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ABSTRACT
The invention relates to an inverter with a direct-volt

age source and a chopper section, the chopper section
having push-pull switching at a frequency fo. A parallel
tuned circuit, the resonant frequency of which is 2fo is
provided between the direct-voltage source and the
chopper section.
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over when the voltage of oscillation of the parallel
tuned circuit is zero. Since the power loss during the

INVERTER WITHPOWER SUPPLY TO CHOPPER
THROUGH PARALLEL RESONANT CIRCUIT

switching is defined by the product of current and volt
age within this period of time, this greatly reduces the

TUNED TO TWICE THE CHOPPER FREQUENCY
5

BACKGROUND OF THE INVENTION
1. Field of the Invention

BRIEF DESCRIPTION OF THE DRAWINGS
An illustrative embodiment of the invention is shown

The invention relates to an inverter comprising a

direct-voltage source and a chopper section which has
switching means which operate in push-pull and which

in the drawing and is described in greater detail in the

10 text which follows.

FIG. 1 shows a circuit arrangement according to the

are switched at the frequency fo, a parallel tuned circuit
being provided between the chopper section and the
direct-voltage source.
2. Prior Art

In many fields of electrical engineering, it is necessary
to obtain a direct current which is as smooth as possible
for feeding a device from an alternating-current system.
An example of this is the heating of the electron beam
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gun of an electronic welding machine. If this cathode is

about 300 watts must be switched at a transformer hav

ing a large leakage inductance and the cathode, which is
at -60 kV, must be supplied with direct current which
is as smooth as possible.
Numerous inverters are already known which con
vert a direct current into alternating current by means
of an electronic chopper (German patent specification 45
No. 2,713,072, German Offenlegungsschrift No.
3,142,304). However, these inverters do not have a
parallel tuned circuit between the chopper section and
the direct-voltage source.
However, inverters are also known which contain a
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FIG. 3 shows the characteristic of the collector volt

age and of the collector current in a push-pull switching
transistor according to the invention which is inserted
into a circuit having the parallel tuned circuit according
to the invention.
DETALEED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows an inverter 1 according to the invention
which has at its input a system alternating voltage of 50
Hz which is picked up at a variable transformer 2. The
alternating voltage picked up at the variable trans
former 2 is fed to a rectifier 3 which, for example, is a
full-wave rectifier and which is followed by a filtering

or smoothing capacitor 4 of, for example, 10uf at 100
V. At the output of this rectifier 3, for example 70 V.

d.c. are present at 4.5A. This output is connected to a
parallel tuned circuit 5 which has a coil 6 and a capaci
tor 7. The resonant frequency of this parallel tuned
circuit is, for example, 40 kHz. The output of the paral
lel tuned circuit 5 is connected to the junction 8 of two
primary windings 9, 10 of a balancing transformer 11.
The series-connected windings 9, 10 are connected,
with the ends not connected to the junction 8, to the
collector of in each case a transistor 12 and 13, respec
tively. The emitters of these transistors are connected to
ground and their bases are driven in push-pull with a
20-kHz square wave voltage. The switching means of
the chopper section can be gate-turn-off (GTO) thy
ristors. The source used for generating the 20 kHz con
trol signal are known as such and are therefore not
represented. The secondary side of the transformer 11,
which has a core 14, is formed by a winding 15 which is
in parallel with the primary side 16 of an isolating trans
former 17, the secondary side 18 of which is connected
ohms is fed with about 50 A.
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inverter.

This object is achieved by the fact that the resonant
frequency of the parallel tuned circuit is set to 2fo.
The advantage achieved by means of the invention
consists, in particular, in the fact that the switching
means, which operate in push-pull, are always switched

FIG. 2 shows the characteristic of the collector cir

55 to a cathode heater 19. This cathode heater with 0.25

parallel tuned circuits in these arrangements have a
non-optimal relationship to the frequencies with which
the switching means of the inverter are switched.
The invention is based on the object of significantly
reducing the power loss of the switching means of the
chopper section during the switching process in an

invention;
FIG. a shows the circuit connected to the secondary
side of the transformer;

cuit and of the collector current in a push-pull switch
ing transistor in a circuit without the parallel tuned
circuit according to the invention;

heated with a direct current with too much ripple, the 20
electron beam cannot be accurately controlled.
It is known that the ripple of a direct current obtained
from a 50-Hz alternating-current system can be reduced
by filtering means, particularly by capacitors. It is also
known to reduce the ripple by increasing the frequency.
In this arrangement, the 50-Hz alternating-current sys
tem frequency is transformed, for example, into the
kilohertz range.
As a rule, the frequency increase is effected by simple
rectification of the system alternating voltage with sub 30
sequent high-frequency chopping of the rectified volt
age. The smoothing effort required for obtaining an
almost ideal direct voltage is much less if the frequency
is increased. However, the power loss occurring at the
switching means of the chopper during the switching 35
process is relatively great and this has unfavorable ef
fects particularly when high powers are to be switched.
In the above mentioned cathode heating supply,

