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(57) Heremn disclosed are a method and an apparatus for supplying an electrical energy to a pair of discharge electrodes
spaced apart from each other to cause an electric discharge 1n a gap between the discharge electrodes. There are firstly
provided an alternating voltage generator for generating, as the electrical energy, an alternating voltage having a
frequency, and a capacitor connected to the discharge electrodes 1n series. The alternating voltage generator has a
series resonant frequency. The alternating voltage of the alternating voltage generator 1s applied to the discharge
electrodes through the capacitor. The frequency of the alternating voltage 1s set approximately to the series resonant
frequency of the alternating voltage generator to cause a dielectric breakdown 1n and allow an electric discharge
current to flow through the gap between the discharge electrodes. Alternatively, the frequency of the alternating
voltage may be approximated to the series resonant frequency of the alternating voltage generator, for example, from
a frequency higher than the series resonant frequency.
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TITLE OF THE INVENTION
ELECTRIC DISCHARGE METHOD AND APPARATUS
ABSTRACT OF THE DISCLOSURE

Herein disclosed are a method and an apparatus for
supplying an electrical energy to a pair of discharge
electrodes spaced apart from each other to cause an
electric discharge 1in a gap between the discharge
electrodes. There are firstly provided an alternating
voltage generator for generating, as the electrical
enerqgy, an alternating voltage having a frequency, and a
capacitor connected to the discharge electrodes 1n
series. The alternating voltage generator has a series
resonant frequency. The alternating voltage of the
alternating voltage generator is applied to the discharge
electrodes through the capacitor. The frequency of the
alternating voltage is set approximately to the series
resonant frequency of the alternating voltage generator
to cause a dielectric breakdown in and allow an electric
discharge current to flow through the gap between the
discharge electrodes. Alternatively, the frequency ot
the alternating voltage may be approximated to the series
resonant frequency of the alternating voltage generator,
for example, from a frequency higher than the seriles

resonant frequency.
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates 1n general to
electric discharge method and apparatus and, more
particularly, to method and apparatus for supplying an
electrical energy to a pair of discharge electrodes
spaced apart from each other to cause an electric
discharge in a gap between the discharge electrodes. The
method and apparatus may be applied to fusion splicing
method and apparatus for splicing a palr of optical
fibers to each other by exerting the electric discharge
upon the optical fibers and, additionally, applied to
dust collecting method and apparatus, electrostatic
painting method and apparatus, and an electric discharge
tube.

2. Description of the Related Art

There have so far been proposed a wide variliety of
electric discharge apparatuses which cause an electric
discharge in a gap between a pair of discharge electrodes
spaced apart from each other. Such electric discharge
apparatuses are disclosed in the publication “Fusion
Splices for optical fibers by high frequency trigger” by
Norio Kasima and Fumio Nihei, Technical Report of the
Institute of Electronics, Information and Communication
Engineers, CS80-188 (1980), pp. ©67-72 and Japanese
Provisional Patent Nos. 61-22555, 62-40948 and 2-5000.

The Japanese Provisional Patent No. 61-22555
teaches an electric discharge apparatus that 1s shown 1n
Fig. 16 as comprising a capacitor 102, a discharge
electrode unit including a pair of discharge electrodes
103a and 103b connected to the capacitor 102 in series,
direct current power supply 104 generating a direct
current, a boosting transformer 105 comprising a primary
winding 105a, a secondary winding 105b and a center tap
105¢c, switching transistors 106 and 107 having three

terminals consisting of base, emitter and collector
terminal, diodes 108 and 109 each having an anode and a
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cathode, a direct current high voltage generating circuit
110 receiving an AC voltage to generate a direct current
high voltage, and a high 1impedance resistance unit 111
for charging the capacitor 102. It 1s noted that the
words “direct current” and “alternating current” are
hereinafter referred to as “DC” and “AC” for brevity.

The DC power supply 104 has two output terminals
consisting of a first output terminal which 1s
electrically connected to the emitter terminals of the
switching transistors 106 and 107, and a second output
terminal which 1s electrically connected to the center
tap 105¢ of the boosting transformer 105. The collector
terminal of the switching transistor 106 1s connected to
one end of the primary winding 105a of the boosting
transformer 105, while the collector terminal of the
switching transistor 107 1s connected to the other end of
the primary winding 105a of the boosting transformer 105.
The diodes 108 and 109 are 1inversely connected 1in
parallel to the switching transistors 106 and 107,
respectively. The secondary winding 105b of the boosting
transformer 105 1is connected at 1ts one end to the
discharge electrode 103a through the capacitor 102, and
at 1its the other end to the discharge electrode 103b.
The DC high voltage generating circuit 110 has a pair of
input terminals respectively connected to ends of the
secondary winding 105b of the boosting transformer 105,
and an output terminal connected to one end of the high
impedance resistance unit 111. The other end of the high

impedance resistance unit 111 1s connected to a current
carrying line between the capacitor 102 and the discharge

electrode 103a. The base terminals of the switching
transistors 106 and 107 are connected to and driven by a
driving circuit (not shown). When the switching

transistor 106 is driven by the driving circuit to turn
on the electric current through one of two parts of the
primary winding 105a divided by the center tap 105c, the
switching transistor 107 is driven by the driving circuit



10

15

20

25

30

35

’ 2185840

to turn off the electric current through the other of the
two parts of the primary winding 105a, and vice versa.

If the switching transistors 106 and 107 are driven
in accordance with a frequency, for 1instance, of 20 kHz
to 40 kHz, the boosting transformer 105 1s operated to
induce an alternating voltage in 1its secondary winding.
Since the discharge electrode unit 103 is considered to
be a load having an extremely high ilmpedance, an electric
discharge current is not allowed to flow through a gap
between the discharge electrodes 103a and 103b for an
instant. After the operations of the switching
transistors 106 and 107 are started, the DC high voltage
generating circuit 110 receives the AC voltage 1induced 1in
the secondary winding 105b of the bc;osting transformer
105 to generate the DC voltage. The DC voltage 1s
applied to the capacitor 102 through the high impedance
resistance unit 111 to cause a small electric current to
flow through the capacitor 102 and, as a consequence, the
capacitor 102 is charged up during a period, for example,
from ten cycles to several tens of cycles. During the
period, the discharge electrodes 103a and 103b receive a
voltage which is shown by a wave form WF1l in Fig. 1l38(a)
as ascending gradually 1n notched shape.

The DC high voltage generating circuit 110 may be a
multiple voltage rectifier unit that is shown in Fig. 17
as comprising diodes 110a and 110b, and a capacitor 110c.
The diode 110a has an anode and a cathode, the anode
being connected to a current carrying line between one
end of the secondary winding 105b and the capacitor 102.
The diode 110b has an anode connected to the cathode of
the diode 110a and a cathode connected to the high
impedance resistance unit 111. The capacitor 110c has a
pair of plates, one of the plates being connected to the
cathode of the diode 110a and the anode of the diode
110b, and the other of the plates being connected to a

current carrying 1line between the other end of the
secondary winding 105b and the discharge electrode 103Db.
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As the charges of the capacitor 102 are repeated,
the voltage across the capacitors 102 1s 1increased. When
the sum of the output voltage induced 1in the secondary
winding 105b and the voltage across the capacitor 102
exceeds a trigger voltage, a dielectric breakdown 1s
caused in the gap between the discharge electrodes 103a
and 103b and, accordingly, an electric discharge current
is allowed to flow through the gap between the discharge
electrodes 103a and 103b as understood from the wave form
WF2 of the discharge current shown 1in Fig. 18(b). Once
the electric discharge 1s caused 1n the gap between the
discharge electrodes 103a and 103b, the electric
discharges are repeated 1in simultaneous relationship to
half of a cycle of the AC voltage across the discharge
electrodes 103a and 103b under the condition that the
voltage across the discharge electrodes 103a and 103b 1is
considerably lower than the trigger voltage. At this
time, a series resonant current flows from the boosting
transformer 105 to the discharge electrodes 103a and 103b
through a series circuit defined by a leakage inductance
of the boosting transformer 105 and a capacitance of the
capacitor 102. The diodes 106 and 107 are operated to
return the electrical power from a secondary side circult
including the secondary winding 105b back to the DC power
supply 104.

