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ABSTRACT

x

•

•

J.o.••••r control ctrcuite \&I'11n&scn folt' feeding DCand ACt inductive
and resi.ttv_ 10ad8 aro designed and contructed. OacillOarumA ot volt.
age wave£orllul acro.a tit. load. and tbe sen are obta:i.ned for var:LoWl
triager1J1S tUlel. and 811100tband e£1'1oion1: cont.t'ol tor variable power
to loud ia obta1ned. Adetail attldy of' inclln@8cent l_p load is
Illade •

Th. design and conatruction of <Ii_or' circuits tor tho cont-rol
of light inten.ity of fluorescent lamp loa~ is also doscribed. D~-
I1l1ngf.)f the tluoi"eacexrt: Ifl.illPS with atarter switch .1. found to be
un.tabl. in operation. 11.0 convcmt tOllal Quare. cent lam})c1roui t 1..
l1lOdin.od and it t. t'ound thtilt the t'lU01'.8cont lumps co.n £,1iii0 be (lillllllGd

amoothly ".:i.ng sen controlled s'If'iteh1n.o1r(.1u1$••
A comprebons1voliurvoy 18 al.o carried out Qn Sell controlled DC

Choppor circuit. £011' DC to DC converaion Cor spood oontrol oC DC
trbction motor. Th~o op$rattaa principles of' .ome e£Clcient DC chop-
pel's are,l .d•• c,elbed .•••tth their 8})8c1n1 t'oature. and the voltaae and
cUlTont wtl,veforms at' the choppe ••• are 1\11108110Wlh
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CHaPTLH - 1

'rill; I)J:;VICE - SCR

1.1 • INTHuuUCTI0N,

•

/'The Silicon c"ntrolled rectit'ier (SCR) 1••a aemoconductor
device ot: enormous potential. It t:orm. the ba.i. ot: modern elec-
tro technology. SCH was Cir.t made in 1957 by General Electric
Company. SCl< has grown rapidly. The curosity of yaaterday ha.
bacolllethe basic and efficient control and conversion elefl1en~ot:
electrical poweD today •.~Th. device SCR i. a .uccessor to its t:e-
11011'tran.iator. Juat aa tranaiator ia replacina, the valve, :><':i{
ia now-a-day~ replacing thyratron, .ercury arc rectitier etc.

/ It i. a more etficient and economical de.ign elewent. Th. advan-
tag •• gained by us in8 :>CH are/ t'.laterswitching ti•••es, .lowor awi-
tching lo.aea, Iligher et'ftcleney ot' operation, little weight,
.,nall .i&e, require. modest heat .ink, little _intenanc. co.t
etc. • •

sen Can be uaed ft. the power handlin. device ot: today in
all Dloat every kind ot: application, in induatry, military, a.ro-
.J'ace, commercial, conaumer gooda etc. SCR can be ua~d in apeed
control ot: hqth AC.and DC motore in control and regulation ot:
light and temperatUre, in converti"n tor high volt"ge dIrect cu-
rrent trane/llission, in chopper. and invert ••r circuita etc.

Th. objectot: the r••••arch work waS to atudy the device .sCI!
in ,letail, ita. characterietica, operation. varioua gate control

•circuital varioua .witching po••••r circuits toDd doaign and con.-

o•

th••desi- _. -~load. and •-
truct!on ot: practical po••er control circuit., Ceed~n& re.i.t:lv.
and inductive, DC and AC load., uaing SCH'. and other component •
available in Bangladesh. Special .mph ••a1a va. lIi-vento
gn and conatruction of .sCI' control ot: illcandescent lamp
t'luorelloent lamp lo••ds taklnginto account the:lr I,.culier and dit'-
terent load conditions and trigger control requirement ••

•

In the be&in1n& theory Qnd operation. ot:
in detail. Then varioue gat. control circuits

o

• o •

•

•

•.sea are d••cribed
are de.ct"ib.d. A~ •• •

• 0

•
•• 0 •.

• •". "
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simple but very efficient trig •• r pulse generator for gate control
is designed and constructed and 0llc11.lograllllof' the control pulee

wave fonll 1s shown.

Next various tyPos: of scn controlled reaiative DC and AC
t. . ""cir~lit. are deatgned,CQnstructed and described and oscillogram.

o£ voltage wave torms tor different power level arc ahown. Vari-
ations ot power for dirterent conduction angle tor various circuit
configurationa are .hown graphically. Incandescent lalllpload is. ' ., ''''.
used as an example ot reais"t1vo load tl'lking into account the non-
Ii-near ~haracteristic of: the t'iiament wb,1eb perillitsthe high cur-
rent surges when thelalllp ia turnod on. A detail study oC incan-

•
descent 1.lJllllp load is carriod out.

•

For Sen eontrol at inductive load spe~1al tr~g&er require-
ments are describod and various circuits tor control of DC and AC
loads are desianerl and constructed and tho oll(>11logralllllof' vol t-
age wave form.• tor df:f'f,or.nt power level are shown•

As.an example of' inductive AC lo~d fluorescent lamp was
cho'sen•. Di_ing ot conventional fluorescent lamps w1th switch
start w@.ll f'ound unstable in operation. The problem 18~solved by
using star1:erl(i's8 ,circuit with perlllanently hoated cathodos. A

,.' ,

compreJumsive analy.i. ot. the circl.it components tor dill1mingof'., .
:fluorescent .1nlllpll";La,cl!lrrie<1out taking into accoun't the protec-
tion t~c;lmique.. it. was toune.! that f'luorescent light can be d1-o .

IIlmed .",ootltly by using, 81ect~'onie circu:lt ••

.. ~-•and the associated voltago and current wave torms are shown.

Lastly some SCR~ontrolle~ DC chopper circuits are descri-
bod. 1>u",to high,ef'1"icieney and low "witchjng time ot 8eR. it 1.

, .'u"ed as ,ohopper for DC to nc conversion. A comprehensive survey
i. el!lrried out abou't the sca controlled chopper c1rcuit.u tor .p-
eed control 01" DC traction motor. and a.tew useful circu1ts for

. '.
con'trol ot DC series .m~tor.tor traction are d.~crib.d in brie£

•

•
1.a WHAT IS sen ?

5CH tIS abbrevil!ltion of' Silicon Control Recti!'ier •• I't is a
PNPN device and is semiconductor equivalent of thyratrnn with a

"•
• ••

•

•
•

•.'.
••

"

.,
,

•

•

•

.. "

•
•
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normal block!n. charecteri.tic. It i. an ON-OF .witcb. It £ind.
application in hiab power .witchin. and control circuite. scn i.
r.placilll thyratron. hot-catbod. a•• triad •• cont.roll.d ••Jcur)'
pool r.ctiC1.r. ia:nitrun .tc. a. it h•• are"te •• adv"nta ••• ov.,••
th••~ S~R'. curr.nt oar••in& c.p.ctty vary t're. h.l£ ••p.r. to
thou •••d. o~ ••p.r.a and it aan witbatund thou.and.cot' volt ••

Th. SCA "••• tl~ .y.bol .hown in the tia. 1.1.. It•• ymbol
look. 11k. that. ot " normal r.atiti.r but. it bA. Imextra t.rainal
MOwn •• gat ••

N

p

i
).
'kt -}

•...1--....•0_._---.
I
I------

•
f 'v'" i\ ~. J

A!'"t ~ ('i--::

• C
i! ,~,.o.T,:

• I ,--------JO-..--i/----
,

•
•

(.) Symbol $or SeR•
•

Th. b••ic ch••••ct.ri.tio. ot SCIl are I.

•

(1) Th•.sca i•••••• ie',nductor " r.ct.iti•••• a .tativ. lat.-
chiq .witch whlch i. c.pable ot op.rat.ina ill.icro ••Golld•
•Ild •• enaitiv. _»li1'l.... It b•• no .avilla;part. to w••••
out or •••• and ailent in op.r"tioll. It i. nut ad".r ••l)'
.Cte.t.d b)' ••v.r. _oh"llical vibation •• Rock or biah a ~or- ,...
•••• sca i. co.p.ot •• tetic eIld capabl. at b.ina h.r"'i- - •-aally ••al.d.

(2) Horaally SeR 1. "blook.d" with no bi•• applied.to the •
aat •• i•••• with no gat. curr.nt and acta betw ••n'th. anode
and c.thod. lik. an open o:a.rcuit.witch, p••• ina 'ne.lig'uil.

••
• , "

• •

•'.
'. '0

•

•
•

.- .
•
•
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•

current ~n either direction.

(,) It elm be turned "ON" by applicaU,on ot alllall control
current to the gate ( by applying a po.itive pul.e for a
traction' at micro-a.cond to the gate). When sen latche.

o' in to conduction it act. like a normal rectifier and cond-
uct. in the forward direction between .node and cathode but
block. in the rever..,. <1i.rection. It ha. an advanta&e whe••
the load require. DC. tor bere sen aerve. both to control

\and rectify.
(4) Once the scn is turned "ON" the gate 10••• control
and the ss:n stay. "ON" even thouCb gate bi•• 1s re.oved.
(5) Once the sen 1_ tr1ssred into conduction it lateh._.
it caft be turned ott 8ither. by opening the AIlode-eath'ode
circuit or by reducing the anode-cathode current b~low the
boldirl& curr"nt. The characteristics then "evert to the. _
blocking condition ~d late regains control. In I.e circuits. ,turn oft occur_ automatically on the.negative halt of ench. . . . .
cycle. The sen cl.Ul-not be turned off via late. sen ia AD
ON-O'F _witch. at can be turned on in one adcro-sec(,nd
and oft ~n 10 to 20 micro-aecond.,

(6) Only a Cew-micro-watt. of control signal 1. required
to tr.gser a sea into conduction. sea enabl •• to awitch
bundreds o£ killo-watts of load power with high efficiency.
A grent advantage of sea is that it offer_ a h:iSb power
ga1n between tbll gOltll and.external load. Th111tlhich control
&.1n permit~ the use of inexpensive devicea such as thermi.-
tor_. caclllliWlllIuJ.phid.e light aena1 tive resistor'" etc. which
ereate low level 8ignal in control circuita.

• (7) The efficiency ot scn i. very high because voltAge
drop 4cro •• it 1. negligible when conduoting. -

1.' ADVANTAGES OF sett:

,-- .-
ot using equ:lpmeJlt_ with sen Iwi.tehetl are

•

••
• ,

SOllie adventa8ttl
• entioned below :

•
••

•

•
•

, •
'.

•

'.

•

.- .
•

• •..
•
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(1) lUgh o),eratinaefficiency and high power gein:

5

•

The operatina efficiency in SeR controlled equipment
i. yery high due to the 1'eet thAt a ne.liaible yoltage ( 1
to B volt.:) 1. developed acro•• scn when oonduotina in
compari.on to the arc drop ot thyratron, mercury arc recti-
tier and twin 10•••• in motor-generator .et. The etfici.n-
cy curve. tor. 6,000 kw, 750 v, 800 A load controlled by
sen, mercury arc reotifier are .hOWD in fl•• 1.2. The SCR
controlled unit has bigh••t efficiency. A major advantage
of seR i. that it otrer. a hiah power gain betwean gate and
external load •

•
(2) High a.itching efticiency'

$w1tcbing from ~OFn atate to "ON" atate and vic.-
verae 1n sen ia very taat. Thia l1ighrete ot ro.ponee i.
very u.eful where hiah rate 01'acceleration or accurAte
automatic aetting are required •

• ('1 Baay maintenanoe: •

-

A. the scn upit haa no moving part. to wear out or no
arc formation, or no heator aupply the maintonanoe i. ea.y.and le.a co.tly.
(4) In••n.~tive to temperaturo changel

"
The scn" can operate in temperature renae f'rem_ ,ooe

to + 'Ooc ef'f'icientlywithuu~ changing the control charac-
teri.tioa.

"

"•
• ,

"

(5) nequire. no-heater aupply:
(6) Highly reliable perf'ormance'
(1) Lona 11f'e:
(8) 5111all aisse:

(9) Low coet.
(10) Light weighte
(11) Mod••t coo11J~ requirement:
(12) Silence operationl etc.

"0

"

•
•

,

•

- •
,...
•_.

• ••

.- .."
•

•
'0 • ,...

" •'. •
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1.4 APPLICAT1()NS 01" sell:

7

•

•

SCN's are used wure and ~ure now-a-days in almost every
kind DC applications. The S"':H Jle regulators find extensible
applica tion where di.tortion oC wave t'orm is not iru•.•nrtant. Al-
tholPgh di.tortion of: wave form lir.,its the uso of: S<.;/l in lIDr~eCas-
es, yet there are large number uf: speciCic ullplication in which
distortion has little or no eCf~ct such a. in resistive load Cor
incandescent lAmp f:ur lighting, heatH'g and induct,~ve load oC
Cluare.cent lamp and in milny other c<tses,'ranging in power Crom
Cew watts to several hundred kilo-watts.

Now-a-days us the ,;CH characteristic ••is gr,."tly improved,
tl,ey ire replacing almost all conventional control elements. The
names of few are I
(1) Thyratre,ns (9) Nercury arc rectiCier

- -(2) Helays (10) Saturable reactors
(:5) M-G-.sets ( 11) Timers

• •
(It) Ignitron. ( 12) Variable auto-tr,ul.,.Cor,ner
(5) Hagnetic amplifiers ( 13) Thermostats
(6) Transformers ( 14) l-Iechanical speed changers
( 7) Motor s.tarter"s (15) Fuses
(13) Hheostats ( 16) l"'ower transistors

Some import.,nt applicatione of: ;;iI.:H are grouped as Collo_l

(1) Lightll!g control in auditorium, cine"'a hal!, theatre,
studios etc., for dinu•.•in~ of I

(a) Incandescent lamps,

Fluoroscent lamps. - -(2) Heating control:

(a) H••",istnnce furnaces und oVens,

,-
•
•

• •(b) 5pecial purpose heaters f"r metallurgicAL specimen,

(c) Induction henting generators.
,
•
• ,

"
""

" , "
- _ .•

•
•

•• .,, ,
•a.



•

(:3) ~peed c,.nlrol ot epecl ric t\C supplied mot ore 1

8

•

•

(a) Univereal motore in poworto01e, domelOtie machi-
nery euch as mixtures, tood blendera, hand drill etc.

(bJ 5m811 iru!uction Motors such as in pump", Cune "tc •
•

(4) Special pnrllOse cllntrol 1"01' electromagnetic vibr,.tore.

(5) Hegulati"n ot rectifier seta to obt"in variable or
.tabilised l>C.

(6) High voltnge high pow"r :'1,,1:'. are useul

(a) A. convertor 1nr He motor drive in .teel Dlill,
.pee"d control ot locomotive, antenna drive etc.

(b) As cOllvorter Cor high voltage J.)C transmission •
•
(0) i.s A<'; .witch Cor primary cout,'ol oC welder.

(7) DC to A<'; invert ion tor ultrasonic generators, .onul;.-
trftnemittors, variable speed AC motor ••

(8~ J.)C to 1)C couvertion or chopl""r tor controll.":g the
.peed oC DC .eries motors Cor traction. \

~CH'" alao Cind application in servo syet<1me Cur /.Jrec~sion
con1:r01 oC speed, poeiti ••n, l.l.ght,temperature, etc. SCh'. offer.a unique combi.nation of oftJciency, power handling capacity und
conveni"nce of ol'er"tion, maintenance and inst ••llati"n •

•

- - .
• ••

- ---, • • •
•
• '. 0 •, • " eo, ,

• •a.
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CHAPTER - II

THEORY OF SCR OPERATION

2.1 TWO TRANSISTOR ANALOGY OF seRc OPERATIONc
•
The SeR is a f'our layer PNPN

consietin« of' two transistors a
the f'ig. 2~lb. J:n £ig. 2.1c R1

(D)
,)

i .