parallel tuned circuit (German patent specification No.
2,453,924, German Offenlegungsschrift No. 3,142,304,
European patent EP-A005083, Japanese patentjournal:
Patents Abstracts of Japan, E-204, Oct. 15, 1983, Vol. 7,
No. 33, 58-123369 (A)).
However, the resonant frequencies of the respective

switching power loss.
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If the parallel tuned circuit is imagined not to be
present in FIG. 1, the transistors act as normal choppers
of the direct voltage coming from rectifier 3. Since, in
the example, the chopping frequency has been assumed
to be fo=20 kHz, an alternating current of fo=20 kHz
flowing through the primary side of the transformer 11
is obtained. The transformer can be, for example, a
ferrite transformer having 20 turns of the windings 9,
10, and 10 turns of the winding 15.
FIG. 1a shows the circuit on the secondary side 18 of
the transformer 11 in detail. The upper and lower end of
the secondary side 18 is connected in each case to the
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anode of a diode 21 and 22, respectively, the cathodes of
these diodes 21, 22 being joined to each other. Between
a center tap 23 on the secondary side 18 and the cathode
heater 19, two LC filters 24, 26 and 25, 27, respectively,

set to 2fo.

are also located in addition to the diode 21. These LC

filters act as smoothing sections, the inductances 24, 25
having about 10 turns for each pot core.
In the normal chopper mode, a current and voltage
characteristic as shown in FIG. 2 is obtained at the
collector of the transistors 12, 13. If, for example, the

2. The inverter of claim 1, wherein the switching
means (12,13) operating in push-pull are connected to a

primary side (8, 9) of a transformer (11) and the parallel
10

transistor 12 is brought into the non-conducting state by
an appropriate control pulse, the current Ic gradually
decreases until it reaches the value O. In contrast, the
collector-emitter voltage Uc coming from Zero, in
creases until it has reached its maximum. The Uc curve

tuned circuit (S) is connected to a center tap (8) on said
primary side (8, 9).

3. The inverter of claim 1, wherein the direct-voltage

source (3,4) has a rectifier (3) which is connected to an
alternating-voltage source (2).
15

intersects the I curve at point 20. The power loss oc

curring during the switching time ts is determined by
the product of the respective instantaneous values of Ic
and U. The power loss is thus relatively large.
If the parallel tuned circuit 5 is connected between
the rectifier 3 and the junction 8 of the balancing trans
former 11, the characteristic shown in FIG. 3 is ob

tained for U and I. The direct voltage first obtained
across coil 6 is chopped at a rate of 20 kHz by the chop

per 9, 10, 12, 13. This causes the parallel tuned circuit 5

4.

circuit (5) being provided between the chopper section
(9, 10, 12, 13) and the direct-voltage source (3), wherein
the parallel tuned circuit (5) has a resonant frequency

25

4. The inverter of claim 1, wherein the switching
means of the chopper section has transistors (12, 13)
which are connected to a primary side of a transformer
(11).
5. The inverter of claims 2 or 4, wherein a secondary
side (15) of the transformer (11) is connected to a pri
mary side (16) of another transformer (17).
6. The inverter of claim 4, wherein a secondary side
(18) of the transformer (17) is connected to a cathode
heater (19) of an electron beam gun.
7. The inverter of claim 1, wherein the switching
means of the chopper section are GTO thyristors.
8. The inverter of claim 5, wherein a secondary side
(18) of said another transformer (17) has a center tap
(23) and at least one diode (21) and an LC filter (24, 26
25, 27) and the cathode heater (19) are located between
the center tap (23) and one connection of the secondary
side (18).

to be excited into oscillation at its natural frequency of
40 kHz. As a result, a sinusoidal voltage of oscillation of
40 kHz is present at point 8. This voltage of oscillation
is O whenever the switching transistors 12, 13 are
switched over. Since the voltage present at point 8 is an 30
impressed voltage, another component which perma
9. The inverter of claim 8, wherein a cathode of the
nently provides a 40 kHz voltage could also be used in
diode (21) is connected to a cathode of another diode
principal, instead of a parallel tuned circuit 5.
(20), an anode of which is connected to the other con
As can be seen from the characteristic of the curve
shown in FIG. 3, during the switching time ts either Ic is 35 nection of the secondary side (18).
10. The inverter of claim 8, wherein the LC filters
virtually zero when Uc has a positive value, or U is
virtually zero when I has a positive value. The power (24, 26, 25, 27) have inductances (24, 25) of about 10
loss is thus negligibly small during the entire switching turns per pot core.
11. The inverter of claim 2, wherein switchable con
time ts.
40 duction paths of the switching means (12, 13) are con
What is claimed is:
1. An inverter comprising: a direct-voltage source (3) nected in series with ends of respectively-associated
and a chopper section (9, 10, 12, 13) which has switch halves (9,10) of the primary winding of the transformer
ing means (12, 13) which operate in push-pull and (11) which are opposite isto the
center
tap (8).
is
is
which are switched at a frequency fo, a parallel tuned
sa
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