When  the electric discharge apparatus thus
constructed serves as an optical fiber fusion splicing
apparatus, a pair of optical fibers are spliced to each

other by the energy of the electric discharge between the
discharge electrodes 103a and 103b.: In addition, the
electric discharge produced by the optical fiber fusion
splicing apparatus may be used to remove a Jacket cover
from the optical fiber. In this case, the optical fiber
fusion splicing apparatus is required to heat the jacket
cover at a relatively low temperature with respect to a
temperature held during the fusion splicing. In order to
control the temperature of the electric discharge, the
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electric discharge current may be controlled. When the
jacket cover is removed by the energy of the electric
discharge from the optical fiber, the electric discharge
current 1is controlled to decrease. When the optical
fibers are spliced by the energy of the electric
discharge to each other, the electric discharge 1is
controlled to increase.

A drawback is, however, encountered in a prior-art
electric discharge apparatus of the above described
nature in that an electrical circuit forming the
apparatus is increased 1in size and complexity. The
reason for this is that the electric discharge apparatus
is required to comprise a special circuit such as the DC
voltage generating unit 110.

In the meantime, the foregoing publication by Norio
Kasima et al. discloses a method of controlling the
electric discharge current through pulse width control
techniques and dropper techniques. The  Japanese
Provisional Patent No. 62-40948 discloses an electric
discharge current controlling method and an electric
discharge current stabilizing method. The former
controlling method comprises a step of controlling the
electric discharge current by varying a period during
which the switching transistors are in the “ON”
condition. The latter stabilizing method comprises a
step of stabilizing the electric discharge current by
performing a feedback control on the basis of an
integrated electric discharge current, and by controlling
the period during which the switching transistors are 1in
the “ON” condition.

These prior-art methods are, however, difficult to
control and stabilize the electric discharge current to
arbitrary values within a wide current range. If a DC/DC
converter is used, the electric discharge apparatus 1is
required to comprise a transformer for the DC/DC
converter. This means that devices or circuit elements
forming the electric discharge apparatus is increased in
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number and, accordingly, that the electric discharge
apparatus becomes large-sized.

SUMMARY OF THE INVENTION

It is a primary object of the present invention to
facilitate a process of starting the electric discharge
caused in the gap between the discharge electrodes.

It is another object of the present 1invention to
render the electric discharge apparatus small-sized and
simple.

It is a further object of the present invention to
facilitate a process of controlling the electric
discharge current after the start of the electric
discharge.

It 1is a still further object of the present
invention to provide an electric discharge apparatus
suitable for an optical fiber fusion splicing apparatus.

It is a yet further object of the present invention
to enlarge a current range throughout which the electric
discharge current is variable.

In accordance with one aspect of the present
invention, there is provided a method of' supplying an
electrical energy to a pair of discharge electrodes
spaced apart from each other to cause an electric
discharge in a gap between the discharge electrodes. The
method comprises the step (a) of preparing an alternating
voltage generator for generating, as the electrical
energy, an alternating voltage having a frequency, and a
capacitor connected to the discharge electrodes 1in
series. The alternating voltage generator has a series
resonant frequency. The method further comprises the
step (b) of applying the alternating voltage of the
alternating voltage generator to the discharge electrodes
through the capacitor, and the step (c) of setting the
frequency of the alternating voltage approximately to the
series resonant frequency of the alternating voltage
generator to cause a dielectric breakdown in and allow an
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electric discharge current to flow through the gap
between the discharge electrodes.

In accordance with another aspect of the present
invention, there 1is provided a method of supplying an
electrical energy to a pair of discharge electrodes
spaced apart from each other to cause an electric
discharge in a gap between the discharge electrodes. The
method comprises the step (a) of preparing an alternating
voltage generator for generating, as the electrical
energy, an alternating voltage having a frequency, and a
capacitor connected to the discharge electrodes 1in
series. The alternating voltage generator has a series
resonant frequency. The method further comprises the
step (b) of applying the alternating voltage of the
alternating voltage generator to the discharge electrodes
through the capacitor, and the step of (C) of
approximating the frequency of the alternating voltage to
the series resonant frequency of the alternating voltage
generator to cause a dielectric breakdown in and allow an
electric discharge current to flow through the gap
between the discharge electrodes.

In accordance with a further aspect of the present
invention, there is provided an apparatus for supplying
an electrical energy to a pair of discharge electrodes
spaced apart from each other to cause an electric
discharge in a gap between the discharge electrodes. The
apparatus comprises a capacitor connected to the
discharge electrodes in series, and an alternating
voltage generator for generating, as the electrical
energy, an alternating voltage having a frequency to
apply the alternating voltage to the discharge electrodes
through the capacitor. The alternating voltage generator
has a series resonant frequency. The apparatus further
comprises frequency setting means for setting the
frequency of the alternating voltage approximately to the
series resonant frequency of the alternating voltage
generator to cause a dielectric breakdown in and allow an
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electric discharge current to flow through the gap
between the discharge electrodes.

In accordance with a still further aspect of the
present invention, there 1is provided an apparatus for
supplying an electrical energy to a pair of discharge
electrodes spaced apart from each other to cause an
electric discharge in a gap between the discharge
electrodes. The apparatus comprises a capacitor
connected to the discharge electrodes 1in series, and an
alternating voltage generator for generating, as the
electrical energy, an alternating voltage having a
frequency to apply the alternating voltage to the
discharge electrodes +through the capacitor. The
alternating voltage generator has a series resonant
frequency. The apparatus further comprises frequency
approximating means for approximating the frequency of
the alternating voltage to the series resonant frequency
of the alternating voltage generator to cause a
dielectric breakdown in and allow an electric discharge
current to flow through the gap between the discharge

electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood Dby
reference to the following detailed description when
considered in connection with the accompanying drawilngs,
wherein:

Fig. 1 is a «circuit diagram showing a first
embodiment of the electric discharge apparatus according
to the present invention;

Fig. 2 is a graph showing an relationship between
an output voltage of an AC power supply shown in Fig. 1
and a frequency of an alternating voltage of the AC power
supply before and after an electric discharge 1is started;

Fig. 3(a) is a wave form chart showing a variation
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of a voltage across discharge electrodes shown in Fig. 1;

Fig. 3(b) 1s a wave form chart showing a variation
of an electric discharge current flowing through a gap
between the discharge electrodes shown in Fig. 1;

Fig. 4 1s a circuit diagram showing a second
embodiment of the electric discharge apparatus according
to the present invention;

Fig. 5 1s a wave form chart showing a pulse
variation of a pulse signal generated by an oscillator
shown 1in Fig. 4;

Fig. 6 1s a graph showing an relationship between
an output voltage of a secondary winding of a boosting
transformer 22 shown 1in Fig. 4 and a frequency of the
pulse signal of the oscillator shown 1in Fig. 4 before and
after an electric discharge is started;

