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ABSTRACT

Power control circuite using SCR for faeding DC and AC, inductive
and resigtive loads arce designed and contructed. Oscilleégrums of volte
age waveforms acrogs the load and the SCR are obtained for various
triggering angle and smooth and efficient control for variable power
to loud is obtained. A detail study of incandescent lamp load is
oado e

The design and construction of dimmor circuita for the control
of 1light intensity of fluorescent lamp Xoads is al#e doscribed. Dime
ming of the fluoreacent lamps with starter switch is found to be
ungtable in operation, The conventional fluoreacent lamp circuit is
modified and it és found thsat the fluorescont leops ¢an 6leo be dimmed
amoothly using SCR controlled switching cirouits.

A conprehensive survey is also carried out on SCR ¢ontrolled DG
chopper cirguits for DC to DC conversion for spood control of DC
traction motor., Theo operating principles of some efficient DC chop=-
pers ared described with their specinl foatures and the voltage and
curyrent waveforms of the choppers are aluo slhown, '
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CHAPTER ~ 1

ThHi: DEVICE - SCR

1.1 « INTRUDUCTIUNG

~—The Silicon controlled rectifier (SCR) im a semoconductor
device of enormous potential, It forms the basis of modern elec-
tro technology. SCR was first made in 1957 by General Llectric
Company. SCR has grown rapidly, The curcsity of yeaterday has
become the basic and efficient control and conversion element of
electrical powem toduy. - The device SCH is a succesasor to its fe-
1llow transistor, Just as transistor is replacing the valve, S5CRH
is now-a-daya roplacing thyratron, mercury arc rectifier etc.
It is a more efficient and economical design elewent. The advan-

tages gained by using 5CR are faster switching times, lower awi=

" tching losses, higher efficiency of operation, little weight,

snall sigxe, requires modest heat sink, little maintenance cust
L] L]

Gth

SCR can bo used as the power handling device of today in
all wmost every kind of application, in industry, military, aero-
space, commercial, consumer goods etc. SCR can be uscd in speed
control of bqth AC'and OC motors in control and regulation of
light and temperature, in convertion for high voltage direct cu-

rrent transmigsion, in choppers and inverter circuits etc.

The objectof the research work was to study the device SCH
in letail, its characteristics, operation, various gate controcl
circuite, various switching power circuits and dnuign.and cong =
truction of practical power control circuit;, feed.ng resistive
and inductive, JC and AC loads, using 5Cii's and other coumjonents

available in Bangladesh. Special emphasis was given to the desi-

gn and construction of St conirol of incandescent lamp loads and = °*

fluoresdent lamp loads takinginto account their peculier and dif-

ferent load conditions and trigger control requirements.

In the begining theory and operations of 5CRl are described

in detail, Then varioue gate control circuits are described. A _



simple but very efficient trigger pulse gonerator for gate control
is designed and uon;tfuctad and oscillogram of the control pulse

wave form is shown,

Next various types of SCR countrolled resistive 5C and AC
ciroiits are designa&,canaffuctad and described and esecillograms
of voltage wave foros fbr different power level are shown. Vari-
ationa of pdwar for different conduction angle for various circuit
configuratloﬁs are shqq?.graﬁhienlly. Incnndescent Jlamp load is
used as an exaﬁple of fésistiva load taking into aceocunt the non=
linoar characteristic of the filament which permits the high cur-
rent surges wha? the lamp is turnod on, A detail study of incan-
descant lamp load is carrioed out.

For 5CR control of inductive load special trigger require-
ments are descrihbed and various circuits for control of DS and AC
loads are designed and constructed and the oscillograms of volt-

age wave forms for different power level are shown.

As an exawmple 6£‘1nduetive AC logd fluorcacent lamp was
chosen. Dimming of conventional fluorescent lamps with switeh
etart was found uastablié in operation. The problem isasolved by
using starterlesa circuit with permanently heanted cathodes. A
comprehensive analysiﬁ of the circuit components for dimﬁing of
fluorescant lamps *ig. carried out taking into account the protec
tion technigues. it,yaa found that fluorescent light can be ai-
mmed swoothly by using.electronic circuits.

‘Lastly some SCR controlled DC chopper circuits are descri-
bed. Dua to high efficiency and low switching time of SCR, it is
used as chopper for hc to DC conversion., A comprehensive sur?ej
is carried out about the SCR controlled chopper circuits for sp-
aed control of DC traction motors and a few useful circuita for
control of DC series‘mqtars'for traction are described in brisf

and the associated voltage and current wave forms are shown.

1,2 WHAT IS SCR 7

It is a

SCR is abbreviation of Silicon Control Hectifier.
FPNPN dovice and is semiconductor equivalent of thyratron with a



normal blocking characteristic., It is an ON-OF pwitch, It finds
application in high powaer switching and cuontrol circuits., SCR 1sg
replacing thyratron, hote-gcathode gas triode, controlled me: cury

pool rectifier, ignitrun etc. as it has greater advuntages over

them, SCR's current carring capacity vary from half aumpere to
thousands of amperes and it can withatund thousands: of volts,

The S5CR uses the symbol shown in the fig. 1.1a. Its symbol
looks like that of a normal rectifier but it has anextra terminal
known as gate.
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(a) Symbol for SCR.

(b) Simplified diagram of SCR semiconductor structure.

The basic characteristios of SCR are @

(1) The SCR ias a semiconductor a rectifier, a stative late-
ching awitech which is gapable of operating in nlcro sedonds
and a sensitive amplifier, It has no moving parts to wear
out or arc and silent in operation. 1t is not adversely

affected by severe mechpnical vibé&tion, shock or high g for-

cas., SCR is compact, static and capable of being hermeti- = °

cally saaled. '

{2) Normally SCH is "blocked"” with no bias applied.to the
gate, i.0.,; with no gate current and acts betwesn the amode

and cathode like an cpen circuit aswitch, passing ‘negligiblg

] L]

-
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1.3

current in either direction.

(3) It can be turned "ON" by application of amall control
current to the gnte { by applying a positive pulse for a
fraction of micro-second to the gate ). When SCR latches
in to conductionlit acts like a normal rectifier and conde
ucts in the forward direction between anode and cathede but
blocks in the reverse dirsction, It has an advantage when
the load requires C, for here SCR serves both to control
and rectify, \

(4) Once the SCR is turned "ON" the gate losse control
and the SLR stuyl;“OH" even though gate bias is removed,

(5) Once the SCH is triggred into conduction it latches,

it car be turned off aither by opening the anode-~cathode
circuit or by reducing the ancde-cathode current below the
holding current. The characteristics then revert to the , -
blqcking condition und xnte regains control, In AC circuits
turn off occurs autonatically on th-¢negutiVQ half of each
eyela. The SCR con not be turnad off via gate, SCR is an
ON<OFF awitch, ittcan be turned on in one micro-sscond

and off in 10 to 20 micro-second.

(6) Only a few-micro-watts of centrol mlignal is required

to trigger & BSCR into conduction., SCR énables to switch
hundreds of killo-watta of load power with high efficiency.
A graat advantage of SCR is that it offors a high power

gain betweon the gate and external load., Thishhigh control
gain permits the use of inoxpensive devices such as tharmis-
tors, cadmium sulphide light sensitive resistors etc. which
create low leavel signal in control circuits.

(7) The efficiency of SCR is vory high because voltage
drop acrass it is negligible when conducting. _—
B .
-

ADVANTAGES OF 5Cf:

Some advantages of uaxng equipments with SCH switchen are

mantioned below ¢



{1) High operating efficiency and high power gaini

The operating efficiency in 5CR controlled equipment
is very high due to the fact that a negligible voltage ( 1
to 8 volts!) 1is developed across SCR when conducting in
comparison to the arc drop of thyratron, mercury arc recti-
fier and twin losses in motor-generator set. The efficien-
cy curves for a 6,000 kw, 750 ¥V, 800 A load controlled by
SCR, mercury arc rectifier are shown in fig. 1.2. The SCR
controlled unit has higheat efficliency. A major advantage
of SCR is that it offers a high power gain betwemn gate and
extornal load,

(2) High switching efficiency:

Switching from "OF" gatate to "ON" state and vice-~
versa in 8CR 1is very fast. This high rate of response ias

very useful where high rate of acceleration or accurante _ .

automatic setting are required.

(351 Basy maintenance? .

As the SCR unit has no moving parts to wear out or no
arce formntion, or no heator supply the waintonance is easy

and lesu.contly-
(4) Inscnsitive to temporaturo change:

The SCR c¢an opsrate in temperature rangs from - 30°C
to + 3o°c efficiently without c¢hanging the control charac~
teristics,

(5) Requires no-heater supply:

{6) Highly reliable porformance!

(7) Long life:

(8) Swmall siszel .

(9) Low coat:

(10) Light weightt

(11) TIodest gooling requirement: .

{12) 8Silence operation} etc. . —
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1ok APPLICATIONS GF SCis

S5CR's are used wore and umcre now-a-days in almost every
kind of applications. The SCH AC regulators find extensible
application where distortion of wave form ie not important. Ale
thowgh distortion of wave form limits the uso of S5Cit in sowe cas-
es, yat there are large nuwber of specilic application in which
distortion has little or no effect such as in resistive load for
incandescent lamp for lighting, heating and induct:ive load of
Tluorcascent lamp and in many other cases, ranging in power from

few watts to several hundred kilo-watta,.

Now-a-days as the SCR characteristics is greatly improved,
tiey are replacing alsioat all conventional control elerents. The

nanes of few are 3

(1) Thyratrons (9) Mercury arc rectifier

{2) iielays (10) Saturable reacturs -
(3) M-G-sets (11) T%?era

{4) Ignitrons (12) Variasble auto-tramsformer

{5) Magnetic amplifiar; (13) Thermostats

(6) Transforme;s (1%4) Mechanical speed changers

(7) Motor starter’s {15) Fuses

(3) itheostats . (16) Fower transistors

Some important applicatione of SCH  are grouped as follows:

(1) Lighting control in auditorium, cinema hall, theatre,

stidios etc., for dimming of 1

(a) Incandescent lamps,

(b) Fluorescent lamps. . - .
- e
(2) Heating control: .

{(a) Hesismtance furnaces and ovens,
{b) 5Special purpose heaters for metallurgic#l specimen,

(c¢) Inducticn heating generators, -~



(%) 5peed cenirel of specific AC supplied motorss:

(a) Universal motors in powertcols, doriestic machi-

nery such as mixturesa, food blendera, hand drill etc,
(b) 5mall induction wotors such as in pumps, fans etc,
(&) Spacial purpose control for electromagnetic vibrastors.

(5) HRegulatiun of rectifier seta to obtain variable or
stabilised bDC.,

(6) High voltuage high power 5ilii's are usadt

(a) As cunverter for LUC motor drive in steel mill,

spedd control of locomotive, antenna drive etc.

(b) As converter for high voltage DU transmissione.
[ ]

{e) &8s AC mwiteh for primary control of welder.

(7) DC to AC invertion for ultrasonic generators, sonap ==

tranamitters, variahle speed AC motors,

(8¢ LC to DC convertion or chopper four controll..:g the
spead of DU series motors for traction. \ —-
5Clt's alho find application in servo systems fur precasion
cenirol of speed, position, light, temperature, stc. SCii'a offer
a unique combination of efficiency, power bhandling cuapacity and

convenience of coperation, maintenance and installaticn.