•
C~THOD£
(e)

device which can be visualised
PNP and a NPH connected as shown
and R2 represents the semicon-

JANOOe.

Gll
'i PNP

Q2

ANOOE

'f

CATHODE
(8)

•

•
e.

lINO"E
)

P
N G~lp ~

N

•
::>

as
in

•

F~g. 2.1 TWO TRANSISTOR ANALOGY OF SCR.

duetor resis~ances ~etween gate and cathode. Fig. 2.1d shows a
stud type ot' SeRe

•

When proper bias ia applied to the sen 1.e., anode is made
positive with respect to cathode; and zero bias is applied to the
gate, i.e., gate current is zero, Q2 will be in cut qff' condition

a8 1ts base current i8 zero and bence it. collector current will
be zero. The collector current of' Q2 is the base current of' Q1,

will also be in cut oft' condition snd no current willtherefore Q1
f'low between anode and cathode. •• •

Now as a positive pulse is applied to the gate, Qa is driv~n

on from cut of'1.'state. The resulting collector current p£ ~2 £eeds

directly into the base of Q1 and tit!. transistor is also driven on.-

a.

•I
• , •

••
•

•
•

\ •
•• ., • .'

•



• to

•

Asain the ooll.o~or ourr.nt o~ tbo tran.l.tor Qt ~o.d. ba.k lnto

tho ba.o ot~. H•••• a t••d back loop 1. oo.pl.tod aDd r.s.nera-

tiv. actioD tak.. pia•• drAvin. botb traD.iotor ln tho .aturatio.
r.sion. A•• r••ult anodo and .athod wl11 app.ar to b•• bort eir-

•e~t.d •• yolt ••• drop a.ro •• tho SCR will drop to n.sl1sibl. aaou-
nt and h.aYy ourrant vl11 flov b.twe •• anode and oathod.. Thi.
anode ourr.nt 1. li.it.d only by tho .xternal oircuit load.

A•• 00••• a pooitiyo bl•• i. appliod to tho ".t., r.aonora-
tiOll .tarto and OnCIO ros.nora'ioll ot.art..,it will oontinuo anel .a-
oh tran.lotor driyo. it••• to into ••tUratiOD, .at. ourr.nt will
hay. DO .ttoot ~n tbo aCR. Onoo in ••t.ur.tion .11 junotion. of t.b.
SCR ••_0 • torward bia. _d the beR oan only bo turnod oCC a.aln
by broaklns \bo oupply eonn.o~lon or by r.duOLna th•• noel. ourrent.
b.l_ tho boldlq ourrflnt. SeN .annot b. turn.d ocr by .bortina
.at. t•• athod., a. ~ ba•• w11l not bo .bortod to ca~hodo du~

pro ••n•• ot Rt anel ~ ba •• wl11 b. roe.ivin. ~l ooll.ctor ourr.nt
••oontinuo".ly.

Tho SCIl .truotur ••-1' al.o b. anal1'.ed
nont tran.i.tor ".lpha.". Fro. tbo tla. a.a

in t.r.. of 1~.oo.po-
1t 1. .yid.nt that ~NP

p

•

•
"1'. 8.8•

..otion ot tho .iU.cOJl palet he. _ .lph. oC, wh!-ob d.Cin •• tho
traotion o~ bolo ourrent tray.ll1D. fro. tb•• .ttter toward. the - .ba•• into tho colloctor. So tho hole cur •.•,,' t'r_ the P •.ttter 1.
lC11 • OC',I". Si••ilarly tb. NHC .e.1I;ionh•• _ "alph,," ~2- whiGa

•whicb d.tin •• tho tractioD ot .leetron ourr.nt trav.llihC Cro. tb••
_itter towaret tb. b••• lnto ooll.ctor. So tho .l.c~ron ourroJ\t- --, • • •

• •• , •, • , ••
_ .

• .\ •l.
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current conaiataTh. total anode
bole current fro. tho
••itter, (,) le~k ••••

It'.laitter,
current ot

(2)

of thr.e cQ.ponenta I (1)
.l.-otrollourr.nt t'ro. N

1.•• • lot + lC2 + 1 • 0\, Ill. + 0\2111. + 100co
Io.

Ill. •
1 - ( "', + <1:2)

•• v~ lar.e, beina lLmited by tbe external
i. "ON" or "conduct1D&" .tata of the sett.

• •the lOCH0_ b. tris.ered fro••• 0•••••" to "ON"

••• it (~,.

con-
anode

b.eo••--.ituationTtli•load.
So by controlling 0(

at.te.

i. "OIY" or "blockinc"
'lbe Anode ourrent I",

con.iderably l.aa than \IJ11ty,then
a111c08 juno~ion 1a very ••• 11 the

Th:l. •• ttuation
i. n••r unity

ia
in

Whan (Cl(l. rA2. )dit:l.on.

1•••-- 100• Sinoe
•current ia al.o ••all.

•

The,.a are • nu.bu~ ot •• thod. ot inor••ain. ~ in. tranaia-
tor. The _at i..portant of: tbe.. ore I

.
(2) Incr •••• of: anode-oAthode volta •••

(,) H.t. 01: chanae of yolt •••e.

(4) Radiant anErgy ".ina.li.bt, etc.

•

The Yolt- ••pe,.. cbarncto ••i.ti •• of • typicAl aAte cv~trolled
belt i•• l,own in the f1g. 2.'. III the torw •••..d blocki,,& ••eaioft
( 0 - 2) the .iddl. junction ot PNP~ devi •• ie reYer.ed bi••ed ,.- .and incre ••1n. forwArd volt.l.e dOo. not J.ftcr••u.e the cur .•ent until.
the pOH.t i. r"ached whe,.e .".lunce •••ul t1plicatlon begin. to take
pl.ce ( 1 - 2 ). ner., the .n.ray ot the oar."ier. arr1vi 11£ at th••PH Jun.~ion i. euCfloient to di.lodge additional carriere cAu.1n.
an a".lancho br••k down. 1-'Aetthi. ~lq1nttb. clli&rrentinor ••••.•_.,

•

J

•

'. •
,

• •
•

--
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H'"gh Conduction Region

•

"Maxirn"um
Reverse
Voltage

5

•

Reverse
Avalanch
Region

•

6

. H.olding
Current

Reverse
Blocking
Region

o

Forw€lrd
Blocking
Region

Forw"ard
Break over
Voltage

•

.-

•

Fig.2.3 V-1 Charocteristics of ScR

•.- . •

,
•

j

• ••

. • --• • •
'. • ••
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•

•

•

rapidly until the total current is 8Ul'ficient to ."aiutain the sum
I

of: 0(. to be e'lual to (",rgreater than 1. At tins point £CH tri-

ggers tl~ough the unstable negative resistance region ( 2 - 3 >
into high c•.nduction region ( 3 - 4) with high 1'orwnrd current

a.nd.low voltage drop aero"" SCH. Nowif' the current through the
scn is brought downbelow the ,oinimull1value ca11"d the holding cu-

rrent, the SCRwill revert to the 1'orwdrd l>1ocking stat". This
characteristic of: S(';H is ••hownby the I •• 0 curve.

g

In pract.ical appli.cat.ions , the ~,cnhas an applied voltnge

below the avalence voltage and it i. turned on by in'ecting cur-
rent through it •• gate. At anode-cathode voltage les" than the
break over voltage the ;'(;1{can be placed into high conduction re-

gion by .upf,lying a gate current Ig1 as shown in the char"cteri.-

tic curves. Thi. occur. because the gilte current increases 0<. and

break over takell earl',cr. For a higher gate current 1,,2 the "1"'"e-

ak over occurs at a atill lower voltage. 'or suIt'iciently high
gate current the entire f'or••••rd blocking region ia r"movea and the

V-I characteristic. es!,entially becomes similar to thoBe of a 4'N
junction diode.

sca is used to ce-ntrol l ••rge amount of po••er by vcry slfIoll

amount of trigger 'power. Thi. ill the advHnta"e of: :><'1<.'rYI,ically,
15 ma can turn "ON" a 16 amp. SCR. sen clln be triggered into
conduction by apply,ng a pulae to its g••te. Uaually It 10 to 50 fJ-a
gate pulae ••ill trigger fl bek in "bout one micl'o-sec';)ld. Once the

,
tieR ia triggered into c,;nduction , tbe gate 10llea control.

The SCll ia in the reverse blockinc region ( 0 .:5 >, when

reverse pottlntial is applied to the devic... In the reverse direc-
tion. the l:iCH has two back-biased l'N junctiou in serioa and it •
characteristic in the rt:.verse direction ia like, th ••t of a back-bi"s
silicon diode. Generally in ,,11 5(;R'. peak-rever.e voltage i..- •

equal in magnitude to the minimumCorward ~r••ak over volt"ge. If
,

the reverse volt"lI;e exceeds th", peak reverse voltnge rat •.ng of SCll
•than it wil' be da_ced perlllanently. •

•

The Corwftrdh••••k over vol t ••ge i. quit. t.kl.'er" ture ••ens';'t iv". .
a8 the leaKage cur'."tlt through the SCl<.Lncre"•••• with temperature.••

J "
", •

\ • •• ,\
•

--
-•
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which in turn incr ••ae. D< value. At a high temp.ratur. aboVe the
maxilllWIIrated t.mp.rature. the device lo••s compl.tely to block
the f'orward voltaa. "lid it. charact.ri.tic become •••••• ntially like
that of'a PH Junction diode •

•
2.~ GATiJ;-CATIIOJ)~;V-I CIIARACTE1US'fICS 0.' SClla

The sate-cathode V-I charucteri.tics ot: scn ia .s"entially
l1ke that of' a PN Junction diad.. Th. gate trigger current is a
f'unction of' l.akaae current and the gate current necesBary to t:ire
the sen d.ere ••••• a the Junction teDlp.rutur. risea. In pr.ctical
op.ration ot: sen. gute potential r.quir.d to triggor it into COll-•
duetton vari •• t:ro. 1 to ~ volt. with currant varying Crom 1 ma
to ~OO ma deponding on tb. .i•• oC SeRe So v.ry .mall aate pow.r•
i. requir.d to trigger quit. large current Crom higb vol tag •• ourc.
to load. SCR poss ••sas large power turn on ~8in in th••order oC
10' to 106• •

•

•

•

o

•

•
o

-
•

•
•

,
•
J

. . --• • •
•• f -• \ o• -• .\ 0
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TRIGG~R CIRCUITS FOR SCR

'.1. SCI:! Oli/OFF CIRCUITS ,
Ba.io DC OH/OFF circuit••

"ie. '.1.
with Sl opon iC

•hov. a b••ie DC ONloFF circuit. In thi. t1e.
Sa 1.010.od tho scn wl11 not trissor into oon-

•

duotion a. the curront tbroash the sate i•• oro. Now it al i.
010.041scn will.b. turned on and it will latoh. The SCR can al.o
b. turned on by applylD1 pul.e to tho SCR S.to. The tiCR i. turned
ott by _.0.terl1y opoDina the .witch Sa or by roduoiq the an04e
curre.t below tbe holdine ourrent. It OaDDot ba turned oCt Yia
sate. SCR oan al•• be turned ott by .horting aDod. and oatho~e
by tbe .vitob Sa a•• bown in tbe tia. '.lb. wb•• sea ourr.nt our-
re.t will be reduoed to ••ro.

o •
/8a.ic AC ON/OFF oircuit••
The tiS. ,.aa .how. a b••ic AC ( halt waY.) ONloFF circuit.

Whe. an alt.rnatina voltaa. i. applied to tbe ctrcuit. tho ~CR
viII be triss.red into oonduotion in the eaOb po.itiY. halt oycle•
it the .witcft8S ~e••iD8 clo.ed. The sca turn•• tt auto••tically
in tbe n••ative halt cycl. a. the .node volt.S. r.v.r.... The dio-
d. D prevent. tbe sca sate to beoo•• n••atiye with r••Vect to
eathod••

Th. ti••.,.ab .huws a tull wave on/ore circuit_ Her. a di-
ode bridge rectifier i. u••d tor tull way. reotitioation and the
out put i. appli.d aero.. the SCR and tbe SCR anode re••in. (>o.i-
tiye in each halt cyclo. With tb•• witch 81 olo.ed the SCR will
ooaduct in each halt cyclo. The cirouit i. not .elt latollins~
SCR volta.e reduoe. to .ero onoe in .aoh h~lt oycl.. It r••i.tor
HS 1. yariabl•• than li.tted ran•• halt waY. pb••• oontrol op.ra-
tlon re.ult.in Cl.~,.aa, and li.i.ed ranae Cull waye pha•• cont~
rol operation r••ult. in £ia. ,.ab. Sinoe tho sca will tris.e~
and latch into conduotion the tir.t ti_ aat. ourrent i. re.oheli.. . '.,

•

,

J

•

•0 •
\ o

••

•

-

•
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Fig.3.,. Basic DC Circ uits

•

•
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0
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240V
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•
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itll CHlu!uction COlD not be delayed 1aoro thAD 90 .l.c:tric&l dearuea
witb 110 aimple a trigger circuit.

:S.2 He Tllll.iG;,;U CIRC\;lTS,

• Fia. :S.'a ehowe a He diode tril",••• circaut which .110ws full
hdlf' cycl. control. I/heD the SCU anoue volta&e .wingll Voe1tive.
t.he capacitor C will cbarae Crolllthe peak ot tIl. ne&llU.ve line vol-
tage to the trias;.r 1'01nt ot liCN ~n a t1"". d.te ••••inel! by the HC

time cOlletant IlI1dthen the :SCI< t••1&00rll .Lnto c:onduction. lIere H

ie the control .lo"""nt.. when tb. scn anode awinge n •.;ative. the top
plat. ot the caJ,acitor chargee to tlle peak ot the negative voltage
through diode CH2• tUIU it ia l"o.dy f'or the next cycle. The diode
Cll1 protec~s the aato trow rever ••• volt.age when the anode oC SCH
is neaative.

f'ig. ,.,b
pha"e control.

"hows a nc trigger circuit which allows full wave•

• •3.3 UNIJUl<LT.iON TIU.N::>1 5 [,Cl< TtlH.GLH PIJI.'.!' Gl;M';HATl)lo

The uniJunction tr"nsistor is an uni1lue special.is••d but ••.im-
pl. three terminal aemicunductor device which has noac<tive res111-
tanee characteristic.
pul,,,,sto tr;igger '::;l:".
and equivalent circuit

It c:.n be .neet..i.vtilyusod to gon ••rate
The syraool ot UJ1'. ita construct1unal
are ahown i.n the Cig. 3.1t.

Corm

•
•Ite value Varies t:rom ItkiL to 11 kSL

Tll. device is _d. ot a bar ot high resistivity N-type sili-
con _ter1al. with two non-ractifP)'ina oho •••ic 40Imtacts baao on •• 1}1

and baa. two 82 at the oVlloait..onds. An alWlliniUJlleCal.ledthe
emitter ~ is alloyed to the bAse to torm a PN roctirying junction.
The device ia named un.i.jullctiona. it "ae only one rectiCying Junc-
tion. Det_en 81 and lia tho uniJullction b•• :hll cbaracteristics
ot an ordinary re8~stanc.. This r.siatance 1a known .s inter bas.- .

•

•r.proa~nt ths ra-
Th. normal biasing condition ot: a

the equivalent circuit £i&. 3.lto. rU1
typi.oal
and rUa

UJTis .b_
• in

slstanoe of' the silicon bar and diou •• l) repreHont. the juuc:tion • --, • •,
• '" • •

.J \ •• -\ • .\ •
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o
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. ,
•
And The. Pulse'

•

-
."

,

•

,

\
\

-

'.