Fig. 7(a) 1s a wave form chart showing a command
signal instructing the electric discharge to start;

Fig. 7(b) 1s a wave form chart showing a variation
of a voltage across discharge electrodes shown 1in Fig. 4;

Fig. 7(c) 1s a wave form chart showling a varliation
of an electric discharge current flowing through a gap
between the discharge electrodes shown 1in Fig. 4;

Fig. 8 1s a circuit diagram showing a third
embodiment of the electric discharge apparatus according
to the present invention;

Fig. 9 1s a circuit diagram showing a fourth
embodiment of the electric discharge apparatus according
to the present invention;

Fig. 10 1is a circuit diagram showing a fifth
embodiment of the electric discharge apparatus according

to the present invention;
Fig. 1ll(a) is a wave form chart showing a variation

of a voltage across discharge electrodes shown 1n Figqg.
10;

Fig. 11(b) is a wave form chart showing a variation
of an electric discharge current flowing through a gap
between the discharge electrodes shown 1in Fig. 10;
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Fig. 12 1is a circuit diagram showing a sixth
embodiment of the electric discharge apparatus according
to the present invention;

Fig. 13 1is a circuit diagram showing a seventh
embodiment of the electric discharge apparatus according
to the present invention; ‘

Fig. 14 is a circuit diagram of an electric
discharge apparatus used for explaining the basis of the
advantage resulting from a resistance unit 70 shown 1in
Fig. 13;

Fig. 15 is a circuit diagram of another electric
discharge apparatus used for explaining the basis of the
advantage resulting from the resistance unit 70 shown 1n
Fig. 13;

Fig. 16 1is a circuit diagram of a prior-art
electric discharge apparatus;

Fig. 17 is a circuit diagram showing a DC high
voltage generating circuit shown in Fig. 16: and

Fig. 18(a) is a wave form chart showing a variation
of a voltage across discharge electrodes shown 1in Fig.
16;

Fig. 18(b) is a wave form chart showing a variation
of an electric discharge current flowing through a gap
between the discharge electrodes shown in Fig. 16;

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figs. 1 to 3 of the drawings, a first
preferred embodiment of an electric discharge apparatus
according to the present invention will be described
hereinafter. In Fig. 1, the electric discharge apparatus
comprises an alternating voltage generator 11, a
capacitor 12 and a discharge electrode unit 13 including
a pair of discharge electrodes 13a and 13b, and a

frequency switching controller 14.

The alternating voltage generator 11 1is shown 1n
Fig. 1 as comprising an alternating current power supply
(hereinlater referred to as “AC power supply” for
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brevity) 1lla generating an alternating voltage, an
inductance element 1llb connected to the AC power supply
11 in series, and a capacitance element 1llc connected 1in
parallel to a series connection of the AC power supply
1la and the inductance element 11b at a pair of
connection points which correspond to a pair of output
terminals of the alternating voltage generator 11. One
of the output terminals of the alternating voltage
generator 11 is connected to the discharge electrode 13a
by way of the capacitor 12, while the other of the output
terminals of the alternating voltage generator 11 1is
connected to the discharge electrode 13b. The frequency
switching controller 14 1s designed to control the
alternating voltage generator 11 to regulate  the
frequency of the alternating voltage supplied from the AC
power supply lila.

The inductance element 11lb is for example a choking
coil. If the frequency of the alternating voltage
supplied from the AC power supply lla is set to a specilal
value, the inductance element 1lb may be formed by a
self-inductance of a current carrying line of the
alternating voltage generator 11. If the alternating
voltage generator 11 is so constructed as to 1include a
transformer, the inductance element 11b may be formed by
a leakage inductance of the transformer. It 1s natural
that +the inductance element 1lb may be obtained by
combining the foregoing substitution techniques.

The capacitance element 1lc may comprise a
capacitor, if however desired, the capacitance element
l1lc may be formed by a stray capacitance of a circuit
forming the alternating voltage generator 11, or by a
combination of the capacitor 1llc¢ and the  stray
capacilitance.

Since the discharge electrodes 13a and 13b are
spaced apart from each other, the discharge electrode
unit 13 is held in a high impedance condition before an
electric discharge 1is caused 1in a gap between the
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discharge electrodes 13a and 13b. This means that the
alternating voltage generator 11 has merely a load which
is regarded as a serlies connection of the 1inductance
element 11b and the capacitance element 1llc and, as a
result, the alternating voltage generator 11 has a series
resonant frequency f1 defined by the inductance element
1l1lb and the capacitance element 1llc. When the frequency
of the alternating voltage supplied from the AC power
supply 1lla 1is set approximately to the series resonant
frequency of the alternating voltage generator 11, an
extremely high series resonant voltage is produced at the
output terminals of the alternating voltage generator 11.
The frequency of the alternating voltage supplied from
the AC power supply lla may be set Jjust to the series
resonant frequency of the alternating voltage generator
11, or to a frequency that 1s 1in the vicinity of the
series resonant frequency of the alternating voltage
generator 11. The produced series resonant voltage 1s
divided into two voltages respectively applied to the
capacitor 12 and the discharge electrode unit 13. The
voltage across the discharge electrodes 13a and 13b 1s
represented by a wave form WF3 shown in Fig. 3(a) which
has absolute voltage peaks increased step by step with
the lapse of time.

Making the assumption that the electric discharge
is not caused in the gap between the discharge electrodes
13a and 13b, the output voltage of the alternating
generator 11 is peaked at the series resonant Ifrequency
fl to reach a voltage peak V1(fl) as understood from a
curve Cl in Fig. 2 which represents a resonant
characteristic of the alternating voltage generator 11.
An output voltage of the AC power supply 1lla, and circuit
constants of the alternating voltage generator 11 are
determined with the intention of causing a dielectric
breakdown in and allowing an electric discharge current
to flow through the gap between the discharge electrodes
13a and 13b at a time when the frequency of the
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alternating voltage of the AC power supply lla 1is in the
vicinity of or equal to the series resonant frequency fl
of the alternating voltage generator 1l.

The determinations of the output voltage of the AC
power supply 1lla and the circuit constant of the
alternating voltage generator 11 result 1n the fact that,
after the AC power supply 1lla start to supply the
alternating voltage, the voltage across the discharge
electrodes 13a and 13b is varied as shown in Fig. 3(a).
After several repetitions of the cycle of the voltage
variation shown 1in Fig. 3(a), the electric discharge
between the discharge electrodes 13a and 13b 1s caused to
start. As a result, the electrical current flows through
the gap between the discharge electrodes 1l3a and 13b as
shown in Fig. 3(b). Although the electric discharge 1s
shown in Figs. 3(a) and 3(b) as starting at the positive
voltage peak across the discharge electrodes 13a and 13b,
the electric discharge may start at the negative voltage
peak because of the fact that the start of the electric
discharge is independent of the electric polarity.