CHAPTER - IXI

THEORY OF SCR OPERATION

2.1 TWO TRANSISTOR ANALOGY OF SChi OPERATION:

The S5CR is a four layer PNPN device which can be visualimed
as congisting of two trénsistora a PNP and a NPN connected as shown
in the fig. 251b. In fig. 2.1c R1 and R2 represents the semicon-

ANODE

ANODE

&
E?ODE
P . 2
N | ore [y v
e P P
N T
CATHODE _ cATuqu - CATHODE. - |
(A) (8) ) ®)

Fig. 2.1 TWO TRANSISTOR ANALOGY OF SCR,

ductor resistances petwéen gate and cathode. Fig. 2.1d shows a
atud type of SCR.,

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

as its base current is zero and hence its collector current will
be zero. The collector current of Q2 is the base current of Qi'

therefore Q1 will al=o be in cut off conditionm and no current will
flow between anode and cathode. T ..

Now as a positive'pulse is applied to the gate, Q2 is driven
on from cut off state. The resulting collector current pf Qz feeds

directly into the base of Q1 and this transistor is also drivem on.



Again the collector current of the transistor Q‘ feeds baek into
the base of Qz. Henae a fead back loop is completed and regensra-

tive action takes place driving both transistor in the saturation
region. As a result ancde and gathcd will appear to be short cir-
cuited as voltage drop acruss the SCR will drop to negligible amou~
nt and heavy gurrent will flow between anode and oathode. This
anode current is limited only by the external circuit load.

As scvon as a positive bias is applied to the gate, regenara-
tien sturts and once regunera ion starts, it will ¢ontinue and sa-
c¢h transistor drives its mate into saturation, gate current will
have no effeat on the HCH, Once in saturation all junctions of the
SCR assume a forward bias and the 5CR gan cnly bs turned off again
by breaking the supply connestion or by reducing the ancde gurrent
below the holding current, BSCH gannot be turned off by shorting
gate to cathode, as Qa base will not be shorted to cathode due.dss

pressance of R‘ and Q2 base will be receiving Ql collector current

eontinuou;ly.

The 5CR structure may alsc be analysed in terms of its cumpo-
nent transistor "alphas", From the fig. 2.2 it 1is evident that PNP

) - i’ i
LW sty v = Loy
T PN | - -
- fa PN P 1A
. . e Xy = lcz
ANCIJE, PRSI NS SAIPEIIS DRSSV _
= z
t N O CATHODE
f ot : .
‘- ~ .
] s
- - ,?, 7 .
r“o 2.2,

section of the silicoen palet has an alpha K, which defines the
fraction of hole current travelling from the emitter towards ths _

base into the colloctur, 5o the hole currept from the P emitter is

4 wac I 5imilarly the KiN scotion has an "alpha” o, which

ol A°
which defines the fraction of electrum curremnt travelling from the’
emitter toward the base into cellector. 5o the electron current



from N emitter ia I°2 - c@zlA.

The total ancde current consiste of three componenta 1 (1)
hole current from the ¥ emitter, (3) elvoetron current from N

emitter, (3) leckage curremt of centre junction I.o°

X “ Iol * Icz * Ioo =K I, dﬁxh M Ico
1
so

1- (‘]" (fl)

Now if (X, + <;} 4s considerably leas than unity, tihem
IA'_"' Im’. Bince Ico in silicon junction is very small the anode

current ia also small. This situation is "OFF" or "blocking" cone

dition. When ( 3+ cX,) 18 near unity the anode current I, becou-
e

es very large, being limited by the extoernal load. This situation
is "ON" or "gonducting"” state of the SCR, So by centrolling o
the SCH can be triggered from "CFF® to "ON"  gtate.

There are a numhor of methods of incoreasing LKL in a trnn;il-
tors The most lmjprortant of these are 1

(1) Transistor action.

(2) Increags of anode~sathode voltage.

(3) Hate of change of voltuge.

(4) Radiant encrgy using.light, etc.

ANGDL=«CATI UDE Vel CHARACTERISTICS OF SCRS

The wvolt«ampere characteristice of a typical gate controlled
S5CH is sh:own in the fig. 2.3, In the forward blucking region
( 0«2 ) the middle junetion of PNPN device is reversed biased ’
and insreasing forward volt.ge doos not :nereusse the cur:ent u;iih *
the po.nt is reached where avalsnce uultipiicntion begins to take
place ( 2 = 2 ), Here, the smeryy of the carriers arriving at the
PN Jjunction is sufficiunt to dislodge additiovnal carriers causing

an avalanchae break down, Past this peint the current increasesn
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rapidly until the total current is aurficient to waintain the sum
of 0('. to be equal to or greuter than 1. At this point S5CiH tri-
ggers tiwrough the unstable negative resistance region ( 2 - 3 }
into high cunduction region ( 3 - 4 ) with hLigh forward current
and ,low voltage drop across SCH., Now if the current through the
SCHt 1is brought down below the minimum value called the holding cu=-
rrent, the SCR will revert to the forward bloucking state. This

characteristic of 5Cil is sirown by the Is = O curve,

In practical applications , the 5CR has an applied veltage
below the avalence voltage and it is turned on by ingecting cur-
rent through itw gate, At anocde~cathode vultage less than the
break over voltage the 5UH can be placed into high conduction ree-

gion by supPlying a gate current I31 as shown in the characteris-

tic curvea, This occurs because the gate current increases X and

break cover tankes earlier. For a higher gate current 152 the bife-

ak over occurs at a still lower voltage. For suiticiently high
gate curient the entire forward blocking region is removed and the
V=1 characteristics esgentially becowmes gimilar to thomse of a IN

Junction diode.

5CH is used to countrol large amount of power by veory small
amount of trigger .power, Thias is the advantage of »CRke Typically
15 ma can turn "ON" a 16 amp. SCR. SCH ean be triggered into
conduction by apply.-ng a jpulse to its gate. Usually a 10 te 50 us
gate pulse will trigger a SCH in about one micro-second, Onece the

SCK is triggered into cunduction s the gate loses control.

The SCH‘in in the reverse blocking region ( 0 = %5 ), when
reverse potential is applied to the device, 1ln the reverse direc-
tion, the 5(it has two batik~biased PN juncticen in peries and its
characteristic in the reverse direction is like,that of a back~ibias
silicon diode. Generally in all 5CR's peak-reverse voltage i~
egual in magnitude to the minimum forward break over voltaze, If
the reverse voltage exceeds the j;eak reverse voltage rat.ng of 5CR

.

than it wil®’ be damaged permanently. *

The Forward bhmeuak over voltage is quite tewmperature nans@g}ve

-
a8 the leakage current through the 5CH dncreases.with temperature =



which in turn increases ¢{value. At a high temperature above the
maximum rated tewperature, the device loses completely to block

the forward voltage und its characteristic becomes es=entially like
that of a PN Junction diode,

2.3 GATE=CATHCDE Vel CHARACTERISTICS OF SCR1

The gate-cathode V-l characteristics of SCR is essentially
like that of a PN junction dicde. The gate trigger current is a
function of leakage current and the gate current necessary to fire
the SCR deereases as the junction tewpersture rises, In practical
operation of SCP. gnte potential required to trigger it into con-
duction varies from 1 to 3 volts with current varying from 1 ma
to 300 ma deponding on the size of SCR. So very small gate power
is required te trigger quite large current from high voltage source
to load. SCR possessos large power turn on gain in the corder of
10° o 10°,
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TRIGGER CI1RCUITS FOR SCR
31+ 3CR_ONJ/OFPF CIRCUITS:

Basic DC OKNK/OFF circuits:

¥ig. 3.1a shows a basic DC ON/OFF circuit. In this fig.
with 51 open if 32 is closed the 3CR will not trigger inte con-

dugstion as the current through the gate is mero. Now if 81 is

closed SCR willebe turned on and it will latch. The SCR can also
be turned on by applying pulse to the SCR gate. The SCR is turaed
off by momenterily opening the switeh Sn or by reducing the anode
current bslow ths holding current. It cannot be turned off via

gate. SCR can alse be turned off by shorting anode and cathogle

by the switech sa
rent wil{ be reduced to smero.

_-Basic AC ON/OFF circuitsi

The fig. 3.2a shows a baeic AC ( half wave) ON/OFF eircuit.
When an alternating voltage is applied to the gircuit, the SCR
will be triggered }nto conduction in the ench positivs half cycle
1f the switch 8, remains closed. The SCR turns off automatically
in the negative half cycle as the anode voltage reverses. The dio-
de D presvents the SCR gate to become negative with respect to
cathode. .

The fig, 3.2b shows a full wave on/erf circuite Here a di-
ode bridge rectifier is used for full wave rectification and the
out put is a;plied across the S5CR and the SCR ancde remains posl-
tive in sach half c¢ycle. With the switch 81 e{olod the SCR will
eonduct in each half cycle, The circuit is not self latching ag_
S5CR voltage reduces to mero once in each half cycle. If resistor

R1 is variable, than limited rangs half wave phase control opera-

tion results in fig. 3.%a, and limited range full wave ph.:o cont~'
rol operation results in fig. 3.2b. Since the SCR will trigger
and latch into conduction the first time gate current is reached’

as shown in the fig. 3.1b, when SCR current cur-
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its conduction can not be delayed moro than 90 electrical degroees

with so siwple a trigger circuit.

3.2 RC  THIGGER CIRCULITS:

* Figs 3.3a shows a RC diode tri,ger circuit which allows full
half cycle control. wWhen the BCHR anode voltage swings positive,
the capacitor C will charge from the peak of the negative line vole-
tage to the trigger point of SCR 1n a time determined by the KC
time constant and then the 5CH trigiers into conduction, iere R
is the control element, wWhen the 5CR anode swings negative, the top
plate of the caj:acitor charges to tle peak of the negative voltage
through diode CH2 '
cit protects the gate from reversac voltage when the anode of SCR

1
is negative,

thus 1t is ready for the next ecycle. The diode

Fige 343b nhows a RC trigger circuit which allows full wave

phase control.

* L
3.3 UNIJURCTION TRANSIS TCH TdYaGi R VULLL GEHERATGHS

The unijunction tr.neistor is an unique specialised but sime
Ple three terwminal semicunductor device which has negative resin-
tance characteristic. It can be effectively used to gencrata
pulsens to trigger '5Cils, The sywbol of UJT, its constructiovnal form

and equivulent circuit are shown in the fige 3.4,

The device is made of a bar of iilgh resistivity N-ty,pe sili-

c¢on material with two non-rectifying ohowmic contacts base one 31

and base itwo 82 at the opposite onds. An aluminium c£alled the
semitter £ is alloyed to the base to form a FN rectifying Jjunction.
The device is named unijunction as it aas only one rectifying junce
tion. DBetween B1 and il the unijunction has the characteristics

2

of an ordinary resistance. This resistance is ﬁnown as inter Q&:ﬂ
L]

rosistance H,.. Its value varies from 4 kO to 11 kQ .
The nermal biasing condition of a typianl UJT ise lh'?ﬂ in
the equivalent circuit fig. 3.4aq. Fyq and Fua repreashnt the re-

sistance of tho eilicon bar and dicue U represents the Jjunction .

.
. . .

“ L

B \ -
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formed between the emitter und the bar. When an extornal voltage

VBB is applied bhetween B2 and 51 with the jolarities slicwn a

voltage of anB appears across Fiq® where n 1s called the

intrinsic stand off ratiec and usually has a value between 0,51 and
0.82, Now if a voltage V, is applied between emitter K and B,

which is leas than the peak point voltage given by Vp = anB* VD.

