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FIRING CIRCUITS FOR PHASE-COMTROLLED COMVERTER3
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Salsh Ghazy Ramadan
Zagazid University - Faculty of Engineering {Shoubra]
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ABSTRACT

This paper presents Ffour new circuits to fire the single-phase or the
three-phase converters. Each of these circuits ig synchronized with the
supply-voltage using an optic-configuration which utilizes the galvanic
separation between the low-power and the high-power parts and briddes over
the distortion of the supply voltage due to the commtation. The firing
¢ireuits are performed with minimum compenents which are  generally
available and used in many spplications. These firing circuits are tested
uging different load types. The obtained results show that the invented
circuits are stsble and can be practically used to fire the constant
frequency sources as well as the variable freguency sources. In addition,
thelr cost is also low compared to the other used firing olircuits.
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1. IHTPODUCTION

Firing , of the supply commutated converters is cerried out in many wavs.
Special integrated circuits, as UAA145 of Telefunken, are designed mainly
to fire these types of converters, Such integrated circuits are expensive
and “sensitive. Other flring ocircuits [7] containing many components are
also costly snd their maintenance is difficulty. Some circuits using the
L¥-585 timers [8], [9] are introduced for single-phase and three-phase
converters. In thia paper, four new firing circuits involved few and chesp
components are invented, performed, and tested to fire single-phase
converter., Modifications for three-phase converters are very simple.

The Block diagram of sny firing scheme used, for medium and high supply
commitated converters, is depicted in Fig.l. It may consists of tha
following parts:

Sl Voltace
Contraol Voltace

Vool — .
P eCp L pe=H00 | |

Surchronization Farmina Isolation
Shiftirg Arel Lflcation

Fig.l Components of a Firing Scheme

a. The Pulse—synchronizing unit:
In this part, the zero-crossing points of the phase-voltages or the
line wvoltages are detected and thereafter the firing instant For each
thyristor can bs defined.

b. The Pulse-shifting unit:
Hare the instant of firing is correctly defined by a do voltege
generally nzmed the control voltage V, and iz normally obtained from
tha control circuit.

¢. The Pulse-forming wnit:
The form and width of the firing pulses are defined In this unit. A
square wave form with a width of 200 ps is preferred.

d. The Pulse-aoplifying unit:
Thiz unit define the steepness of the firing current and amplify it to
sufficient vslue.

e. The Pulse—transfer unit:
This unit isolates the low-power part of the system from the high-power
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part. It may consist of pulse transformers or optio devices,
2. THE IMPLEMENTED CIRCUITS
2.1. The Zero-Crossing Unit:

Due to commitation, the supply voltade is disturbed snd therefore the Zero-
Crossing Points (Z{Ps) of phess or line voltages are floated. According to
this wrong dstection of zero firing-angle, the firing of converters may be
shifted either right or 1ift from the undisturbed supply voltage. In some
circuits, to avoid the distertion, the synchronizing volteges are filltered
and the introduced phase shift pay be corrected vwsindg special apparatuses
like Induction regulators or static phase shifters [2].

§ E;h_,x/!/’-%\\\ﬁﬁ_,///”_:\l

Fig.2 The Zero-Crossing Unit (ZCU)

In the implemented circuits, depicted in Fig.2, the ZCPs of the phase—
voltages (for singls-phase converter) or of the line-voltages (for three-
phase converter) are directly detected, using connections involving
trensistorized opto-couplers, without intermediate measuring ocircuitzs of
the voltages it selves. This circuit consists mainly of the two opto-
couplers UL and U2. The photo-transistoras are connected in flip-flop
configuration and therefora the distorticns in the measured wvoltages ares
bridged over and the ZCPs are correctly defined., By these units the phase-
voltages or line-voltages are chenged to square waves of width of 1809,
The input voltsga of each opto-coupler i3 limited with two zener dicdes.



£. 4 BSalah Gh, Ramadan .

The operatim of this wnit is as followa:
By positive voltage half-wave Ul conducts and the Signal S1 becomes high
leval whera U2 turns off and signasl 52 becomes low level. In the negative
voltage half-wave U2 conducts and 32 becomes high loglc where Ul turna off
and 51 i3 low. The diodes D3I and D4 protect the cpto-couplers sdainst any -
back-signal coming from the next elrcuit.

