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APPARATUS FOR CONTROLLING THE MEAN VALUE
OF CURRENT SUPPLIED BY AN ALTERNATING
CURRENT SOURCE TO AN ELECTRIC APPARATUS

The invention concerns an apparatus for controlling the fir-
ing of a group of thyratrons or other current control devices at
a rhythm preset by an electronic computer.

There is known an apparatus for supplying a plurality of
electrical apparatus from an alternating current source
through a series of semiconductor rectifier groups, in a pro-
portion of one rectifier group per electrical apparatus. The ap-
paratus makes it possible to render the rectifier groups con-
ductive for a certain number of p of consecutive half-cycles,

gach of a duration of % _, of the current and to render them

nonconductive for a_nbther number q of consecutive half-cy-

. cles. The duration (p+q) %‘ Jisreferred to as the “sequence.”

To this end, the aforesaid apparatus comprises for each
electrical apparatus to be supplied a power stage comprising
in series a voltage source, the apparatus itself and a rectifier
group. The rectifier group is preferably a thyratron or a
number of thyratrons connected in push-pull. The source sup-
plying the power stage, in series with the electrical apparatus
and the rectifier group, is single-phase or polyphase. The
aforesaid apparatus also comprises a control stage comprising
a computer to which a program is fed and an electronic unit

which interprets the orders from the computer and transmits’

them to the power stage.
The control stage of the aforesaid apparatus comprises a
means for detecting the change of the amplitude of the voltage

* of the source to a given value. In addition, the control stage

comprises means for converting the numerical indicationi of

. the computer into a train of pulses applied to the control elec-

+ trodes of the rectifier group, in phase with the supply voltage

of the latter and synchronously with the passage of the said

' voltage through the aforesaid given value.

In this stage, the pulses are utilized in such a manner that

! the rectifier passes the current from the supply source for a se-
: ries p of consecutive half-cycles of this current, without

_ omitting any of them, and then interrupts the said current for

. the duration of another series q of consecutive half-cycles.

" This process is cyclically repeated,; it is the computer which, in

: accordance with the established program, determines the

. number of pulses in each train.

It is obvious that the notion of the mean energy received by
the apparatus can be appreciated only if it is calculated for a
period of time corresponding to a number of cycles; for a
period of time less than one complete cycle, this notion has no
significance. ’

One object of the present invention is to modify the control

i stage in such manner that the momentary energy is closer to
i the mean energy than it is with the aforesaid apparatus.

The invention relates to an apparatus for controlling the
mean value of the current supplied to an electrical apparatus
comprising, on the one hand, an alternating current source
and a rectifier device having a control electrode, which are

. connected in series with the said apparatus, and on the other

hand a device for detecting the passage of the voltage across
the terminals of the current source, connected to a device
which emits a pulse of calibrated value at each passage of the
said voltage through the said value, and comprising in addition
an apparatus of the digital computer type having N outputs,
which is capable of representing at its outputs any number
between 1 and 2N the adjustment of the mean value of the
current passing through the said apparatus being effected in
accordance with a program fed to the computer, by rendering
the said rectifier device conductive for a number r of current
cycles, each of a duration equal to T, distributed over a dura-
tion 2NT, called the sequence, the value r being displayed in
accordance with the program established at the terminals of
the computer, characterized by the fact that the output of the
said device emitting calibrated pulses of period T is connected
to the input of an electronic device having N outputs which is

. capable of processing at its respective outputs trains of pulses
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of periods 2T, 4T, ..... 2NT time-delayed in relation to the first
calibrated pulse of the train of pulses of period T, by times O,
T, 2T, 2*-'T respectively, the N outputs of the aforesaid elec-
tronic device being connected respectively to N first inputs of
N AND circuits each having two inputs and one output, the N
second inputs being connected respectively to the N outputs
of the aforesaid device of the digital computer type, each of
the outputs of the aforesaid N AND circuits being connected
to each of the N inputs of an OR circuit whose output is con-
nected to the control electrode of the aforesaid rectifier
device.

The present invention will be more readily understood with
reference to the accompanying drawings, in which:

FIG. 1 is a circuit diagram of an apparatus according to the
present invention;

FIGS. 2 and 3 are diagrams serving to explain the operation
of the apparatus of FIG. 2;

FIG. 4 illustrates a variant of the apparatus according to the
present invention; and ‘

FIGS. § and 6 illustrate two forms of construction of three-
phase current rectifier groups.