Where VD ia the emitter diode voltage, and the diode U becomes
reverse biased and unly a asmall leakage current will fluw, Now if

VE is increamed to Vﬁ s diode D becomes forward biased and the

current startssto flow from emitter to base one, injecting minority
carriers into the silicon bar caumping a decrease in effective re-
sistance Fuy o and D becomes rmore heavily forward biased as cathode

voltage of D decreases cdue to decrease in Tag® In this way a semi~-

regenerative action takes place and the smitter in;ut impedanece

falls sharply to about 20 ohms When it shows high emitter impedance,
it is thpn called "UFF" state and whep very low in;ut impedance it
is said to be in "ON" state,

The trigger pulse generator:

The UJT pulse generators can be effectively used for trigger-
ing S5CH's, ‘The b%-ic temperature stabilised UJT relaxation osci-
llator trigger pulse generator with the wave forms ie shown in the
fige 3.4d. when the circuit is enerygised tiie cajpacitor C ciarges

expunuritially through R and RT toward the supply voltage V until
the emitier reaches Vp. the peak point voltuge. wWhey UJT fares i.e,

turns "ON" and the capacitor C discharges instantly into the low
impedance of emitier and ground terminal and a pomitive ocutput

pulse 1s generatnd across RD and a negative pulse at Bz. when

L3
p!
the UJT turns "OFP" and cappcitor starts charging and the cycle

the capacitor discharges current falls to a "valley point” 1 *

is repeated, A saw tooth charging waveform is generated between
emitter and ground., The ouscillagrama of saw tvoth waveform and the

trigger pulse im sliown in the fig. 3.4. -



I
The frequency uf.operntioglnf UJT is approximately given by

L4 - 1 |
£ =3 = Z.SRCY08, 0 1/1-n ) L

For & typica) value of n = 0.635, £ = 1/RC. The rroqueﬁcy is

fairly indepondent of asupply voltage and temperature. Rs is a tem~

perasture stabilising roesistor. . i ‘ )
L]

Donign considerqfion=

The supply wvoltage of UJT pulse generator can he varried from
9 volts to 35 velta., As the amplitude of the output pulse depends
on the supply voltage { amplitude is much less than half the supply
voltage )} the. supply voltage is detsrmined by the reguiremont of
the pulse amplitude and ailewabla power diseipation of WT. The
frequency of operation ¢an be varied by varying hoth R and € as
svident from the expression of frequency. Uut generally C is knpt
conetant to 0.1 yf and and H is varied,altiiough C can have any
value in ‘the range 1000 pf to 1000 uf, " The widih of tthe pulse
depends on tha value of Cﬂ So in cai;a‘ﬂhéfa higher pulse width ias
roquired ( az in case of trigger SCH 4in indactive load ) high value
of € should be talten. The valus of resistar R can be varied from
about 3 kO to 3 M .. So via & single variable reai-tor R, free
quency range greator than 1000 z 1 ean ba obtasnod.  In circuits
whera ocutput pulse agross thefRB is directly coupled to the gates of
S8CR'a, the valus of Rs should be low encugh to preventiihe DC volte
age at the gate due to inter ﬁaka current, {rom excesding the myxi-
pum voltage that will not triggér the SCR, at the maximum Junction .
temperature at which the SCR's are expocted to oporate, T

The UJT is a uuiq#a device which can triggoer 5CRis very effi~
ciently, Its advnntagés areo that it maintains A stable triggering
voltage and sxtability in frequency is good with changes of tempara-

ture. It reguires very low value of trigger current and it has
high pulse current cnpabitity. it's perforwance is relisblo and
it ia cheap. ' . .

Type 2N1671A4 WT 4s choson to consBtruct g UJT pulse trigger
circuit for triggering SCI's. The values of the compononts and -



the supply voltage to trigger a 16A, 600 V SCR are chosen as
showa below considering the above design conditions.

V = 16V C = 0.t pf
Ry = A7 Hy = 3.3 k.0
Rs = 470.00 R, =500 k0. pot.

The characteristics of AN1671A UJT is shown in the table 1.

TABLE - 1

C [y i of aN16714A 1juncti t

Vop (max.) » 30V

Interbase resistance Rgy = 4.7 - 9.1 x0
Intrinsic stand-off rasio n = (47 - .62
Min. valley current Xy = '8 T

Max. peak point emitter current Ip = 33 ua

+ Min, bame one peak pulse voltage = 3V

The UJT oloiflutor was cuonstructsd and it was found to ope-~
rate efficiently and the oscillogram of smw touth waveform across
the emitter and gound, and pulamg cutput across RB are shown in

in the fig, S.4. ' .

3.4 A LINE SYNCHRONIZED UJT TRIGGER CIRCUIT FOR SCR4

‘A unique trigger cirquit using a UJT useful for triggoering
the 5CR gate for AC line opsration is shown in the fig. 3.%5a.
The trigger circuit is synchronised from the 250 V AC line. The

input to the trigger circuit is full wave rectified signal as shown

in fig. 3.3b ( which can be obtained from the ocutput of & bridge
rectifier ) which supply both power and synchronising signal to
the trigger circuit. A pener diode D 1is used to ¢lip the peak .
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giving the waveform siown in the fig., 3.5c. When the signal is
first applied to the circuit, C is uncharged and the emitter is at
ground potential, C then charges exponentially through R but as
Boon as emitter reaches the firing voltage, UJ fires and ¢ diacharges
rapidly through RB giving a positive pulse across RB as shown in
figs 3.5d { only the first one pulse in each half cycle ia required
to trigger the SCR ). At the end of each half cycle, the base two
voltage of the UJT drops to zero and C discharges ( if ¢ had any
charge after first discharge ) through the low impedance of the
emitter. The capacitor im thus unchargoed at the begining of each
half cycle and $ite condition for recharge and triggering in the
next half cycle is established, Hence the trigger circuit is BYNe=
chronissd with the line. The inastant at which in each half cycle
the circuit should trigger ( i.e., produce a pulse in the vutpat
of UJT to cause the 5CR to trigger ) is determined by RC time cons-
tant. Generally R is varied. If R is small, the triggered inse
will appear near the begining of each half cycle as shown in the
fige 3.5d and if R is large, it will appear near the end of the
half cycle as shown in the fig, 3.58. If R is very large pulse

output may not appear at all.

%5 TRANSISTCR FLIP-FLOFP THIGGER CIRCUIT

Where SCH must switch high current in a short time and where

fast turn on is required such as in inverters pulse modulators etc,
the trigger signal must have very shurt rise time. Again in same
cases the jpulse width requireuani is high to inttiate the conduc~
tion of SCR ar for inductive AC load. The transistor.flip-flop
circ:it as shown in the fig, 3.6a can meet the above reguirements.
The square waves geneiated have short rise time and of envugh dura-

tion to trigger inductive AC lovad., Transistora Qg and Qs form a
. .«

bistable multivibrator and tne UJT relaxation oacillator ql drivese

ity to chiange atate alternately. Two cycles of UJT trigger circuit
complets one cycle of the flip-flop and the flip-flop freq%pncy is
half of the UJT relaxation oscillatuer frequency as siiown in the

fig. 3.6b, The gating signals are takon from the secondaries of
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the pulse transformer whereby electrical isolation is obtained bete
ween the trigger control circuit and:; power circuit. The output
impedance of this square wave trigger circuit is about 8 ohm. and
open gircuit voltage is & volts peak. ‘
3.6,. PULSE TRANSFOURMERS IN TRIGGER CIHCUITS

There are a number of methods of coupling the trigger pulse
to the gate of a SCR, of which the method of coupling the triggesr
pulse generator to the 3CR gate by pulse transformer is very con-
venient as it provides electrical isclation between the two circuits
and one pulse generator unit can be used to trigger a number of
S5CR's,

There are a number of uofﬁbd- of cunnecting pulss tranaformer
for triggering of SCH's, The fig. 3.7a shows a two winding, 1 & 1
transformer for triggering a single SCR. The necondary of the, tran=-
sformer may be connected directly between gate..and cathods or there
mway be a resistor Rs and diode D in series in the secondary. The
purpose J} the resistor is to keep the ;nt. current within the
specification of 5CR or to balance the gate currents in a three win-
ding transformer connected to two SCR's . The function of the diods
is to block the gate curremt in the reverse direction ( i.e. from
cathode to gate ) .in case of raversal of the pulse transformer out-
put voltago.- The oscillogram in the fig. 3.7 shows a typical pulse
transformer outjput pulse. Sometimes the diode D is connected in
parallel with gate and cathode to attenuate the negative gate to
cathode pulse by the low impedance of dicde D, to protect the SCRH,
The diode 1IN9% 4is generally prefesrsd hers as it provides very low
impedance in forward direction in comparison to cathode gate 1-p04
dance. It is sometimes becoses necessary to load the secondary of
the transformer with a resistor to prevent tal-o triggering if high

noise levels are present.

The fig. 3.7b ashows a method of connecting three winding,
1t 11: 1 tranafpr;o;rto tr&gge} an inverse~paralle]l pair of SCR's.
Here complete isolntion of pulpe¢ gomerator and SCR's is proVvided
by the three winding transforuer.
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When cne pulsce generator is usod to trigger two 35Cil's, it
must furnish sufficient energy to trig.er both the SCi's and the
pulse transformer must supply sufficient gate current to both SCR's
under worst-case condition of unbalanced gate impedances. In each
half cycle of line frequency, both the SLi'g will receive gate tri-
gge; pulse but only one SCH will be triggoered into conduction
{ whose anode is positive with respect to cathode ) in weach half
cycle. Thess precaution taken for single SCH triggering in the
figs 3.7a are almo valid for the inverse parallel pair of SCR's,

The demign of pulse trig;er transformer should be such that
it will give high~afficiency so that low pPower pulses produced by
the generator cAn trigger the Hiit's eflectively. In designing pulse

transformer the following points are taken into account,

(1) The wagnetising inductance of the rrimary winding should
be high anou;h so that magnetising current is low, in

comparison with pulse current during the pulse time.

(2) Coree-saturation must be avoided.
[ ]

(3) Core-should be of high perweability material.

(4) For single SCR c.ntrol, the coupling between the |rimary
and sec:ndary should be tight and for multi;le SCR cune
trol there may have some leakage reactance for bulancing

trigser currents,

(5) IXnsulation between windings musi be adequate to provide

isclation of windings even in case of sever transionts.

