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(7)) I, PouL HauN Evers, of Danish
nationality, of Castelletto di Pura, 6984 Pura,
Switzerland, do hereby declare the invention,
for which I pray that a patent may be
granted to me, and the method by which
it is to be performed, to be particularly des-
cribed in and by the following statement : —

The present invention relates to a
method of regulating the electrical power
delivered to a consumer from an alternating
current network by adjusting the current
flow angle by means of a power switching
device connected in the current path to the
consumer, which is switched on at the be-
ginning of a half-wave of the network al-
ternating voltage at a phase angle of zero
degrees at approximately zero degrees and

' is switched off at a phase angle correspond-

ing to the desired current flow angle.

It is already known to effect power regu-
lation of the described type by simply using
the so-called phase angle control with

" thyristors or triacs as power switching de-
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vices. In such method, during each half-
wave of the network alternating voltage
after the zero passage the consumer is con-
nected tHereto with such a phase angle
delay that the residual phase angle of the
half-wave until the next succeeding zero
passage corresponds to the desired current
flow angle. In particular, if the connection
of the consumer to the alternating current
network is effected at a rather large phase
angle, i.e. at a relatively high instantaneous
voltage of the network, considerable cur-
rent peak values will occur at the instant

. of connection, especially for capacitive con-

sumers. These current peaks excessively
load the network and cause, in adjacent
hlgh—frequency consumers, for . ‘example
riadio and television apparatus, undesirable
High-frequency disturbances even when
disturbance protectlve means are provided
for the power switching device.

“In the United States Patent Specification

3,525,882 and the British Patent Specifica-

o tf on’ 1 047, 904 there are already disclosed

power switching devices which can be con-
nected to an alternating current network,
which allow an adjustable electrical power
to be delivered to the consumer by ar-
ranging that, in each half-wave of the recti-
fied but not smoothed network voltage, at
the cross-over point of the network voltage
a semiconductor switching element con-
nected in series with the consumer is
switched to the on condition and, at a pre-
determined, adjustable phase angle within
the same half-wave, is again switched off.
By this method the result is achieved that,
upon connecting the consumer to the recti-
fier arrangement, which is used for rectify-
ing the network alternating voltage, un-
desirable current peaks are avoided during
the half-waves of the rectified network al-
ternating voltage, and nevertheless a free
choice of the current flow angle is ensured
during each half-wave.

For performing the above mentioned
method it is possible, according to United
States Patent Specification 3,525,882 to use
thyristors or similar switching devices as
the power switching means, but this de-
mands the arrangement of series connected
rectifiers, because these thyristors do not
exhibit sufficient blocking capability under
reversed polarity conditions. Moreover
difficulties are encountered should a
parallel connection of the thyristors be
necessary to effect the power switching.
Moreover, the use of thyristors as power
switching devices in the inventive method
is a disadvantage in so far as costly circuit
arrangements must be provided for produc—
ing the necessary cutting off pulses.

According to British Patent Specification
1,047,904 the difficulties referred to can be
avoided by providing as the power switch-
ing device a transistor, which is controlled
by a bistable trlgger circuit. Nevertheless
this arrangement is not suitable for the
accurate switching of large loads at prede-
termined phase angles and with low losses
because a considerable control power must
be brought into effect and an unacceptably
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high level of heating of the transistor takes
place in consequence of the losses. More-
over these disadvantages may not be
avoided in the known arrangement by con-
necting a plurality of transistors in parallel;
on the contrary difficulties encountered then
become even greater, particularly in respect
of the control of the transistors. In addi-
tion the known arrangement does not permit
the transistor, which is provided as the
power switching element, to switch off at a
desired phase angle between 0 and 180°
of the half-wave of the rectified network
alternating voltage.

The purpose of the present invention is
to provide a method of the first mentioned
type and a circuit arrangement for its per-
formance, which, by the use of transistors
as power switching elements for an alter-
nating current delivered from an alterna-
ting current network to the consumer, will
allow a loss-free and precisely timed con-
trol of the transistors whilst avoiding un-
acceptable heating effects, even for any
desired level of consumer currents, and to
do this at any desired time instant during
each half-wave of the network alternating
voltage.

For solving this problem, the method of
the above mentioned type is characterized
in that there is employed a power switching
device comprising at least two parallel con-
nected transistors, the collector-emitter
paths of which are connected in the current
path to the consumer, and which are alter-
nately switched in at a switching frequency
which is higher than the network frequency
in such manner that the time periods of
their “on” conditions overlap and the
alternate switching in of the transistors takes
place in each half cycle of the network al-
ternating voltage from the beginning of
each half cycle until the desired current
flow angle is reached.