After the start of the electric discharge between
the discharge electrodes 13a and 13b, the gap between the
discharge electrodes 13a and 13b corresponds to a 1load
having a low impedance. This means that the capacitor 12
is connected to the capacitance element 1llc in parallel
and, as a consequence, that the inductance element 11b

and the series connection circuit of the capacitance
element 1l1llc and the capacitor 12 collectively serve a
load bored by the AC power supply 1lla. The alternating
voltage generator 11 and the capacitor 12 collectively
forms a series resonant circuit which has a resonant
characteristic represented by a curve C2 shown in Fig. 2.
Since the capacitor 12 1is added to the alternating

voltage generator 11 to form the series resonant circuit
after the start of the electric discharge, the output
voltage of the alternating voltage generator 11 1s peaked
at a series resonant frequency f2 to reach a voltage peak
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V2(f2). The series resonant frequency f2 of the resonant
circuit including the capacitor 12 1is 1lower than the
series resonant frequency fl of the alternating voltage
generator 11. When the discharge electrode wunit 13
allows the electric discharge current to flow through the
gap between the discharge electrodes 13a and 13b, a
quality factor “Q” of the series resonant circuit
including the capacitor 12 1s caused to decrease. The
voltage peak V2(f2) after the start of the electric
discharge 1s, therefore, lower than the voltage peak V1
(f1) before the start of the electric discharge.

AS will be understood from the foregoing
description and Fig. 2, when the frequency of the AC
voltage supplied by the AC power supply 1lla 1is held at
the series resonant frequency fl after the starting of
the electric discharge, the output voltage of the
alternating generator 11 is equal to or in the vicinity
of a voltage V2(fl) defining a point on the curve C2 1in
cooperation with the frequency Ifl. Not only 1s the
voltage V2(fl) lower than the voltage peak V2(f2), but
the electric discharge current 1in the frequency f1 1s
also smaller than that 1n the frequency (f2. If the
output voltage V2(fl) 1is enough for the electric
discharge apparatus, the apparatus has no need to control
the frequency of the alternating voltage of the AC power
supply lla after the start of the electric discharge.

When, on the other hand, the electric discharge
current in the frequency f1 1is smaller than a desired
value, the discharge current <can be 1increased Dby
controlling the frequency of the alternating voltage of
the AC power supply 1lla. If the frequency of the
alternating voltage of the AC power supply lla 1s set for
example to the series resonant frequency f2, the voltage
across the discharge electrodes 13a and 13b at that time
becomes largest. At the same time, the discharge
electrode unit 13 allows a large electric discharge
current to flow through the gap between the discharge
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electrodes 13a and 13b. The frequency switching
controller 14 is adapted to requlate the frequency of the
alternating voltage of the AC power supply lla to adjust
the electric discharge current to a desired current
value. Preferably, the frequency of the alternating
voltage of the AC power supply 1lla may be variable
throughout a frequency range between the series resonant
frequencies fl and f2.

When the electric discharge current 1in the
frequency fl1 exceeds the desired current value, the
electric discharge current can be decreased by adjusting
the frequency of the alternating voltage of the AC power
supply lla to a frequency level that is higher than the
frequency fl. If, however, 1t 1s desired that the
electric discharge current 1is drastically decreased, the
foregoing control techniques are unsuitable to decrease
the electric discharge current. That 1s because the
inclination of the curve C2 becomes smaller as the
frequency approaches the frequency fl as shown in Fig. 2.
This inconvenience 1is solved, for example, by decreasing
the output voltage of the AC power supply 1lla. It 1s
noted that the output voltage of the AC power supply 1lla
is held at a voltage level higher than the discharge
voltage across the discharge electrodes 30a and 30b while
the electric discharge is started and maintained.

Although it has been assumed that the electric
discharge apparatus includes only one AC power supply for
supplying the alternating voltage variable 1in frequency,
the electric discharge apparatus may include a plurality
of AC power supplies which have different from one
another in frequency of output voltage. If the AC power
supplies are prepared, the electric discharge apparatus
may further comprise means for selecting one of the AC
power supplies to control the electric discharge current.
The selecting means may comprise a switching unit which

is manually  operated by an operator  which 1s
automatically operated. The start of the electric
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discharge 1s detected by the operator or a discharge
detecting unit automatically operated. The discharge
detecting unit may comprise, for example, a device for
detecting the start of the electric discharge by sensing
the light of the electric discharge. Alternatively, the
electric discharge apparatus may further comprise a timer
device for measuring an elapsed time from the start of
the electric discharge. When the timer device detects
that the elapsed time exceeds a predetermined time, the
timer device recognizes that the electric discharge 1is
started and informs 1t the operator or the automatically
operated switching unit.

As will Dbe appreciated from  the foregoing
description, the electric discharge apparatus according
to the present invention has an advantage over a prior-
art apparatus 1n rendering the circuit small-sized and
simple because of the fact that the electric discharge
apparatus according to the present invention has no need
of comprising devices such as the DC high voltage
generating circulit 110 and the high impedance resistance
unit 111 shown in Fig. 16. Also, the apparatus according
to the present i1invention has an advantage over the prior-
art apparatus 1in shortening a period during which the
voltage across the discharge electrodes 1s boosted to a
high voltage level allowing the electric discharge to
start. The apparatus according to the present invention
thus advantageous over the ©prior-art apparatus 1is
suitable for an optical fiber fusion splicing apparatus.

Referring to Figs. 4 to 7 of the drawings, a second
embodiment of the electric discharge apparatus according
to the present invention will be described hereinafter.
The second embodiment of the electric discharge apparatus
includes the same constitutional elements as the first
embodiment of the electric discharge apparatus does. The
constitutional elements of the second embodiment are

respectively designated by the same reference numerals
and symbols as the individual constitutional elements of
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the first embodiment are done, with the intention of
omitting repeated description thereof.

The electric discharge apparatus 1is shown in Fig. 4
as comprising a DC power supply 20, a switching circuilt
21, a boosting transformer 22, an oscillator 23 besides
the capacitor 12, and the discharge electrode unit 13 and
the discharge electrode unit 13. The electric discharge
apparatus shown in Fig. 4 is considered to be equivalent
to that shown 1in Fig. 1. The DC power supply 20, the
switching circuit 21, the boosting transformer 22 and the
oscillator 23 collectively represents the alternating
voltage generator 11 shown in Fig. 1 1in the concrete.
More specifically, the 1inductance element 1llb and the
capacitance element 10c shown in Fig. 1 are embodied in a
leakage inductance of the boosting transformer 22 and a
stray capacitance of the boosting transformer 22,
respectively. Alternatively, a choking coil embodying
the inductance element 11b and a capacitor embodying the
capacitor element 1llc may be installed in the electric
discharge apparatus to obtain a desired resonant
characteristic. Fig. 4 shows, by phantom lines, only the
capacitor corresponding to the capacitance element 1llc.

The DC power supply 20 has a pair of output
terminals and applying a direct current voltage to the
switching circuit 21 and the boosting transformer 22
through the output terminals. The switching circuit 21
is shown in Fig. 4 as comprising switching transistors
2la and 21b respectively having three  terminals
consisting of base, emitter and collector terminals, and
diodes 21c and 21d respectively having an anode and a
cathode. The boosting transformer 22 comprises a primary
winding 22a, a secondary winding 22b and a center tap
22c. One of the output terminals of the DC power supply
20 is connected to the center tap 22c¢ of the boosting

transformer 22, while the other of the output terminals
of the DC power supply 20 1is connected to the emitter
terminals of the switching transistors 21la and 21b. The
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collector terminal of the switching transistor 2la 1is
connected to one end of the primary winding 22a of the
boosting transformer 22, while the collector terminal of
the switching transistor 21b 1is connected to the other
end of the primary winding 22a of the Dboosting
transformer 22. The diodes 21c and 21d are 1inversely
connected in parallel to the switching transistors 21a
and 21b, respectively.