In FIG. 1, the reference 19 denotes a current source in-
tended to supply an electrical apparatus 2, for example an in-
frared lamp. Connected in series between the said source 19
and the apparatus 2 is a rectifier group symbolically
represented by a thyratron 1 provided with its control elec-
trode 10. This rectifier group may be in the case where source
19 is a three-phase supply, a set of thyristors connected in
push-pull in a proportion of two push-pull thyristors per phase,
as illustrated in FIG. §, or a2 mixed set comprising for each
phase a thyristor and a diode connected in push-pull, as illus-
trated in FIG. 6. In the case of continuous supply, the rectifier
group may have any of the features well known to the person
skilled in the art.

Referring again to FIG. 1, it will be seen that a transformer 3
whose primary winding is connected to the terminals of the
source 19 supplies through its secondary winding a device 6
for detecting the passage of the voltage of the source through
a given value in a given sense, which device produces a pulse
every time the said voltage passes through the said value.
Owing to the fact that the transformer 3 is connected in paral-
lel with the source, both the zero value of the voltage and any
other value may be detected.

The pulses emanating from the detector 6, which are of ir-
regular form, are calibrated by a so-called “shaping” member
7 and brought into a form suitable for use by a pulse counter.
After amplification by an amplifier 8, the pulses are sent to a
counter of the binary type comprising N bistable flip-flops. In
the example of the figure, N has been assumed to be equal to
5. This counter permits of counting 2% = 32 consecutive pul-
ses. This number of flip-flops is given by way of example. It
will be seen that it is desirable to increase the number of flip-
flops if it is desired to increase the fineness of the control of
the apparatus.

Each counter element may assume two stable states
represented by the presence (state 1) or absence (state O) of a
voltage at one of its output terminals. Each flip-flop has two
outputs, the second output representing the complementary
state of the first. There are denoted by A,, A,, ..... A; the five
flip-flops of the counter, and by B, and B,, B, and B,, ....., B;
and By, their respective pairs of outputs, B, being the output
which supplies the state of the flip-flop and B, that which gives
the complementary state. Due to the design of a binary
counter, the flipflop A, changes its state at each pulse

- received, the flip-flop A, at every two pulses received, the flip-

flop A, at every 22=4 pulses, the flip-flop A, every 2°=8 pul-
ses and the flip-flop A; every 2¢ = 16 pulses (in the general
case, Ay changes its state every 2! pulses).

The control stage also comprises five AND circuits (in the
general case, in which there are N bistable flip-flops, it com-
prises N AND circuits). These AND ¢ircuits are denoted by
the references 101 to 105. They possess respectively from 2 to
6 inputs (in the general case, from two to N+1 inputs). One
input of each of them is connected to the output of the ampli-
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fiér 8 which emits. a pulse per cycle of the voltage 19. The
other inputs of the AND circuits are,connected as follows:
" in the case of the AND circuit 101.to B,

in the case of the AND circuit 102'to B, and B,

in the case of the AND circuit 103 to By, B, and B,

in the case of the AND circuit 104 to B,, B,,B; and B,

in the case of the AND circuit 105 to B;, B,, B,, B; and B,.
(A Nth circuit of the general case would be connected to By

‘ »and B, B.,
;..By virtue of its design, and AND circuit passes a pulse only
nf all the mputs aré connected to a terminal displaying the state
1. Thus,.in order that the circuit 101 may pass a pulse, it is
necessary for B, to be in the state 1, which corresponds,at the
counter, to a binary number, the last digit of which is of the
value 1. Therefore, AND circuit 101 will pass a pulse at every
second pulse emitted at the output of the a Eleier 8. In order
that 102'may pass a pulse, it i§ necessary for B, and B, to be in
the state1, which corresponds, at the counter, to a binary
‘number whose last two digits are 1 and 0. This situation arises
at every four pulses emitted by the amplifier 8. In order that
103 may pass a pulse, it is necessary for B, B, and B, to be in
the state 1, which corresponds, at the counter, to a binary
number whose last three digits are 1, 0 and: 0. This situation
anses at every eight pulses emitted by 8. (It is easy to general-
ize in the case of N AND circuits and N flip-flops.) The Nth
civcuit passes a pulse at every 2% pulses-emittéd by the amplifi-
er8.

When: the counter has counted 31 pulses (2%~1 in the
general case), all the flip-flops are in the state 1 and the suc-
ceeding pulse resets the counter to zero, and the’ counter
recommences a fresh cycle.

Thus, the five circuits 101 to 105 emit perlodlc pulse trains
having, respectively, the periods 2T, 4T, 8T, 16T and 32T,
where T is the period of the pulses emitted at the output-of the
amplifier 8. In the general case, where there are N AND cir-
cuits, the Nth output circuit emits a pulse train of period 2% T.