The control of the transistors is effected
preferably in each case by a transformer
in order that the control power may be
kept low. Advantageously each transistor
is controlled by a control voltage applied
to the primary side of each transformer and
having an at least approximately rectangu-
lar wave form of gated pulses and gated
space intervals, said intervals each includ-
ing a wave segment, the polarity of which
is opposite to that of the gated pulses in
order to render the remanence of the trans-
former ineffective.

According to a preferred feature of the
method of the invention, by the use of a
second power switching device the con-
sumer can be damped and discharged in
each half-wave of the network alternating
voltage, in which case the second power
switching device becomes effective after
each interruption of the connection of the

consumer to the network has been brought
about by switching out the first power
switching device, and said second power
switching device becomes ineffective before
every reconnection of the consumer with
the network brought about by the switching
in of the first power switching device.

This preferred feature makes it possible
by the periodic connection of the consumer
to the alternating current network in the
zero cross-over point of the network alter-
nating voltage, to bring about in the con-
sumer at least substantially complete dis-
charge approximating to the ideal condi-
tion. By these means it becomes possible
to avoid the risk of formation of current
peaks at the instant of connection, this
resulting on the one hand in the avoidance
of high frequency disturbance effects and
furthermore the avoidance of overloading
the network switching device effecting the
connection of the consumer to the network.

Accordingly, the second power switching
device, which damps and discharges the
consumer, becomes effective when the first
power switching device, which connects the
consumer to the alternating current net-
work, is ineffective. Thus it is possible for
the energy stored in the consumer to be
discharged through the consumer and
through the second power switching device,
whilst said second device is effective, in the
time interval before the next reconnection
of the first power switching device at the
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next zero cross-over point of the network 100

alternating voltage, so that at the time in-
stant of the said reconnection not only is
there no voltage at the terminals of the
consumer, but also there is no electrical or
mechanical energy stored in the consumer.
Therefore no current peaks can be estab-
lished upon reconnection of the consumer
to the alternating current network.

An advantageous practical form of the
above described preferred feature provides
that in the second power switching device
at least one transistor is used, whose collec-
tor-emitter path is arranged in a current
path lying parallel to the consumer, which
transistor is switched on and switched off
in a time interval occurring between the
interruption of the connection and the re-
connection of the consumer with the net-
work, this switching being effected at a
switching frequency which is higher than
the network frequency, whilst the switching
off period of the transistor occurs during a
time which is shorter than the storage time
of the transistor. Having regard to this
storage time, it is advantageous to employ
a Darlington transistor, the cost of which
is, nevertheless, only slightly higher than
that of a conventional transistor. Darling-
ton transistors exhibit at the present time
storage periods of about 15 to 20 micro-
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seconds, so that the storage effect of the
Darlington transistor can be utilized for
bridging over the gated space intervals.

In order that the power applied in con-
trolling the transistor can be kept small, it
is advantageous to employ for controlling
the transistor a control voltage having an
at least approximately rectangular charac-
teristic, and to deliver this to the transistor
through a transformer.

In the performance of the above defined
inventive method there is employed a circuit
arrangement characterized by the feature
that the first mentioned power switching
device comprises at least an arrangement
of two transistors connected in series with
the consumer and having parallel connected
collector-emitter paths, together with an
arrangement of rectifiers for correct
polarity delivery of the network alternating
voltage, wherein there is connected in the
base-emitter circuit of each transistor the
secondary winding of an associated trans-
former, the primary winding of which is
cofinected to a circuit arrangement for
geherating the control voltage for the tran-
sistors.

For performing the above described pre-
ferred feature, the inventive circuit arrange-
ment may contain, connected in parallel
to the consumer, a second power switching
device, which comprises the series circuit
of the collector-emitter path of a transistor,
e.g. a Darlington transistor, furthermore an
arrangement of rectifiers for correct
polarity delivery to the transistor of the
voltage applied to the consumer, and a
load, whilst in the base-emitter circuit of
the transistor there is connected the secon-
dary winding of a transformer, the primary
winding of which is connected to a circuit
arrangement for generating the control
voltage for the transistor.

An advantageous practical form of this
circuit arrangement consists of rectifiers
arranged in a rectifier bridge, one diagonal
of which is connected parallel to the con-
sumer, and to the other diagonal of which
there is connected the collector-emitter
path of the transistor.