•

•

•

•

\
,

Generator\. .
.0.1.

PulseUn;junct ion Transistor
Wave Forms

Fig, 3.4

•

I
.J

,



-• 19

formed between the emitt"r and the bur. When an extornal. vol.tage
VIm i. applied between B2 and Hl with the j.olaritio. ahown a

volt"ge of nVDB appeara acroa. r I:H ' where n i. called the

intrln ••i(: .tHnd off ratio and u.ual.ly hu. a value betwo\'!n0.51 and
O.B!!. Now it'a voltage VIl: i. applied between e••itter 1'. and 61
whieh i. le.s than the peak point voltage given by V

P ••

re&en.rative actlon take. place and the
falla .harply to about 20 ohm. ioihenit
it is th,.n Called "01'1' " at"te and whev.
is said to b. in "ON" .tate.

where VD i. the emitter diode voltage, And the diode D become ••
rever •• bia ••d and only a .mall loak.go eurrent will fluw. Now it'
VI'; ia increa ••ed to Vp' diode D becom ••• Corward bia.ad and the

current starts.to flow from olDitt••r to base one, injecting minority
carrier. into th••• 111con b'lr cau"ing • decre.se in etCoctive re-
el.tanco rn•1• and D become. tHore heavily t'orward b j aaed •• cathod ••
voltage of D decroa.e. due to decrea.e in rBl• In thl. way a a.mi-

.mitter inl~t impedance
ehow. high e••itter illlpedance,
very low iniut l.81pedancait

The trigger pul.e generatorl

uaed Cor trigger-
relaxation oaci-

TIle UJT pulse generators Cnn be eCi'actively
ing Sl:H'.. •The b•• ic te'lIper"ture stabilised UJT

•
llator trigl':erpulse f;enerator with the wave t'or••s i.•• hown ln the
Cig. '.ltd. when the circuit i. energised tile capacitor C charge.
expon.mtiall y through H and I~ •toward the supply voltage V until

•

the emitter reaches V • the peak point voltulI.e. IIheQ UJT :tl.ro.i.e.p

turns "ON" and tha capacitor C discharges inst"ntly into the low
impedance of eillitterand Itrouno tr:r",inaland a positive output
pulee 1_ generated acros. Un ano a negative pu).e at 82• When •
the capacitor di.charges current Call._ to a "valley point" I -p' •

••

•••

. .
•

. .
•

•\
,

•

•\•

and ground. The ••scill..gra'Aof:

Jlulee i_ .hown in the fig. ,.It.

the UJT turns "OFF" and capllcitor start. charguig and the cycle
is repeated. A saw tooth charging waveform is generated twtween •

•saw t"oth wave Corm and theemitter
trigger

I
.J

,
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The t..-oqul!nc.yof' ope:t"at;l.wiof' UJT is allproxi!llft'tel.y given by

P.or ~. 'typ1cutl. value of n • '0.6:>. f' • l/R. The
Ca1rly independent of .supply 'V01'tAg" end tOllpe ature.
perature atabilising r.oaist(lr., '

frequency 1.
tt. is •. ttlll-

•

Dealgn consideratiun:
Th. aupply vu1tn3tl of UJT pulae generator can be varrie4 from

9 volts to. '5 v91ta. As tho amplitude of' the output pulse depend.
on the Iilupply vol.tage ( a~p).i1;udtl 1&1J:!luch10." than halt' 'tlrosupply
voltage) the,8upply voltAge 1. det•.•rminod by the requlr_nnt of:

i

the pu.l.se ampl.itude nnd allowable power diaelpation (:Ii: UJT. Th.
I:requency of .oporl'lU,on C:lImbe varied .by varying both It and C as

••v~dent t'rom the expression ot frequency. But gener.lly C is kept
COhatant to 0.1 pt' and aDd H 1. vlIlriec1,al.thougb C CAn have any
value in'the range 1000 pt to 1000pt' •• The widtb ott.the pu1.o

dependS on tho valu. ot G. 50 in caaell tthere blgher pulse width :I..,
roquire"l ( a. in caso ot: tr:i.&8er SeN !in lnduct.1vo load) high value
or C should be takon. 11lGval~ of rOs~8tor R can be varied fro•
•bout 3 k..Q. to , If.I2..,. So vit. n .~ngleVariable rea:htor R. tro ••. . . . . ,,-',' -

quonCY range ,gro<ltor -than 1000 I \ 0an b. obtAlnod.' In cirCUit.
wbero output pulse aCJ:'olll!lthe:RS i. directly coupled to the catee of
SCttl., the'value of R. lIIhould be. low enough to i»reveD.ttth. DC volt ••

age at the gate due to inter ba.b current, frolll e"Cle.d).o; the maxi-
'. ,

IIIUIllvol tag. t.l\ ••t will. not trigr.eJ:' ttl.SeR. 8.1'. the mafilllUm junction
temperature a1; which the SCU's a);'tl oxpoctod to operate. l'~ "'... ""-

The VJT i. a uQ1que deV1e. wh:l.chcan trig&or sen'. very ern,-
eiently. Ita advantages oro that tt llInintai~ a _table triggering

'. ,
voltage and .tabtl.ity in trequency i. aGod witb chnngee or t8.p~a • •ture. It requires very low value o~ trigger current and it has
high pulse em-rentcapability. It's peJ:':tormanCl. 1a reliable nnd'
it ia cheap. • •

•

•

•

Type 2N1671A UJ't ia ehoaon to eonstruct a UJT pulse trio;er
•Cltrou:I.t Cor trl.gering SeR' II. Tho valuee ot the .componenta ~nd
•• I

.J o • ,
\ • \

0•

- 0'

-
, .
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the supply VC)lt~"o to triager a 16A, 600 V seR Are choaen ••
•ho_ b.l_ consi •• rina th. abo". d.si4n conditions.

v • 16 V • 0.1 ~

a•• ~70.Q

le1 • ,., k.fL

R.r .500 k.D.. pot.

• TABLE. \

Vu (-ax. ) • '0 V
Intorb ••• resiatanc. "u8 • ".7 - 9.1 kfl
Intrinsic stancl-ot:1'ratio n • '.'7 - .62

• •MiD. ".lley curr.nt IV • 8 -Max. p.ak point e.itter curr.nt Ip • a, ,ua

( MiD. base one peak I)uls. voltaae • , V

•

.
Thc U~T oscill.tor WAC con.truetcd and it w•• tound to ope-

rate et~iciently and the oaeillolr •• ot ••• tootb wave Cora aeros.
the e.1tter and •• ound, and pul.. output acros. RD are .bo_ in
in the til. , ••••

o

,.% A LINll SY.CUROHIZ£D U~T TRIgGER CIRCUIT YOR nCR.

•

- .

•

•

A unique trialer eireuit u.1na • UJT usefU?- Cor tril.orina
the SCR lat. tor AC line operation is shown ~n tho ti,. ,.,.. _
Tho tril.er circuit 1. s)'Dohroni.ed :l:'ro.the a,o V AC lin.. Th.
inpUt to the tria.er circuit i. tull wave rectitied signal .s sbo_
iD t1a. 'o'b ( which can be obtained tro. the output ot ~ ~id.e •
reeU.t'iv) which .upply both l'ow"r .nd syncbroniaina s18nal to
the tril.or circuit. A •• nor diode D 1. 'Iced to clip the p••k

o

I 0 •• 0

\
,

0 ,
0"f

\ • 0
\
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--0

<al The line synchronised tri-
ager circui t •

TRIGGER PULSE OUTPUT

ZN1~71A

OJT

•

-,•
lbV

o~

INPUT

•

r) Trigger pulse produced near
tho end"o£ each halt cycl ••

(b) Full-wave rectified voltaae
wavetora at f;he input •

•

•
•

•

-
••

• ) Clipped Cull.wave rectified
volta.e waveCorm, acro ••
the zener diode •

(0) Clipped ~ul1.wave rectiCied
voltage waveCorm, aero ••
tbe zener diode.

(a) Trig.er pulae produced near
the beg1ning ot each half
cycle •

•

Circuit and Voltale ~a~etor ••.-
• • •

. ."
\•\

•
t

•
•

~he Line Synchronised Tric,er
at Different Instante.

,
I•
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•

,

givinC the wavet:'orrnlOj,ownin tho f"1g. 3.5c. When the s1gnal 1e
f"1rst applied to the circuit, C is uncharged and the ••itter is at
ground Fotential. C then charges exponentially through R but aa
aoon aa emitter reachea the fjring voltage, UJ f"irea and C diacharge ••
raJl\dly through I{lI giv.lzlga pOllitive pulllo across Ha all shown in

Cig. 3.5d ( only the C4rat one pulse in each half" cycle is required
to trigger the SCI<). At the end of" .ach half" cycle, the baae two
voltage ot the UJT drops to zero and C disclwrgea ( it C had any
charge aftor firllt discharge) throuj;h the low impedance of" the
emitter. The capacitor 111 thua unch"rgod at th••begining of each
half" cycle and $oilecondi tion tor recl1arae and trigger .lng in the
next half" cycle ia establiahed. Hence the tl-i",gerCircuit ia syn-
chronised w\th the line. The inatant at which in each half" cycle
the circuit ahollid tr1Kger ( i.e., produce a pulae in the output
oC UJT to Cause the SCH to trigger ) is determined by HC time cons-

•tanto Generally R ia varied. IC R is alDall, th••trigsured pulse
will appear no",r the beginjng 01: each hal1: cycl.e aa shown in the
1:1,;.3.Se! and if"R is large, it w:l.llap'pear near the .,nd of" the
haIr cycle aa ahown in the CiS' 3.5f. If' R is very lar",e pulse
output may not appear at all.

TRJ\NSlSTOR FLII'-FLOI' TH1UGEH CIHCU:tTI,
•

IOhere seH ftlUlltswitch high current in a ahort time and where
C.at turn on is rDquired such fHI in invertera pulse modulatora etc.
the trigger si.gnal muet have "ery ahurt rise time. Again J.n e••e
Casea the I'ulae width require_nt is high to initiate the conduC-
tion oC beH a••Cor indllctive AC load. The tr••nsistor.t'lip-f'lop
circ,.it .s "hown in the :(11,;. 3.6a Can meet the ahove requirements.
The square wave. gen'H'"tod have stwrt rise ti••••and of' enough dura-
tion to trigger inductive AC load. Transiators .1~2 and <13 Corm a

l,istable ."ultivibrator an<l the UJT relaxation oscillator '<1 drives.

it, to ch~lge atate alternately. Two cycle. of' UJT trigger circ~it
complete one cycle of the Clip-Clop and the flip-Clop Cre'luency is• •halt' of the UJT relaXation o.cillatlw frequency aa s"own in Ute

fig. :;.6b. The gating signal ••are taken from the •••condarie ••or -

•

••I •
• ••

• • ••, •\ ,
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Doi •• lev.l. are pre.eDt.

the pula. tran.for ••r whereby electrical i.olation 1. obtained bet-
ween the triag;er control circuit _d,power oircLlit. The output
i.ped_ce o~ thie equare Wave tri•• er circuit i. about 8 oha. and
open oircuit .01ta.e ie \volte peak •

•,.6 PULSE TRANSFORMERS IN TRIGGER CIRCUITS,

There are a nugber of •• thode of couplina the triaaer pul.e
to the aate of a SCR, of whiob the .etbod of couplin. tbe triacer
pul.e .enerator to the SeR Cate by pul.e trAn.former i. very eon-
Yenient a. 1t proYide. electrical i.olation between the two circuit.
and one pul.e _,nerator unlt can b. u.ed to triecer a nu.ber of
SCR'••

There .re a nu.ber DC •• th~d. of oonnact~na pul.e tran.Coraer
tor trlagerlng of SCR'.. The fia. '.7a .how. a two windina, 1 , 1
tran.for.er for tricaarin. a .inale SCR. Th. .econdary of the. tran-
.for ••r •• y be connected direotly between a.te"and cathod. or ther •
•ay be a re.i.tor Ra and diode D ln .erie. in tbe .econdAJ'7. Th.

• •purpo •• of the re.l.tor i. to keep the ,ate our •.ent witbiD tbe
.peoltioatloD ot sea or to balanoe the gate ourrent. in a three win-
dine tran.Coraer oonnected to two SCR'.. The function ot the diad.
1. to block tb. aate ourre.t in the reyer.e direction ( i.e. fro.
oatbode to cate ) .in ca •• at re.er.al of the pul.e tran.for •• r out-.
put yolta.e. Th. v.cillogr •• In tbe fiat '.7 .bow. a typioal pul.e
tran.for"r output pul.e. So_ti.e. the diode D i. c"nnected in
parallel witb ,ate and cathode to attenuate the ne •• tiye aate to
cathode pul •• by the low 1ape~oe of diode 0, to protect the SCR.
The diode 1M,t i. cenerally pre Cered here •• it proYide. very low
i.pedance in forward direction i. eo.pari.on to cathode .ate i.pe~
dance. It i•• ometi ••• boco.e. neee.aary to load the •• condary ot

• the tra •• Cor.er with a re.1.tor to prevent Cal.e tria.erina i~ hiCb
• •

•
The fia. '.7b .how. a .ethod oC connectina three windina,

t , 1 I 1 tranatpr.er to tr'~ger an inver.e-parallel pair oC SCR' ••
• Here co.plete ieolation of pul ••• onerator and SCR'. i. ~ro~ided

•by the three wiDd1n~ tr6n.C~r ••r. -, •••I ••
• ( • ••• •"
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PULSE TRANSFORMER

•

•

•

•
•

• •• -• • ••
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,/t'''nr:ne pulse ••..,noratori",U!HH! to tril>&,'rtHO sen' ••• it
"'UiStf'lrn1!!1h!lui'ric ient energy to tri<;.,erboth the Sell'. and the
pulse transt"orroer muat aupply sufficient gat •• current to both deR'.
under worst-case condition of unbalanced gate t-pedancee. In eacb
h"lt' cycle ot" line t:requtlncy,both the ::il..H's will receive gate tri-•
g~.r pulse but only one SCH will be triggered into conduction
( whose anode is positive with respect. to cathode) in ••aeh half'
cycle. Th•• e preceution taken f'or aingle scn tr1gl>ering in the
t'ig. 3.7a are .,1.0 Valid for the inver •• parallel pair of' SCR' ••

The de.ign of: puIs. triaser transl-or",er .hould b. lIuch that
it will give high-efficiency .0 tl~t low power pulsea produced by

the senerator cA.n trigger the :'(';11'. ett'ectively. In d•• igning pule.
transt'or••er the following points are taken into account •

•
The lI1agneti.ing inductance of' the l.rimary winding should
be high .nou"h ao that magneti.1ng curr.•mt ia low, 1n
comparieon with Jlulse cUI-rent during the pulse tim;.

(2)
•

(J)

(4)

(5)

(6)

Core-saturation muat be avoided •
•

Core-should be of high permeability material.

For Sill&le sell c',ntrol, the coupl ing between the pr •.mary
and .ecnndar)' should be tight and for multij,le SCH cvn-
trol ther. may have 80me leak"ge reactance for b"lancing.
trigger currents.

Insulation between wind ins. must be adu<juato to provide
isolation at: windinhe even in ca»o of sev~r tran.ionts.