FIG. 2 illustrates as a function of time, from the top
downwards, the pulses emitted respectively by the output of
the amplifier 8 (these pulses serve as a time base) and by the
respective outputs of the amplifiers 111 to 115, connected to
the outputs of the AND circuits 101 to 105.

The outputs of the amplifiers 111 to 115 are connected
respéctively to the first inputs of five other AND circuits
denoted by 201 to 205 respectively, each of which has two in-
puts and one output. These AND:circuits 201 to 205 are con-
nected to the computers in the following manner: The com-
puter has a number of output terminals equal to the number of
AND circuits (five in the preseént case). Each of thése ter-
minals has-two states (state 1 due to the presence of a poten-
tial and state 0 due to the absence of potential). In addition,
these terminals are each allocated to one of the powers of 2 of
2%1to 2%. These terminals are, ‘denoted by C, to C respectively.
Thus, it-is possible for the machme to represent any number
bétween | and 31.

THhe terminal C, (allotted 6 the number 2°) is connected to
the second input of the circuit 205, the terminal C, to the
second input of the circuit 204, the terminal C; to the second
input of the circuit 203, .....,'and the terminal C; to the second
input of the circuit 201, h

The AND circuits 201 to’205 pass the output trains of 101
to 105 respectively only if'the terminal of the computer to
which they are connected is in the state 1. The outputs of the
AND circuits 201 to' 205 are connected to an OR circuit 17
whose. output is connected' through' an amplifier 18, to the
cotitrol electrode 10 of the rectifier group 1.

The operation of the apparatus will be explained by means-

of an example:

It will be assumed that the program fed to the computer is
such that the apparatus must be supplied for r = 19 periods
each of a duration T, out of a sequence of 32 periods (of dura-
tion 2NT). For this purpose, the computer displays the
number 19 at its terminals; by bringing its terminals C,, C, and
Cy to the state 1 (binary number 100 1 1 ). The correspond-
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ing inputs of the circuits 205, 204 and 201, are brought to the
potential required for the pulse trains to pass through them.

Thus, there will be obtained at the output of the OR ‘¢ircuit
a pulse train corresponding to ‘the addition of. the trains
passing through 105, 104 and 101, i.e. 19 pulses out of 32, dis-
tributed in time as illustrated in FIG. 3 in the most harmonious
possible manner. If the operating program of the apparatus is
such that it is necessary to supply the apparatus for 22 periods
per sequence, the computer displays the number 22 by bring-
ing its outputs Cy, C; and C, into the state- 1, and the pulse
trains of the circuits 101, 103 and 104 will be transmitted to
the OR circuit 17 connected to its output..

It is obvious that the outputs C, to C; of the compuler are al-
lotted to the control of one of the rectifier groups. It is also ob-
vious that is is possible to supply the appdratus for a chosen
number of half-cycles by providing a half-wave rectifier dévice
at-the output of the transformer 3.

A number of rectifier, groups, for-example p, may be con-
trolled with-the aid of a computer which processes'p program
and displays each of them at a series of output:terminals, but
the same pulse distributor may be employed.

The mode of operation just described, referred to as the *-
coded mode,” is applicable whenever there is'available a com-
puter having p X 2% outputs, where p is the number of groups’
of apparatus to be controlled and N the power of 2'determin-
ing the magnitude of the cycle chosen. The valué-of N depends
upon the desired finéness of the adjustment of the control.

A variant of the apparatus is necessary when the orders
emanating from the computer arrive in an incremental form.
The computer may then'send two types of order:

increase by one unit of the number of firing pulses per
sequence,’

decrease by one unit. .

In the absence of an order, the existing situation 'must be
maintained.

The computer is provided with 2 X p terminals (2 termlnals
per rectifier group to be fired).

The control stage of the apparatus then comprises the set of -
pulse train generating circuits which, as has been stated, is
common to the various rectifier groups.

In order to translate the orders of the computer for €éach
rectifier group, there is provided at the ‘output terminals D,
and E;, of the computer § which are allocated to the pth rectifi-
er group, as illustrated in FIG. 4, a binary counter 15 having
five flip-flops whose outputs F, to F; permit of representing
any number between O-and 31 in binary form. The state 0 and
the state of each flip-flop is translated as before by the absence
or presence of a voltage at the terminals F. The terminal D,
sends thé subtractive-counting pulses and the términal E,, the
additive counting pulses.

The terminals F are connected to the control stage in the
same way as the términals C of the computer of FIG. 1.

In-addition, there are provided two gate circuits 13 and 14
disposed, respectively, between the subtractive-counting ter-
minal D, and the output of the flip-flop Fy, and betwéen the’
additive counting terminal E, and the output of the flip-flop’
Fs.