2.2 Transistorized Firing Circuit

This ecircuit and the corresponding signal diagram are given in Fig.3. The
ecircuit in Fig.3.b consists mainly of two NFN transistors, two capacitors,
and two diodes. The thyristor opto-couplers U3 and U4 are used to separate
the pulses, amplify the firing current and to isolate the converter from
the firing and control circuits.

Before triggering the circuit (the pulses Sl and 52 are zercs), capacitors
Cl and C2 have no charges, the effective base-emitter voltages of Q1 and Q2
gre negative and no collector currents flow. The photo-diodes of U3 and U4
darken and the logic level of the firing pulses Pl and P4 are low.
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Fig.3 Transistorized Firing Circuit

For thes upper half of the circult, once the signal 31 becomes high level,
the voltags of capacitor Cl increases, and in consequence the effective
voltsge of the loop (Cl-Ql-Ve) i3 doingd to become positive, Charging of Cl1
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s not linear but by incressing the charging time constant the voltade
incresses spproximately as ramp wave form. Starting from the point at which
tha capacitar valtage 53 begins to exceed the control voltags Vo until the
end of the signal $1, the loop voltsgs (Ci-Q1-Ve) is positive, tha base
current ig (83) flows, end Ql conducts. The photo-dloda of opto-coupler U3
conducts and the logic level of the firing pulse Pl becomes high and
afterward the thyristor coupled to it conducta. At the end of the signal
51, the capacitor C1 discharges (55) through the resistor R8.

If the voltage level of the signal S1 is given by V; and the voltage of Cl1
is given by E.., then the capacitor Cl1 ig charged according to the reiation

Eeo = K[1 - e~t/7 ] ' (1)

where the charging time constant 7o is given by:

F7.Rg
Tao = |———" = | C1 = Ryy.CL 2

< [ (R7 + Bg) ] 79 <
and the voltage constsnt K is calculated as:

K = Ryg9.V; ()
Beginning from the conduction of the transistor @1 (or @2} until the end of
the signal S1 (or S2), (conducting period}, the voltage of capaciter Cy is
nearly equal the control voltage.

Bg = Vg @

Thus, after the end of 51 until its next positive edde (the discherging
time 14) the capacitor voltage is follewed according to the ralation

Eed = Vc.e‘t/"' (3
where T4 = Rg.C1 (8)
If the BRg >> R, then the charging time-constant T, can be approximated to:

Ta = R7.C1 (T

Ag seen from Eqs. B and 7. in order to have a nearly linear charging of the
capacitors, the charging time constant R7.C (or Rg.C) must be larga and
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this makes the discharding time constant Bg.C (or Ryg.C), which must be
smallar than the charging time, also very large. That mesns, the resistance
Bg (or Ryg) must be very larde in the charging period and very small in the
discharging period. To fulfill that, the resistora Rg and Ryg are replaced
with NPN transistors which are turned on with the pulse Sz or 83
respectively as shown in Fig.3.0. In this case the discharging time—
constant T4 is nesrly zero and the charging time-constant T, can be made
very large ta have approximately ramp function. The firing pulses can be-
inhibited by the positive voltags Vh.

2.3 Chopped Firing Pulses

In thim circuit the cutput firing pulses are chopped through feed-bachk
loops to save the control power of the gate circuit. It can also inhibited
with positive signalsg.
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Fig.4. Chopped Firing Pulsesg
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The implemented circuit and the corresponding signal disgram eara shown in
Fig.4. <Capacitors C3 or C4 ares charged linesrly using simplified current
sources (3] and (4]. The output ramp-voltage 53 or 54 of the tranaistor @t
or Q2 ara synchronized and controlled with the supply wvoltage through the
signal 51 or S2.

The ramp-voltages are compered with the control-voltage Vo using the
cperetional amplifiers U3RB or U to obtain the square pulses P2 and P1.
The firing pulses are delayed and connected back with the contrel signals
81 or 52 to control the ramp-voltages again. The result of the faedbach
dicde-loops, the pulses P1 and P2 are chopped. This im a very 9imple and
very cheap method to have chopped pulses without uwsing additional high
frequency oscillators [7]. The width of the chopped pulses depends on the
delay time and also cn the control voltage (the final amplitude of the
ramp-voliage). The nuaxber of pulses in one half-period i3 inversely
preportional to the control voltage.