For the purpose of receiving the stored
energy upon discharge of the consumer,
the load which is connected in parallel to
the consumer may be an ohmic resistance
and a choke.

The herein described methods and circuit
arrangements can be applied for the regu-
lation of any desired types of consumer
driven by an alternating current network,
in particular those of a highly capacitive
character or those with exceptionally re-
flective characteristics, as well as' consumers
with reactive load compensation.
~-An important application of the invention
consists in the regulation of the brilliance

of on electrical lighting installation. In
particular the method can advantageously
be used for the regulation of fluorescent
tubes in a lighting installation whilst having
only the slightest interference with an exist-
ing system, and bringing with it optimal
compensation of the reactive power and
small regulating losses. In particular the
above defined discharge of the total con-
sumer network provides constant conditions
at the start of each half-wave and
diminishes the risk of extinction by the
suppression of random glow discharges
through participating starters during the
transient decay process, such as would occur
in the absence of this switching device for
discharge and damping

A further field of application is the regu-
lation of the driving powers of electric
motors. In this field the absence of high
peak current values when employing the
inventive method means that there is a re-
duction in the stressing of the internal
motor insulation caused by parasitic capa-
citances, in contrast to the conditions ob-
taining when the known regulation by
phase angle control is employed, as well
as a reduction in the bearing stresses due
to peak torques. In particular, in conse-
quence of the above defined discharge of
the consumer, there is achieved, on account
of the absence of a change of current direc-
tion, which would otherwise inevitably re-
sult from the transient effects following the
switching off of the network switching de-
vice for current supply, an optimal integra-
tion of the impressed current in the motor
and therefore an added improvement in the
steady running behaviour of the motor.

Further applications of the invention are
possible in the field of electrical ignition
for combustion processes.

Practical examples of the inventive
method and of circuit arrangements for its
performance will now be described in more
detail with reference to the accompanying
drawings, in which:

Fig. 1 is a diagram of current plotted
against time in a consumer when using the
known method of regulation by phase angle
control,

Fig. 2 is a diagram of the current plotted
against time in a consumer when using the
inventive method of regulation,

Fig. 3 is a circuit diagram of a first prac-
tical form of the power switching device
for performing the inventive method,

Fig. 4 is a diagram of the control voltages
as a function of time in respect of the
power switching device of fig. 3,

Fig. 5 is a circuit diagram of a second
practical form of the power switching
device,

Fig. 6 is a diagram of the current con-
sumption plotted with respect to time in a
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consumer with periodic interruption of the
consumer from the alternating current net-
work and respective reconmection of the
consumer with the network, when the con-
sumer has stored electrical energy,

Fig. 7 is a diagram of the voltage estab-
lished at a consumer corresponding to fig.
6 plotted as a function of time,

Fig. 8 is a diagram of the voltage estab-
lished at a consumer corresponding to fig.
6 plotted as a function with respect to time
when using a preferred feature of the in-
ventive method,

Fig. 9 is a circuit diagram of an arrange-
ment for regulating the brilliance of a light-
ing installation having a second power
switching device for performing the pre-
ferred feature of the method of the inven-
tion,

Fig. 10 is a diagram showing the control
pulses used in the arrangement of fig. 9
plotted with respect to time.

In fig. 1 there is shown as a function of
time the current flowing through a con-
sumer according to a known method of
regulation by phase angle control. From
the first zero cross-over point t0 up to a
later time instant tl the relevant power
switching device remains blocked, ie. no
current flows. At the time instant t1 the
power switching device is switched on, i.e.
the consumer is connected to the network,
so that a sudden current increase takes place
at a high velocity, which causes the already

- described current peaks and high frequency

disturbances to occur The current con-
tinues to flow until the next zero cross-over
point t0’. .

Fig. 2 shows the corresponding current

-graph with respect to time in a method of
regulation in accordance with the inven-

tion. The appertaining power switching
device is here already switched on at the
time instant t0 of the first zero cross-over
point, so that the network alternating cur-
rent already flows through the consumer

from the instant of cross-over of the alter-

nating voltage, and the sudden current
surge is avoided. At a later time instant

t2, corresponding to the desired current

flow angle, the power switching device is
blocked so that the current flowing through
the consumer sinks to zero until the power

switching device is again switched on at the

next zero transit. - B

In the practical example represented in
fig. 3 a consumer V is connected through a
power switching device LSl to terminals

N of an alternating current network.- The

power switching device LS1 comprises two
transistors T1 and T2, which are in parallel
connection in that their respective collec-
tor and emitter paths are connected to-
gether in parallel. The connected collec-
tors and emitters of the transistors T1 and

T2 are connected across one diagonal of a
rectifier bridge G1, which has in each
branch a rectifier DI, D2, D3 and D4 re-
spectively, for example one or more diodes.
The other diagonal of the rectifier bridge
is connected in series with the consumer V.
The rectifier bridge serves the purpose of
protecting the transistors from faulty poling
and to make possible the full-wave opera-
tion of the power switching device here
shown.