The secondary winding 22b of the transformer 22 1is
connected at its one end to the discharge electrode 13a
through the capacitor 12, and at its the other end to the
discharge electrode 13b. The oscillator 23 1is designed
to generate a pulse signal having a frequency and formed
by driving pulses. The frequency of the pulse signal is
requlated by the frequency switching controller 14. The
base terminals of the switching transistors 2la and 21Db
receive the pulse signal from the oscillator 23, so that
the switching transistors 2la and 21b are driven 1in
accordance with the received pulse signal. When the
switching transistor 2la is driven in accordance with the
pulse signal to turn on the electric current through one
of two parts of the primary winding 22a divided by the
center tap 22c, the switching transistor 21b is driven by
the oscillator 23 to turn off the electric current
through the other of the two parts of the primary winding
22a, and vice versa. The operations of “ON/OFF” are
repeated in accordance with the pulse signal from the
oscillator 23 and, as a result, the alternating voltage
is applied to the primary winding 22a of the boosting
transformer 22. The alternating voltage is boosted by
the boosting transformer 22 and applied to the discharge
electrodes 13a and 13b through the capacitor 12.

The frequency control by the frequency switching
controller 14 before the start of the electric discharge
will be described hereinafter with reference to Figs. 5
to 7. When the frequency switching controller 14 gives
the oscillator 23 a command to start the electric
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discharge at a time t0, the frequency of the pulse signal
outputted from the oscillator 23 1is decreased from a
frequency fH toward a frequency f0 in accordance with a
time constant corresponding to CR. At the same time, the
pulse width of the pulse signal outputted <from the
oscillator 23 1s increased from zero toward a
predetermined pulse width in accordance with another time
constant corresponding to CR.

After t=0, an absolute value of the voltage peak
across the discharge electrodes 13a and 13b 1is gradually
increased as shown in Fig. 7(b). The first reason for
this is that the frequency of the pulse signal 1is, at
first, <considerably higher +than fH and dradually
increased from the frequency fH to the frequency f0 with
the lapse of time. The second reason for this 1s that
the pulse width of the pulse signal 1is, at first, zero
and gradually increased from Zero toward the
predetermined pulse width with the lapse of time. If the
voltage peak across the discharge electrodes reaches a
certain voltage peak level in the vicinity of the series
resonant frequency f0 shown in Fig. 6, the electric
discharge is started. The period from the output of the
discharge starting command to the start of the electric
discharge may be a period from 1 to 100 ms as shown 1in
Fig. 7(c). After the electric discharge 1s started, the
frequency and/or the pulse width of the pulse signal are
regulated to control the electric discharge current
flowing through the gap between the discharge electrodes
13a and 13b.

Although the switching circuit 21 is constituted by
the switching transistors 2la and 21b and the diodes 21c
and 21d in the second embodiment, this 1s merely by way
of example and, thus, the switching circuit 21 may be
constituted by an inverter of the half bridge type
disclosed in the foregoing Provisional Patent No. 61-
22555, an inverter of the half-wave type disclosed in the
foregoing Provisional Patent No. 62-40948, or a circuit
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adopting a reverse conducting thyristor as a switching
element. |

Although, furthermore, 1t 1s assumed that the
switching circuit 21 is separately excited 1n accordance
with the pulse signal from the oscillator 23, this 1is
also merely by way of example and, thus, the switching
circuit 21 may be a self-excitation type circuit which 1s
operated to self-determine a frequency for the switching.
In addition, the switching transistors 21 and 21b are
merely by way of example and may be replaced with Field
Effect transistors (each generally referred to as “FET”
for brevity).

If the switching circuit 21 1is modified as
described hereinbefore, the boosting transformer 22 may
be modified. For instance, the center tap 22c 1is
eliminated from the boosting transformer 22, or the
boosting transformer 22 may further comprise an auxiliary
winding. Alternatively, the boosting transformed 22 1is
excluded from the electric discharge apparatus when the
switching circuit 21 is <capable of outputting a
sufficient alternating voltage to cause an electric
discharge in the gap between the discharge electrodes 1l3a
and 13b.

The oscillator 23 may be a free running
multivibrator in which the frequency of the pulse signal
is determined on the basis of the product of a resistance
value multiplied by a capacitance value. For example,
the free running multivibrator comprises two capacitors
having different capacitance values or two resistors
having different resistance values. The frequency of the
pulse signal of the free running multivibrator 1s varied
by changing one of the resistors to the other of the
resistors. Alternatively, the oscillator 23 may be a
voltage controlled oscillator (generally referred to as
“yco0” for brevity) in which the frequency of the pulse
signal 1is varied by regqulating a voltage of a control

signal.
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Although it has been assumed that the output
voltage of the switching circuit 21 1s controlled by
requlating the frequency of the pulse signal outputted
from the oscillator 23, this is merely by way of example
and, thus, the output voltage of the switching circuit 21
may be controlling by modulating the pulse width of the
pulse signal of the switching circuit 21 through pulse
width modulation techniques. In other words, a duty
ratio of the pulse signal of the switching circuit 21 may
be varied to control the output voltage of the switching
circuit 21 and accordingly to control the electric
discharge current. If the alternating voltage V2(fl)
across the discharge electrodes 13a and 13b 1is still
higher than the desired voltage level after the start of
the electric discharge, not only the alternating voltage
across the discharge electrodes 13a and 13b but also the
electric discharge current is decreased by reducing the
duty ratio of the pulse signal.

Referring to Fig. 8 of the drawings, a third
embodiment of the electric discharge apparatus according
to the present invention will be described hereinafter.
The third embodiment of the electric discharge apparatus
includes the same constitutional elements as the second
embodiment of the electric discharge apparatus does. The
constitutional elements of the third embodiment are
respectively designated by the same reference numerals
and symbols as the individual constitutional elements of
the second embodiment are done, with intention of
omitting repeated description thereof.

The electric discharge apparatus is shown in Fig. 8
as comprising an electric discharge current detector 30
provided in a current carrying line connecting at its one
end to the secondary winding 22b of the boosting
transformer 22 and the discharge electrode 13b. The
electric discharge current detector 30 1s designed to
detect an electric current flowing through the current
carrying line between the secondary winding 22b of the
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boosting transformer 22 and the discharge electrode 13b
and inform the frequency switching controller 14 of the
detected electric current. In this embodiment, the
frequency switching controller 14 1s adapted to compare
an absolute value of the detected electric current with a
predetermined value. If the frequency switching
controller 14 detects that the absolute value of the
detected electric current exceeds the predetermined
value, the frequency switching controller 14 considers
that the electric discharge is started, and, subsequently
starts to control the frequency of the pulse signal of
the oscillator 23 to obtain a desired electric discharge
current. The electric discharge current detector 14
comprises, for example, a resistor having a low
resistance value and is operated to rectify and smooth a
voltage across the resistor.

The operation and control of the electric discharge
apparatus are similar to those of the second embodiment
according to the present invention except for the
automatically detection of the electric discharge start.

Referring to Fig. 9 of the drawings, a fourth
embodiment of the electric discharge apparatus according
to the present invention will be described hereinafter.
The fourth embodiment of the electric discharge apparatus
includes the same constitutional elements as the third
embodiment of the electric discharge apparatus does. The
constitutional elements of the fourth embodiment are
respectively designated by the same reference numerals
and symbols as the individual constitutional elements of
the third embodiment are done, with the intention of
omitting repeated description thereof.