Tha amplitude of the ramp-voltage corresponding to 1809 depends on  tha
charging current which can be controlled through an external source. This
phenomena was used in order to synchronize the sams circuit with a voltage
of varisble frequency. The frequency was changed bDetween 10 Hz and 70 Hz
and the final amplitude of the ramp-voltade was recognized, The change (if
found) was corrected sgain by changing the control voltage of the current
source E. It was Pound (Fig.4.c) that, For a final ramp-voltage of 8 Volts,
the control wvoltage B of the current source was changed from 12 to 11
Yolts. This means that such circuit can be used within the mnentioned
frequency rang of the commuitating voltage with error less than 10X of thae
firing angle. For wide rende of frequency, the control voltage B of the
current source may be changed (through closed leoop) to have zero error in
the firing angle. The pulses can be inhibited through the logic signal Vh
which alse controls the transistors Q1 and Q2.

2.4 Firing Circuit using one ¥R-535 - timer

In this third firing circuit anly one XR-535 timer is used to obtain the
two firing pulses for a singls phese converter. The circuit diagram
depicted in Fig.5.b includes the functicnal block diagram of the timer XR-
555 to olarify the operation of the circuit. The corresponding signal
diagram is given in Fig.5.a.

The timing cvcles of ths timer start with the negative edges of tha pulses
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SIL and 32 cobtained from the ZCU {41, [5], and (B8}. The comparator UB
_changes its state and forces the connected control £lip-Elop to change ita
output at pin 3 (signal S4) to a high level and to turn off the internally
connected transistor Q1. The external capacitor Cl starts to charge
linearly through the external current source {signal $3). When the wvoltage
of the capacitor Cl (ramp wave form) equals the threshold voltage of the
comparator UA [¥t = (2/3).Vsl, the comparator UA chenges its output signal
and resets the £1lip-flop, the output at pin 3 becomes low, snd in the same
instent the transistor Q1 turns on allowing a rapidly discharge of the
external capacitor Ci.

a 1 i {foov 158
= Jd ot [
= ';']:;'D'Ir! i
4 ;
o !
w1 1t
| i I IE
FR 1 1 1 O'ﬁ T T T ——T ch g
d ve c
Ue L g THLOL-FHS
a I
" ey L 1 "
= —% | 2 U -—1»——7'-1 v 5
o Cantral
n o R Flie ML s oy
~=tyt ic_: - ) Flom _*? ng"—‘u N Lo i
oy g% | S 3 me 7 it
2 } ~ 54 mLE ]o.
sz X L]
'_'\.4 T‘i_‘ \ L —)
=
wt mi T 1
. =%
b, e »* 4.

Fig.5 Firing Circuit using Cne XR-535 - timer

The output signal 5S4 ia high only from triggdering the timer until the
valtage of the extemnal capacitor Cl equals the threshold voltage of the
omparator UA. This charging time (width of the ocutput pulse at pin 3) can
be changed in different ways:

(1) Tha control voltage Ve iz injected to change the threshold voltagae
of comparator UA at pin 5.
(2) Tha slop of the ramp voltades 13 changed by controlling the charging
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current of the external cspacitor C1 if the control voltage is
connacted to the current source.

{3) The ramp-voltage is shifted by injecting the control voltade between
tha cepacitor and ground.

When the =ignal 4 13 inverted (signal 55) snd then differentiated, the
firing pulses S8 are cobtained with a definite width. &dding thi=s pulses to
the pulsea 81 or 52 with two AND gates, the two pulses are separated (by
thres-phase systems) and thereafter can be transferred to the corresponding
thyristor through thyristor-opto-couplera. Injecting positive. veoltage to
the timer at pin 4 (signal Vh), the firing pulses are inhibited.

2.5 Firing Circuit using coe XIR-320 — Tiper

In this circuit, the monolithic timing circuit XR-320 is used instead of
the previous discussed XR-555 timer [4]. This timer incoludes a current
source and therefors operates on the linear ramp genaration principle.
Figure 8B.b shows the functional block diagram of the XR-320 as a part of
the firing circuit which can ba used for single-phase or three-phasa
convarters, The signal disgrem ia illustrated in Fig.B.=a.