For the purpose of controlling the
transistors T1 and T2 the bases thereof are
connected in each case through a current
limiting resistance R1 and R2 to the secon-
dary winding of a driver transformer TR1
and TR2 respecrively. To the primary
windings of the respective transformers
there are delivered control voltages Ul and
U2, which will be further described herein,
for which purpose the primary windings are
connected to separate. output terminals of
a control voltage generator SG1. The con-
trol of the transistors T1 and T2 through
the transformers makes it possible by the
use of impedance matching to keep the
necessary control power low; this method
of control also makes possible a potential
separation of the bases of the two tran-
sistors. Instead of using two transistors T1
and T2 it is also possible, in accordance
with the loading, to provide a greater num-
ber of ‘transistors connected in parallel in
the same manner.

With the object firstly of obtaining pre-
cise switching instants for the transistors
T1 and T2, and thereby to achieve a pre-
cisely determined current flow angle, and
secondly in. order to keep the dimensions
of the driving transformers TR1 and TR2
small, the control voltage generator SGI1 is
so designed that it delivers at its output ter-
minals control signals, the frequency of
which is substantially higher than that of
the network frequency, and amounts for
example to around 10 kHz. The control
signals are also preferably at least approxi-
mately rectangular, whilst the control sig-
nals delivered at the two respective output
pairs of terminals of the control signal
generator SG1 are mutually displaced in
time but overlap each other.

The control voltages Ul and U2, which
are preferably delivered by the control vol-
tage generator SGI1, are represented
schematically in fig. 4 as a function of the
time. The conirol voltage Ul is a rectangu-
lar voltage with gating pulses I and spacing
intervals L, in which the control voltage
falls to zero value. However, within the
space intervals L there are provided addi~
tional pulses Z, the polarity of which is

opposite to tliose of the gating pulses I.-

The control voltage U2 exhibits the same
time characteristic as the -control voltage
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Ul, but is time displaced with respect to it
so that the gating pulses I of the control
voltage U2 occur at the same time as the
space intervals L. of the control voltage
Ul. As will be seen from fig. 4 the gating
pulses I of the control voltages Ul and U2
(Kerlap each other during the time period

t.

The mode of operation of the power
switching device of fig. 3 is as follows, as-
suming as a basis the signal voltages Ul
and U2 of fig. 4.

At the beginning of a half-wave of the
network alternating voltage (phase angle
equal to zero degrees) the control voltage
generator SG1 is opened and delivers con-
trol voltages Ul and U2 to the primary
windings of the driving transformers TR1
and TR2 respectively. Initially there is
delivered through the one transformer, e.g.
the transformer TRI, the control voltage
Ul, with the gating puise I, to the transistor
T1, so that the latter becomes current con-
ducting. Before the beginning of the
saturation of the transformer TRI1 the
gating pulse I of the control voltage U2 is
delivered by transformer TR2 and brings
the transistor T2 into the current conduct-
ing condition, and indeed this happens dur-
ing the time that the transistor T1 is still
current conducting on account of the over-
lapping of the control voltages Ul and U2,
so that in the consumer V there is obtained
a continuous current flow. The space in-
terval L. of the control voltage Ul now
blocks the transistor T1, whilst the addi-
tional pulse Z of reverse polarity occurring
within that interval removes the remanent
magnetization in the transformer, and thus
increases the power capability for the next
succeeding current conducting phase of the
transistor T1. This operation repeats itself
alternately for the transistors T1 and T2,
so that the loading distributes itself uni-
formly over the two participating transistors
Tl and T2, whilst the current flowing
through the consumer V assumes continu-
ously the course of the network alternating
voltage in the respective half-wave. For
achieving the desired current flow angle,
the control voltage generator SGI1 is then
blocked at the corresponding phase angle
of the half-wave, so that a further control
of the transistors T1 and T2 into the cur-
rent conducting condition is omitted until
the beginning of the next half-wave of the
network alternating voltage. The diodes
D1 to D4 of the rectifier bridge G1 here
provide for the correct poling in accordance

‘with the alternating sign of the half-waves.

