protective circuitry against intermittent
triggering, three circuits only necessary
for six pulse operation, use as zero
crossing switch and voltage pulse
width converter possible. )

Functions of the TCA 785

The block and pulse diagrams Figs. 1
and 2 show the main functions of this
integrated circuit. The major part of
the IC is supplied by an internally
controlled voltage U,y = 3.1 V. Thus
the main parameters are independent of
the dc supply voltage U, and a wide
supply voltage range U, = 8 to 18 V is
permitted.

The positive pole is connected to Pin
16 and negative pole to pin 1 (reference
potential ground). Current consump-
tion (without load) is up to 10 mA.
Output of the controlled voltage U, =
3.1V is provided at pin 8 via an

internal decoupling resistor.

To enhance noise-immunity a holding
capacitor C8 can be connected to
ground here (reference potential).

In current converter circuits requiring
several TCA 785 devices (typical of
circuns)  these

three-phase  current
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.points 5have to be paralleled to provxde
‘uniform control conditions in  all
phases and in controlled current con-
5 verter branches as well.
%‘ ! The syhchronization signal U,y,, is de-
“rived from the line voltage via a high-
value rgsxstor U,y has to be connected

to pin 5 and ground to pin 1.

A highly sensitive zero-crossing detec-
tor proyides synchronization. The de-
tector ist followed by a synchroniza-
tion rchster which controls a ramp
generatbr (sawtooth).

The latfer mainly consists of a constant
current, source [ on, which charges ex-
ternal %apacxtor C10 or Cy linearly
with time via pin 10. The ramp capaci-
tance of, C10 should be between 500 pF
and 1 pF always bearmg in mind that
sawtooth flyback times may increase jn

- proportjon to the C10 value (see Fig. 3)
and that maximum and minimum val-
ues of /4 will not be exceeded.

Curreng /cone 15 adjustable by external
"‘?csistoriR‘) or Rg = 3 to 300 kQ) via

' pin 9.

Block diagram of the TCA 785 integrated phase control

The RC network R9, C10 thus defines
the rise of off-state ramp voltage U,
Each ramp commences with a zero
crossing of the sync voltage and ends
with the following by discharging
ramp capacitor C10 via an internal
discharge transistor.

The logic circuitry of the sync register
releases the information at the zero
detector output to the following circuit
only after the discharge monitor indi-
cates complete discharge of C10.

This is of major importance when
using the TCA 785 as a zero crossing
switch and pulse width converter.

Leakage voltage at C10 does not affect
the controllability of the TCA 785 and
the way in which the control voltage is
supplied.

In this case trouble-free adaptation of
op-amps to the IC is possible. At
the instant when the control voltage
reaches the lcakage voltage value maxi-
mum phase control of 180° is obtained
(Fig.4) and will be maintained (full

wave) even with control voltages which

may be below the leakage voltages and
approaching 0 V.

Dc control voltage U, has to-be con-
nected to pin 11 (with ground to pin 1).
The control comparator compares con-
trol de voltage and ramp voltage U,q. If
the latter exceeds control voltage U,,,
appropriate output pulses start at con-
trol angle a. The subsequent logic
determines the kind and width of the
different output pulses (positive to
ground) by means of several links (see
waveform in Fig. 2).

Main outputs Q1 (pin 14) and Q2
(pin 15) are given by an emitter fol-
lower capable of handling a maximum
250 mA.

They are allocated to half-waves of the
same polarity.

Q1 delivers pulses only in the negative
half-wave and Q2 in the positive one of
the sync voltage.

Pulse duration is about B = 30ps
(short pulse without connection to pin
12). It is freely extendible by external
capacitor CI12 or C, (sce Table [ for
pulse extension values).




\ signal can only be switched at either
yutput when collector resistors R4 and
2 (= 15 l'gQ) are externally connected
yetween output and positive pole. The
ignal deliyered corresponds to the in-
erted  sighal of Q1 and Q2. Pulse
luration (output towards positive
ole) is about ff = 30 ps.

f trigger point at pin 13 is connected to
found, pulse widths (output to posi-
ve pole) of 180°-a (long pulse switch-
ng) oceur here as well. Both auxiliary
utputs (\):U (pin 3). QZ (pin 7) arc