N
Bl s I s Va 150

Fig.7 Firing Circuit vasing XB-320 - Timer
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The control, flip-flop of this ¥R-timer can be triggered Dy either the
positive or the negative edges of the pulses S1 or S2. When the trigger
pulses are applied on any cone of the set terminals (connected to each other
in Fig.8.b), the output at pin 12 (signal S$4) becomes high level and in the
same time the internal trensistor @l is turned off. This allows the
external capacitor C to charge linearly through the internal current
source. The constant current is set by an external .resistance R connected
to the voltage source Vs and generates a linear ramp-wave form (signal $3)
acrosa the external capacitor C. The slope of this voltage is defined by

ds3/dt = 1/C (8>

The charging current can be controlled by spplving an external control
voltage Ve to the current source at pin 1, or by injecting the control
voltage between the capacitor and ground as by the 555 timer.

When the voltage of the external capacitor C reaches the threshold wvoltage
Vt of the comparator UB, the state is changed, the flip-flop is reset, the
output reverts to its original low level, the internal transistor Q1 is
turned off, end the external capacitor C is momentary discharges.

4s by the XR-555 timer, the output (signal S4) is inverted (S5) and then
differentiated the signal pulse train S6 is obtained with a width
determined by Cl.R3. Adding this pulse train to the pulses S1 or 52, the
two firing pulses are separated. Injecting a high logic signal Vh to the
timer at the external reset pin 10, the pulses are inhibited.

In single-phase system the pulse train can transferred to each thyristor
without separation in the third and fourth circuit, because the thyristor
is fired only when it is positive in the forward direction.

2.6 The Three—phase Convertera

Firing of the three-phase converters is followed either according to the
linear-technique or to the cos-tectmique. If the first is used, three
similar circuits of the above invented four circuits are used to fire the
hree phases. In the case of cos-technique, the synchronizing pulses S1 sand
»2 are obtained not from the phase voltages but from their cosines,
Additicnel circuits to integrats the phase voltages are used or the line
voltages are exchanded to verify the cos-technique [7]. In three-phase
systems, the separation of the two pulses in the third and fourth ecircuits



Mansoura Engineering Journal { MEJ ) VOL. 13, NO. 2. Dec. 1988. E.

is preferred, because the width of the firing pulse 1z limited and the
obtained pulses amre mixed to gather in order to fire each thyristor with
two pulses apert 609 to ensure its firing. In the first and the second

circuits no mixing of the pulses is needed because their widths are
varisble.

3. REBSULTS

The implemented circuits were tested with & single-phase half-controlled
bridge supplied through a 100 v source and connected to the loads:

A. a resistive load R = 35 @,

B. an inductive load R = 35 Q2+ L = 20 =H,

C. a smell dec machine 500 watts; 220 volt.

The following peints were reparked.

1. The 1linearity of the chasrging wave form in the Pirst circuit of Fig.3
is improved by 2 time constant of 10 ms.

2. The best point to inject the centrol voltage in the third and fourth
circuits waz directly between the lower end of the external capacitor
and ground. The ramp-voltoge was shifted rapidly according change of
the control voltezges and this improves the dynamics.

3. A cost compariscn between the performed circuits for a single phase
converter and the circuit used the intedrated circuit UAAI4S of
Telefunken is Ffollowed. This 1.C. is chosen because it is the flrst
spacial eircuit that produces two firing squere pulses apart 180°.

Percentage Cost of r463A145 rgiét. C.rgéhd. C.rggrd. C.rgath. C.
Integrated circuits 80 10 30 15 35
External Components 20 15 20 15 15
Total Cost 100 29 50 30 S50

4. The measured steady-state relation (Y4 - V) for the resistive load
were given beside each circuit. The illustrated curves are cosine-
relations and the four circuits give nearly the same curves.

4. CONCLUSION

In this paper, four invented firing circuits wers wholly thecoretically
discussed, practically performed and then tested with a single phase half-

AR!
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controlled converter., Additional chandes to f£ire the three phase converters
are also given. The practical applications showed that all the four
circuits are stable snd can be used with medium and high power drives.
These circuits are constructed of the generally available (in our wmarket)
integrated ecircuits. The used 1.Cs. are chesper compared to the standard.
UAA145 intedrated circuit. These Piring circuits can also be used with
variable frequency supplies depending on their band widthes without
gdditional circuits. If the supply frequency changes extremely, additlonal
simplified control circuits can be used to extend the linear range of the
used circuit
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