Inter-winding capac! tanc~' shuuld be low to •.•inillli••• the
.purious signal .Ct'ect at high frequent:ie.:

•

•

A pulse tr"nst:ormer is designed and constructed with turn
ratio 1 I 1 I 1 Cor coupling trigger pulees to inverse parallel
:>(;,('s.The number 01' turns in each winding is 100. Th. pulse
tranaCorDler is Cound to operilte excellently. The oscillogr_ ot:
pulse wavet'orms in the S"culldary is shown in the fig. 3.7 •

••

•
•

•,
, (

•

I
•

•
•

, \
••

- • •

•
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It.1 INT1WllUCTI(;j';I
•

.bCH'1I can be very e1:1'iciently used i'or cuntrolling the inten-
sity ot light ot the incnn<iescent lighting banks. eenem" halls.
theatres, television studiol!l,advertising displaYl!Iand in many other
places gradual control vi light intensi.ty is re,,uired. There are
many methods t'or controlling the light intoIIl51tybut control at: light
by use ot Sell swi tchinll devices provide bus t l,ert'ormanc& ln all re 5-

•pects, as it wl11 b. evident by cunsi.derlng the advantages and dls-
adv ••ntag ••s oC varioul!Itypo. ot c"ntrol •

•
Various types oC controll

The incandescont lamp" are c'H.trol1.ed either by varying <the
current by us. at a Variable i.ped.DCle in series with the load or
by USe oC variable voltage Bource appl\ed to the load. l'he advan-•
tag"" and disadvaIltages at Various types ot' control oC incllndescent
laMps are listed below I

:;ierialI
No. I ~pe•

t
I
I

Advuntage
t
t
t

iJJ.sadvantage

•

Hesi.tance

5at~r••ble
reactor

Low coet

Good eC1'ic1ency

lIicher 1J()'Iur dis sipa-
t~on, low et't:ic~ency

•llJ.l!:hcost, luad sen.J.-
tive.

bood erCiciency, not Hi~h cost, large size

• It.

Variable Auto-
transformer

~Iagnetic Ilmpli-
Cier

load sensitive

Flexible, not load
""ns"i t1ve

Dnd heavy

High c05t,.la~&" size
and heavy. Noiee -

•
•

• •

•



.serial :
No. t

Type

•

I
t
t

I
I
t

•

Thyratron Flexible. not load
••n.it.>."e

Tub ••• intenance •• e-
parato ~ila.ent .upply
and low eCeici.ncy.

sea

•

o

Hi.b eCticiency, Low over current capa-
emaIl .i.e, Cle~1ble, city.
ragsed. Not load
.en.itl"e. min ••• in-
tenance and low coet.

o

•The incand •• cent 1•• 1'"

Th~ YOIt-a.pere cherneteri.tic. of the incAndeac.nt l•• p. are
non-linear. i.e •• the cold re.i.tance i •• uat lower than the hot
re.i.tance and inru.b .urge cur'rent may be ten to twenty ti.e. the
normal operatina ourrent Cor hea"y load. ~n ru.h ou.-rent decay.
iD ten to twenty cycle. at 50 u. l>'JHlCrequency. The i••••••b aurae
currt!nt ie All ;A..portantfactor in d•• 'l'nconaid.ration ot tbe cir-o

cuit.

The light out.,ut. eeticivncy and lite ot incand •• eent la.pa
depend 011 til••yolta.e apI,lied to. tl", lo.d. Sillce S<;U control. tho
alllountot' voltaa. applied to the load, it i. impurtant to know tha

,
ertvet ot appli ••l volt.at,ochango 011 the lamp cbal'acteriatio.. nl'

tig. ".1 .11,,_ the 1•• 1" ollaracteriatie. a. function ot applied vol-
t.g••

LMip burn out I
•

•

lObeD the tUJl8"ten tila ••••nt o£ incandesc.nt laap burna out. a
field ot pla ••a i" cre.tod aero." the burned terminal. which cre ••-
te ••• eriou. aituation •••• hort cirCuit occur. in. ide, t•••bulb •
Th. ~(;H eurrent liMited only'by the ::tell and line Utped.nc. beco •••
•.xceedin,gly hibh and it_.)' d•••••••the device per_nently, thouah _

o

\

•

•
•

,,••

, ,
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the fault current remains only £or the rest o£ the ha~f cycle. The
device SCR can be protected by using proper tuae or seriea t~p.dance.
Th 12 (,~ bi Ia .•.• t "attn, of: tho t'tUle ••ust • e.s than t rating 0.••'the
device seR. When A aerifi. impedance is uead its value should be. ,

such' that it CAn keep the surge cnrrcnt wlth1n the _XilllUlII surge
CUrrent capability ot the device.

Selection ot SeRt
I

The lu••lection ot sen, depends on the .~j;_ load de.and. It
i. unoconoilt1c to uae a sen with a current rating about'telll time.
the normal operat1ng current. Generally Sen current rati.na sbou.ld

•b. atleast two ti~o6the normal opera tins cur~.nt o£ the load when
applied to incandescent lighting control and when eupplying power. "to cold tuna.ten £ila~.nt, ~~. must be taken to prevent exee •• Lve
current :rlowin~ betore the Imlil}).warmup. Thiste because the re-
ststanee of' a lamp ts du"termilled by the temperature o£ the t1.la.8nt.
This proble •• 1.s over COlli. by ensuring that full power 1. not, applied
to the 1anp load in.tentilnaou.ly, but i. 810wly incre.Bed up to
tull power .ilowing the£ilaments to wftramp.

~ - ".
, ,

The baaJ.c
1nstal~ation.i.

8c4ft•• tic diagram of' •
shown 1n the t'ig~ 1t.2.

SCR controlled light dimmer
Dimmins ot the lamp. 1. ob-

•

•

\

INDUCTOR TO ~eOljcE
. " ClJRAe.t-J T eURGIt.$

2.50\1 AC

:OH~ II-_c
_

o

•

•

, BA~Ia SCHEMATIC DIAGRAM OV LIGHT DIMMER.
• •

,
tained by applying variable ~oltase to the lamp load and the vari-
able voltase i. obtained by oontrolling the phase ot SCR con<1uct:lD"n-. ••

•

\
• •

• . ,
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The leAding edge ot thecurrent wove ~s very shArp aCter the SCR 1s
switched into conduction •• This current surge ~s undeeirAble both
Cor the scn And lamp specially when the lOAd demAnd ~s hiah. This
m.y CAuse the Cilament ot ~he iocandescent lAmp to resonate mecha-
nica~ly. which reduce the liCe ot the lamp. An inductor in .eri••
with the lamp load will cause the current to ri.e .lowly and there-
by protect both the SCR's and lamps. The capAcitor C is u.ed to
suppress the r.Cio frequency interferenco. cau.ed by the .witch~ng
action of SCR'•• liahtnLna. eupply tran.ients etc.

Th. sen switches and the control circuit is aenerally enclos-
ed in the .w~tc~ box and the light intensity i. controlled by vAry-
ina a potentiometer •

•

,

Chapters V. VI And VII
C~gurations for control

•

•

•

will describe various circuit
ot incand••cent lamp load.

•

•

•

eon-

••••

•

•
•

\
• •

• ,, •

••
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CH~PTEn - v

HALF \fAVE PifASE CONTROLLED VARIADLE POWER C.lRCUITS USING sen
( Resistive Load )

'.1 PRINCIPLE OF PHASB CONTUOL ••

to the load.

sen i. controlled rectifier and :It CAn be triggered into Con-
duction at any instant ( i.e •• at any angle) in a half cycle and
"pha •• control" 1. the process of: controlling the switching of the
SCR at any desired instant, when power will be delivered to the
loed tlU"ou81) the SCR. So the Rverasepower delivered to the load
can be controlled by controlling the instant of .witching at: the•
SCR and the sen will conduct for the rest at that bal£ cycle. It:
the sen ia triggered near the bogining of III balfcycle, .ax1mum•
power will be delivered to the load. Where as if the SeR is trigg-
ored near the end ot: A halt: cycle minimUM power will be delivered

. .

•
•

,
'.2 HALFIr{AVe PIiASE CONTHOI. USING UJT. CIRCUIT FOR TUIGGlm CONTROL,

f •. _ l ~ ~

The fiS. 5.1a shows-a .siliiple phase controlled Variable power- ,
circuit in which unidllrectional current f10W4 through the load. A
UJT trigger circu1td.esc'r~~dln chapter _ III 1s u4ed to I;l\te con-
trol. The sen can .cond.uct -only in tho pOllltlve hal!' cycle and in

•
the positive balt cycle conduct1on plIlriod Can be variod frolll nearly
zero to 180

0 by varyina the 1n.tant of'sen triggering. The trigger
circuit generate. pulse. in each positive half cycle and the instant
ie determi".d by the tilll8constant'ot: the tr1gger pulse generator,
which 119dependent on the setting of' the controlling potentiometer
RT• In the circuit the roeistor ltD :Le the voltage dropping resistor
ana its value 66 k-ohll'l is>, such that when the input voltage. is 240V
voltage across the unijunctlon transiator trigg0~ circuit ia 16v
which is below it. rated specitication.

Xu each positiVe half oycle, the scn anode voltage rises with
re.pect to the cathode and the CApacitor CT 18 charged through R}

•, . .
'and~. When the capac.tt~r vo4tage reaches the peak point voltage
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68K

LOAD
I
I R3= 33K
I 470
I .n..
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UJT RT = 50KD-I

I 2N689
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Co)" Phase Control By UJT TriggerCirCU'lt
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'( b) Phase Control By Phas~ Shift Bridge

•
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r!ig.5.1 Holf Wave Phase COntrolled Variable Pow'er
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late o~ the sen. whereby til. scn .i.. drivcln into c•..•nduction and the
load receiv •• pOwer ~or the re.aining dur.tion oCth. p•• itt.e hal~
cycla. Whan the BCR conduct. the voltage acro •• 1t drop. to negli~
aiblo value ( 1 volt.) and all the volt.go app.ar. acru •• tho
loa~. A. the voltage acro •• the sen drop. to 1 volt when it con-
duct., the UJT triager circuit ( which get •• upply £1'0. the line
by way ot the dropping r ••1ator no) voltage Call. to near the

around potential and it c~a8 •• to generate trigger pul.e. At the
end ot po.ttive halt cycle the Selt anode voltage dropa to sero and
it ce•• e. to conduct. 1ft the negative halt cyole heither tho sen
can oonduct nor.the tr1.g~r circuit generate. pulse. So ln th.
necative halt cycle appears acros. the sea the tull .upply volta.e.

Th. "-ount ot power to b. supplied
by the .etting ot the,poten.tioaetor "T'

to the load
For _xlau.

i. deter.ined
power tran.ter

•

•

to the load the potentioaeter ia .et tor .ero re.i.tanea and the
capacitor CT char.e. to peak point volta.e vary quickly and the

tril.ar circuit tire. tho scn into cond~ction toward. tha be.tnlng
ot aach po.itlve halt cycle. The circuit wava Cora. aero •• var~.
part. ot the circuit tor ~axilllull1powor tran.Cer to the load l•
•hown in the tig. '.2a.

How if. the pbtentio.eter 1 •• et for higher reei.tance, there
will be delay in gaharating pula •• in the triager circuit. For
halt m.xi.u. power the sen 1a triggered in the .iddle of .ach po.i-

f

tive halt cycla and tho corre.ponding circuit wave tor.. are .hown
. .

in the Cia. ,.2b. For .iniaua, power tran.!er to the load the po-
tentio •• ter 1. .et £01' MaxiMUM re.l.tance and .0 ther4 1•• axilllu.
dalay in tirinl the sen and the SeR conduct. near the very end ot"
each po.ittve half cycle. The circuit wave tora. for ain1.va pow-
er. tran.Cer i •• hOWD in the Cig. '.3a. Thu. ~t 1. tound that DC
power to the load ia Cully controll.ble by the potentioa.ter RT•

8y u.e of thi. circuit power can be controlled very .aooth~y
and e1":(1cien.tly.a the.Gveral killo-watt. of power ia being eon-
trolled .iaply by the potentio.eter which con.u_e. only .111i-watt •

•ot power. Moreover the voltage acro ••• the sen wh.n conductins.:!-.
n •• ligible, wherehy the ef:f1C:lencyi. areatly lnc.re••ed. TIl. load

•
•

• •

\ • •
•

I •
,

•
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Volta._ Aoro •• the SCat

Volta.e between Gat. ~d__________________~IC••••••••

'le. ,.a.. Volt~&. Wevetor •• ~or
Hax1aua Po"er Tremel'sl". •
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•
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•

J Volt ••• aet".en Gat•• n4
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•

•
•
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PiC' ,.,.. ~oltal. Wav.form. tor
Hlnlaua Power Tr~t.r.

•

Voltage Aero •• tbe Load.

Volt ••• Aero.e the scn.

Voltas. netwooft Gate and
Cathodo.

•

•

-

•

•
•

•
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•
r.oeiv •• power only 1ft the po.itiv. h.l£ oyol•• and tbi. £lu•••• -
tio. o£ l.ad ourr ••t produc •• notic••bl. £liok.rinC o£ l.-p l~',
whiob i. uad••lrabl. 1•• 0••• y.t.... Th. circuit aboWD 1A the
£1•• ,.1& wa. oon.tru.t.d and the pho'ocrapb o£ the oircuit i•
•bowp 1. the t~•• '.'b.

Hl.lt ..,. Pbt'. '0P.r91 'p.11,1••

load volta •• 1•• 1ve. by I

~ ( 1 • co. ~ )&1T'
l~EAVG • Jtn

<1\.Ep.iD wt d(wt)
•

KAVa
~( 1 + 00. IX. )It ••p

A.ai. £or bal£ wave pha.. oontrol RMS

•

• • • • •• ( 1 )

&RMS •

-
( a )• •••••J... ( IT _ ()( +lfi1'•~

E
P

Th. .xpr•••io. ot &)c lOad power 1. &lv_ by I

2
~ t1 + co. 0< ~ ~P

KAW

~
, •

~
• lIT

\~t .
p • J..but -x xl\ •

•

p t ( 1 + co. IX. )1 (,)- • • •• • ••p_.
•

Th•• xpr••d.one (1), (3) and (,) are plottad crapb10ally in tb. •
t:l.:. '.41.

•

• It' hil halr-wave volta •• 1. applied '0 tul iDe.nd4l.0••t l_p,
only '0' ot tbe £ull ll&ht.ou'pu' 1. obtain.d. $0 thl. bal£-wav.
pb•••• ontrol cirouit oan contral ••ro to'~ ot full 1i&bt output •

\
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Now 1~ a power diode ia connected as shown by the dotted line in
the ~ilJ. ,.1a, then th:ie circuit will regul.ate load trolllbal.f to
full power as the load will conduct the tull nesativ. halt cycl..
throuch the power diode D and only the poait:ivo halt cycle ia vari.
able, Conaequently the light output froN tbe la.p load can b. vari.
ed fro. 'O~to 10~ ot maxiMUm light output.

s., flAt.,. \lAVe PHASE CONTtlOL I1SING A PHMlI.: SUI'T BltIPG.E POR
TRIGGER CONTROL I <.

A aimple circuit to dSlllonatrnte the uee at sen ;in a bale-wall'.
application uai~ a pha •• &hi~t bridge tor tri&&or control for

•Variable po.er output is shown in tho Cia. '.tb. The output volt-, . -
age fro. tho.phas •• hitting network i. applied to tho scn gate and
this controls the instani in the each positive h.1t cycl_ at which
the sen should conduct. The phlue ot: the AC .a1:ina voltage i. vari-

•able with respect to sca anode voltaSe. Th. phae. ot the sat1ng
voltal. and hence tbe Oc powur,to the load i. variable by the poten-

• •tic.etor RT' The AC pbaao ahitt~ns network control. preci.ely the
tr1g.8ril~ anale and provide. ..ooth control ot load current tro-.
00 1:0180°.