" In an example the pulse frequency of the
control voltages Ul and U2 was 10 kHz,
the voltage of the gated pulses +10V, the
voltage of the additional pulses —10V, and
the transformation ratio of the trans-

formers TR1 and TR2 was 3:1. The
generation of the control voltages Ul and
U2 as well as the adjustment of the desired
current flow angle by the starting and block-
ing of the control voltage generator SGI
can quite easily be effected with known
means, in particular by means of digital
circuit arrangements.

A further practical form of the power
switching device, which is capable of switch-~
ing a larger current and which generates a
smaller thermal loss is represented in fig.
5. 1In the power switching device LS2 here
shown there are provided two arrangements
of parallel connected transistors T3, T4
and TS5, T6 respectively, the control of
which is effected, as in the practical ex-
ample of fig. 3, by the individually alloca-
ted driving transformers TR3, TR4, TRS
and TR6, together with current limiting
resistances R3, R4, R5 and R6. For
achieving the correct poling for a full-wave
driving operation, a rectifier D5 and D6
respectively, e.g. a diode, is connected in
series to each arrangement TR3, TR4 and
TRS5, TR6 of parallel connected transistors.
These two series circuits are connected in
parallel and are situated in the current path
of the network in series with the consumer
V, so that the current flow directions of the
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arrangements of the transistors and the -

rectifier, with reference to the network or
consumer connection side of the said
parallel circuit, are opposite to each other
in the one branch and the other branch of
the parallel circuit. The primary windings
of the transformers TR3 to TR6 are con-
nected to suitable output terminals of a
control voltage generator SG2 for deliver-
ing the appertaining control voltages U3,
U4, U5 and U6. The course taken by the
control voltages U3 to U6 differs from that
of the control voltages U2 and U3 of fig. 3
solely by reason of the fact that, in depen-
dence upon the existing polarity of the net-
work alternating voltage, the control can
be discontinued of that particular arrange-
ment of transistors T3, T4 or T35, T6 re-
spectively which happens to be in the non-
Joaded condition.

In the practical example of fig. 5 thermal
losses occur only at two rectifiers D5, D6.
Moreover the current loading distributes
jtself over four transistors T3 to T6.

In the described methods and circuit ar-
rangements it is conceded that at the time
instant of disconnection any stored electrical
or magnetic energy will cause transient
oscil'ation and will be dissipated in the
consumer. In such a case it is to be expec-
ted that a voltage peak will occur. Because
in most cases the consumer load will include
both inductive and capacitive components,
it will also not be possible to avoid changes
of current direction in the consumer.
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Furthermore it is necessary to have regard

to parity between the electrical condition
in the consumer and in the network when
the current supply to the consumer is re-
newed, because otherwise it must be ex-
pected that additional current peaks will
result.

In fig. 6 there is shown, on a basis cor-
responding to that of fig. 2, the time func-
tion of a current taken by a consumer from
an alternating current network, wherein
the consumer is connected to the network
in each half-wave at the zero cross-over
point of the network alternating voltage,
i.e. at the time instants t0, t2, t4, etc., and
disconnected from the network at a later
time instant tl, t3, t5, etc corresponding
to the desired current flow angle. It can
be shown that, in consequence of the stor-
age of energy, strong current peaks will
occur at each reconnection of the consumer
with the network at the time instants t0,
t2, t4, etc., as indicated in fig. 6. Such
current peaks cause considerable high fre-
quency disturbing voltages, and moreover
place a load on the switching device which
is used for effecting the disconnection and
reconnection of the consumer with the net-
work, the switching element of said switch-
ing device usually being in the form of a
semiconductor arrangement which is sen-
sitive to current and voltage peaks.

The cause of the voltage peaks of fig. 6 is
shown in fig. 7, which indicates the corres-
ponding time function of the voltage at the
consumer. The consumer is disconnected
from the network at the time point t1. In
consequence of energy storage, the voltage
at the consumer then falls off, for example
in accordance with the full line of the curve
and tends to continue a course along the
dashed line. Because, at the time instant
t2, at the zero cross-over point of the net-
work alternating voltage a reconnection of
the consumer with the network is estab-
lished, the decay process must be interrup-
ted and the voltage at the consumer must
of necessity follow the network voltage.
The corresponding surge in the consumer
voltage indicated at the time instant t2 in
fig. 7, from a value differing from zero
value to a practically zero value in the
zero cross-over point of the network alter-
nating voltage, gives rise to the current
peak shown in fig. 6 at the time instant t2
as well as at the corresponding time instants
t4, etc. at the beginning of a new commu-
tation phase.