In this way, the “decrease” orders are not transmitted if the
counter is empty in order that they may not pass from the zero
value to the maximum value. Likewise, the “increase” orders
are not transmitted if the counter is full, in order that it may
not suddenly pass from the maximum value to the zero value.

Of course, the counter 15 may have more or less than five
flip-flops, depending upon the required degree of fineness of
the control for the mean value of the supply current of the ap-
paratus.

I have shown and described several embodiments'in ac-
cordance with the present invention. It is understood that the’
same is not limited thereto but- is susceptible of numerous
changes and modifications as known to a person skilled in the
art'and I, therefore, do not wish to be limited to the details
shown and described herein, but intend to cover all such’
changes and modifications as are obvious to one of ordinary
skill in the art.
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I claim:

1. An apparatus for controlling the mean value of current
supplled to a load device for a source-of alternating current
comprising:

current control means connected in series with said load

device to said alternating current source for selectively
connecting said load device to said alternating current
source upon actuation thereof;

detector means connected to said alternating current sotirce

for producing-an output pulse at-each passage of the cur-
rent from said source through a prescribed value to
produce a series of clock pulses;

timing means including binary counter means having N

stages for providing a plurality of output signals in 2V
combinations in synchronism with said clock pulses, and
first gating means connected to said detector means and
said binary counter means for passing N of said output
signal combinations corresponding to 2° through 2" con-
nected to said detector means for generating N output
" signals in synchronism with said clock pulses where N is
an integer, said output signals representing the combina-
tions 2° through 2% of a sequence 2‘ consecutive pulses;
and

control means selectively connecting at least one of said N

output signals to said current control means for effecting
periodic actuation thereof durlng each sequence of 2V
pulses.

2. An apparatus as defined in claim 1 wherein each stage of
said counter means provides first or second complementary
outputs, and said first gating means includes a first AND gate
for each stage of said counter means, connected thereto so as
to provide an output only when the first output of the stage
corresponding thereto is the only first output provided by the
stages of said counter means.

3. An apparatus as defined in claim 1 wherein said control
means includes second gating means selectively connecting
said N output signals to said current control means in one of
2% combinations for controlling actuation thereof.

4. An apparatus as defined in claim 3 wherein said control
means further includes gating control means selectively
providing a control signal on N outputs in one of 2¥ combina-
tions for controlling operation of said second gating means.

§. An apparatus as defined in claim 4 wherein said second
gating means includes N second AND gates, each connected
to one output of said gating control means and one output of
said first gating means, and an OR ‘gate connected to each
second AND gate and having its output connected to said cur-
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rent control means.

6. An apparatus as defined in-claim 4 wherein said gating
control means includes computer means selectively providing
first and second output and additional binary counter means
having N stages providing N outputs in one of 2¥ combinations
as determined by the count registered therein, said first and
second outputs .of said computer means being connected to
said additional binary counter means for increasing and
decreasing the count thereof, respectively.

7. Apparatus for controlling the mean value of the current
supplied to an electrical apparatus comprising an alternating
current source and a rectifier device having a control elec-
trode connected in series with the said apparatus, detector
means connected to said current source for detecting the
passage of the voltage generated thereby through a predeter-
mined value and for emitting a pulse of calibrated value at
each passage of the said value, computer means having N out-
puts capable of representing any number between 1 and 2%,
the adjustment of the mean value of the current passing
through the said apparatus being effected in accordance with
a program fed to the computer means by rendering the said
rectifier device conductive for a number r of current cycles,
each of a duration equal to T, distributed over a duration 2NT,
the value r being determined in accordance with the program
established by said computer means, the output of the said de-
tector means emitting calibrated pulses of period T being con-

nected to the input of an electronic device comprising a first
counter of the binary type having N bistable flip-flops each of

which has a first output and a second output, and N AND cir-
cuits having 2, 3, ..... N + 1 inputs, respectively, the N first in-
puts of the said AND circuits being connected to the output of
said detector means, and the other inputs of each circuit being
connected, respectively, to the first output of the flip-flop of
like order and to the second outputs of the flip-flops of lower
order having N outputs capable of producing at its respective
outputs trains of pulses of periods 2T; 4T, 2NT time-
delayed in relation to the first calibrated pulse of the train of
pulses of period T by times O, T, 2T, 2*— "' T respectively, the
N outputs of said electronic device being connected respec-
tively to N first inputs of N AND circuits each having two in-
puts and one output, the N second inputs being connected
respectively to the N outputs of said computer means, each of
the outputs of the aforesaid N AND circuits being connected
to each of the N inputs of an OR circuit whose output is con-
nected to the control electrode of the aforesaid rectifier
device.