Uy >Ungy = I > 1y

I

t
04— Sync voltage Us = Usyn (input, Pin 5)
1 1 ]
b : :\—/‘: I
i bl Py
y H i 10
] -
o ' / ! /6‘ Ramp voltage Ui (trigger point. Pin 10}
-~ . 04 | : Control vollage Un {input, Pin 1)
— H {§ i i JL i Output voltage Uys {output Q2, Pin 15)
—igl— | = :
' B PR ‘ Output voltage Ui {output Q1, Pin 14)
- t Short pulse
T — ~30ps
Output voltage U, {output Q2, Pin 2}
: Output voltage Us foutput QT, Pin 4)
. Output vollage Uss {output Q2, Pin 15} Long pulse
f 180°a
’ Output voltage Ua {output Q1, Pin 14) Pin 12 at L
Output voltage U, (output Q2. Pin 2) Long pulse
180°a
Output voltage Uy (output Q1, Pin 4} Pin13atl
' Output voltage Us {output QU, Pin 3)
Output voliage (78 {01 +Q2=0Q2 Pin7)
; 18
E o o
J 260 Switching frequency
; I=—50 ms —1~— 50 ms— 10 Hz -
; =— 10 ms—=1=—10 ms — 50 Hz
1 == 5 ms——|=— 5ms — 100 Hz
,‘?/
. ) == 1ms ~~f~— 1ms — 500 Hz
¥ig.2 TCA 785 waveforms
f the trigger input at pin 12 is short-
sircuited to ground, pulse widths of
} = 180°-q (long pulse) result. .
suxiliary dutputs Q1 (pin 4) and Q2
pin 2) are open collectors capable of
k . .
iandling 10 mA at maximum. $ Ui (Thyristor

Puise at Pin 14, 15

4Up: Uy

[

Un

Uicakage

Fig.3 Sawtooth flyback time. The sawtooth
flyback time depends also on the value of the
ramp resistor R9 which, together with the
ramp capacitor C10 determines the ramp
voltage. Thus with large ramp voltages, flyback
times arc always long because more energy has
to be discharged

Fig. 4

Leakage voltage at capacitor C10
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provided as open collectors and serve
for partlicular applications (e. g. control
of extefnal logic).

To obtain a signal collector resistors R3
and R7 are necessary, as above, be-
tween butput and positive pole. The
signal of output QU is similar to that
of Q1 but with a width 8 = 180° =
constan;. The signal at output Q2
corresponds to the NOR-link of Q1
and Q2,i.e. Q1 + Q2.

In the following application auxiliary
outputs are neglected. To enhance

" noise-immunity here it is a good idea

X

to conpect output QZ (pin 7)
ground

/Pulsc mhlblt (pin 6) can suppress pul-
" ses simultancously at all outputs (Qf,

" Q2, QI

Q2, QU). Trigger point at

\
pin 6 has to be connected to ground by
a switch, a relay contact or a npn-
transistor.
Fig.5 shows the internal circuit of the
TCA 785 IC output stages.

Thyristor trigger module

Control of thyristors in line-commu-
tated or non-commutating current
converters requires particular trigger
modules. A thyristor is triggered by a
positive current pulse between gate and
cathode. The control pulse is main-
tained until reaching the latching cur-
rent.

The thyristor is switched off by reduc-
ing the main current flowing between
anode and cathode to below the hold-
ng current.

'c
30...100 ps Short puise
~§
. — !
'
rllOO ps..lms l'—l Long pulse
) —> !
is 180°
s Jbzlovg Coniiruous puise
) - !
1
¢ Chan pulse
e g 7kHz
i .
G mwo us \I Comb: pulse
i
¢ 60° 60° Doubze pulse
-] : for cortinuous duty
-1

Fig.6 Pulse waveforms for thyristor
triggering.

Short pulse § = 30 to 100 ps, for resistive loads
in the rated current range.

Long pulse = 100 ps to 1 ms, for slightly
inductive loads or small resistive loads and
partial load range.

Continuous pulse f = 180° —a, for highly
inductive loads, no trigger pulse transformer
with large voltage-time range is required.
Pulse train with 5 to 7 kHz clock frequency, to
allow operation with small trigger pulse
transformer, i. e. small voltage time range
(mVs).

Combined pulse for high rates of trigger
current: dig/dt = 1to 3 A/ps to trigger series
connected thyristors.

Double pulse to control fully controlled three-
phase bridges

Depending on load and circuit design
various pulses of different durations
are applied to trigger the thyristor.

These pulses are shown and annotated
in Fig. 6.

All trigger pulses, except the chain
pulse, can be generated by the
TCA 785. A CMOS device is required
for the chain pulse.

Directly controlling low power
thyristor with line voltage

Fig.7 shows a phase control using the
TCA 785 for directly controlling a
BStC1040 low-power thyristor. Phasc
angle is adjustable between 0 and 180°
and power at the load between 0 and

400 W.
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