In this circuit the transforlllor 1. ueed tor .teping down the
•2.0 V AC in 1:he prilllaryto 2' V AC in the secondary wbich i.

centre tapped. Th. rlUlllber at turn.:i.nthe primary winding 1. 2,000
and tbat ot: .econdary ri.mU.q t. 200 •• 0 the turn ratio i. 10. Tbe
lIIod.of winding in the primary .ltd ••condary coil i. sucb tbat vol1:-
aae at A i. alway. in pha •• with the anode voltes.. The tune1:ion
ot: the diode J) 1. to prevent the scn sate £,.(1111 becoJlli.itgnegative.
with re.pecti to c81:hode,'

,
Typical voltage wave tor•• at diCterent 'parte o€ ib. circu~t

are .a•• a•• hown in the tig. '.2, '.3, .xc.pt the the IInte to
Cathode voltA:. wavator ••

•

•

I

•

• 'r

• r

• •• • •

•\ • ••,
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CHAPTER - VI

FULL WAVE ( ru:CTIFII!;D) PUASE CONTROLJ.l~DVA1UABLE POWER CIRCUITS
USING sca ( A.dative load)

• The circuit 1n the fig. 6.1 ; shows a full-wave (rectified)
phase controlled variable power oi~cuit teading a DC load. Here
the load. sea and the firint circ.uit are connected to the output
side of'a single phase rect1Cie~ bridge which consi.ts of four
power diode.. Rectified fUll-wavJ appears acroes the load and SCR.
A single SCR exerts control over the rectified full-wave •

•
The circuit voltage wavof'orms acrosl'> the ~enGr diode, gate

And cathode! i.e•• the trigger pUlse). the load and the Sell
••••shown in the Cig_ 6.2 for maxilllUllI power transfe••and in the
fig. 6.'£"or hal£ power tranSfer •.] •

Due to the actiohor~th. br~dge rectifier. the ~ener diode
and re8i8~or Rh a rectified and .clippeV voltage ( 16V) is app-

U ;llied to the UJ'!'triga~r circuit. /1'he reei.tor RI> i. a voltage
•dropper resistance and 16~, ZOQ~~/diode ZD olips the peak at 16V.

, "

The UJT trigger circuit which is uBed to£"ire the SeRts synchrQ-
nilged with the pow(lr ,lined fre.iuen'cy 811 the circuit i. automatica-., ••... :/lly connected and disconnected 'each haIr cyc;le.

Power lIupplied to load is controlled very simply and effici-
ently by the potentiometor a.:r- The voltage wave-forI!! acrosll the

•zener diode and UJTcircuit rellluinsunchanged for all power level
ae seen in the tig. 6.2 and 6.,a,. At the beginingoc;t' Cl'acb Dew halt

•
cycle the UJ'l' circuit .tart. a timing cycle. The Cal)uc:l.tor C ia
charged through ~ and ~hen ~t r.achea the pe~ pci~tvoltage UJT
t'ir«UI, 8Qneratin8 a positive pulso at seu 8at'0 which tr1g.4rs the

. , . lSCR into conduction. Tho.time,delay oC tr1gger1~ the sen 1s de-
termined by the setting of the potentiometer 1\r.

I
Whenthe potontiowet.:r is set tor mlnimUIIIresistance. the

Sell will bll triggered into :conduc:t1on .:inthe begin:i.ng of eneh haIr
•cycle and maximum power will be tr~nsCered t~ the load. Th1l!1.~l!I

evident from the oscillogram shown in the tig. 6.2 and conwer.aely
•) •

~ ' >

I •• \• i •••,

•

, ..
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•
tor ",a"au •• potentiometer resistance minimulIlpower will be tran.t'er-
ed to the load.

for halt' "'AxilllUmpo••.•r tran.Cer to tho load the Sl:lli. trig,,-
ered in the Idddle ot' e••ch hM.lt'cycle. The oocillo •••a. ror thie
comfition i•• ho1l'llin tbe fig. 6.,. 1£ tbi. circuit. i. u.ed Cor
contl'ol ot' a laMp bank thom tbe t'lickerins; ot' 11ght will be elimi-
nated ••.hieh weo l'roeeut in Ca •• ot' halt' "'ave J:1ha.econtrul. A1 thou-
gh here one 5';il. can (lontrol the phase. vt' both the h••lf cycle., 0118

power diode bridge i. re~uir.d for full wave rect.tieation. Tbe
circuit .hown in the t'ig. 6.1 Wa. cantrallled and th. photolOral'hot'
the circuit. io ,hown in the .fi~. 6.Jb.

Full-WAve phe., oontrol analr.i.l

pha.. cuntrol the average load
•

( r)•••• • •

E
• ..J? ( 1 + eoa IX )
• l\'

for full-wave (rectified)
voltage 1. given by I

'fI'

LA"G • ~. 1'"p oin tIt
0<

( 1 + coa OC )

and ntIS load voltage ie given by a
• ;n-.

• .! S E: dn2"t!::RM.l> • d(wt)
{I'

E
IX

• ~
(11- rx: + It! .in20<:. »)3

~ oin2
•
••• ( 2 ).

"fhe expr ••3ion ot' VIi' can b. ubtu1ued allmax

• .! ( 1 + co. D<. ) 2
2 e • • • • •• ( :5 )

• The expression. (1), (2) And (3) are plotted graphically in th. fi&.
. 6.4. •

• •• •• • -.,•

\ •• ••,
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Acro •• Zener Dlode.
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•
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CHAl'Tl;;R - VI.I

IIC PHA::>£ COl'<TIUJLU.;u VAHl"llLJ:: t'uWUt CIR~UITS USH.G SCN

( ResistiYe load >

•7.1 INTIWUlJCl'I{)N I

Two very important single phase, controlled switching circuit.
u.ing SeR'. f'"r t'eodill&variable power to A~ loads are di.cu.sed
in ,this chapter. These circuit. were de.igned, constructed and wer.
t'ound to operate efficiently. Tho o.cillogram. of' the voltage waY.
fonas Cor dit'fer..,ntpower l.vel are obtained to show the pha •• cnn-

•trol. The.e circuits are suitable for contr()l of' incandescent lamp,
heating coil eto. In the circuit diagram in the 1"ig. 7.1 two SCR's
are OOJlnected as inverae pa:'.llol pair in which the SCH1 conduct.
the poeitive h.lt' cycl. and in the ne&ative half' cycle SCH2 oonduct ••
So AC power i. applied to tho load. The circuit diagraa of' tiC' 7.1
was con.tructed a. shown in th" Cig. 7.3b •

• •

•

•

•

•

Th. trigger c,re.,it for variable AC power unit ia a line .yn_
chronised, erCieient pul.e generator u.ing a uniJunction tranai.tor
( UJT trigger eircqit i. de.cribe in chapter - III > • .In the eir-
cui t of th.. t~ig. 7.1. the sell'. are coupled to the pulae .enera-
tor by a three Willdi••~ pul.e tran.former which mak.s U: po ••ible to
obtain. electrical iaolation between the pulae generator and gate.
of' the sen'a. 1\notliora,lvllDtag"'of ua. of' pulae tranater_r ia
that two tiC I{'a are tr:iggered by one tri ..","erpul •• generator unit.. .
7.' PHINCH'l.L l<f' OI'I;IV,T.lON I

Th. uniJunction tralla~stor tri~&or circuit rece1v". the supply
voltage during the llon-conduet1ngl' period of the ::lCH'. because a.
aoon •• the tiCH'. start conductin.~ the voltage aero ••" t)'eft!drop.
to 1 volt and the remainingv vultage appear a acr"a. the .••.•au. The
re.i.tar RO is a voltage dropper re.ietanee. Ita Value ia auch

•that voltage aeros ••the trig&er eircui t1 i. writt .in the apeciC.1catioD
of UJT. Because of the action of' the bridge diQue. re.i.tor R

D
••

•

• \ •
•

•

-
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• Fig. 7.1 AC Phose Controlled Switching Circuit For Variable Power Supply .
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and zener diode Zo ' a rectified voltage clipped at 16 Volta is
applied to pulae generator. At the .tart ot' each new halt cycle
the tricser circuit starts •.timing cycle. Ttl. capacitor C is
chargod through Rt and Rc to peak point voltage when UJT fire.,
del:l.!ering a PO.ltiV.(PU~8e to the primary of the l,ul•• transfor••r.
By transformer action pulse are transmitted to the gat •• ot the
SCR'. And the SeItl which has positive anode voltllge during the, .

posltive balt' cyele, triggers into conducti.m dfilivering powor to
r •the load tor that halt cycle •. When the SCRl is triagered tbe vol-

t••e aercs. the SCRl drops to 1 vol.t. and th.~eCore tri.c'" &.,ne-. ,
rator sapplyvolt ••e drops to noar to aero potential. So the aapa-. '.eitor C remAins dischar8.~ uniil the line supply voltAler.vers ••
( i •••; starts tbe next halt cycle) a:i which U .•• 'th.sequence of'
operation starts again€or the SCR2.

Th. firinl angl.. ct'. both sen. 1M controlled by the potentio-
•••etel' na• So pow'a!' to. the load oan be SlIlootbly varied Crc. near

.ero to maximum v1& Rc• The 08cil10ara.8 ot the circuit voltage
waveform.'acroe. diCterent ele.ent. tor ditreront power-level are
.hown in the fia. 7.2(.) and 7.2(b). When nc 18 eet at maxim~
reatatanee; the outpuil power. i. lIlinilllU8l. becaus •• the capacitor C
charg•• near the end oC each halC cycle and thereforo, the seRe are
Cired near the end ~t.aehhalt cycle Alternately. Since the SeRa. ... ,
conduct tor. brief'timct.the load voltAC. ie appro~mately 1~ to
S~ o~ the ful.lload voltage. When Re ~e set at m1ni~uareS1$tllnce

the capacitor C Charges near the ~eain~nsof each halt cycle and
henee the SeRa are trig&ered near the be,ining oC each bal.! cycle

~ I..

alternately. So .11110at the rul1 Available power i. developed .1n
<the load. This 1. evident Cram the oscillogram in the fia. 7.2.

. .'
because almost fUll cycle appears Acroe. the load. The osclllograa
1.2b shows voltage wave-f'orms '£l1rJh81£ lIiaximum power traneter to
10"&4; because halt of each hale c¥c1e appears acero •• th. 10aQ.
Uere the potentiometer Rc i •• et ne~r the middle position.

•

•

• The fig. 7. shows another torm of singl.,
controlJ.ed switching; circuit 'Cor t'eedi.n& variable
This circuit :l.1I .imilar to thatl.' of: the t'1&_ 6.1

•
\

pha.e AC phase
power to load.

•
excopt that bere.

• •

•
•

• •

-
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Yoltage Acro•• the Zen.r Dioc:l••

,

Trigger Pul•• to Qat•••

Voltace Acro•• the Load.

Voltage Acro•• the SCR.

•

Fig. 7.2a. Voltage V.vetor•• tor
Maxi.u. Power Tran.t.r.

~-~-- -~-- -- ~~---
•

Fig. 7.2b. Voltage Vaveto~ tor
Halt Power Tran.ter •

•

•

•
Volta.e Aero•• the Zener Diode.

Voltase Acro•• the Load •

•
•

VoltaC. Acro•• the SCR.

• Fi,. 7.2. AC Variable Ph••e Control •
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-Fig.7.3b Photograph of the Ci.r<;,uit shown In Fig. 7. 1a •
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Vol~ace Acroaa the SCR.

Vol~ag. Acroaa the Load.

Fig. 1.'~Oacillogram tor Halt
Power Tran.Cer.

I-f
=

•

.

Voltase Acroaa the Zener Diode.

Voltase Between Ga~e
and Cathode.

•

•

•

.,
Vol~age Acroea the SCR.

Vol~a.e Aero•• the Load •

•

Voltage Acro•• the Zener Diode.

Voltase Be~ween Ga~e
and Ca~hod••

PiS' 7.%b. O.cillogram tor'Minimum
Power Trane1'er•

•

•

•AC Variable Pha.e Control.

•
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, I .
the load i. in the input .ide of the bridge rectiCier. In this
~ircuit only oue SCIli. u.ed to c011trol the in.tant 01' r~rJ.n& in
the both halt cycles. Thi. i. pos"ible due to the action of the
bridgE! rectitier. Th•• output oC the bridge rectitier i. IS Cull

waVerectif'ied voltage which i. ltl'plied acro •• the ~':H. So the•
:iCHconduct •• in both the halC cyclee. Thi. circuit was conatructed

and the o.cillog"""s of' the outJ.iut vol t;,ge w"vet'orm•• f'or various
:firitlg angle are .hown in tile Cig. 7. ~ (Id Itlld 7. 4 (b) Cor lamp
load. The oscil10gr •••••01: 7. 4 (a) are .or halt _ximum po••.•r tran-

cycle apve,.r. acro.a
are tor minimumpower

.Cer to lc.>ad.because only halt' ot: each halt

the loau. The o.cillogralll at f'i". 7. ~ (b)
•tr"ns!'er to load, bec••us•• only •• slllall I'orti,," of' half' cycle appe-

are acr08. the load. TI~re is 110 noticeable C1ickering !'r"m the

lawp, but that wu. pre""nt in the half w.,v., "1'»l,c"tiol1. 'the mAxi-
mumcurrent that tbe load Can tuke f'rom this circuit, ill limited
by the diodes and the S':H.

CCl'CL{;;;ICN: •

The ;;CH. f'ind tremendous apI'licati"n in 1I10(I<,rntechnoloe;x
{'or control oC power. The two circuit. duscribed can b•• of'fJ.cient-

ly used in nlltnypuriose8, Bueh as in lil>ht dimlilingoC incande.cflnt
and f'luoresc,'Ot 1ara;>", temperaturu COilt,""l, speed c"ntrol at motors
etc. The "sc'illogr"",e of the circuit wavet'orms are t"ken with re-
aie,ive illCllnde.cont lamp load. The,.circuit at the l"ig. 7.1a, by
use of' two 6 A, %00 V SCils CEm control upto tdaxiRlUltl1.5 kilo-watt ••
of' load power. High••r load •• uch'". % to 10 kilo- ••.att •••• a deman-
ded by theatre, cine •••••hall. lic;hting i".tallation etc. Can be con-

•
trolled by use 01"high power sell.. when high power SCH. are used'

Cor control purpo~el!l, .pecial arrangument IJIU"tbe made Cor cooling.
Though the c:l.rcuit ot the fig. 7.~a. u•••• one iell t:or control ot
AC load power it has •• di.acJvaut •••.•e in that, it use. a bridge rec-
•
tit'ier ••.hich condud:s the load cu.rr.mt. So generally thls circuit
i. pre{'ered tor low power applJ.cation.

•

• Though power C'UI be contrulled by US"

acs and thyratrons, hij;hest .rCt'iC:t"llC)'can
ot: SCi! •

•

ol:;.potentiollleters, vari-
only be obtained by use

• • •
• •

• •
'. ,
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SCH CVNTHliL OF INIJL<;TIV£ DC 1.UAU

B.l HALl" WAV!; i'HA5E C(,NTIWL:
•

A circuit ~or half wave phase control o£i inductive DC ~oad
by use 01' SCIt i •• hown in the f'i,;. 8.1a. A .imple UJT trigger cir-

cuit described in chapter - III W{u' uee<l for gate control. Aa cu-
rrent through inductive load can rIOt ch"nge instantaneou.ly, .0

ju.t aCtar triggering the SeH in the positiv" ha11' cycle. curr.mt
through the inductive load will riae slowly ( instend of' st"p ri.e )•
to pelik value and then gr"ldually decrease to zero. Th" inductive
nature 01: the load CaUse. the current to continue to 1:10wbeyond

the POllit where line voltage reverse.. Hence th" voltu." applied
to the load include. positive and negative comp0nl'lIt. of' load Yolt-
age during the cunduction (,••riod 01: t.h•• ~CH. The 1:ig. 8.1b ahow.
the load vult.age and current waveCorm. ( without the Cree wheel
diode n ) ~ Th. SCR is Cired at an ani;U. Q "' 60° in the po.i-

otive halC cyel.. and it conducts upto Q • 230 4••••current-" ' .
oontinue. to f'l.owin the ."me direction ev"n when, the load vol.tage
rever.ea. All the current through inductive load start. to c.ecrea•••
the voltage aero". the l.oad r ••ver ••••• becau"e tile .ign of L di/dt

•
reverlle.. nie !jeD will not turn ot'1: until. the current decrea •••

below the hold-on value.