The electric discharge apparatus is shown in Fig. 9
as including a feedback controller 40 provided instead ot
the frequency switching controller 14 shown in Fig.8.
The feedback controller 40 is designed to monitor the
electric discharge current based on the output of the
electric discharge current detector 30 to self-correct oOr
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control the electric discharge current, thereby making it
possible to adjust the electric discharge current to a
desired level.

Before the electric discharge current detector 30
detects that the electric discharge current flows through
the gap between the discharge electrodes 13a and 13b, the
frequendy of the pulse signal of the oscillator 23 1is set
to the series resonant frequency fl1 or to a frequency 1in
the vicinity of the series resonant frequency fl Dby the
feedback controller 40. While the electric discharge 1is
continued, the frequency or pulse width of the pulse
signal of the oscillator 23 1s controlled by the feedback
controller 40 to adjust the discharge current to the
desired level.

If the discharge current 1s smaller than a
predetermined current level immediately after the start
of the electric discharge, the frequency of the pulse
signal is decreased toward the series resonant frequency
f2 by the feedback controller 40. The decrement of the
frequency of the pulse signal means that the output
voltage of the switching circuit 21 is 1increased and,
accordingly, the electric discharge current 1is 1increased
and approaches the predetermined current level. If the
electric discharge current exceeds the predetermined
current level, the frequency of the pulse signal of the
oscillator 23 is controlled by the feedback controller 40
to increase. The increment of the frequency of the pulse
signal means that the output voltage of the switching
circuit 21 is decreased and, consequently, the electric
discharge current is held at the predetermined current

level.
If, on the other hand, the electric discharge

current exceeds the predetermined current level
immediately after the start of the electric discharge,
the frequency or the pulse width of the pulse signal is
decreased by the feedback controller 40. The decrement
of the frequency or pulse width results 1in the fact that
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an energy supplied to the secondary winding 22b of the
boosting transformer 22 becomes smaller and, for this
reason, the electric discharge current 1s reduced,
thereby making it possible to cause the electric
discharge current to approach the predetermined current
level. If the electric discharge current 1s smaller than
the predetermined current level, the pulse width of the
pulse signal is increased by the feedback controller 40.
The increment of the pulse width of the pulse signal
results in the fact that the energy supplied to the
secondary winding 22b of the boosting transformer 22 1is
increased and, as a consequence, the electric discharge
current is held at the predetermined current level. It
is noted that the pulse width of the pulse signal
immediately after and before the start of the electric
discharge 1is preferably adjusted approximately to the
largest value, i.e., the duty ratio of the pulse signal
is preferably adjusted approximately to 50%.

As will be understood from  the foregoing
description, the feedback controller 40 enables the
electric discharge apparatus to carry out the feedback
control based on the regulation of the frequency and/or
pulse width of the pulse signal of the oscillator 23.
This means that not only the frequency of the alternating
voltage across the discharge electrodes 13a and 13b can
be set to a desired frequency 1level, but also the
electric discharge current can be automatically held at
the predetermined current level.

If the DC power supply 20 is a battery unit, a

drawback is encountered in that the electric discharge

apparatus is varied in operation characteristic or cannot
adjust the electric discharge current to the desired
current level because of the fact that the output voltage
of the battery is gradually reduced with the lapse of
time. In this instance, the electric discharge apparatus
may further comprise a voltage detector for detecting the
output voltage of the DC power supply 20. The feedback



10

15

20)

25

30

35

26 2185840

controller 40 is operated to increase the pulse width of
the pulse signal of the oscillator 23 toward the largest
level in accordance with the decrement of the output
voltage of the DC power supply 20. The way to eliminate
the drawback may be applied to other embodiments of the
electric discharge apparatuses each 1nclude a battery as
DC power supply. |

The discharge current regqulation or  feedback
control techniques in the foregoing embodiment according
to the present invention may be applied to the prior-art
electric discharge apparatus shown 1in Figs. 16 and 17.
Since the apparatus shown in Fig. 16 comprises a circuit
corresponding to an alternating voltage generator having
a series resonant frequency, the circuit is operated with
a resonant characteristic similar to that represented by
the curve C2 in Fig. 2 after the start of the electric
discharge. Therefore, the foregoing electric discharge
current requlation or feedback control 1is performed Dby
controlling the frequency and pulse width of the pulse
signal supplied to the base terminals of the switching
transistors 106 and 107 shown in Fig. 16. 1In this case,
the frequency of the pulse signal may be set to the
series resonant frequency of the circuit shown in Fig. 16
or to a frequency in the vicinity of the series resonant
frequency.

Referring to Figs. 10 to 11 of the drawings, a
fifth embodiment of the electric discharge apparatus
according to the present invention will be described
hereinafter. The fifth embodiment of the electric
discharge apparatus includes the same constitutional
elements as the first embodiment of the electric
discharge apparatus dose. The constitutional elements of
the fifth embodiment are respectively designated by the
same reference numerals and symbols as the individual
constitutional elements of the first embodiment are done,
with the intention of omitting repeated description

thereotf.
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The electric discharge apparatus 1s shown 1in FIG. 10
as comprising a clamp circuit 50 for clamping the
alternating voltage generated by the alternating voltage
generator 11 in cooperation with the capacitor 12 while the
alternating voltage 1is applied to the discharge electrodes
13a and 13b through the capacitor 12. In this embodiment,
the clamp circuit 50 is a unilateral circuit connected to

the capacitor 12 in series and connected to the discharge

electrode unit 13 in parallel. More specifically, the clamp
circuit 50 is illustrated as comprising a diode 50a and a
resistor 50b connected to each other in series. Note that
the resistor 50b may be a current-limiting resistor having
a relatively large resistance value. In the fifth
embodiment, the capacitor 12 may has a capacitance value
set within 20-100 pF. The series resonant frequency fl may
be set within 10-300 kHz. The resistor 50b may has a
resistance value set within 10 kQ-100 M(Q). Preferably, the
capacitance value of the capacitor 12, the series resonant
frequency fl1, and the resistance value of the resistor 50b
may be set to 60 pF, 60 kHz, and 1 M(), respectively.

Since the discharge electrode unit 13 1s held 1n the
high impedance state before the start of the electric
discharge and since the resistor 50b has the relatively
large resistance value, a load bored by the AC power supply
1la is considered to be a series connection circuilt of the

inductance element 11b and the capacitance element 11lc. The

frequency of the alternating voltage of the AC power supply
1la 1s set to the series resonant frequency fl1 and to a
frequency in the wvicinity of the series resonant frequency
f1. The alternating voltage is supplied from the AC power
supply 1lla to the series connection circuit of the
inductance element 1l1lb and the capacitance element 1lc and,
accordingly, a high series resonant voltage 1s generated at

the output terminals of the alternating voltage generator
11.