(6) Inter-winding capacitance should be low to minimise the

spurious signal effect at high frequencies:

A pulse transformer is designed and constructed with turn
ratio 1 1 1 : 1 for coupling trigger pulses to inverase parallel
3Ci'se The number of turns in each winding is 100. The pulne
tranaformer is found to operate excellently, The oscillogram of

pulse waveformsa in the secuidary is shown in the fige 3.7
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LR CONTROL GF INCANUDLSCTENT LAMES

hoet INTHUDUCTIGN ¢

S5CH's can be very efficiently used for ¢untrelling the inten-
sity of light of the incandescent lighting banks. C(enema halls,
theatres, television studios, advertising displaya and in wmany other
places gradual control of light intensity is re uired. There are
many methods for controlling the light intensity but control of light
by ume of 5Cil switching devices provide best performance in all res-~
pects, as it wif& be evident by counsidering the advantages and dis-

advantages of various types of c.nirol,
Variocus types of cuntrol:

The incandescent lamps are cuntrolled either by wvarying 4he
current by use of a variabhle impedance in sories with the louad or
by use of. variable voltage source applied to the load. The advan-
tagos and disadvantages of various tvpes of control of incsndescent

lamps are listed below 1

Serial | f : i
No ' Type - ¢ Advuantage i Lisadvantage
L ] g .
1. Repistance Low cost Higher power disasipa-

tion, low efficiency

Saturable Good efficiency iligh coal, load sensi-
2. reactor tive.
3 Variable Auto- Lood efficiency, not High cust, large size
[ ]
transformer load scensitive and heavy
4. Magnetic ampli- Flexible, not load High cost, , large size
fier sensitive and heavy., Noise
level high. -
LY -
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! ' ]
Surial. Type i Advantage ] Disadvantage
No. . ’ '
Se Thyratron Flexible, naot load Tube maintenance, se-
. ssusitive parate filawent supply
and low efficiency.
6. SCR High efficiency, Low over current capa-

snall alze, flexible, city.
ragsed., Not load
sensitive, min, main-
tenance and law cost,

.2 SOME DESIGN CUNSIDERATIONS 3
The incandescent lampt

Thﬁ volt-ampere characteristics og the incandescent lamps are
non~-linear, 1.e., the cold resistance is must lower than the hot
resistance and inrush surge current may be tem to twenty times the
normal operating ourrent for heavy load, In rush current decays
in ten to twenty oycles at 50 Ha 1line freguency. The imrush surge
current 1is an important factor in des:gxn consideration of the cire
cuit. *

The light output, efficiency and life of incandescant lamps
depend on the voltage applied to tihe load. Since SCH gontroels the
amount of voltuge applied to the luad, it 4s important to know the
offuvct of applied volta e change on the lamp nharnct.gtstics. The
fige 4.1 shows the lamp characteristiocs as function of applied vol=

tage.

Lamp burn outt

when the tungaten filament of incandescent lamp burns ocut, a
field of plasma is created across the burned terminals which crea=-
tos a sericus situation as a short circuit occurs inside the bulb.
The 5Ci gurrent limited only*by the 5Cii and line impedance becomes
exceadingly hish and itmay damage the device permanently, thuuéh —

LILY
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the fault current remains onlyffbr the reat of the half cycle. The
davice S5CR can be protacfed by using proper fusa or series impedance,

The I 't rating of théffuae must be less than Iﬂt rating of the
device SCR, When a .ariau 1mpcdane¢ im waed its value should be
such’ that it ¢an keep the surge current within the maximum surge
current capability of the device,
_ Selection of SCR:
The solection or}SCé-dapandn ori the maximum load demand. It
is uncconomic to use a SCR with a current rating about tem times
the normal oparmting current, Generally 5CR current rating shouid
be atleast two times the normal, operating current of the load when
applied to incandescent lighting control and when supplying power
to cold tungsten filament, cere must be taken to prevent oxcessive
curront flowirg before the lamps warmup, This is becausc the re-

siatance of a lamp is dutermincd by the temperature of the filament¢'

This problem is over come by ensuring that full power is not applied
to the lasap ioad instantinacusly, but 2s slowly increased up te
full power ellowing the filaments to warmup,

4.3 PBASIC SCHEMATIC DIAGRAM OF LIGHT DIMMER:

The basic schematic diagram of a SCR controlled light dimmer
installation 4s shown in the fig: 4.2. Dimming of the lamps ia ob=-
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Fig. 4.2 BASIG SCHEMATIC DIAGRAM OF LIGHT DIMMER,

-tained by applying variable voltage to the lamp load and the vari=-
able voltage is obtained by controlling the phase of SCR conductiocns



The leading edge of thecurrent wave is vory sharp after the SCR is
switched into conducticme: This current surge is undesirable both
for the SCR and Xamp spocially when the load demand is high. This
may cause the filament of the incandescent lamp to resonate mecha-
nically, which reduce the life of the lamp. An inductor in series
with the lamp load will cause the current to rise slowly and there-
by protect both the SCR's and lamps. The capacitor C 1s used to
suppress the radic frequency interferenco, caused by the switching
action of SCR's , lightning.'aupply transients etc.,

The S5CR switches and the control circuit is generally enclos~-
ed in the switch box and the light intensity is controlled by vary~

ing a potentiometer,

Chapters V, VI and VII will describe various circuit cdon-
figurations for control of incandescent lamp load.



CHAPTER « V

HALF WAVE PHASE CONTROLLED VARYABLE POWER CIRCUITS USING SCR
{ Resistive Load )

5.1 , BRINCIPLE OF PIASE CONTROL 1

SCR  iam controlled rectifier and it can be triggered into conw~
duction at any instant ( 1.é.. at any angle ) in a half eycle and
"phase control? is the process of controlling the switching of the
SCR at any desired instant, when power will ba delivered to the
lcad through the SCR. S50 the average power delivered to the load
can be controlled by controlling the instant of switching of the
8CR and the SCR will uonduot for the rest of that half cycle. If
the SCR 44 triggored near the bogining of a half cycle, maximum
powar will be delivered to the load. Whers as if the SCR 4is trigg-
or'ed near the ond of a half cycle minimum power will be delivered
to the load,. '

5.2 HALF WAVE PHASE CONTROL USING UJT ' CIRCUIT FOR TRIGGER CONTROL 1

The fig. 5.1a uhows a siﬁple rhase controlled variable power
circuit 4in which unidirectional current flows through the load, A
UJT trigger circuit daacribed in chapter « IXII 4is used to gate cone
trol. The SCR can aonduct only in the positive half cycle and in
the positive half cyele conduction perilod can be variad from nearly
zero to 180° wy varying the instant of SCR triggering. The trigger
cirsuit generates pulses in each positive half cycle and the instant
is determined by the time constant’ of the trigger pulse gonerator,
which ia dependent on the setting of the controlling potentiomater
RT' in the circuit the reaiator RD is the wvoltage dropping reszltur
and its value 68 keohm ias such that when the input voltage is 240V

' voltage across the unijunction transistor triggoer circuit is 16V

which is below its rated specitteation. -

In each positive half ¢ycle, the SCR anocde voltage riascs with
respect to the cathode and the capacitor CT is charged through R3

Yand Rpe ihen the capacitor voltage reaches the peak point voltago

required to trigger the UJT, it generates a positive pulse to tho' :
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gate of the SCR, whereby the SCHR is drivon into conduction and the
load receives power for the remaining duration of the pesitive halif
¢ycle. When the SCR conducts the voltage across it drops to negli-
gible value ( 1 volt. } and all the voltage appears acruss the
load.s Ax the voltage across the SCR dropa to 1 volt when it con-
ducts, the UJT trigger circuit ( which gets supply from the line

by way of the dropping resistor R, ) voltaga falla to near the

ground potential and it cwases to generats trigger pulse, At the
end of positive half cycle the SCR ancde voltage drops to zero and
it ceases to conduct. 1In the negative hplf cyecle heither the S5CR
can conduct nor,the trigger circuit generates pulse, So in the
negative half cycle appears across the SCR the full supply voltage.

The asfount of power to be supplied to the load is determined
by the setting of the potentiometer HT‘ For maximum power transfer

to the load the potentiometer is set for serc resistance and the
capacitor CT charges to peak point voltage very quickly and the

trigger circuit fires tha SCR into condaction towards the begining
of each positive half cycle. The circuit wave forms across varisus
parts of the circuit for mexiwum power transfer to the load ias
shown in the fig. 5.2a.

Now if the pbtentiometer is set for higher resistance, there
will be delay in generating pulass in the trigger circuit. For
half mexiwum power the 3CR is triggered in the middle of sach posi-
tive half cycle and the corresponding circuit wave forms are shown
in the fig. 5.2b. For minimun,p;w-r transfer to the load the po-
tentiometer is set for maximum resistonce and so there is maximum
delay in firing the SCR and the SCR conducts near the very end of.
@ach positive half cycle. The circuit wave forms for minimum pow-
ors transfer is shown in the fig. 5.3a . Thus At is found that DC

power to the load is fully controllpble by the potentiometer R.. -

By use of this circuit power can be controlled very s-ooth}y
and efficiently as the smevaral killo-watts of power is being con-
trolled simply by the potontiometer which consumes only milli-watts
of power, Mareover the volt;se across the SCR when comnducting.is
hoglisibln. wherehy the efficiency is greatly increased. The load
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L

receivea powser only im the positive half sycles and this fluoctma-~
tion of leoad current produces noticeable flickering of lamp light,
which is undesirable in some systems. The circuit shown in the
fig. 3.1a was constructed and the photograph of the circuit is
-howp in the fig. %5.3b.

Hlalf wave phase sontrol analysigt

For half wave phase control, average load veltage ia given byt

™
E
E,yvg = M Epstn wt diwt) = 3%?‘ 1 + coa = )
. . ‘
PAVG . A (4. comoc ) (1)
E;- . 2"_ 8 asw ey

Again for half wave phase eontrol RMS load voltage is given by 1
10

E
.2 2 %
Bogs = -}ﬁ Jmp-mndin) -.E%T(Tr . oC + W sin3oc)
pe
|
EBEE - %7L( Wﬂ- O+ “ linQOQ)‘ 1Y} LY ] ( 2 )
P w
The expressien of UC load power is givenm by ¢
E* B 2
. AYG -
P - iqr—- - iﬁ%‘{i 1 OOIC*;& é:
E \3 . ’
but P-nx - (E?) * ﬁ:- .
%’ = e" 1+ Boloﬁ)a 'Y ) “ee ‘ 3 )
max
The expressions (1), (3) and (3) are plottad graphically in the :
tiz- ,-‘o -

If full halfewave voltage is appliced to an incanddscent lamp,
only 30 ¥ of the full light.cutput is obtained. 5o this half-wave
phase evntrol circuit cam control maro te 30% of full 1ight output.
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Now if a power diode is connected as shown by the dotted line in

the fig., 5.1a, then this circuit will regulate load from half to
full power as the load will conduct the full negative half cycle
through the power diode D and only the positive half cycie is varie
able, Consegquently the light output from the lamp load can be varie
ed from 30¥ to 100% of maximum light cutput.

5.3 HALF WAVE DPHASE CONTROL USING .A PHASL SHIPT BRIDGE POR
TRIGGER CONTROL : <

A sisple circuit to demonstrate the use of SCR in a half-wave
application using a phase shift bridge for trigger control for
variable power output is apowﬁ in the £ig+s 5.1b. The output volt~
age from the phase shifting néiwork is applied to tho SCR gnte and
this controls the instant in the each positive half cycle at which
the SCR should conduct. The phase of the AC gating voltage is varie
able with respect to SCR anode voltage. The phase of the gat;ng
voltage and hence the PC powsr ,to the load is variable by the poten~
tiometor RT' The AC phaso shifting network controls precisely the

triggering angia and prnvidoa‘-qooth contraol of load current from
0° to 180°,

In this circuit the transformer is used for steping down the
240 V AC in the ﬁrin&ry to 25 V AC in the secondary which is
centre tapped. The number of turnsin the primary winding is 2,000
and that of secondary winding is 200, so the turn ratio is 10. The
mode of winding in the primary and secondary coil is such that volt~
age at A is always in phase with the anode voltage. The funetion
of the diode D is to prevent the SCR gate from hacomiﬁg negative .
with respecti to cathode,

’

Typical voltage waveforms at different parts of the circuit
are same as shown in the fig. 5.2, 5.5, #xcept the the gate to
cathode voltage waveform.



