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AN INTEGRATED 3-PHASE GATE-DRIVER
FOR THYRISTOR-OPERATED CONTROI~SYSTEMS

A. ABDUL-MAGUID HASSAN, PH., D.*™ MAHMOUD S, KANDIL, PH, D™
AHMED E. MOBAPKA, M. SC.%

ABSTRACT:

For thyristors engaged in 3-phase static electrical
power conversions (such as 3=phase cycloconverters, constant-
frequency power supplies, eic.) where 3-phase controllable
output 1s needed, three identicsal reference voltages differ-
ing by 120° are required.

The paper presents an approach to design a versatile
integrated scheme for a J=phase gate-driver for thyritorop
erated control systems. The designed schems is a variable

frequency, variable amplitude 3~phase sine-wave reference
generator,

x% DBoth are with the Dept. of Electrical Power and
Machines, Paculty of Engineering, El-Maneoura
University.

® With the Dept. of Electrical Engineering, Shibeen

El-Kon Faculty of Engineering and Technology, El-Menofia
University.



E. 20 A.A., Hassan et al

The frequency and amplitude of the cutput pulses are
independently capable of being controlled using individual
de=control voltagee.

The developed scheme is fully built up using
integrated circuits, is put into working order and showed
well results, It is a self-contained functiongl unit
which 1s capable of operating quite satisfactorily and
ind2pendently of the power converter.

l- INTRODUCTION:

The most important welghting factor for the use of
thyristors as active elements in control systeme of
static electrical power conversion equipment, is its
gate-driving circuit. Gate-driving (or thyristor-firing)
is the usual means of turn-on specified for thyristors .
It allows stable on=off blasing of the thyristor for great-
est circuit reliability.

In general the function of a gate-driver is to
deliver correctly timed, properly shaped firing pulses to
the gate of the thyristore in the power converter. Almost
invariable, the phase of the firing pulses, relative to
the converter input voltage, is controlled in accordance
with an analog "reference" signal. Many alternative
principles exist for achlieving this end (Ref. 1), and
much work is going to be done in an endeavour to siplify

the design and to improve the performance of such circuitas
(Refo 2).

In three-phase statlic electrical power conversions
(such as 3-phase cycloconverters, constant-frequency
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power supplies, etc.) whers 3-phase controllable output
is needed, the firing pulses applied to the different
thyristors should be synchronized with the maln supply.
Moreover, to achieve controllability of the output,

the firing angle of pulses applied to the different
tyristore should be put under control.

Accordingly, the main objectives of a gate-driver
to be used in a three-phase ac-line control are:

i ) provision of three-phase pulses.
i1) Ability to control the firing angle.

Numerous approaches to the design of the firing pulpse
generator circuit are possiple (Ref. 3). A scheme of

a three-phase sinewave firing-pulse generator which fulfils
the desired objectives has been given in (Ref. 4)., The
approach is schematically shown in PFig. (1) .

Briefly, the scheme visualized in Pig. (1) involves
the use of three samplers time displaced through 12°
using a three-stage ring counter. The filtered outputs
of the samplers yield practically distortionless three-
phase sinusoidal voltages that are displaced with respect
to each other exactly by 120° . The amplitude of the
output is controlled by the dc voltage, Va, snd the output
frequency 18 controlled by the dc voltage, Voo The output
of the V/f converter drives the three-stage ring counter.
It is clear then that the basic principle of this system
depends malnly on the sample~and hold circuit used.

Fig., (2) shows the sample-and hold circuit diagram
uged in the approach of Ref. (4). In Pig. (2), the matching
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element used is a copper-shielded pulse transformer which
is less reliable than any electronic device which may
replace it. Therefore, another sample-and=hold circuit
which is based on an application of an operational amplif-
ler is developed, iutroduced in an improved build-up of

the three-phase reference generator and the performance

of the whole system is tested. The earlier and the present
approaches showed similar results in addition to the high
relisbility and simplicity of the ppresented approach,

2= Three-PHASE GATE-DRIVER CIRCUIT PRINCIPLES:

The basic configuration of 3-phase, gate-driver
for thyristor-operated control syesteme (Ref. 4) is shown
in Fig. (1). The system consists of :

(1) « The system consiste of i
i) Sine-wave oscillator, which outpute constant amplitude,
constant frequency pulse txrain,

ii) Voltage-to=frequency converter, which outputs
square=wave pulse train with variable frequency.

iii) Three-stage ring counter, which receives the output

of the voltage-to-frequency converter to be divided
by 2, 4' and by 8.

iv) Three sample-snd-hold circuits.

The sample-and-hold circuit used in the scheme of Ref, (4)
is shown in Pig. (2), whereas the sample=and~hold cirecuit
used in the present approach is shown in Pig. (3). The
dividing character between the two approaches is the

sampl e-and-hold circuit which is going to be briefly
discussed,
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FIG.{ 3 ): sample and hold circuit using operotinal amplifier.
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3= THE SAMPLE-AND-MOLD CIRCUIT:

When more than one signal are controlled by a
single pulse ag the present investigated case, different
output signals must be held between sampling perlods and
the output must therefore be equipped with a sample=-and-
hold am plifier. Thus, the function of a sample-and-hold
amplifier (or circuit) is to hold the input signal constant
during the time that is required to reapply the signal
agein.

Fig. (3) shows the developed sample-and-hold
circuit. It consists of: two overational amplifiers
A oy A, (UA 741) eand a high-speed switch which is a metal
exide field effect transistor (MOSFET, 2N3819). A, is the
input operational amplifier which has a high current
capability. A2 is the output operational amplifier. The
sample~-and-hold process depends on the charging of the
capacitor C to a potential which represents the sampling
amplitude and maintains that value with minimal drop between
sampling times.

4- CONCLUSION AND EXPRIMENTAL RESULTS:

The two sample-and-hold circuits of Pigures (2)
and (3) yield two different schemes for a sine-wave pulse
gate-driver which have been built and tested.

Fig. (4) shows the input to the sample circuits
and the sampled output before holding. PFig. (5) shows
the sine-wave obtasined from the sample-and=hold c¢cireult
uging pulse transformer, wheress Fig. (6) showe that obtained
from the sampling-circuilt using operational amplcefiers.
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Mg.{ 4 )

a) The input to the sample oirouit.
b) The sampled output before holding.

Anplitude 2 Volt/division.
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The trend of Pigures (5) and (6) is the same but the
integrated 3-phase gate-driver using operational amplifiers
for the sample-and~hold processa is more efficient than

that which uses pulses transformers because it can not be
affected by stray magnetic or electric fields, has rigid
reliability and long life.

It is hoped that the vpresent iork may be useful
gulide for the design of gate-drivers for the ever~-developed
thyristorized control systems. .
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HG.( 5 )

The aine ~ave obtained from the sample and hold
oireuit using pulse transformer.

Amplitude 0.1 Volt/divition.

Fig, ( 6 )

The sine .ave obtained from the sampling oireuit
uaing op. amp.
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