In hal.:CwaVeph••••e cuntrol by addition of: a choke in .eries

with r •••i.tive load. the UJllanoutput power mayb. improved ar,d
rip:",l.o percent ••ge reduced. If' tho load i. irl<iuctive 01' i1: induc-

tance is connected in series with resistive l.uad, n free wh""l diod"
must he added acrUli8 the l.o••d as "hown in the Cig. 8.1a by dotted
line arid diode D. This diode will than carry the cllrront .etup by

t,.hedischurge oC the e"org)" stored in illdhctance. becallse as the
load cw"rerlt 8tarts to decrBa8e t!',e voltage acro.s tile load revers"s
which ",,,k•.,.. the anode oC diode D p"si ti ve witIl resp'''', t to ca thocUl
and D cunducts. 1'h" diude act8 as a low resi.tallce path Cor the
di.charge oC energy of the induc tor t and current ill t1,e l.o••d conti-

nues to Cl.ow1:or .omo or IllOStpart 01: the negative !laIC cycle. The
• •••

•
•• , , -
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Fia. 8.1a. Halt' wa •• Ph•••
Controlled Induc-
tive Load Circuit.

(1) Load Voltase.
(a) Load Currant.
'1g. S.lb. Inductive Load Vol-

ta.e and Current
Wav.to~. in Ualt
Wave Pha•• Contro!.
(Without the Fre.-
Wh••l Diode).

•

- - - - --,

LJ ~D
I

,•

DC
Load

,

•

•

o

c c0
'I I• T .ll
lit C
Q ~

0 I.

. ZAO V.AC.

SO l\z.

( 1) Load Voltas••
•

(2) •Load Current.

'1&. 8.tc. Inductive Load Vol-
t••e and Current
Wavetor... in Halt
Wave Phaeo Control
(With the Frae,-

I Wheel Diode Conn-.. .cted) •
I

• •
• • •

•
•

• •• ,
" -

,
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tiS' 8.1e .hows the inductive load voltage and current wavefor ••
'fith tree wh •• l. diode .oonnectedcaotosl!J':t;b.load. The seR i. tri-
".red at g • 80° ~~d current continU •• to flow upto 8 • ,60°.
Th. earlier the sea tria«@rs in a~cb pO$~tive halt cycle. the gre •.-
tor 1. the .tored energy with creater current in the load during•
the period the sea is oft an!,- the currentr' roay be continuous,
through the load.

On the other hand i£ tbe triggering
there will be a period of Bero current., .
lng of the free wheel idlod. should be not
.v.rage load current.

I ' .
I

of the sea 1. delayed
The averaae current rat-
Ie.. than th. _oxLMum

•

•

•

•

•

•

I
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•
•

•
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CIIAl'ThJ{ - IX

,
SI.:R CONTROL of II'WliCTIVt; i,l.: LOAD

•
:H;ns not only control resistive loads ef'f'iciently but these

can also be advantageously used to control inductive AC loads,
There is no doubt that inductive loau. pr ••••nt some difficulties
which do not appears wh.n operating bClls into r" ••istivc load yet
with some adged prec-autions, reliable perf'ormancc of' the inductive
load. can b. obtained. SCH. can be used in controlling motors,

•fluoresc.nt lighting bank ••, transCormer coupled loads etc. and
~CH. can be used to replace saturable reactors, adjustable trans-
f'ormer, motor generator sets etc.

Operation of SCaB directly into inductive load is ratller Dlore
• •complex than the resistiv. load. because I

(1) indUctive load curront does not change instantaneousl'"
i •••• sca anode currant rises slowly ( instead of step
rise as in Cas ••of'resistive lu.d ).

(2) s.".re dissym,,,etry b.twoen the "sotive and n.gative ""It
cycles of load Yulta,. may result due to magnetic satura-
tion an.l thereby seus may be I,ermanently damaged.

(~) inductive loads sct up'back electro-magnetic tore ••

(4) inductive loads pres.nt dv/dt. di/dt and other tran-
sient J'rohlo_.

These di1'1"icultles can be over cUllleby u.ing suitable trigger
circuits and adopting .011111 protective lIleaaur.s. Two basie: r.quire-
ments Cor prop.r control of' inductive AC load are :

(1) the width 01.' the trig)i,orpulse .hould be compllr"tivel,.
large •

•
(ii) the synchronisation voltage trigger circuit must be £>~_

•tain from the supply terminals rather .han tho SCR volta& •••. "
,

, •• • \ •'0"
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The tiCR. ure gellerally tr~gger"d into c'ond"ct10n by applying

t.rig>~er pulses to the Illte terlll~nals llnd out put voltage i. contro-
lled by phase shi1'tlltg 01' the trigger pulse.. Whena pulse type a£
trigger ia ulled £or trig,;erin& sen. with induc tive load, there i.

a po••sihility o£ system inst ••bil~ty it: the tri&~••r pul.es are 01'
.• hort duration. Since the load ~nductance cause a "low rille in
SCNanode current, i£ th" anode current do••• not at lea.t rench
the latching current by the time ( the pulse width) the pulae ends

the SCRwill cea••e to ""'I<.luctonce the C'.ring pul ••e has pas.ed and
SCRwill revert to its blocking "tate. This type of ~n.tability i.
more likely in early and lat •• part of each hal£ cycle,when the mag-

•nitude o£ riC line voltag,e 1. low and theret'ore tho load current
ri.e is .low. This type at' illliltability in oarly and late I'art .1n
each hal£ cycle is absolutely undesirable, moreover this type at'
t'ailure may lead to core aaturation due to di."yrnl:fle~ryo£ ~he jJosi-
tive and negative halt' cycles and thereby destroy the ::>\;H.. Thi.
prohlem can be solved by u.e of Variable pha." .quare wave inatead
ot' a puIs. £or triggering. The .y.tem st.ability can be obtained
even by u.e at' pul •• trigl,er circuit with some extra connection in

•the syste •• and it will be de.cribed in th" next section.

,., TIUGGhR C1RCI:ITI FUH INDUCTIVJ:: AC L(JAI>S:

There a~'e a nUl1Iberot't tri&&er circuits which ••e"t the ba.ic
requirement •• t'or pr,,:,••r cot1trol ot inductive "Ie loads. 'rhe 1'0110-

wing two trigger circuits were designed and o"nstructe<1 and the"e
had been 1'ound to operate .ati.factorily.

(i) UJT trisher circui~l •
•

•

•

•

•

The b••••ic uldjuJ1ction tran ••istor trig,:eJ' circ" .•.t i'or
gating two " inverse par ..•llel" COlll,ecte<1SCHsror con-
trolling the inductive loau 01' fluurollcont l ••mps is

.hown in the £:1.&.• 10.'. The gating pul•••• genera~ed by

the UJT trig~,er circuit may be ot' so short duration that
in.tabil <, ty and dissymmetry may ariso but th" trouble- 01:

pulse trigger:LJ1&i •• virtually eliminated by conn••cting
•a bleeder res~stor in parallsl with the J.nductive 1.0ad,

to. as"i.~ the :;;CH. to latch on reliably aCter t'le appli':
• • •

• "

• •• • ,. •
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cation o~ aate pula.. The value o~ the r.at.tor ia .uch
that wh.n the scn i. triggered, eufficient current will
flow through the anode to latcb the scn into conduotion,
regardl ••• of:the trial.rina anale. Fortunately the lat-
ohina current of sen. i. only ( 10.. to 40.. for .o.t
scn.) a fraotion of normal load current and bence a
biah value of re.i.tance can be u.ed and thereby power
dia.ipation can be reduced and actual load r•••in. un-
affected. Thi. re.t.tor al.o belp. in liMtting the dv/dt
probleM that ari.e. acro•• the scn pair, when on. scn
turn. off •

•
Thi. UJT triager circuit receiv ••• ynchroni.ation volt-
age for phe.e control fro. acro.a the AC line. thus
.eetin. all tb. nec••aary require••nt. for triacerina
inductive AC load••

•

(i1) ~.naiator flip-flop trigger circuit.
• •

Tranaiator flip-flop tri.ber circuit which produce •• qu-
are wav•• 'inthe ou'tput••et. the trigger r.quire ••nie
for inductive AC loade. A flip-flop circuit 1. de.crib-
.d in chapter - III •

•
•

•

•

•

• •

•

•
•

•

•
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CHAPTER M X •

57
••

seR CONTnOL C:LRCUITS FOR, FLUORESCENT LA}fP DIMMING

10.1 INTROD~CTI0N:
•

Tho seH can be et':tic:ien'tlyueod Cor cU.llIIIliniC'the t"luor".cent
lalllp.. Cinema halle, ~huatres, etc. nl!lef'lu()rollcentlighting banks
ot .evoral killo-watt •• which can be c(mtinuou.ly oontrollod IImooth-

ly by electronic circu1'ts by Use ot: seR. Now-aMday. thyratron. Are
u8ed Cor the control. SCk equipment. have greater'advAntagoa over
the thyratron vereiun. . .. .

scn control ot't"luoreecent li~ht ie .omwwhat lIIorecOlllplex
than the 1ncande.eent light control aa I

(1) the f'luor.l!lc.ntlightinl load
caulled by tbebb.llAst choke.

i. inductive in nature,
•

striking vol tag. at
(u)

•(111)
the Cluor••cent tub. develope. a back EMF.

""the 1'luoreacent tube need. adequate
-all levels ot: j.l~u.j.nation. •

(1v) .opar.te heator trans£ormer i. required 1'01" pre-beating
the electrodeB.

The .p~e!al load ~haracterLBtic. c~eated by the tluoresce~t
lightlna tubes do not creato any dit'f"iculty in oper,ation by the use
of SCR.

•
CONVENTIONAL FLtlORRSC£!IT LAMP CIUCt1IT AND ITS OP&RATION •

•
(1) Circuit with .tarter'

•

•

The fluorescent laMp ia e•••ntially a lamp for AC ope-
r~tion. The fig. 10.1a abows a general circuit of a
fluorescent lamp unit for AC oporation which incorpo-
rate. a ballaat choke L and a starter glow switch S
and a capacitor C for power f~ctor correction. Thi ••
kind of circuit isused widely in :l.ndustry, cinelDa hall •
audotoriWII. duma.tic installation. etc.

,. .

•

• •

•

•
•

•

•

• • •
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Starte r
switch
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•0.62h

Ballast
choke

P.F. Capacitor
7.5Ad

I

•

. !

•

240V AC
50HZ

L

N F;g.10.1 Circuit Diagram of A Conventional Fluorescent Lamp
Unit For AC Operation .

(a) Inverse Paralle I Connect'lon

..
•

• •
Lamp Load
and Ballast •

Lamp Load
and Ballast

•

t •

C <;: Supply ~<;R0 r
Supply ScR1 n r Voltage ,,' .

Voltage t c'

+

1

r y ScR2
0 I

•
l. t

(b) Bridge Connection

•
Fig. 10.2 Bas'lc ScR I?ower Circuits

• , • • •
• •

••
•

• \'.. .'
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,Tho tUDct~on ot the starter Slow .witcb.

A. .oon a. 2~0 V AC .upply ta applied to th. cirouit
a Slow diacharge occura inaid. the glow .w~tch wb~eb
contain. rare ga.... Th. beat generated caue•• the
bimetallic strip to detl.ct and oloae the contact.,
when the circuit ~e coapleted and the lamp electrodes
are h.ated. Wh.n the contacta are closed tbe glow
di.cbars. c.a••s to exiet in the starter switch and the
bi-.etallie strip temp.ratur. taIls and ultimataly opene
the oontacta. Thie sudd.n interruption ot tlow ot cur-
r.n~ throUsb tbe choke Cau.oe a voltag. aurs. to appear
acroe. th. lamp, which i8ntte. the lamp.

Since the tluor••cent lamps have a ne&attv. volt-ampere
Characteri.tic, the lamp yolta•• will drop to the arc voltag. ot
th. lamp as soon aB it ia ignited, th.retor. a impedance 1a connoc-
t.d 1n eeri•• w~th the lamp in ord.r to 1imit the current to the
d.sired vAlue. The great advantage ot AS op.ratlon ie the tact
that the current can b. limited by u.e ot a chok. with ra1atively,
ama1l 10.... A pow.r factor corrector capacitor C can b. connQC-
ted across the .aina supply terminals tor .conomic uae 0' the sup-
ply .ystem, when a 1arge number of lampe are used, A small Capa-, 'citor C ot'tho order oC 0.006 to 0.020 pt is built into the c.a-
nieter ot the etarter .witch. This capacitor suppres.s to a ar.a~
.xtent the radio-int.rterence which lIIightb. .anerated by the dis-
charge in the tube. An earthed ~onductor near the lamp aide in
etortina the lamp at eutCicisntly low voltag. and 1t .1iminatea

,
the tlicker~a ot the li4ht compl.tly.

(ii) Circuit without .tart.r#

,

•

,

• In starterles. circuit ot tluorescent lampe. a s.parat•
etartina h.ater transCormer i. u.ed Cor pre-h.at~a the
electrod... Thep primary ot the tranaformer 1s co~ec-
ted dir.ctly to the malna supply and two isolated .econ-
dary windings are conn.cted to the electrode. at the
two ends ot the lamp to provide h.atula current. Whe~• , . .the mains .witcb is closed the full eupply yolta~e i•

•
• •

• \,,' .
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•conneci:ed acro •• tin. 1'1'''''''d''Y 01" the i:ran.t'ormer llnd the
cai:hodes are h"ai:••<1 w.l.tha curreni: oC i:he sa••e magni.tude
as i.n a c.i.rc<.litwii.lt.;.OU .•.•• l.. Tt•••i:r••nst'ormer -bakes the
place oC the .tart ••r-.wi.tch in th••t ii:pTovl.des the ca-
thooe hoatl.ng•

•

In starterl.,••• circuit there is to probl_ ot: roachinll;
a su.ffieiently low striking voltage, therol'ore SOl4C kind
oC st"rt..r,c ••id is necessary. This is ai'f1j.lyprovided
by placing a earthed condue tor in the vicinity 01:1.1••..
lamp. Generally the ret'lector ot: the laap l.s earth ••lII••The sturterles" circuit simplifios the "nintenance prob-
lem oC the la.p. because the .i:artors ot'ten gi.ve trouble
.t:ter sOIllOhWl<ireds ot' its opera i:ion.I when th••starters
are replaced. TIl1.sproblem i. avoided in starterleas
circuit. ~Ioreover, the lapse ot' time between ••wi'tehing
on and striking 01: tho lamp Can be considerably reduced
in etarterl.sa circuit. •

10.' •DIFFbHI.NT SCi( C(;NTR()l.l.LIJ !,(lIJLR CIHUJITS Fl,H

FLUOkL::'CI',NT LA.••.n' DIilNING.1

•
A 50 Hz ClaDrescent laap dimming syete. coneiets mainly of

•two component circuit •••

(i) The power circuit. which i.ncludes the lamp, l.nductive
ballast. ballast reeistor and the SCR ••.