CHAPTLER - VI

FULL WAVE ( RECTIFIED ) PHASE CONTROLLLD VARIABLE POWER CIRCUITS
USING SCR _{ Resistive load )

The circuit in the fig. 6.1 ) shows a full-wave (rectified)
Phase controlled variable power cifcuit fecding a DC load. Here
- the load, S5CR and the firing circuit are connectad to the output
side of a single phase reetifief.bridgﬂ which consists of four
power diodes. Rectified full-wa#& appears across the lead and SCH,
A single S8CR eaxerts control over the rectified full-wave.

The circuit voltage wgveforms across the zenor diode, gate

and cathode { i.e., the trigger pilse ) , the load and the SCR
ere shown in the fig, 6.2 for maximum power tranafer and in the

fige 6.5 for half power transfcr.] .

Due to the action of the bridge reoctifier, the zener diode
and resistor R, a rectified and,ﬁlippeg voltage ( 16V )} is app-
. , i
lied to the UJT trigger circuit. jTha resistor R iz a voltage

dropper resistance and 16Va znner;dinﬁe ZD oclips the peak at 16V

The UJT trigger circuit which is usad to fire the SCR 4is synchro-
riised with the power lined fraquency ax the circuit is asutomatica=
lly connected and disconnected oﬁéh half cycla.

Power suppliied to load is controlled very-simply and effici-
entiy by the potenticmeter RT' -?he voltage wave-form across the
zener diode and UJIT circuit remains unchanged for all power level
&3 sgen in the fig. 6.2 and 6.3¢d. At the beginingoof ¢ach new half
cycle the UJT circuit starts a timing cycle. The capacitor C is
charged through RT and when it rdaches the peak peint voltage UJT
fires, generating a positive pulse at SCR gate which triggers the
SCR into conduction, Thé.timedélhy of triggering the SCR is de=

‘termined by the setting of the potentiometor Rpo

‘ ] .
When the potentiometer is sot for minimum resistance, the

SCR will be triggered into ,conduction in the begining of ench half

eycle and maximum powsr will be transfered to the load . Thins .is

evident from the oscillegram shown in the fig. 6.2 and conWersely
L]

R ) *
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for maximum potentiometer resistance miniwum power will be transfer-
ed tc the load,

For half maximum power transfer to the load the Stil is trigg-
ered in the middle of each half cycle. The oscillogram for this
conitition is shown in the fig, 6.3, 1f this circuits is used for
control of a lamp bank then the flickering of light will be elimi-
nated which was present in case of Lalf wave phase contrul. Althou=-
¢h here one Liil, can control the phases uf both the Lalf cycles, cne
power diode bridge is required for full wave rectification, The
circuit shown in the fig. 0.1 was contrcllled and the photograph of
the circult is ghown in the fig. 6.3b,.

Fullewave phase sontro Il sisl

For full-wave (rectified) phase control the average load

voltage is given by i -
A
L
EAHG = %, g-Ep sin wt d{wt) - ?f (1 + cosoc )
o<
EAV%I ‘_%_ ( 1 + cos X ) eun sea ( 1.)
P

and RM5 load voltage is given by i

» Tr o
i 1 .2 2
LRHS .\/W -S.l:.p sin“wt d{wt)
" o

= V% (T 0c ¢ W 51020 )ﬁ
“— -

E . .
l;m!b = é-;_ (W - <+ % sinz ¥ ] epe (2)
P
The expression of P/Pmax can be uvbtuined as
%ﬂ - % ( 1+ coscn)z cee “ew ( 3)
®
raX .

The expressions (1), (2) and (3) are plotted graphically in the fig.
6"‘. *
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CHAPTLER - VII

AC PHASE CUNTRULLED VARIABLE FUwlR CIRCUITS USING SCH
( Resistive load )

7.1 ° INTRGDUCTION:

Two very impertant single phase, controlled switching circuits
using SCR's for feeding variable power to AC loads are discussed
in .this chapter. These circuits were designed, constructed and were
found to operate elficiently, The oscillograms of the voltage wave
forms for differ:nt power level are obtained to show the phase cone
trol., Theseo ci;;uits are suitable for contrcl of incandescent lamp,
heating ¢oil etc. In the circuit diagram in the fig. 7.1 two SCR'a
are connected as inverse pa: allel pair in whiech the S5CR1 conducts
the positive half cycle and in the negative half cycle SCH2 conducts.
S50 AC power is applied to tho load. The circuit diagram of £ig. 7.1
was constructed as shown in th.: fig. 7.3b.

. -

72 THE TUIGGER CIRCUITs

The trigger circuit for variable AC power unit is a line syn~
chronised, efficient pulse generator using a unijunction transistor
( WT trigger circyit is describe in chapter - III ), In the cir-
cuit of the fig. 7.1 , the 5CH's are coupled to the pulse genera=-
tor hy a three winding pulse transformer which imakes it possible to
obtaine electrical isolation between the pulse generator and gates
of the 5Cii's. Anotiier advantage 'of use of pulse transfermer is
that two 5CH'e are triggered by one tri.:.er pulse goenerator unite.

73 PRINCIVLE GF OPLILATIONS

The unijunction transistor trigger circuit receives the supply
voltage during the non~conductingy period of the SCH's becauxe as
soon as the 5Cit's start conducting tlie veltage across them drops
to 1 volt and the remainingv voltage appears across tne .cauds. The

resister R, is a voltage dropper resistance. Iits value is such

D
that voltage across the trigger circuiti is writt in the specificationmn
of UJT. Because of the action of the bridge diqdes resistor RD- -,

. \ ' .‘.'
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and zener diode Z, , a rectified voltage clipped at 16 volts is
applied to pulse generator. At the start of each new half cycle
the trigger circuit starts a.tihing eycle, The capacitor C is
¢harged through R, and R to peak point voltage when UJT fires,
delivering a positive -pulse to the primary of the pulse tranaformer.,
By transforumer action[puiia are transmitted to the gates of the
5CR'a and the S5CR1 which hii‘bunitivu anode volteage during the
positive half cyclae, tr@ggnr- into coﬁdnctién delivering power to
the load for that halfrcyclo. JWhan the S5CR1 13 triggered the vol~
tage across tho‘acn1 dropn to 1 volt, and thqrefor. triggear gene~
rator supply voltago drops to naur to zexro potentials So the capae
citor C remains d;scharqu until the line supply voltags reverses
( i.e,, starts the next half cycle ) at which time the sequence of
operation ;tdrts‘again_fﬁr the S5CR2.

The firing angle of both SCRs is controlled by the potentio-
metor Rc + 50 power to the load can be smoothly varied from ﬁenr
zerc t0 maximum via Re. The oscillograms of the circuit voltage
wavefoeres ‘across different elements for different power~levol ara
shown in the fig. 7.2{(a) and 7.2(b). When R, dia set at maximum

resistance, the output power jis miniwmum, because the capacitor C
charges near tha end of each half cycle and therefore, the SCRs are
fired nsar the end ©f @ach half cycle alternately. Since the SCRs
conduct for a briaf iiée;.tha load voltage is spproximately 1% to
5% of the full load voltage, When R, 1s set at minimum resistance

the capacitor C charges néar the baegining of each half cycle and
hence the SCHs are tr%gggred near the begining of each half cycle
alternately. 50 almost the full available power is developed in
the load: This is ev;deq% from the oscillogram in the fige 7.2a
becauss almost full cycie appears across the load. The oscillogram
?.2b shows vbltage wave~forms foil half maxipum power transfer to
15ad, because half of each half cycle apgpears accross the load.
Hgre the potentiometer R i- sot near the middle posmition.

The Lig. 7. lhows annther form of aingle phase AC phase
controlled awitching circuit for fynding variable power to load.
This circuit ims similar to that. of th. £ig. 6.1 except that here -

-
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.
the load is in the input side of the bridge rectifier. 1n tiis
g¢ircuit only one 5CR is used to cuntrol the instant of firing in
the both half cycles. This is possible due to the action of the
bridge rectifier, The output of the bridge rectifier is a full
wave rectified voltage which is applied across the 5uR, So the
SCK conducts in both the half cycles. This circuit was constructed
and the oscillogr.ms of the cutput voltige waveforms for variocus
firing angle are shown in tie fig. 7.4 (a) and 7. 4 (b) for lamp
load. The oscillograms of 7. 4 (a) are #or half waximum power tran-
sfer to lovad, because only half of each half cyecle appears across
the load, The oscillogram of fig. 7. 4 (b) are for winimum power
tranafer to lond: because only a small jortion of iHalf cycle appe-
are acroas the lcad. There is no noticeable flickering from the
lamp, but that was present in the half wuve application. The maxi-
mum curcrent that the locad can tuke from this circuiti is limited

by the dicdes and the Suil. -

7.4 CUNGLUSIUN: -

The 5Cits find tremendous apjplication in wmodwern technology
for control of power. The two circuits described can be officient-
ly used in many pur;oses, such as in light dimming of incandescent
and fluorescent lamps, temperature control, speed countrol of motors
etey The uséillogruml of the circuit waveforms are tuken with ree
sisiive inciandescont lamp load. The:eircuit of the fig. 7.1a, by
use of two 6 A, 400 V 5 its ean countrol upto maximum 1.5 kilo-watts.
of load power. Higher lvads such-as 4 to 10 kilo-watts. as deman=-
ded by theatre, cinema hall, lishting i:stallation etc: can he con=
trolled by use of high power 5Clks. #when high power S5CHs are used °
for control purposes, special arrangement mu<t be made for cooling.
Though the circuit of the fige. 7.22a uses one HCKH for control of
AC  load power it has a disadvantu,e &n that, it unes a bridge rec-
élfier which conducts the load current . 8o generally this circuit

is prefered for low power application. -

Though power can be cuntrolled by use of; potentiometers, vari-
acs and thyratrons, highest &fficiency can only be obtained by uase

of S5CiH, . .
L]



CHAPTER = VIIX '

SCH CUNTRUL OF INDLCTIVE DC  LUADL

8.1 HALF WAVL FHASE CUNTHOL:

A c¢ircuit for half wave phase contrel ofi inductive DC  load
by umse of SCR is shown in the fig. 8.1a. A simple UJT trigger cir-
cuit described in chapter ~ IIl was umed for gate contrel. Aas cue
rrent thrcugh inductive load can not change instantaneously, so
just after triggering the SCHR in the pusitive halt ¢ycle, current
thruugh the inductive load will rise slowly ( inatend of step rise )
to peak value and then gradually decrease to zero, The inductive
nature uf the load causes the current to continue to flow beyond
the peoint where line voltage reverses. lience the vultage applied
to the lead includes positive and negative componcnts of load voelt=
age during the cunduction periocd of the 3CK. The fig. 8.1b Hhows
the load voltage and current waveforss { without the free wheel
diode I} )% The SCR 4is fired at an angll @ = 60° in the posi=
tive half cycle and it conducts upte @ = 2300 *{.o' current
gontinues to flow in the same direction even when;'tho load voliage
reverses. As the current through inductive load sturts tuv cecrease,
the voltage BGFOH..the load reverses, because the sign of L di/dt
reverses, The SCH will not turn off until the current decrenses

below the held=on value.