According to a preferred feature of the
inventive method, at all of the time instants
tl, t3, t5, etc. or shortly thereafter, i.e.
after the disconnection of the consumer
from the network, the consumer is damped
and its energy content substantially short
circuited. The mode of operating this

method is shown in fig. 8. From this it is
clear that, as a result of the imposed damp-
ing and discharge beginning from the time
instants t1, t3, t5, etc., the voltage assumes
a strongly attenuated course, so that at the
time instants t2, t4, etc., at which the con-
sumer is reconnected to the network, the
voltage has practically assumed the zero
value. The current taken by the consumer
from the network therefore no longer ex-
hibits the current peaks at the time instants
t2, t4, etc. shown in fig. 6, but in other
respects takes the form of fig. 6.

In fig. 9 there is shown schematically an
arrangement for regulating the brilliance of
a lighting installation. In this arrange-
ment the consumer, which is connected
through a first power switching device to
the terminals N of an alternating current
network comprises a plurality of ballast
devices VG and a plurality of fluorescent
tubes LR, of which only one of which is
shown in the drawing, as well as the apper-
taining glow starter GS. The first power
switching device is the same as the power
switching device LSt of fig. 3 and therefore
contains the rectifier bridge G1 with the
four diodes D1 to D4 and the two tran-
sistors T1 and T2, whose respectively con-
nected collectors and emitters are connected
to one diagonal of the rectifier bridge Gl.
The other diagonal is connected through
two windings W1 and W2 of a choke DR
in series to the above mentioned consumer.
The choke windings W1 and W2 together
with the parallel connected condensers Cl
and C2 function both as disturbance pro-
tective members as well as protective means
for the semiconductor elements present in
the illustrated arrangement.

For the purpose of controlling the tran-
sistors T1 and T2, the bases thereof are,
like those in fig. 3, connected through cur-
rent limiting resistances R1, R2 and driving
transformers TR1, TR2 to a control vol-
tage generator SG3, which delivers the
control voltages Ul and U2. The graph
of the control voltages Ul, U2 has already
been described with reference to fig. 4 and
is again shown in fig. 10.

A second power switching device for
periodically damping and discharging the
consumer contains, according to fig. 9, a
further rectifier bridge G2 with four diodes
D7 to D10, one diagonal of which rectifier
bridge is connected through a limiting and
load resistance R7, as well as through a
further winding W3 of the choke DR,
parallel to the consumer containing the bal-
last devices VG and the fluorescent tubes
LR. In the other diagonal of the rectifier
bridgse G2 there is connected the collector-
emitter path of a Darlington transistor T7,
whose base is connected through a current
limiting resistance R8 to the secondary
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winding of a further driving transformer
TR7. To the primary winding of the trans-
former TR7 there is delivered a control
voltage U7, for which purpose the latter is
connected to further output terminals of
the control voltage generator SG3. The
control voltage U7, like the control voltages
Ul and U2, is rectangular and has a sub-
stantially higher frequency as compared
with the network frequency. Preferably
the control voltage U7 exhibits the same
shape and frequency as the control voltages
Ul and U2, as is represented in fig. 10, but
the control voltage U7 contains no addi-
tional pulses of opposite polarity. As will
be seen in fig. 10 and will be further de-
scribed later, the control voltage generator
SG3 periodically delivers the control voltage
U7 at times when there is no delivery of
control voltages Ul and U2 from the con-
trol voltage generator SG3.

At the beginning of a half-wave of the
network alternating voltage (phase angle
equal to zero degrees corresponding to the
time instants t0, t2, t4, etc. in fig. 8) the
control voltage generator SG3 delivers the
control voltages Ul and U2 to the primary
windings of the driving transformers TR1
and TR2, as is already described with refer-
ence to fig. 3. For cbtaining the desired
current flow angle, the control voltage
generator SG3 then interrupts, at the cor-
responding phase angle of the half-wave,
corresponding to the time instants tl, t3,
t5, etc. in fig. 8, the delivery of the control
voltage Ul and U2, so that a further con-
trol of the transistors T1 and T2 into the
current conducting condition is suspended
until the beginning of the next half-wave.
The diodes DI to D4 of the rectifier bridge
G1 provide in this case for the correct
poling in correspondence with the alterna-
ting sign of the half-waves.

