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ABSTRACT:

This paper presents a simple adjustable output-voltage
DC-Power supply which can be controlled vie & digital-anelog
converter by a digital computer. The performance of the desi~

gned DC-Power supply has been experimentally tested and showed
satiefactory results.,

I. INTRODUCTIOU:

The continuoue need to implement direct reml-time digital
computation in engineering neceesitates the exlstance of an
intermediate link between the digital-analog converter and the
enrineering system which may be controlled in direct real
~time. In electrical engineering adjustable DC-Power supplies
are needed to deslpn digital contrellers for all aparatus and
syctems which use direct current. In general, adjustable DC-

powver supplles are designed using the principle of "PHAGE
CQi{T1.OL",

2. PRINCIPLE OF PHASE COlITLOL:

S W e Sar A A M g A R  — i —

Phase control ie the process of rapld ON-OFF switching
which connects an AC-supply to a load for a controlled fraction
of each cycle. Then the basic function of an adjustable-voltage
DC-power supply is to convert an alternatin input voltege to a
controllsble direct output voltege. Such arrangement 1s also
known se phase~controlled converter.

Phase-controlled converters consist, baslcally, of a
rectifier circuit arrangement in which some, or all, of the
rectifier devices have gete-controlled forward-voltage blockine
copability. The well~knovn silicon-controlled rectifier(SCR)
or thyristor has become firmly established as the active power-
control element of nhrse controlled converter.
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The basic princivle of cperation of a phase-controlled
converter ie to control the point in time at which conduction
in each thyistor is mllowed to commence during each AC-cycle,
Control is then accomplished by governing the phase angle of
the AC-wave at which the thyristor 1s triggered. The thyris-
tor will then conduct for all the remainder of that half-cycle.
By this means it is possible to choose the time sesment of the
AC-voltage weves which appear at the DC terminals, end there
by, to continucusly control the mean velue of the DC terminal
voltapge. In this way, the essentielly bistable switching
characteristic of the thyristor i1tself 1s utilized to provide
a8 linear control of the mean output quantity.

There are many forms ¢f phege control poseible with
gilicon-controlled rectifiers (REF. I}, but a scheme in which
the pgate~trigrering process of the thyristor i1s automntically
actunted using a DC, milliwatt-level, analog control input
signal 1s the object of this paper.

3. LDESIGH FULIDAMELTALS OF A TRIGGER-PULSE-GELERATCR CIRCUIT:
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The ability of the thyristor to switch from non-conduct-
ing to conducting state in response to & emall control sipnal
is the key factor in its wideepread utility for control of
power. Proper triggering or firing of the silicon controled
rectifier requires that the source of the trirpger sirmnal should
supply edequate pate current and voltage, in accordance with
the characteristice of the thyristor and the nature of its load
and subnly. The trirger-source imvedance, time of occurrence
and durction of the triprer sigmal, and OFF-state conditions
are also imnortant desirn factors. Gate-trigger characteris-
tico, ratinge and rethods sre fully discussed in KEF.(I).

In crder to control the output voltage of & phasecontrolled
circuit, it is necessary to contrel the nhase of the thyristor-
firing pulsec. Thus the function of the trigrerpulse renerator

is to deliver correctly timed, proverly sheped firing pulses to



AJAbdul=-Naguid Hassan 36

the gates of the thyristors in the phasecontrolled circuit.
Many alternative principles exist for achieving this object.
The silicon unijunction transistor is an ideal device to be
~used e a source of the firing pulses. It has the advantages
of a stavble trigger voltage, B very low trigger current (which
is moet suiteple for digital control) end operation over a
wide temperature ranpge. Thyristor-rate firing circults using
the unijunction trensistor (UJT) are eimple aend compact with
low power consunption end e high effective power gain in nhase
control circuites.