In halfl wave phase cuntrol by additiom of a choke in series
with resistive load, tie wmean output power may be improved and
ripple percentage reduced. If the load is inductive op if induc=
tance is connected in series with resistive load, a fres wheel dicde
must be added across the load as shown in the fig. 8.1a by dotted
line and diode D. This diode will than carry the current setup by
the dimscharge of the energy stored in inductance, because as the
load currernt starts to decrease the voltage acruss tlie load revernscs
witich makes the ancode of diode D posmitive with respect to cathode
and D cunducts. The diuvde acts as a low resistance path for the
discharge of energy of the inductor,; and current in the load conti-

nues to flow for some or most part of the negativeMulf cycle. The
[ )
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figs 8.1¢ shows the inductive load voliage and current waveforms
with free wheel diode connectedvacrcoss’ . the load: The 3CR is tri-
ggerad at & = 60” and current continues %o flow upte 9 =« 560°.
The earlier the SCR tri;géra in auch positive half oycle, the grea~
tor is the stored energy with greater currant in the load during
_the period the SCR 1is off and the current:. may be continuous,
through tha load. ' ’ h

On the other hand If the triggering of the SCR is delayed
there will be a pericd of zerg,current. The average currsnt rat-
ing of the free wheel 'diode should be not loss than the maximum

-

average load current.



CHAPTER - JIX ’

SCR CUNTROL OF INDUCTILIVE AC LOAD

9.1 INT; OUUCTICGN 3

5CIs not only control resistive loands efficiently but these
can also be advantageously used to control inductive AC loads.
There is no doubt that inductive loads present some difficulties
which do not appears when operating >Cila into resistive load yet
with some added precaputions, reliable performance of the inductive
loads can be obtained. S5Cis can be used in controlling motors,
fluoresa:.ent 1igh;ing banks, transformer coupled loads etc. and
ZCHms can be used to replace saturable reactors, adjustable trans-

former, motor generator sets etc.

9.2 TRIGGEH REGUIRLEMENTS FOR SCH'S TG CUNTRON INDUCTIVE LOADS )

Uperation of 5CRs directly into inductive load is rather more

complex than the resistive load, because 1

{1) inductive load current does not change instantanecuslly
i.e.y, SCR anvde current rises slowly ( instead of step

rise as in case of resistive luvad ).

(2) severe dissymmetry betwoen the jsotive and negative half
cycles of load voltage may result due to magnetic satura~-

tion and thereby SCHs may be permanently damaged.
(3) inductive loads sct up°back electro-magnetic force.

(4) inductive loads present dv/dt, di/dt and other tran-

sient problems,

These diificulties can be over come by using suitable trigger
circuits and adopting sowe protective measures. Two basic require-

sents for proper contrel of inductive AC load are @

(1) the width of the triguer pulse should be comparatively

large.

(14) the synchronisation voltage trigger circuit must be ob-

tain from the supply terminals rather shan the SCR voltagd.-
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The S5CRs are generally triggered into conduction by applying
trig.er pulses to the gate terminals and out put voltage is contro-
l1led by phase shift ng of the trigger pulsea, When a pulse type of
trigger is used for trig; ering S5CHs with inductive load, there is
a possiihllity of system instability if the trigyer jpulaes are of
. short duration. 3Since the load inductance cause a aslow rise in
5CR anvde current, if the anode current does not at least re:uach
the latching current by the time ( the pulse width ) the pulse ends
the S5CR will ceasze to conduct once the faring pulme has passed and
S5CR will revert to its blocking state. This type of instability is
more likely in early and late jprart of each half cycle ,when the mag-
nitude of AC lin; voltage is low and therefore the load current
rise is slow. This type of instability in early and late ;art in
sach half cyecle is absolutely undesirable, moreover this ﬁyps of
failure may lead to core saturation due to dissymmetry of the posi~
tive and negative half cycles and thereby deatroy the SCilse This
problem can be solved by use of variable phase square wave instead
of a pulse for triggering, The system stability can be obtainaed
even by use of pulse trig,er circuit with some extra counection in

the system and it will be deascribed in the next section,

Qa3 TRIGGER CiRCUITS FOH AINDUCTIVE AC LOUADS;:

There are a number oft trigger circuits wihich mect the basic
roqﬁirementu for pro:=:ar control of inductive AC loads, The follo~
wing two trigger circuita were designed and eunstructed and these

had been found to operate satisfaeturily.
(4) UJT trig.er circuit: .

The basic unijunction transistor trig:er circait for
gating two " inverse parallel " connected 5Chs for conw
trolling the inductive load of fluvroscent lamps is
shown in the fig, 10.3. The gating pulses gengrated by
the UJT trig:er circuit may be of so short duration that
instability and dissymuetry may arise but the trouble of
pulse triggerang is virtually eliminated by connecting

a bleeder rusisto; in parallel with the inductive load,

to' assist the S5CRs to latch on reliably after tie appii;
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cation of gate pulse. The value df the resistor is such
that when the S5CR is triggered, sufficient current will
flow through the anode to latch the 5CR into conduction,
regardless of the triggering angle. Fortunately the lat-
ching current of SCRse is only ( 10 ma to 40 ma for most
6CRs ) a fraction of normal load current and hence a
high value of resistance can be used and thereby power
dissipation can be reduced and actual load remains un-
uffected. This resistor also helps in limiting the dv/dt
problem that arises across the SCR pair, when cne SCR

turns off.
[ ]

This UJT trigger circuit receives synchronisation volt-
age for phase control from across the AC line, thus
meeting all the necessary raequirements for triggering
inductive AC loads.

Transistor flip~flop trigger circuitt

Transistor flip=flop trigger circuit which produces mqu-
are waves in the output meets the trigger requirements
for induotive AC Jloapds. A Flip=flop circuit is describ-
ed in chapter - III.

*
L



CHAPTER - X .

i .
SCR CONTRCOL CIRCUITE FOR FLUOREBSCENT LAMP DIMMING

10.1  INTRODUCTION:

The SCR can be efficiently used for dimming the fluorvscent
lamps. Cinema halle, thuntreﬁ, etcs use fluorescent lighting banks
of sevoral killo-watts, which can be continuously controlled smcothe
1y by electronic circuits by use of BCR. Nowea-days thyratrons are
ussd for the control. SCR squipments have groater advantagos over

the thyratron vefaiuﬁ.

SCR control of fluorescent light is somwwhat more complex
than the incandescent light contirol as @

'(1) the fluorescent lighting load is inductive in natura,
caused by thebballaat choke, -

(41) the fluorescont tube developes a back EMF,

(441)" the flucrescent tube needs adequate striking voltage at
.all levels of i1llumination. .

(iv) soparate heater transformer is reguired for pre~heating

the electrodes,

-

The spicial load characteristics cfeated by the fluorescent
lighting tubes do not.cregte any difficulty in operation by the use
of S5CR, '

10,2 CONVENTIOHAL,FLUGRESGENT LAMP CIRCULT AND ITS COPERATIGN:
{4} Circuit with starter:

The fluorescent lamp is essentially a lamp for AC ope-
' ration. The fig, 10.1e shows a general circuilt of a
. fluorescent lamp unit for AC operation which incerpo-
rates a ballast choke L and a starter glow switch S
and a capacitor C for power fuctor correction., This’
. : kind of circuit isused widely in industry, cincma hell,
audotorium, domestic installations etc.
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The function of the starter glow.awitchl

As soon as 240 V AC supply is applied to the circuit
a glow discharge oocurs inside the glow awitch which
contains rare gases, The heat generated causes the

‘ bimetallic strip to doflect and close the contacts,
when the circuit is completed and the lamp electrodes
are heated. When the contacts are clomsed the glow
discharge ceases to exist in the starter awitch and the
bi-metallic strip temperature falls and ultimately opens
the oontacts. This sudden intorruption of flow of cur-
rent, through the choke causes a voltuage surge to appear
across the lamp, which ignites the lamp.

Since the fluorescent lamps have a negative volt-ampere
characteristic, the lamp voltage will drop to the arc voltage of
the lamp as soon as it is ignited, therefore a impadance 15 cvonnoc-
ted in scries with the lamp in order to limit the current to the
desired value, The great advantage of AE gperation is the fact
that the current can be limited by use of a choke with relatively
small loses. A power factor corrector capacitor C can be conn;c-
ted across the mains supply terminals for econcomic use of the sup-
Ply syatem, when a large number of lamps are used. A small capa-
citor € of “the order of 0,006 to 0,030 uf 4is built into the ca-
nister of the starter switch. This capacitor suppreses to a great
extent the radio-interference which might be generated by the dis-
charge in the tubo. An earthed conductor near the lamp aids in
sterting the lamp at sufficiently low voltage and it eliminates

the flickering of the light completly. .

{(11) Circuit without astarter:

In starterless circuit of fluoroscent lamps, a separate
starting heater transformer is used for pre-heating the
vlectrodes, Thep primary of the transformer is connec-
ted directly to the mains supply and two isoclated seocon-
dary windings are connected to the electrodes at the

two onds of the lamp to provide heating current. When,

the mains awitch is closed the full ihpply voitage inm

N
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connected across tuw privuacy of the transformer and the
cathodes are heated with a current of the same magnitude
as in a circuitb wiik siarier, Tue transformer takes the
place of the starter~ewitcit in that it provides the ca-

thode heating.

in starterless circuidt there is a problem of reaching

a suificiently low striking voltage, thercfore sonme kind
of start.ung ald is necessary. This is aimply provided
by placing a sarthed cunductor in tihe vicinity of the
lamp. Generally the reflector of the lamp is earthed.
The ;turterleaa circuit simplifics the mapintenance prob=
lom of the lamp, because the starters often give trouble
after some hundreds of its operations, when the starters
are replaced. This problem is avoided in starterless
circuit. DMoreover, the lapse of time betweon switching
on and striking of the lamp can be conaiderably reduced

in starterlesas circuit. o

10,3 LDIFFEili. NT SCK  COUNTROLLLD PGWLR CIRCUITS FuR

FLUOHLSCENT LAMP DIHMING:

A 50 He fluaarescent lamp dimming aystem consists mainly of

two component circuits. -

(1)

(11)

The power circuit, which includes the lamp, inductive
ballast, ballast resistor and the SCRs.

Trigger or control circuit, which controls the amount

of power to transfer to the load. .

These two circuits are incorporated into one system,

The fig. 10.2 shows two probable basic SCHH power circuits,

These two circuits (a) and (b) meet the fundumental requirements

for the

dimmer. when the SCHs are not triggered into conduction, its

impedance will be high and th lamp will be in "OFF" state., And

when the triggering pulses are applied to the gate or gates of -the

S5CRs,

they will conduct and their lmpedance will ‘be low apd the

]



lamp load will be driven into "ON" state. The 5CRs will prescat

@ variable and a symnetrical AC impedance and hence the effectiva
voltage across the load will varry whereby the dimming will be ob=-
tained. The smooth and continuous transition from the "OFF" to
"ON"  will be performed by the phase contrel of the 5Cila. Since the
load is inductive 1i.,e,, it contains an inductive ballast, the SCR
eircuit of the dinmmer must he asymmetrical in its mode of operation
to eliminnte any tendency toward core saturation. This requiroments

is also meet by the SCR power circuits,

The choise of the basic power circuit depends on a number of
factors. Both tphe circuits have advantages and disadvantages over
each other. In the inverse parallel circuit of the fig. 10.2a one
5CR conduets the positive half cycle and the other the negative hyplf
eycle and phase control in both half cycles is possible. This cif-
cuit has greater efficiency as only one SCH is in the circuit at
any time for conduction. On the other hand in the "bridge counece
tion"circuit of the fig. 10.2b only ovne SCR is reqguired for fulle
wave phase control of AC load but itr requires four power diodes.
And two diodes and one SCH are always in the circuit for conduction.
The heat sink problem are more severe with the circuit of fig. 10.2b
than with that of fig. 10.2a, Dut for low power outputt the circuit
of the figs 10.2b may be useful. And since the circuit oi the fig.
10.2b requi;on only one ScR, its triggering circuit will be simpler
as it is found that less cumponents are required to trigger one 5Gi

than two SCHse.