Allowing for a slight delay taking into

-account the storage and discharge times of

the semiconductor elements, the control
voltage generator SG3 delivers, following
the last pulse of the control voltages Ul,
U2, and within the same half-wave, the
rectangular control voltage U7 (fig. 10) so
that the Darlington transistor T1 becomes
current conducting. Because the pulse
gaps of the control voltage U7 are smaller
than the storage time of the Darlington
transistor T7, the current conducting con-
dition of the transistor T7 is continuous.
The time period during which the transistor
T7 is in the conducting condition provides,
through the rectifier bridge G2, ie. the
diodes D7, D9 or D8, D10 according to the
polarity of the respective half-wave, the
load resistanice R7 and the winding W3 of
the choke DR, a current path parallel to
the consumer. Accordingly it is possible

‘for the electrical energy stored in the con-

sumer to discharge continuously through
the Darlington transistor T7, this being in-
dicated in fig. 9 by the condenser C3 shown
in dashed lines indicating a compensating
and parasitic capacitance.

As is evident from fig. 10, the control
voltage generator SG3 interrupts the de-
livery of the control voltage U7 shortly
before the next zero cross-over point of the
network alternating voltage, i.e. shortly
prior to the instant when the control vol-
tage generator SG3 again brings the tran-
sistors T1 and T2 alternately into the con-
ducting condition by means of the control
voltages Ul and U2.

In the reconnection of the consumer to
the network after the completion of
periodic separation from the network, the
suppression of current peaks, which is
effected by the described discharge of the
consumer for the purpose of power regula-
tion is indeed involved with losses, but these
are nevertheless acceptable and are not
significant as compared with the achieved
advantage of the avoidance of current
peaks. For example the arrangement re-
presented in fig. 9 may be for the regulation
of a fluorescent tube lighting installation,
which is designed for a nominal current of
35 A, and which includes for complete
compensation of the fluorescent tubes a
parallel capacitance of 450 microfarads.
This capacitance will, in the most unfavour-
able case, be charged to a voltage of 300 V,
so that for each half-wave an energy of 135
mWs is to be expended, because the resi-
dual component in the form of non-capa-
citively stored energy is dissipated through
the ballast devices and the fluorescent
tubes. The total efficiency of the arrange-
ment shown in fig. 9 is therefore degraded
by only 1-7%.

The control of the transistors T1, T2, T7
through transformers makes it possible to
maintain the necessary control power small
by impedance matching. Furthermore this
method makes possible the potential separa-
tion of the bases of the transistors. The
generation of rectangular control signals
Ul, U2, U7 having a substantially higher
frequency than that of the network can,
as shown, be effected by a single control
voltage generator SG3, so that the latter
can be of relatively simple design.

WHAT 1 CLAIM IS: —

1. A method of regulating the electrical
power delivered to a consumer from an al-
ternating current network by adjusting the
current flow angle by means of a power
switching device connected in the current
path to the consumer, which is switched on
at the beginning of a half-wave of the net-
work alternating voltage at a phase angle
of zero degrees or approximately zero de-
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grees and is switched off at a phase angle
corresponding to the desired current flow
angle, characterized by the feature that
there is employed a power switching device
comprising at least two parallel connected
transistors, the collector-emitter paths of
which are connected in the current path
to the consumer, and which are alternately
switched in at a switching frequency which
is higher than the network frequency in
such manner that the time periods of their
“on” conditions overlap and the alternate
switching in of the transistors takes place
in each half cycle of the network alterna-
ting voltage from the beginning of each
half cycle until the desired current flow
angle is reached.

2. A method according to claim 1,
characterized by the feature that the tran-
sistors are each controlled through a trans-
former.

3. A method according to claim 2,
characterized by the feature that each
transistor is controlled by a control voltage
of at least approximately rectangular wave
form having gated pulses and space inter-
vals, wherein the space intervals include
a wave segment the polarity of which is
opposite to that of the gated pulses in
order to render the remanence of the trans-
former ineffective.

4. A method according to one of
claims 1 to 3, characterized by the feature
that by the use of a second power switch-
ing device the consumer is damped and dis-
charged in each half-wave of the network
alternating voltage, in which case the sec-
ond power switching device becomes effec-
tive after each interruption of the connec-
tion of the consumer to the network has
been brought about by switching out the
first power switching device, and said sec-
ond power switching device becomes in-
effective before every reconnection of the
consumer with the network brought about
by the switching in of the first power switch-
ing device.