The basic UJT-tripgrer circuit used in epnlications with
the thyristor is the simple relaxation oscillator shown in
Fig. (1), In the circuit of Fig.{(l), the capacitor C; is
charrFed throungh Hl until the emitter voltage reaches Vp, at
which time the UJT turns on and discharges C1 through RBl'
When the emitter voltage reaches a value of ebout 2 volts,
the emitter ceeses to conduct, the UJT turns off end the cycle
is repeated. The period of ascillation T is fairly independent
of the supply voltage end temperature. The value of period of
oscilamtion T is given by;

1
T =—F

1
Ry €y In -7

Where, f is the frequency of oscilation
is the intrinsic stansoff ratio of the UJT which lies
between 0,51 end 0.8¢.
For an apprcximate nominel velue of intrinsic standoff
ratio of 0.63, the value of period of oscilaation is,
C1

T = Rl

1n practical applications of the besic firing circuit of Fig.l,
a voltaege resulator (normelly, Zener diode) is used with the
UJT to clip and regulate the peaks of the trigger circuit
supnly voltare.



E. 37, Mansoura Bulletin December 1977.

+V, 1

C. to SCR gate
L wA__A__A

Pig. (1)¢ Basic UJT Relaxatien Oseillater-Trigger

'

with Typical Waveforms,.

AC
INpuT
T
(R, CR,
L L "
AN
R\
¥ #CR‘
-
1
)]
SE R, -4
L,

Fir. (2)1 Prace-Contrelled DC~Paver Sunnly



A.Abdul-llaguid Hassan 38

4, THE DIGITAL CCHTLOLLED DC-PCVWEL LUPPLY:

S R S A g e N B e e P e e SN W e P

A typical phase-controlled circuit for DC loads has been
given in Ref, (1) (page 273) and is shown in Fig.(2) for con-
venience. Whichever of the two thyristore of Fig.(2) has
positive anode voltape at the time the gate pules occurs will
fire, thus applying voltage to the load for the remainder of
that half-c;cle. The firing angle can be adjusted by means
of R7. By varying R7, the DC voltage ecroes the lced can be
seteplessly adjusted from its mexium velue down to zero. If
the loed requires filtering, inductance Ll end free-wheeling
diode CRgy may be added as shown in Fig. ().

Inductive DC loads often require the use of a free-
wheeling diode to prevent feedback of power into the supply
line during a portion of each half-cycle. If the circuit
ghown in Fig. (3) is operated without diode D and L ie large
encugh that continuous current flows in the load, current
flows through each thyristor until the other thyristor is
triggered into conduction., With triggering of the thyristors
delayed by en angle o, the load voltege is negetive during
the delay period and energy stired in L is returned through
the thyristore to the AC-supply. with diode D across the
load, the load voltare is clamped at essentislly zero during
the delay reriod, and the load current maintained by I flowe
through D during this period.

The development of the present digitel-controlled DC-
power supply hae been derived from the previous theory and a
practical experimentation on & cirouit built in the laboratory.
The finel scheme which may be reccmmended for direct resk-time
dipital control epplications is given in Fig.(4).

The developed scheme of the digital controlled DC-power
supply of Pig.(4) is more practical, much simple than that shoyn
in Fig.(3). Purthermore the developed scheme is adaptable for
digital control applications.
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In the circuit of the developed echeme of Fig.(4) combined
phase-control and DC-~blas control through through the UJT is
used. A variable DC-~blae c¢r control sifnal 1s combined with
a shifted-phase AC-voltage. If the DC-blas 1s increased or
decreased, the zero axis of the AC-componenet is raised or
lowered and the Intersectlon of the reesultent voltapge and the
emitter-base one voltage or the firing angle 1s varled. The
zener dlode is placed in the circult to protect the UJT from
high reverse biass end to achleve synchronlzation with the
AC-supply voltage., To penerallze the use of the dipital-
controlled DC-power supply, & reverse connected or free-
wheeling diode is comnnected across the load to carry the load
current during the decey perlod and to prevent feedback of
power into the eupply line.

The developed echerme hes been successfully used in a
major direct digital-computer control project (Ref. 5). The
values of the inner elements of the scheme complement each
cther and therefore, the flnel valuee for any particular
operating condition should be experimentally determined.

5. CONGLUSION:

An adjustable voltage DC-~power supply has been develoned
end preeented., The circultal configuration of the develoned
echeme of the sdjustable power supply 1ie prectical, economical
and simple. It uses combined phase-ghift and DC-blas control
to enable 1te use in reel-time dipitel control epplicationes.
The developed scheme has been used in a major direct dipltal-
computer control project in the laboratory of the Electrical
and Electronic Engineering Department of the Herlct-Watt
University, Edinburgh.
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