The selection of proper p&%er circuit will depend on load
requirements, cost of SCRs, diodes, lighting applicaticn, available
cuntrol circuit etu. Moreover the selection will have a great off-
ect on the mechanicnl deasign of the dimmer circiuit, The total per=
formance of the system will depend on the characteristic and effec-
tive design of the component circuits and their parte and the extent

to which these components match to others.

10.4 DIMMING OF FLUORESCLRT LAMPS W1TH STARTER:

OUne SCR dimwer circuit with inverse-parallel configuration

power circuif as shown in the fig. 10.2a for a fluorescent lamp' T
. . .

. N/



with starter wus constructed, The lYine synéhroniaad UJT +trigger
¢ircuit shown in tho fig( Jeb2 was used for control purposes. It
was found that fluoru*cent lamps'with startor can be Jdimmed but tho
operation becoues unltablc at 10w currents and £lickering rosults.
The minimum starting voltugo in. thc procasa of setting the coutrol
pntentiompter of the dinﬁgr. for going from darkness to light is too
high and the light obtained is too great and the smooth variation
from darkness to light ia not.obtained. Horeover the astarter clos-
es at different voltages at di{f;rant times. This difficulty is
removed by using a starterlass circuit with poarmanantly heated ca-
thodea. Vardation of lamp current at constant heating current pro-
vides o con;inuuﬁn and smooth regulation of light output,

10.5 A __PRACTICAL FLUORLSCHENT LAMP DIMMER CIRCUIT USING SCR:
S
A practical fluorescent lamp diower circuit with permanantly

heated cathodes and with SCRs in "inverse parallel®™ cunnectidn is
shown in the fig, 10,5 .+ Here the power cireuit and the control
circuit ars shown separately. In the power cirecuit 10.35a the SCR1i
conducts in the positive half'cyéli and the SCREZ 4n the negative

half cycle. The triggering pulses are obtained from the secondary
of the pulse tranaformers in thq‘control cireuit 10.3b., This fluo-
rescant lamp dimmer circuit was ﬁeuigned and constructed and it was
found that the system perforﬁannﬂ is reliable. Tihe important pagts
of the system is discussed below. .

The lampt The iamﬁ isuinétant atart fluorescont tubes The
fluorescent lamps are highly efficient in radiating light snd the °
light output of a fluoreacent lamp is proportional to the current
through the lamp. Therefors éhs/dinming can be performed by varying
thea voltage whereby the!bﬁrrént/is varied: Another condition for
smooth dimming is that adagquate striking voltage must bo available
to atart the lamp at the lowest nctting of the control potentiometer.
The voltage requirsd to start\the lamp is reduced by pre-heating the
elactrodes of the lampe by a heater transformer as shown in the fig.

+ 10.3a, drrecpective of the seiting of thed dimmer. The starting
alid is supplied to the lamp Iy grounding the motallic plgned of the
. lamp, Where ihe fluorescent lighting bank is to Ee controlled a- .

L ]
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number of lamps areé to be conmected in parallel and the simultaneous
dimming of al) lamps will be accmplished by the single control cire
[ ]

cuit,

The ballaat choke? The function of the ballast is to limit
current through the fluorescent lamp as it has a negative resistance
characteristics. Mofeaverlit supplies proper sterting voltage and
limits di/4dt problem.  When'n lamps are to he operated on one
choke, thei inductante of the common choke should be L/n where
L 1is the inductance for a Bihgle lampe All the lamps may hava
their indivisual chqﬁeé;

The ballast resistor: It helps the SCR pair to switch in-
to conductinn reliablﬁ-aftar.they are Being triggered. Detalls arse
descrihed 3in the cqnlrol circuit., It also helps to limit the
dv/dt problem and thereby prevent premature triggering of the SCR
pair, A ballast of 100 watts is satisfectory for & killo-wstts
load, ‘f! :

Th; heater transformert The func;ion of the heater transe

former as already montioned ie to supply constant pre-heating curs-

rent to the electrodes of the flucrescent lamps, The primary of the
" heater transforwmer is cennocted directly across the line supply and
two isolated, secondaries are connect to two lamp filamenta,to supply
necensary pre~heating current. The two secondaries should be 1Z0-
lated ag they are at different ﬁotential with respect to neutral.,”
When a number of fluorescent tubes are to be controlled by one
dimmer control circuit, if one heating transformer is used for each
tube than the total costo of transformer will be exceedingly high.
if on the other hand, one commcn heater transformer is used to sup=
ply pre-heating current to all the filaments from its secondaries,
the transforuer coat ﬁi;l be reduced but this arrangement will need
more distribution wires, yet this arrangement will be econogiic when
large number of fluoreqdent'tubaa are to be contreolled such as in
cinemg hall, audotoripmAetc}; .

The control circdat:, fhe controlc circuit shown in’the fig.,
10.3b is a line synchronised UJT trigger circuit. The synchronie-

- L
L - -
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sation voltage for the control circuit is derived from acrosas the

Ac 1ine rather than from acrosa the S5CR, This condition is easer~
tial in order to maintain synmetry between the ponsitive and nagative
half cycles of the load voltage of inductive AC load and thereby to
ma;ntain systerm stabhllity.s Othor raquirements for trigrgaering SCRas
connected to inductive load is that the trigger pulsc width should
be such that inductive lead current must have time to reach at lcast
the latching current before the gate pulse torminates, otherwisa the
SCR will cease to conduct once the triggnr.pulse has passed and the
SCR will revert to blocking state. This problem is effectively eli«
minated by use of a ballast resistor across the load to assist the
SCR to latch on riliably after the application of gats pulae. In a
resiative load the triggering angle of a 5CR can be varied from O to
180° but for the inductive load:pf-fluoroscent lamp the triggering
range is limited from 60° ‘to 1500; The load voltage And gurrent
waveforuns at different triggeriﬁg angle is ahown in the oscillograms
of £ig., 10.4. The vscillogram of £ig. 10.%a shows the load voltage
and load cyrrent waveforma for maximum phower transfer i.e., maximum
illumination, when triggeringa angle is 60°. The oscillogrems of
fig. 10.4b showsa load voltage and load current waveforms for halkft
power transfar to load, when the triggering angle is 120°, The oacie
Llograms of figz. 10.5a shows voltage waveforms across the load and
the SCR pair, xhen the triggering angle is 80°, Variation of load

current with conduction angle ims shown in the page number 67.

Pcier facgtor corractions When heavy load is to be controlled

there must be arrangement for power factor correction for economic
use of power supply system. The power factor correctioq iz ¢arried
out on the mainss side of the 5CR "pair, by connecting a capacitor ®
across the mains supply. The vaiuélof the capacitance will depend
on the number of tubes and their wattage. For egch 75 watts tube
the value of cepacitance should be 7«5 uf., When n lamps are to be
opsrated the value of pover factor capacitor should he nC, where

C is capgcitance for single lamp.

Protection: Adsquate protection againast over current’ and over
voltage is necossary for satisfactﬁfy operation of the SCR circuyits,
the associated elaectrical devices and the buswork.:



i Load Voltage Waveform.

Load Current Waveform.

Triggering Angle = 60°.
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FPig. 10.4ay Waveforms for Maximum
Fower Transfer.

Load Voltage Waveform.

Load Current Waveform.

Triggering Angle = 130°.

Fig. 10.4b, VWaveforms for Half
Power Transfer.

Fig. 10,%. Fluorescent Lamp Load Voltage and Current
Waveforms at Different Triggering Angles. ,
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Load Voltage Waveform.

Voltage Waveform Across
the SCR pair
= Triggering Angle =80°

FIG. 10.5a. VOLTAGE WAVEFORMS ACROSS
THE LOAD & THE SCR' PAIR. .
VARIATION OF LOAD CURRENT WITH CONDUCTION ANGLE

i! .
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Lamp ~ = 80 W

Line Voltags = 240 V
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§ Mean Current § Peak Current

: in Ampere : in Ampere .
60° | o.ésf:' 1.42
90° 0.60 0.95 | .
. 120° 0.15 0.35
150° 0.05 0,07 .
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Protection against ovaer loads and faults:t Over current pro-

tection of SCH cam be 6bta1nod by interrupting the curreat
flow and also by introducing elements in circuit which will
limit the rate of rise of current flow by virtue of their
impedance. 8ince the SCRs fail by shorting rather than by
opening, AC circuit breaker, fast acting current limiting
fuse or 5CR ¢ircuit breaker may be used te protect the power
SCRs. The fluorescent lamp dimmer circuit of the fig. 10.3a
uses AC circuit breakers across the main lines and each

SCR of the “inverse parnilol“ connection is indivisually
provided with fuse to provide adaquate protection against
heavy fault of duration less than half a eycle. If SCHs used
are rated many times the normal load requireuents, then the
system will survive unusual over current condition. This may
be uneconomic. Most practical and economical solution lies
in over dssigning a little the current carrying cnp.b{}ity

of the 5CRs. The rate of rise of current flow may be limited
hy source impedance, transformer %Fpodunco or inductance and
resistance in series with the lcocad. In the circuit of fig,
10,5a the ballast choke limits the rate of rise of current.

Protection against transient over~voltage: Voltage transients

have profourd influence on successful and reliable operation
of SCH.- Transient voltages may be generated due to load “swi=
tching, disturbances caused by lightaing etc. High voltage
transients will switeh SCRs harmlessly into conduction in

the forward direction, But this is highly undesirable in
cuontrol of flucorescent lamps. This can be avoided by use of
devices with higher vultage ratings but this answver may not

be economical. The transient over voltages can be greatly
reduced most economically by providing additional energy
storage or dissipation means in the circuit, Capacitors pla=-
ced across the in;.ut lines or across the SCR components, amp~-
le resistance across the AC input terwminals, thyrector surge
voltage suppressors connected across the anode-cathode of
SCR pair etc, greatly reduce the over voltaje transients,
In the circuit of tha fig. 10.3a pf. capasitor, ballast -
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resistor sand RC network help to reduce the over voltage
transient. The resistance is used for damping the ringing

of tie capacitance current with the load inductance.

Radiov frequency interfesrence! in the inductive load sucli as

in fluorescent lamp dimming installation, radio frequency is
created by the discharge in the tube itselfl. VHF¥ services
such ns Tplevision or FM broadcasting are not generally
disturbed by RFI but AM broadcast band rcgeives severe in=-
terfervnce if SCH  circuits are not properly filtered. in
the fluorescent lawp dimmer circuit,choke and pf. capacitor
helps to suprressthe interferenca. Two small chokes F1 and
HC network connected across the inverse parallel 5CH pair
a8 shown 1n the fig. 10.3a are used to filter the radio=

frequency interferemnce.

CLNCLUSIUNS 1t is found feasible and practical to use phase

controlled S5Chs for the contrel of fluorescent lamp dinmer circuit.
Smooth difleing ever wide range cun bhe obfained. The circuit shown
in the fige. 1043a can control upto 1 killo=-watt of load which is
limited by current rating of Stis ( 400V, 6A ) . By use of higﬁer
current rating ScHs load upto 10 killo-watts of power can be controe-
lled. There is muﬁh flexibility in the system layout, depending on
the performance, reliability, load power, and cost of the system.
Instead of manual control, autvmatic control for constant illuming- __

tion level by use of photocell, can be ouployed.