S aCa1Er I | [ | 0 N 1E P Jel Rt o 0 ik ¢ A1
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when the series resonant voltage works upon the
diode 50a in a forward direction, the series connection
circuit of the diode 50a and resistor 50b allows a few
electric current to flow through the capacitor 12 and, as
a result, has the capacitor 12 charged. When,
conversely, the series resonant voltage works upon the
diode 50a in a backward direction, the series connection
circuit of the diode 50a and the resistor 50b prevents
the electric current from flowing through the capacitor
12. At this time, the series resonant voltage generated
at the output terminals of the alternating voltage
generator 11 is added to the voltage across the chargea
capacitor 12 and then applied to the discharge electrodes
13a and 13b. Therefore, the voltage across the discharge
electrodes 13a and 13b is varied in the form of sinuous
wave with the lapse of time as shown in Fig. 1ll(a). The
lower voltage peaks of the voltage across the discharge
electrodes 13a and 13b are clamped approximately at a
zero voltage level. The upper voltage peaks of the
voltage across the discharge electrodes 13a and 13b are
gradually increased. After several repetitions of the
cycle of the voltage variation, the electric discharge
between the discharge electrodes 13a and 13b 1is caused tTO
start. As a result, the electric discharge current
starts to flow through the gap between the discharge
electrodes 13a and 13b as shown in Fig. 1l1l(b).

when the electric discharge 1is started, the
discharge electrode unit 13 serves as a low 1impedance
state load. This results in the fact the capacitance
element 1lc and the capacitor 12 are considered to be a
parallel connection circuit. Since the resistance value
of the resistor 50b is relatively large, the resistor 50Db
has no influence upon the parallel connection circuilt of
the capacitance element 1llc and the capacitor 12. The AC
power supply lla, therefore, bears a load comprising the
inductance element 11b and the parallel connection
circuit of the capacitance element 1llc and the capacitor
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12. After the start of the electric discharge, the electric

discharge apparatus shown in FIG. 10 has a series resonant
frequency characteristic similar to that represented by the
curve C2 shown in FIG. 2 and, for this reason, the output
voltage of the alternating voltage generator 11 can reach
the voltage peak V2(f2) at the series resonant frequency f2
as shown in FIG. 2.

As will be appreciated from the foregoing description,

the resonant voltage shown in FIG. 11(a) has upper voltage

peaks which are respectively twice as large as those shown

in FIG. 3(a). Even if the AC power supply 1lla has a small
output voltage 1in comparison with that of the first
embodiment, the electric discharge apparatus can start the
electric discharge. It 1is assumed that the alternating
voltage generator 11 comprises a DC power supply and a
switching circuit. Even if the DC power supply has a small
output voltage in comparison with that of the second
embodiment, the electric discharge apparatus can start the
electric discharge. It 1is, in addition, assumed that the
alternating voltage generator 11 comprises a boosting

transformer. Even if the boosting transformer has a small

boosting ratio 1in comparison with that of the second
embodiment, the electric discharge apparatus can start the
electric discharge. Therefore, the electric discharge
apparatus can be simplified in construction.

Although the clamp circuit 50 includes only one diode
in this embodiment, the clamp circuit 50 may 1includes a
plurality of diodes connected 1in series. The series
connection of diodes enables the clamp circuit 50 to
withstand the high voltage. If, however, desired, the clamp
circuit 50 may includes no diode. The clamp circult 50 may
be a unilateral circuit which comprises not the diode but a
unilateral element allowing an electric current to flow 1in
a forward direction and preventing the electric current
from flowing in a backward direction. Alternatively, the

unilateral



10

19

20

25

30

39

02185840

circuit may comprise a complex circuit 1including the
unilateral element.

Although, furthermore, the clamp circuit 50 shown
in Fig. 10 is a positive clamper as appreciated from Fig.
11(a), the clamp circuit 50 may be a negative clamper
having the diode 50a reversed and connected to the
resistor 50b. Alternatively, the clamp circuit 50 may be
a base clamper or a peak clamper including a bilas power
supply connected to the diode 50a in series.
Alternatively, furthermore, the clamp circuit 50 may be
any circuit, provided the circuit causes the electric
discharge in the gap between the discharge electrodes 1l3a
and 13b by adding DC components to a wave form having no
DC component, and further provided the circuit 1s capable
of starting the electric discharge with stability.

Since the resistor 50b of the clamp circuit 50 has
the relatively large resistance value, the wundesired
influence by the resistor 50b upon the electric discharge
apparatus is little during the electric discharge. If,
however, desired, the <clamp circuit 50 may further
comprise a switching unit connected to the resistor 50b
in parallel. The switching unit assumes two different
switching positions consisting of a first switching
position in which both ends of the resistor 50b are
short-circuited to disable the resistor 50b, and a second
switching position in which the short circuit of the both
ends of the resistor 50b 1is canceled to enable the
resistor 50b.

Referring to Fig. 12 of the drawings, a sixth
embodiment of the electric discharge apparatus according
to the present invention will be described hereilnafter.
The sixth embodiment of the electric discharge apparatus
includes the same constitutional elements as the first
embodiment of the electric discharge apparatus does. The
constitutional elements of the sixth embodiment are

respectively designated by the same the reference
numerals and symbols as the individual constitutional
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elements of the first embodiment are done, with the
intention of omitting repeated description thereof.

The electric discharge apparatus is shown 1in Fig.
12 as comprising a resistor 60 connected 1in parallel to
and bypassing the capacitor 12. The resistor 60 has a
resistance value incomparably 1larger than a reactance
value of the capacitor 12. The capacitor 12 and the
resistor 60 as a whole form a parallel connection circuit
61. Similarly to the five embodiment, the capacitor 12
may has a capacitance value set within 20 - 100 pF and
the series resonant frequency f1 may be set withirn 10 -
300kHz. The resistor 60 may has a resistance value set
within 10 k@Q - 100 MQ2. Preferably, the capacitance value
of the capacitor 12, the series resonant frequency f1,
and the resistance value of the resistor 60 may be set to
60 pF, 60 kHz, and 1 MQ, respectively.

The AC power supply 1lla . bears a load which 1is
considered to be a series connection circuit of the
inductance element 11b and the capacitance element 11cC
before the start of the electric discharge because of the
fact that the discharge electrode unit 13 is held 1in the
high impedance state and that the resistance value of the
resistor 60 is extremely large. First, the frequency ot
the alternating voltage of the AC power supply lla 1s set
to the series resonant frequency fl1 or to a frequency 1in
the vicinity of the series resonant freqtiency fl. The
alternating voltage is supplied from the AC power supply
lla to the series connection circuit of the 1inductance
element 11b and the capacitance element 1lc and,
accordingly, a high series resonant voltage 1s generated
at the output terminals of the alternating voltage
generator 11. The resonant voltage is divided into two
voltages, one of the voltages being applied to the
parallel connection circuit 61 and the other of the
voltages being applied to the discharge electrode unit
13. The voltage across the discharge electrode unit 13
is varied in the form of a sinuous <curve and,
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accordingly, has an absolute voltage peak level gradually
increased with the lapse of time as shown Fig. 3(a).
After several repetitions of the cycle of the voltage
variation, the electric discharge between the discharge
electrodes 13a and 13b 1is started. As a result, the
electric discharge current flows through the gap between
the discharge electrodes 13a and 13b as shown in Fig.
3(b).

wWwhen the electric discharge 1s started, the
discharge electrode unit 13 serves as a low 1impedance
load. At the same time, the capacitance element 1lc and
the capacitor 12 are considered to be a parallel
connection circuit. Since the resistance value of the
resistor 60 1is extremely 1large, the resistor 60 has
little influence upon the parallel connection circuit of
the capacitance element 1llc and the capacitor 12. The AC
power supply lla, therefore, bears a load comprising the
inductance element 11b and the parallel connection
circuit of the capacitance element 1llc and the capacitor
12. After the start of the electric discharge, the
electric discharge apparatus shown 1in Fig. 12 has a
series resonant  characteristic similar to that
represented by the curve C2 shown in Fig. 2 and, for this
reason, the voltage across the discharge electrodes 1l3a
and 13b can reach a voltage peak at the series resonant
frequency f2.