•

(ii) Tri~u;er or control circuit, which controls the aIIIount
•oC power i:otransCer to the load. •

The •• two circuits are incorporated into one .yete ••

•

• •
••

•
•••

The fig. 10.2 .howe two probable baaic .sell power Circuit ••
The.e two circuit. (.) Ilnd (b) •••eet the fundamental requirement.
Cor the dimlller. When the SCit. are not triggered into conduction. it•
impedllnce will be high and the lamp will be in "OFF" .tate. And•
when the tr:l.g&eringpulae. are applied to the sate or aat". of .the

o •

Selle, they w1ll conduct and their illtl'edancewill'be low lIJ1dthe

•

•
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lamp load will be driven into "ON" st'tte. The SCR. will present
• variable and a .ymmetrical AC impedance and hence the .eCective
voltage acroslI the 10"d will varry whereby tho di"",tingwill be ob-
tained. The •••ooth and continuol18 trails!tion from the "OF'" to
"0••" will he l,erCorlll"dby tilttpha.e control oC the scn.. Since the•
load i8 .inductive i.e., it contains un inductive b.-lla.t, the sen
circuit oC tho dimmer mUllt he symmetrical in itll mode oC operation
to eli",in"te any tendency to~arrl cor" satu!"ation. This requiroments
ill alao meet by the SCH powor circuits.

The choi.e 01' the basic power circuit depotnds on a number ot"
Cactor.. Both ~le circuit. have advantages and diaadvantage. over
each other. In th•• inverse parallel circuit oC ths Cill. 10.2a one
SCll conduct. the po.itive half cycle and the other the negative ~lC
cycle and ph ••e control in both halC cycl •• i. possible. Thi. cir-
cuit: h•• gre.ter efficiency as only one SCN i. in the circuit at
any tiMe Cor conductlon. On the other hand in the "b~'id&. co.unec-
tion"circuit oC the fig. 10.2b only one SCI{ ie rll'luired Cor full-
wave ph••• control of AC load but itr require. Cour power diodes.
And t:wo diodes and one SCi( are alway. in th•• circuit for conduction ••
The haat sink problell .re more seyere with the circuit of Cle. 10.2b
than with that oC fi5. 10.2.. But Cor low power outputt the circuit:
of t:he .fig. 10.2b ,.ay be u.eCul. And .1.lIcethe circuit: Ol' the fia •

•10.2b require. only one S~R, it. trigsering circuit will be .i~ler
•• it is t"ound that Ie •• cumponent. are requi.red to trig,~er one !,,(;,ii

than two SeR ••

The .election 01' proper p~wer circuit will depend on load
requirement., cost of SeR., diodes, lighting applicaticn, available
control circuit eto. Moreover the .election will have a great eti-
ect on the mechanic ••l design oC the diat",ercircuit. The total per-
formance oC the system will depend on the characteristic and efCec-
tive de.ign ot the component circuit. and their parts and the extent
to which the.e component. lIateh to others.

DUlMING OF FLUORESCIi.NT LA.<'1PS WITH STAHTLR:

•

•One heR di.~er circuit with inverse-par.llel confiaura~ion
power circui f as .hown in the tig. 10. 2a Cor a tlol.lore.centlamp '.,• • ,

•
• •

•
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with .starter W't!$ constructad. ,The ~inG ",ync1tr,m:l.sed UJT trigger

c.ircui t shown in tho tig.' ;l.6a. was used tor control purpOse. It
was :found that f'luorol!cent ~amJ)s'with ,,'tartar can be dil!llllcd but tho- / 'operation becomes unstable at low current", and flickering roault.e.
The minimum startin«; volt~go,in'tho process ot: setting the control. .) -.

o potentiometer 01: the dit'lll3er" tor, goi~ from darkness to light :Ls too
'_~ 1< •• ".' •••

high ond tbe light obtained is'too great and tho slllooth variation. ,
:fro"..darlmese to light is not obtninod. Moreover the starter 0108-

, " (
es at ditferent voltoge8 ut dit£~~'ont ti ••o... Th1.sd:l.f'fi,cul ty ill~-'"

removed by using a starterles';'-cireuit with J)orlllanantly heated ca-
thodes. Variation oC lamp currant at .conatant beating current pro.
videa a continuous and smooth regulation of light output.

10.' A PRACTICAL FLUOR&SCBNT LAMPDl~~F.R CIRCUIT USING SeR;

•

t'luoresc.nt lamps
light output at' a

•

o

•

I

It practical fluoreBcentla.p dimmer c.1.rcui1:"1th permanently
heated cathodes and with BCRs .tIl "inverse parallel" connection i.
ehown in the £1g. 10.' • flore th~ power cirouit and the control
circuit ar~ shown oepll.ra1:ely. In the pow~r circuit 10.'a the SCRt
eonduct. in the positive half cycle and the SCR2 1n 1:ho ne~a1:iVe. .
half cyele. The trir;r;erilllS pulses are obtained t1'olll th. secondary
ot' thepul.se transformere in 1:ha1control circuit 10.,Sb. This 1'1uo.
rescent ll1.1l1p di.lller circuit was designed and coni!ltructed and .1t was

o '

found 'that the ay.tem p&rtormanco ~B reliable. The important pa~ts
ot: the systelll is dlBCUII."d belOw.

The lAmPI nle lamp ia i~$t6nt start fluorencnnt tube. The
are highly erci-thant i.n radiating light and the 1

fluoreacent lalliP 11'1 proportional to t.he current
- I - •.

throu8h the lalllp. Therefor. the dilllllinS can be performed by varying
the voltag€l whereby the,curr&nt,ls varied. Another condlt.ion t'tlr
smooth dl•• 1n~ 1s that adequate striking voltaae must be available
t.o atart:the lalllp at the lowest setting of the control potentiometer.

, I
Th. volta8. required to start,tbe lamp iB reduced by pre.heating the
electrodes ot: the lampe by IS. heater transformer a. shown in tho £1g.

• 10.'., trrespeetlve of the settin& of: 'the<1 dimmer. nUl lSt~ting
aid i. supplied to the lamp by V"oundinf; the metallic j)lanedof the
lamp. Where ~he fluorescent lighting bank ~ to be controlled a. •

• • •
•

• •

•
•

•

• ,~.
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• -number 01' lemps are to .be c!,>nnected in pllral:J,el and the simultaneous
dimming of all lamps .••.il1 be accmp1ished by the single cOIltr01 cir-
•cuit.

The ballast choke. The function of the ballast 1. to limit
curront through the tluorescent 1all1pfu!l it has a negative resistance
characteristics. Moreover it supplies proper starting voltage and
limits di/dt problem. ,When~n lamps are to be operated on one
chOke. tl1ei inductance of the common chOke should be L/n where. ,
L i. the inductance'for a single lamp. All the lamps may bave
their indivisual chokes.; ,

, , ,

oThe, ballast rosistor' It hel,s the SCR Pair to switch in-
to conductin~ reliably after they are being triggered. Details are
described in the ce;ntrol circuit. It 1111$0 helps to limit tlle
dv/dt problem and thereby prevent pre~ature triggering of the SCR
pair. II bella.t of' 100 wat1:. is sat-i.factory ~or If killo •.••.•.•.tts

10.d.
o •The heater tr!Il!!~ormerl The f'unction of the beater trans.

former as already montioned 1. to supply constant pre-beatina 0 •.11'"-

rent to thf: oloctrode. of the fluorescent lamp. The l'r1111oryat: the
beater transformer ~8 connocted directly acro.s the l'ine supply and
1:woisolated. seconflaries are connect to two lamp tilall1entl!l .•to supply
neeel'lsary pre-heating current. The two secondaries should be i.lo.
lated a. they are at ditforent potential with re.pect.o neutral.-
When a number' of' fluorescent tubes are to be controlled by one
dimmer control. circuit, it one heating tr.n8tor~er 18 usod for each
tube than the total C08tO of' tranaf'ormer will be ."eee-dingl.y hi&b.
If on the other hand •.one common h&at~r 'transtormer is ueed to sup-
ply pre-heati.ng curt'ent to all the tilAments 1'1."0"ita l!Iecondariee.
the tranl!ltor~ercoat will bo reduced but this Arrango~.nt will need
~ore di.tribution wires. yet this arrAngement will. b. econo~io when
large number ot tluorescent tube. are to be controlled such a8 in
einema hall, audotorium. etc.,

, . . ..•.

• ••
••

controlc circuit sbown inOthe fiS •
trigger circuit. Tho synchrpn~-

The control cire~~t•• The
is a line synchroni.eed' UJT

•
10.,b

•

•

•

•

• •
f

•
•

•

•
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-Illationvoltage for the control circuit is der~ved fro. across the. ,
, tA~ line rather than from across the,SCR. This condition is e8Ren~

t1al lnorder to IIIlflirl'tllin 'sytllllletry between the positive and negative
half cycles of the load voltage.of inductive AC load and thereby to
maintain system stability. Other requirements for trig6ering seRs

• '. • ! ! .
!l0nnected to inductive load 1s that the tr:l,gger 'pu1sft ",i4l:b should
be such that inductive load current ~U8t have t1.e to reach at least
the latching current before the gate pulse terminates, otherwise the
SeR will C1fU!l8eto conduct onel'! the trigger pulse ha8 pllsscd and the
sen w11l revort to blocking state. Thi. problem 1s effectively oli~
minated by use of e balla.t re.l$tor across tne load to a8si.t the
sen to 1atch on rr.1i.ab1y after the app1icat::l.on .0£ gate pul.e. In a
resistive load tke triggering an~1e of a sen can be VAried fro~ 0 to
1800 but tor the induetiv6 load oC,fluoreacent lamp the tr:lg«erins
range i. limited from 600 'to 1500" The load voltage and current
waveforms at diff'erenttriggerins; ailS!. till shown in the olllcl1l~gram.
of fig. 10.4. The osciliog~8. of tig. to.~a 8bows the load voltA~e
And load c~rentwave£orm •.£01'maximu. pow~r transfer i.e., maximu.
illUlIIinat10n, wben triggering. angle is 60°. The osc11logr_s ot
tig. to.4b shows load voltage and load current wavetorm8 for halt
power transfer to load, when the triggering angle ~s 120°. The osci-
llograms at fig. 10.5& shows voltage wavef'orma Across the load and
the sen pair, Fhon tbe triggering angle is 80°. Variation of load
current with conduction angle 1•• hown in the page number 67. •

•

,

i .Power £actor correction' When heavy load 1. to be controlled
thore must be arl'angomen.t £01' power" fllctor correction ror econolllic
uee of power supply system. The power factor correction is carried,
out on the llIaines e~de of the SCR'.pair, by connecting a ,capacitor'

, . /
acros. tbe Dlainl!l supply. The value of' the capacitance will dopend
on the number of tubes and their wattage. For each 7S watts tube
the value of' c~pacitane. Rnould be 7.S uf. When n lamp. are to be•
operated tho value of power factor capaeitor should be nCo where
C is capacitance for single lamp.

• •
•

•

or the SCR c1rc~ite •
Protec~ion: Adequate protection against over current" and over

•
voltage ia necoeoary Cor satisfacto~y operation

•the associated electrical devices. and ~he buswork.'

•

•

-,

,

• • I
, I I
\. I

•
•

•
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I Load Volta,e Wav.tor••

1
I

P1,. 10.4.. Waveto~. tor Max~.
Power '!'ran.ter.

•

•

Fi,. 10.~b. Wavetor•• for Halt
Power Tran.ter •

•

~1
I •

!

Load Volt••• W.veto~.

Lo.d Current W.vetor••

•

•

•
•

•

• "il • 10.". fluor••cent L••p Load Voltal. and Current
Wavetor.. .t Ditterent Tri,••riD, An.l ••• •

•
•

• •• • •• •
,

• • ,: •
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Load Voltage Waveform.

Voltage Waveform Across
the SCR pair= Tri&gering Angle =800

VOLTAGE WAVEFORMS ACROSS
THE LOAD &: THE SCR'PAIR. •
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• -Prot'otion .g.in.t ov't lo.d•• nd ~.u+t.1 Ov.r ourr.nt pro-
t.otion o~ sca can be obtAin.d by interruptina th. current

• Clow and al.o by introduCinl .l.ment. in oircuit whicb will
limit the r.t. o~ ri•• 01'current ~1.owby virtu. oC th.ir' •
imp.dano.. Sine. the SCR. C.i1.by .hortina rath.r than by

• op.ainc. AC cirouit br.ak.r, Ca.t actina curr.nt l.imitin,.,
tv.•• or sca oircuit br.ak.r _y b. u.ed to prot.ct tb. power
SCR.. Th. ~luor••c.nt l••p di•••r circuit oC the fi~. 10.'a
u••• AC eirouit br.aker. aero.. the .ain 11n•• and .ach
sca of the "inv.r•• parall'1." conn.ctlon i. indivi.~1.1y
provided with tv.•• to provide •__quat. prot.ction a••in.t
b.avy f'aultof'duration 1••• than ball'a oycl.. XC .sCR. "•••
are rat.d ••••y ti••••the nor_1 lo.d r.quir••_t., tb.n tb•
•y.t•• 'Ifill.urvi.•••uD\l,ualo.••er curr.nt condition. Th1a_>-
b. un.conomic. Mo.t pra.tioal and .cono.ieal .ol"tion l.i••
in ov.r d••i.nina a little tb. current carryin. cap.billty•
of'th. SCR.. Th. rat. 0' ri•• 01'curreat 1'10w_y b. limit.d
by .ourc. i.p.danc., tran.l'or••r imp.dance or inductance and• •
r••i.tano. in ••rie. with the load. In the circuit oC ti••
10.,a the ball••t chok. li.it. the rat. o~ ri•• 01'curr.at.

-

•

•

•

Prot.ot!Oft a••ln.t \Fen'ltnt ov.r-volta ••' Voltaae tran.i.nt.
bav. nro~ound iD1'luene.on .ucc••sCul .nd rellabl. oper.tion
o~ SCR. Tran.l.nt volt•••••• y b••• n.r.t.d due to lo.d-.wi-
tehine, di.turbane•• cau••d by lilbt~na .tc. Hi.h voltaa~
tran.i.nt. will .witch SCR. haratl•••ly into oonduction in

•the Corward dir.etion. But thi. i. highly und••irabl. in
control oC Cluor••eent l.mp.. Tbi. can be avoid.d by u•• o~
d.vic•• with higher val~ac. r.~ina' bu~ ~hl. an'wer .ay noi
b. economical. Th. tran.i'D~ over volta••• can b. gre.tly
r.duc.d MG.t economioally by providin& .ddi~ional .ner.y
.tora.' or di••ipation ••••• in ~h. oircuit. Capacitor. pla-
c.d .croaa the iRI'utlin•• or .cro•• the sca component., ••p-
l. r••i.tance acro•• ~h. AC ~nput t.rminal., thyrector .ura'
volt.C. euppr•••or. conneot.d .croas the anod.-oathode o~•seR pair .tc. Cr.atly r.duc. the over voltage tran.i.ut••

•In the oircuit 01'the CiS. 10.'a p~. Gap.citor, balla.t" •• • •

•
,

,
,

•

•

• •

•
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reaistor and fie network help to reuuC7e the over voltage

"

•

•

transient. The rcaistan<:e i••u••ed Cor damping the ringing
ot: tL••capac! tance cn.rrent with the load induct.nc".

ned!o frequency interference I In the inductive load auch ••a
in Cluore.cent lamp dillllninginstallation, radio Crequency is
cree ted by the diach",rr;ein the tube it"elf'. VHF servicea
auch as T"levi.ioD or 1""'1 broadcnsting are not generally
diat\~bed by RFI but AM brondc6at band roceives aevere in.
tert"r"nCle it ~eH circuita are not properly f'iltered. In
the f'luoreacent laMp ui"l",ercircuit .choke and pf'. capacitor
helpa to suppresS the interference. Two amall chokes \{Ji'l and
HC network connected acrO.B the inverae parallel ::;CHpair
as ••h(,WJ\in the Cig. 10.:;a are used to Cilter the radio-
Cre'luency interf'erence.