There must be arrangements for adequate cooling of power sCie
for successful operations. For cooling the power S5CRs of the fluo=-
rescent lamp dimmer circuit, the body of each 5Ci was acrewed intd
difieront aluminium heat sinks, for good thermal contact between
the 5Cii and the heat sink.

Since the fluorescent lamp are highly efficient in radiating
light and have economic advantages, their application 1s encrmous

in many fields. .



CHAVPTER ~ XI -

DC CHOPFLRS WITH SCR FOR CUNTRUL GF DC TRACTIUN MOTORS

11.1 INTRODUCTION

* In this chapter some recently developed DC chopper circuits
**with SCR are described which find potential application for the
control of DC traction motors, such as DC electric locomotives and
battery drivem UC series motors. These choppers can control the
speed continuously between zero and mapximum value very swmocothly,
The advantages of DC choppers with SCR over the present foram of
resistance contrpl are improved efficiency negligible starting loass,
continuous running at any speed without resistance loss, elimipnation
of wmechanical contactors, moving parts and the associated maintenance

problems etc,

The speed of DC series traction motors can be controlled
by the following' three methods:

(1> By varying a rheostat connected in series with the
motor, which will vary the voltage to and hence the
speed of the motor. This method is smooth but unecono-

mic as much power is wasted in the rheostat,

(11) By switgching the battery cells ( in case of battery

driven motor ) in meries or parallel combination. .

This method is lossless but the action is jerky. * e

(1ii1) By use of a rapid acting switch called a chopper, in

series with the tractiun notor,

Since S5CR has very high oper:ting efficiency, fiigh switch~-
ing efficiency and high power gain, it can be conveuniently used as
chopper switch to convert direct current from a given DC input vol-
tage to direct current at a lower voltage, to control the speed of

BC series tractrion motors.

11,2 PRINCIFLE OF OPERATION OF DC  CHOFPERS:

The fig. 11.1 1illustrates the principle of chopping with a

switch as power control element, The load voltage and hence the

speed is regulated by varying the repetition rate of the switeh *
«? .
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closings, At low repetition rate "ON" time is much less than "OFF"
time so the average voltage supplied to the motor is low and hencs

fts speed will be low. At high repetition rate average voltage in- ~
creases and hence the speed inarsases. In this mode of operation, ~
pulse widih 4k kept constant and frequencyi is wariable. In an
nlte;hative mode of operation frequency is kept constant and the
%pulsa width is wvaried.

-

11.3 DC  CHOPPLR CIRCQ;TB WITH SCIt

S5CR can perform the chopping function in many circuit con-
figurations. In this chapter fow circuits will be described, which
operate with higﬁ efficiency.

- THE ®JONLS™ CHOPPER CIRCUIT:

The fig. 11.2a shows the Jones chopper circuit. The wwitch- -
ing of SCRs can be psrformed by twoe UJT pulse trigger circuits des-~
cribed in chapter ~ IXI, The S5CR1 is power S5CR as it cnrriga the
load current of the motor, When SCR1 1is triggerdd ( at ¢t = 0 )
the current flows from the battery to the motor via the bottom wind-
Ang Ll of the auto~transformer T. A voltage is induced in the
winding L2 by auto-transformer action whiech charges the capacitor
€ through Da. so that bottom plate of C becomes positive with

-

respect to its top blate. OUnco charged, the diode Da maintains

this voltage on C. When the S5CR2 1s triggered.at{ at t = t, P —

the voltange of capacitor C appears directly across SCRi whereby
it is reverse biased and it is turned off, thus iemoving the voltage
froem the motor load. Inductive load gurrent of the mgtor is dis- =

sharged through the diode Dl' and thus it prevonts high voltage aﬁ-

pearing across the motor. The SCH2 dis. of much lower rating than

SCR1 and it handles only the commutating energy. Typical circuit
waveformesare shown in the fig. 11.2b, V¥Whan the chopper is operat-

ing at low spaed about 20% of the line voltage 1is applied to the
motor ( tho minimum allowable repstition rate is determined by the -
len th of time the capacitor C can maintain the commutating volt~

age before it leakes off ). "As the lond of the motor is incroased
about 80% of the line voltage can bq applied to the motor th{odgh’ . .
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the SCR chopper. Full voltage can beo appligd to the motor by

closing the awitch 3, to supply maximum torqgues.
L —

Due to the action of auto=-tr naformer, increased load deve~
lop a higher comwutating voltuage on C, particularly when starting
the c¢hopper. This load compensation action i1s a great advantage

,of Jones chopper.

Tiie, MURGAN CHOPPLR CINRCULT: -y

The Morgan circuit shown in the f:3, 11,3a i’ a little mo=-
dified version of Jones chopper. Iliere a maturable current trans-
former T function both as a load sensitive auto~trunsformer and a

caomutating switth., Hence the 5 k2 and D2 of Jones chopper are

not reguired here. The Morgan circuit has elficiency over 90% and

a load voltage range of 10 ¢t 1 is pos.-ible.

The principle of operation of the Morgan circuit is interes-
ting., When the SCi is not triggered the capacitor C charges uj.to
the battery voltage L, through the reactor and lcad. MNow as the
5CK is tFiggerod into econdur tion by a suitable trigger circuit,

the full voltage on C appears across the top winding N. through

the 5CH and the reactor is saturated in the negative direction

after a short time and the charge on ¢ ia reversed reasonantly, i.,e.,
now the lower, plate' of C becomes jpomitive with respect to the ;;:
per plate. Thé current flowing through the load via the lower wind-

ing Np charges tlie cajpacitor to a still higher voltage by auto=
transfurmer action. Again aftor gome time the upper winding N' is

saturated in positive direction i.e., the cathode of the SCR is .
made positive with resjyect to ancde and it is turned off, The volt-

are on the motor load can be varied by vuarying the trigger f(requency.

THE JAUQULT, GCUTHILRL AKD HULGGNL CHGIEFLR CIRCUITI

This chopper circuit is shown in the fig. 11.3b. liere HCH1
ia the load current carrying or power 5Cll. Ab S5CR1 is switched on
by a centrol circuit, the supply voltage V  appears across.the motor
load and due to absence of back EMF in armature, smotor current will

rise rapidly «to tho value determined by circuit resistance and'at = .
L] » -
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rate determined by the inductygko of the motor, Also after sometime
( determine by .. and C ) the capacitor C will be charged to 3V,
twice the supply voltage resonantly through L and D2 with top platws -
positive with reepect to the bottom plate. The scapacitor ¢ will °
refain the charje until SCR2 is fired as the diode D2 is now re-

vnr-;h blased.

Now as the SCRZ 1is fired, a current astarts to flow from the
capacitor C { which was charged te 2V potential ) through L, SCR3
and D,
ply potential and it is turned off, Current f{rom the capacitor c

to supply, and the 5CH1 cathode rises to the positive sup-

continues to flow and after sometimes the capacitor will be charged
in the reverse direction. As scon as the SCR2 ocurrent falls below
the holding value, it will be turned off and the dapacitor C dis-
charges through D3 and R, The voltage across C thereby drops to
zero. And now it becomes ready for the next switching of SCR1,
When SCR1 was turned off by the auxiliary circuit, the inductive
energy of the motor load flowed a discharging current through the
free wheelsr dicde. If the time constant Ly/R of the load is great
'inough in comparison with the period the load currcnt will never

fall tu mero.
THE BREASLEY AND WHITE CHOPPER CIHCUIT:

This cjircult: shown in fig. 11.4a finds potential aprlication -
for control of DC traction motors from high voltage DC line supply. -

Y i—

The priuciple of oporation of this circuit is as follows.

Ths SCR1 is the power os!losd surrent carrying SCR. At the
begining the SCR2 is triggered into cond.ction wherasby the capaci-
tor C is charged to supply potential through motor field and armat- .
ature, with the left hand plate positive with respect to the right
hand plate. As scoon as C is charged up, the current drops to zero
and ths SCR2 is turned off., Now as SCH1 1is fired line voltage
ippoarl across the motor load and the right hand plate of C1 rea-
ches the supply positive potential ¥V so the left hand plate becomes
2V potential with respect te ground. Seo the capacitor C drivés ‘-:
a current through‘Li, D2 n?d 5CR1 and after as short tims the ca-
pacitor C 1-.phargod to potential V resonantly in the reverse direc-

7 _ ., .
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tion A e.; now the right hand flate becomes positive and the diode

D2 holds on this voltage en C. A small ble;ding path is provided

Shrough R for the leakage currenmt through D, and SCR2, nmo that - -
the potential on the lefth: hand side of ¢ remains all most unsruang-
ed; SCR2 and the Llc resonant circuit is used to turn off the -

powo; SCR2, Now am SCR2 is triggered the charged capacitor € appes
‘ars across the SCRI. which 4is then reverse biased and im turned off-
The capacitor C discharges into motor load and is recharged to the
supply veltage V . with the ‘Left hand plate positive with respect to
right hand plate, After the capacitor is charged, current throujh
SCR2 dropa to zero and it is turned off again. The inductive ener-
gy of the motor s discharged through the free wheel diode D The

1.
circuit is now ready for the nqxtréyclo.

. ;
Motor current waveéforms are shown inf fig, 1i.4b, at start

of rﬁn and at high speed, On starting. current rises rapidly due
to absence of back EMF and daoays alawly. but at high speed, "back
EMF is developod and current rises slowly and decays rapidly.

11.4 = SOME PRACTICAL ASPECTSi

The choppér circuita described are suitable for speod control __
of DC sories traction motors. For the control of high voltage DC

- locomotive traction-motnrs, o serios mtring of SCRs and diodes EF;- -
used. In this case adcquata DC voltage sharing is obtained by"* ‘/(‘
non~lincar resistors connccted across each SCR and diode. The *
transient voltages developed acrogs the SCR during switching 4is
limited by using conventiona) HC networks, To protect the S5CHa

W

from the dawaging effaect of high rate of rise of current, saturas

ting chokes are génerally connected in series with SCRs. The trie N
gger cdrcuits for awitching the SCR are not shown in the basic chow~ -
pper circuits, Trigger ecircuits for SCR control yi-load.are das-
eribed in chapter - 1IX-

»

Since closed loop systoms providn better regulation, a control

loop is generally provided in the chupper circuit fap accurate spoed =

control of D¢ motors, o . »
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11.5 CONCLUSION: o

, .
The chopper circuits described above are most modern and re-
iiahle; Theso circuita are ﬁseﬂ'inpractioo and are found to ope~
rate =uccessfully for t“h’b control of DC  traction motors, swoothly
- and efficiently. These circ‘uit'g are replacing the ¢onventional
equipments for control of DC'. traction motors.
L/
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CONCLUS YON

s SCR is found to be efficiont power handling device for control

of both rasistive and inductive load,

It is shown that incandescent ™

iamps can bo. dimmed smoothly using S5CR though incandescent lamps
eronto problems in tho design of SCR controlled circuits due to high

inrush of current during starting.

The fluorescent lamp dimming is -

found to be practical and the circuiti:efficient in light control as
the flickering of light is eliminnted by using pormanontly heated

¢athodes, .

The dimmer circuits designed and constructed may be used for
light control in cinema halls, theatres andotoriums, factories etc.
Theose circuits may alao be used for speed control of DC and induction.

motors, temperature control of liquids ete,

The operation principle of 0C chopper. for speed control of trag-
tion motors are found to be simple and the circuits are efficient and ..

relinble as S5CHs are used for switching purpose.
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