5. A method according to claim 4
wherein in the second power switching de-
vice at least one transistor, in particular a
Darlington transistor is used, whose collec-
tor-emitter path is arranged in a current
path lying parallel to the consumer, charac-
terized by the feature that the transistor is
switched on and switched off in a time in-
terval occurring between the interruption
of the connection and the reconnection of
the consumer with the network, this switch-
ing being effected at a switching frequency
which is higher than the network fre-
quency, whilst the switching off period of
the transistor occurs during a time which
is shorter than the storage time of the
transistor.

6. A method according to claim 5,

characterized by the feature that for the
purpose of controlling the transistor there
is used a control voltage of at least approxi-
mately rectangular wave form, which is de-
livered to the transistor through a trans-
former.

7. A circuit arrangement for perform-
ing the method according to claim 1,
characterized by the feature that the power
switching device comprises at least an ar-
rangement of two transistors (T1, T2; T3,
T4, T5, T6) connected in series with the
consumer (V) and having parallel connec-
ted collector-emitter paths, together with
an arrangement of rectifiers (D1, D2, D3,
D4; D5, D6) for correct polarity delivery
of the network alternating voltage, wherein
there is connected in the base-emitter cir-
cuit of each transistor (T1, T2; T3, T4, TS5,
T6) the secondary winding of an associated
transformer (TR1, TR2; TR3, TR4, TRS,
TR6) the primary winding of which is con-
nected to a circuit arrangement (SG1; SG2)
for generating the control voltage for the
transistors.

8. A circuit arrangement according to
claim 6, characterized by the feature that
for achieving full-wave operation there is
provided a rectifier bridge (G1), the one
diagonal of which is series connected with
the consumer (V) and the other diagonal
is connected to the parallel connected ar-
rangement of the two transistors (T1, T2).

9. A circuit arrangement according
to claim 7, characterized by the feature that
for achieving full-wave operation there are
provided in series with the consumer (V) a
parallel arrangement of two respective sets
of parallel connected transistors (T3, T4; T5,
T6) and a respective rectifier (D5: D6) in
series with each set, so that the current flow
directions in the respective sets of transis-
tors and the rectifier with reference to the
network or consumer side of the said
parallel circuit arrangement are opposite in
the two branches of said parallel circuit
arrangement.

10. A circuit arrangement according to
one of claims 7 to 9, characterized by the
feature that it contains, connected in
parallel to the consumer (VG, LR) a sec-
ond power switching device, which com-
prises the series circuit of the collector-
emitter path of a transistor, e.g. a Darling-
ton transistor (T7), furthermore an arrange-
ment of rectifiers (G2) for correct polarity
delivery to the transistor (T7) of the vol-
tage applied to the consumer, and a load

(R7, W3), whilst in the base-emitter circuit -

of the transistor (T7) there is connected the
secondary winding of a transformer (TR7),
the primary winding of which is connected
to a circuit arrangement (SG3) for genera-
ting the control voltage for the transistor
(T7. : :
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11. A circuit arrangement according to
claim 10, characterized by the feature that
the rectifier arrangement (G2) is a recti-
fier bridge, one diagonal of which is con-
nected parallel to the consumer (UG, LR)
and the other diagonal is connected to the
collector-emitter path of the transistor
TD.

12. A circuit arrangement according to
claim 10, characterized by the feature that
the load contains an ohmic resistance (R7)
and a choke (DR, W3).

13. A circuit arrangement according to
claim 10, characterized by the feature that
the circuit arrangement (SG3) for genera-
ting the control voltage for the transistors
(T1, T2) of the first power switching device
also delivers the control voltage for the
transistor (T7) of the second power switch-
ing device.

14. A circuit arrangement according to
claim 12, wherein the consumer is con-
nected to the alternating current network

through said first-mentioned power switch-
ing device, which is connected to the con-
sumer through at least one protective
choke, characterized by the feature that
the choke contained in the load is formed
by a separate winding (W3) of the said pro-
tective choke (DR).

15. A method of regulating the elec-
trical power delivered to a consumer from
an alternating current network substan-
tially as hereinbefore described with refer-
ence to the accompanying drawings.

16. A circuit arrangement for regula-
ting the electrical power delivered to a
consumer from an alternating current net-
work substantially as hereinbefore de-
scribed with reference to and as illustrated
in the accompanying drawings.

EDWARD EVANS & CO.,
53-64 Chancery Lane,
London WC2A 1SD.

Agents for the Applicant.
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