-

Ct.iiCl,IJS LvIi I 1t i••Coulld Ce••sible <l1ldpruc tical to U8t!'Vllase

....

•

•

oontrolled ::'(;1< •• Cor the contl'ol oC Cluorellcent la",p dinl'U,.rcircuit,
::'moothdi~ming ever wide runge call he ob~ ••in"d. The circui t 8hown
in the Cig. 10.3a can control u[>to 1 killo-watt oi" load ••hich is

•
limit...edby current rating oC :;(;I(s( ltOOV, 6A ). By uao oC hi.gher
current rating :,CHs load upto 10 kill a-watts ot power Can be contro-
lled. There 1s Dluch f'lexibility ill the system layout. depending on. 'the porCormance. reliability, load power, "ud o<>st oC tlte systeDl'
lustoad u1'manual control, automatic c()ntr"l t'or constant illumini\-
tion level by u••••01' photocell, can be e•••ployed.

There muat be arrangem'llIte Cor adequo te cooling of' power 5Cita
tor auocesaCul oper"tions. Yor cooling the )lower bells of' the Cluo-•
reaceRt lamp dimmer circuit. the body ot: each ::,elt wa" screw"d int6
dit:reront aluminiu. heat sinks, tor good thermal C10ntact between
the ::'CHand the heat sink.
• Since the t:luore.cent lamp are highly eCi'icient in r"di"tin&
light and have ecnnu",ic advantages, their. application ia enormoua
in many Cields •

•
•

••

•
,

,

•

•

•
•

•
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• DC eHOPI'bH8 WIn! sca FOR eGNTH()L OF DC TRACTIl,N MOTORS

INTUODUCTIONI

• In tlti. chapter .o.e rectlDtly develop ••d DC chopper circuit •
••with 5CH are de.cribed whicb find potential application tor the

control 01.' UC traction motor., 8Ucb a. DC electric locomotive. and ••
battary driven DC .eri •• motora. The.e cbopper. can control the
.peed continuou.ly between sero and maSlmu. value very ••oothly.
The adventa.e. 01.'DC chopper. with sen over tbe pre.ent Cor. ot
re.i.tance contrpl are i.proved efficiency neslia1ble .terting 10•• ,
continuoU8 runnina at any .peed without re.i.teuce 10•• , elimination
01.' •• chanical contactor., movina part. and the a••ociated M.intenance
proble •••• tc.

by the
of DC .erie. traction motor. can be controll ••d

•

(i)o By Va1")'ln8a rheo.tAt cormoctHtd in .erie. with the
motor, whicb will vary the voltage to And honce the
.peed 01.' the Motor. Thi. method i. .mooth but unecono-
mic a. much power i. wa.ted in the rhea.tat.

(11) ~y .wi~China the battery cell. ( in ca••• ot battery
driven ••otor) in aerie. or parallel combination.
Thi. method i. lo••le•• but the action i. Jerky.

•
• -

•

(iU.) By u.e 01.'a rapid Actin •• witch called a cllol'per,in.
•eri •••with the traotion motor.

Since 8CH ba. very hia" oper"tin& eeriei.ncy, nigh .witch":
ina; erCieiency and high power gain, it c_ b. conveniently u.ed a.
chopper •.,itch to convert direct cur'rent rro••• a;iv.n DC input vol-
tage to direct currant at a lower voltA~., to control the .p••d of'
Dc •••rie. traction ••otor ••

Th. 1'1a;.11.1 11lu.trat •• the principle 01' chopping with •
.witch a. power control el.lII••n1:. The load volt ••~e and hence the.• •
•peed i. regul ••ted by varying 1:he repetition rat.oC the .wit.b

• •

•

•

•
11.2 PRINCIPLE or OPERATIlJN OF DC CflOPPERS I

• •
•

•
• •

• ..
•
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• •
cl0.ins. At low repetition r~te "ON" ti.e~. much Ie•• than "OFF"
time .0 the averase voltale supplied to the motor 1. low and henoe
•it•• peed wl11 be low. At high repetition rate avorase voltale in-
crea••• and henco the .peed incroa.e.. In thia mode c~ oporation, •
puleo width ".kept con.tant and Croquency:i.i•• nr:Lable. :Inan

•alternativo m04e of oporation frequency :Lskept oonstont and the..pula. width is vnr:Led.

DC CUOPPLR CIRCUITS WITH 5eHI

-

-
sen

f:Llurationa.
operate with

can porCorm the chopping tunction in many circuit
In this chapter few circuit. will be doscribed,

•hiah e£~icienc7'
ruE "JONt;S" CUOl'PERelnCUl:TI

oon-
whbh

The Cia. 11.2a ahows the Jone. chopper circuit. Tho ••:Ltcb-
ina oC SeRs can bo performed by two UJT pulso trisaor circu:Lt.dos-•
cr:Lbodin chapter - III. The SeRl i. pow.r 5CR aa it carries the
load current of the motor. ~hen SCRl is tria.or.d ( At t • 0 )• •tho current Clow. trom the battery to tho motor via tho bottom wind-
ing L1 ot the auto-transtarmer T. A voltage is induced in tho .
windin6 L2 by auto-tran.Cormer Action wbich cbarle. ~he capacitor
C ~hrou.h D2, •• ~hat bot~om plate ot C becomes positive with

•respect to i~ top plato. Once charsed, the diode D3
this voltaae on C. When tho SeRa i. triuered.at( at

maintain•
•

t • t1 ) • -

-
-

•

•

the volta.e ot capacitor e appear. directly acroaa SCRl whereby
1t i. rever.e biased and it i. turrledott •.thus i-emcving the voltase
trom the motor load. Inductive load current of the mQtor is di.- --
charged throuSh the diode D1, And thus it prevent. high yoltaae ap-
pearin. aCroSS the 1II0tor.Tho SCU2 i•..ot .",ohlower ratina than
Selll and it bandle. only the cOlmllQtatiq eneray_ Typical circuit
wavetorm•.ro .hown :Lnthe tia. 11.ab. When the chopper is operat-
ing at low speed about ao~ or the line voltage i. applied ~o the
motor ( tho minimum allowable repetition rate is determined by the
lenvth ot time the capacitor e can maintain the commutatioa volt-

•age betore it leakea oct). A. the load ot the 1II0tori. incro,.ed
about BOr, ot the 11ne voltage Can be applied to ~he mo~or ~hroush. • •• •

, • • •
•

• •
••

•

•
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Due to the action ot: auto-trnsformer, increaeed load dev.!-
lop t\ higher cOlllwut"tingvoltage on C, particularly when starting
the fihopper. This load cOlllj'eneation action is a great advantage

, of Jon••s chopper.,

The Morgan circuit .hown in the fib. 11.30 i. a little mo-
dified version 01' Jone. chopper. lIere a a.turabl •• curr ••nt trans-
CorOlerT t:unction both as a lond ••cnsit).ve auto-trun.Carmer and a
co••mutating switf;h. Hence the ::.,,1<2 and D2 ot: Jones chopper are

not required here. nl" ~org••n circuit has efficiency over 90% and
a load voltage range ot: 10 I 1 is l~s,ible. -

Th. principle of
tinge when the SCh i.
the battery voltage L,

•SCI, i. triggered into

the t:u11 voltage on C

operation ot: the Morgancircuit i. interes-
Ilot tri&gered the capacitor C charge •• uI,to

throul'.h the re ••ctor and load. 100w as the
c(lndu' tion by a .u.itable trigser circuit,

appears acros •• the top winding Ns t1trOU4h

the Sell and the reactor is saturated in the negative direction
after a short time and the charso on C is reversed resonantly, i.e.,-now the lower, plate' ot: C hecomes l'o••itive with respect to the up-
per plato. The cur,-ent Clawing through the load via the lower wind-

1rlll; N
P

charge •• the capacitor to a still higher volta&e by auto- • -

••

transC"r~ler action. Again .t:tor pome time the upper winding N. 1s

.aturated in po••itive direction i."" the cathode ot: the SCH is _,
made positive with re""ect to a~lOdeand it i ••turned oi't:. n,e vort-.

al',e on the motor load call be varied by vurying the trigger t'requenc;y•

•
TIlt JAUQULT. GOUTllH;m; Mm 1l0LOGNL CliGl'l'i:ll ClRClilT I

. ,•

•

This chol'P"r circuit is .hown in the t:ig. t1.,b. lIero SCllt
is tIle load current carrying or power SCll. AS SeLl1 i. "witched on
by a c<.-ntrol circuit, the supl'ly voltage V appear. across the motor•
load and due to absence of' back EMF in armature, .otor curr~nt will
ri.e rapidly.to the value determinod by circu1t re ••istnnce lind' 81: a•, . .. ,,

, --
•

, • •
• ,.

•
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• -rate determiaed by the induot~ce ot the .ot~. Al.o atter .ometi.e
( deter.ine by L .Ad C) the capacitor C will be char.ed to aYe. -twice the .upply volta.e re.onantly tbrou.h L and 0a with top plate
poaitive with re.pect to the bottom plate. The capacitor C wilr '
r"'in the ohar'e until SCH2 i. fired aa the diode 0a i. nov re-

•ver.ed bia.ed.
"

Now a. the SCU i. tired. a current atart. to tlow trom tba
oapacitor C ( which va. char.ed to 2V potential) tl~oulh L. SCRa
and 01 to ••pply. and the SCRl cathode ri.e. to the poaitive .up-
ply potential and it i. turned otf. Current tro. the capacitor C
continue. to flow and atter ao.eti.e. the oapaoitor vill be cbar.ed

•in the rever.e direotion. A•• oon •• the SCRa current tall. below
the holdin. valu•• it will be turned ott and the .apacitor C di.-
char.e. tbro.lh D, and R. Th. volta.e acro•• C ther.by drop. to
••ro. And now it beco••• ready tor the next ewitchinl ot SCR1.
Wh.n SCRl va. turned ott by the auxiliary circuit. the indu~iv.
ener.y of the motor load flowed a discharging ourrent tbrou.h the
tree whe.~ diode. It tbe t1me con.tant LlR of the load i. great
.Ilollghillcoapari.on with the period the load currunt will never
fall t~ .ero t '

TtlE nl>ASLKY AND lfflI'l~CHOPPIlli CllteUI'l.

--

-

•tor
The

Thi. cJrcuit'.hovn illfi•• 11.'a finds potential applicatIOn'
control of OC traction ••tor. trom b4ab volt••e DC line .u#ply.
prinoiple of oporation ot thia circuit ie a. tollowe. • -

-. -
-

•

•

The SCRl is the J,o_r ••J "'d, o_r.at carryin. 5CR. At the
beainin. the geRa i. trigg.red into cond"ction whereby the capaci- -tor C i. charg.d to .upplr potential through aotor Ci.Xd and ar••~. ~
ature. with the 1.tt band plate poett:I.".rl-.:hr••pect to tb. right
hand plat.. •• .oon a. C i. char.ed up. the current drop. to ••ro
and th. SCR2 i. turn.d oft. Now.a SCNt i. tired lin. voltage
,app.ar. acroa. the motor load and th. riCht hand plat. of Cl r••-
ch•• the eupp1y positive pot.ntial V so the l.tt hand plate beea-es
av potential vith respect to &rQund. So the capacitor C driv4.
a curr.nt throughL1, 02 ~d SCRl and atter a•• hort ti•• the ea-

-pacitor C ie charged to potential V r.sonantly in the rever•• direo-. ". .
•

/ , •
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•
,

,

•
•
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FIG. n."'.. THB BEASLEY AND WHITE
CHOPPER CIRCUIT
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,-tion i:••• now the right hand ~late becomes pO.itive an~ the diode
02 hold. on th:l.evolta:e OD'C., A snw.llble~ding path t. provided
.hrouCh R ro1"the leakage current throuahDa and SCRa. so that
the ,)otential on the l.rth hand aide of C rem~ins all most unCl1-,mgo-
ed, SCRa and the LtC resonant circuit is used to turn off the
powe; SCR2. Now as SeR2 1. triggered the charged oapacitor C app~~

'.are acro.a the SCnt, which!. then reverse biased and illturned oft:•
The capac1tor C dischargee into 1lI0torload and :I.. recharged to the'
supply voltage V ,with the left hand plato poait1ve with resp.,;ctto.riabt hand plate. After the capac1tor 1. charged, currentthroulth.. ,

seRa dr0P8 to Jileroand :f:tis turned orr again. The 1nductive ener-
ayof the mo'tor is di.oharged throu£h the tree wheel diode D1• The

•-
circuit i. now ready for the nox~cycle.

f ".lotor current wave'tortn8are shown inf t'ig~ It./,tb. at start,
of run and at bigb 8pe.d~ On starting, current riS$" rapidly dUB

, 'I 'to absence ot back EMF'and d8cays,~lowly. but at high .peed ••back,
EMF 1. developed and current ria.. slowly and decay. rapidly •

.-

• •
SO~E PRACTICAL ASPECTSi •

•

--
•

The chopper circuits described are suitable tor speed oootrol __
of DC ser~.s 'traction mo'tors. For 'thecontrol at high voltaae DC

. . - -.-- _.locomotive tr~ctio~motora. a aeries .tring of SCRs and diodes are
used. Intbis case adoquate DC voltage shering is obtained by-
non-linear re.i.tor. connect.d,acros. eacb scn and diode. Th.
tran8ient voltages devoloped A()rOallthe sen durinS switohing 1s
limited by using conventional He .networke. To proteet the scn.
from the damasing e£tect or high r'uteat rise of c>urrf'nt."atu,ra"

••tins a,hoke.,are senerally ~pnneetod :htsez'i(ls with SCR.. The tr1':
S6er o'rouits £or switching the 8C~ are not shown in the be.1e cho"
pper cirCUits, Trigger circuits tor scn control ~~.toad~ara de•••
~ribed in chapter - III,

-
Since olosed loop uy"tems provide better regulation. a control, ...

loop i. soneral1y provided in the chopper circuit far accvrate .peed --
• control of DC lIIotors. •• ' . -,, .. , ,

'.• • .• •••I •
/ .'. •, , , •• •

~ I .t '\ " , ,
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t -CONCLUSION: .,

I • •

--
The ohopper circuit. \1esQribedabove are 1Sl0st'IlIodern _d re-• •liablo. These circuit. are used inprac'tiee and are found to ope-.. .

rato succe•• fully :for the control. of' DC 'tracti.on motors, liIlIloo1;b.ly. 'And et:ficiently. Theae oircuit. are replacing the conventional. .
e<tu1plllen,ta for control ,of OC',traetion .otors.
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CONCLUSION
•4

•• .~

-
•

-

-

-

-'sen 1. found to b. .'C~01ont power hnn411ug device tor control
ot boih resUtiv. araclinductive load. I' i8 shown that ~ncande.Gent'"
tamps can b., d1=le4 smoothly ullina SCntho~h inoand.acont lalllps -creAte preble •• in tho d••i4n ot sen oontrolled oircuitll due to higb
inruab of current durin.; .tartin.. The t1uoreacent laap dimming 1s
found to be practical and the ciroult~e£Cicient in light control ••
the {"!J.ck.riIISof light 1. elilllinatedby u.in.; por_nontl)' heated
cathod... •

The dimmer oircuits d.signed and con.tructe4 ••y be ullod for
lisbt control in cino_ ball., thoatres aQ4otoriums, taotorios etc.

•Tholle cU-cuit. IllaYalao be u.ed tor speed control 0'£ DC and induction.
motor., temperature oontrol of 11<luide eto. •

Th. o;p.erationprinoiple ot DC chopper. tor ape-S control ot tr.c-
tion _tora Are found to be simple and the c~cuite are et't"ic:l.entanfil,-
rel14blo aa sen. are u.ed Cor awitchina purpos.. • -
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