In the sixth embodiment of the electric discharge
apparatus according to the present invention, the
resistor 60 is connected in parallel to and bypasses the
capacitor 12 and accordingly results in the following
advantages. Even if the AC power supply 1lla has a small
output voltage in comparison with that of the first
embodiment, the electric discharge apparatus can start
the electric discharge. It 1is assumed that  the
alternating voltage generator 11 comprises a DC power
supply and a switching circuit. Even if the DC power
supply has a small output voltage in comparison with that
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of the second embodiment, the electric discharge
apparatus can start the electric discharge. It 1is, 1n
addition, assumed that the alternating voltage generator
11 comprises a boosting transformer. Even 1f the
boosting transformer has a small boosting ratio 1n
comparison with that of the second embodiment, the
electric discharge apparatus can start the electric
discharge. Therefore, the electric discharge apparatus
can be simplified in construction. Since the resistor 60
has the relatively large resistance value, the resistor
60 has 1little undesired influence upon the electric
discharge apparatus during the electric discharge. If,
however, desired, the resistor 60 1is disconnected from
the capacitor 2 after the electric discharge 1s started.

Referring to Figs. 13 to 15 of the drawings, a
seventh embodiment of the electric discharge apparatus
according to the present invention will be described
hereinafter. The seventh embodiment of the electric
discharge apparatus includes the same constitutional
elements as the fourth embodiment of the electric
discharge apparatus does. The constitutional elements of
the seventh embodiment are respectively designated by the
same reference numerals and symbols as the 1individual
constitutional elements of the fourth embodiment are
done, with the intention of omitting repeated description
thereof.

The electric discharge apparatus is shown 1in Fig.
13 as comprising a resistance unit 70 interposed between
the electric discharge current detector 30 and the
discharge electrode 13b and connected to the discharge
electrode unit 13 in series. The resistance unit 70 has
a variable resistance value. The feedback controller 40
is operated to regulate the resistance value of the
resistance unit 70 to control the electric discharge
current. The resistance unit 70 comprises, for example,
a resistor connected the discharge electrode unit 13 1in
series, and a switch connected to the resistor 1in
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parallel. The switch assumes two different switching
positions consisting of a first switching position in
which both ends of the resistor are short-circuited to
disable the resistor, and a second switching position 1in
which the short circuit of the both ends of the resistor
is canceled to enable the resistor. The electric
discharge apparatus thus constructed 1is 1intended to
stabilize the electric discharge current to an arbitrary
value variable throughout a wide current range.

Firstly, the basis of the advantage resulting from
the resistance unit 70 will be described hereinlater with
reference to Figs. 14 and 15. Fig. 14 shows a simple
electric discharge circuit comprising an alternating
voltage generator 71 in addition to the discharge
electrode unit 13. The alternating voltage generator 71
comprises an AC power supply 72 generating an alternating
voltage and a current-limiting resistor 73 interposed
between the AC power supply 72 and the discharge
electrode 13a. The output voltage of the AC power supply
72 is applied to the discharge electrode unit 13 through
the current-limiting resistor 73 as well as through
internal resistance of the AC power supply 72 and so on.
The internal resistance has an impedance varilied
imperceptibly. From the view of the discharge electrode
unit 13, the alternating voltage generator 71 has an
internal impedance that 1is wvaried within a narrow
impedance range. In the electric discharge circuit thus
constructed, the output voltage of the alternating
voltage generator 71 is varied within a narrow voltage
range depending upon the foregoing narrow impedance range
and, as a consequence, the electric discharge current 1is
variable only within a narrow current range based on the
narrow voltage range. In a conventional electric
discharge circuit, the electric discharge current 1s
controlled by regulating the output voltage of the AC
power supply. The AC power supply is, therefore, required
to reduce its output voltage in order to decrease the
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electric discharge current. If, however, the output
voltage 1s decreased approximately to a voltage for the
maintenance of the electric discharge, the electric
discharge is unsteadied and, at the worst, stopped.

Therefore, in order to hold the electric discharge
in a stable state, the electric discharge current 1is
required to be requlated under the condition that the
output voltage of the AC power supply 1s sufficiently
higher than an electric discharge maintenance voltage, or
a voltage for the maintenance of the electric discharge.
In the apparatus shown in Fig. 14, the variation of the
internal impedance is within the narrow 1mpedance range,
so that the electric discharge current cannot |Dbe
requlated within a wide current range. 1In addition, the
internal impedance is required to be 1increased 1n order
to decrease the electric discharge current. The
increment of the internal impedance, however, results 1in
the fact that the apparatus has a large power loss and,
for this reason, works with low efficiency.

Fig. 15 shows an electric discharge apparatus
constructed in view of the forgoing drawbacks of the
circuit shown 1in Fig. 14. The electric discharge
apparatus shown in Fig. 15 further comprises a resistor
74 interposed between the AC power supply 72 and the
discharge electrode 13b, and a switch 75 connected to the
resistor 74 in parallel. More specifically, the resistor
74 and the switch 75 are connected to the lower voltage
side electrode 13b of the discharge electrode unit 13.
The switch 75 1is adapted to assume two different
switching positions consisting of a first switching
position in which both ends of the resistor 74 are short-
circuited to disable the resistor 74, and a second
switching position in which the short circuit of the both
ends of the resistor 74 1s canceled to enable the
resistor 74. The first switching position means that the
switch 74 is in the “ON” condition, while the second

switching position means that the switch 74 1is 1in the
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“OFF” condition. Although the switch 74 may be a manual
switch, the switch 74 may be, preferably, a field effect
transistor switch which 1is of a photo-coupler type
capable of insulating the circuit from a controller.

When a small electric discharge current is intended
to flow through the discharge electrode unit 13 1n the
circuit shown in Fig. 15, the switch 75 1is changed to the
“OFF” condition, thereby enabling the resistor 74. As a
consequence, the internal impedance of the circuit from
the view of the discharge electrode unit 13 1s 1ncreased,
so that the output voltage of the alternating voltage
generator 71 becomes sufficiently high with respect to
the electric discharge maintenance voltage. This means
that, even 1f a small electric discharge current 1is
intended to flow through the discharge electrode unit 13,
the electric discharge current can be stabilized. When,
on the other hand, a large electric discharge current 1is
intended to flow through the discharge electrode unit 13,
the switch 75 is changed to the “ON” condition, thereby
bypassing and disabling the resistor 74. As a result,
the internal impedance of the circuit form the view of
the discharge electrode unit 13 1is reduced, so that the
circuit enables the large discharge current to flow
through the discharge electrode unit 13, thereby making
it possible to cause the circuit to work with efficiency.
In the electric discharge apparatus shown in Fig. 15 and
thus constructed, the impedance range throughout which
the internal impedance from the view of the discharge
electrode unit 13 is wvariable can varied 1n accordance
with the operation of the switch 75. Therefore, the
current range throughout which the electric discharge
current is controllably variable is increased with
efficiency.

The operation of the electric discharge apparatus
shown in Fig. 15 will be described hereinafter in detail.

When the AC power supply 72 1s operated to generate a
high voltage, a dielectric breakdown is caused in the gap
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between the discharge electrodes 13a and 13b and,
accordingly, the electric discharge current is allowed to
flow through the discharge electrode unit 13. At this
time, the switch 75 may be held in the “ON” condition.
The electric discharge current flowing through the
circult 1s represented by “I” and defined by an equation
described as follows:

I = Vout/(R+r,)
where *“Vout” 1s indicative of the output voltage of the
AC power supply 72, *“R” 1s 1indicative of the resistance
value of the current-limiting resistor 71, and “r,” is
indicative o0of an 1mpedance between the discharge
electrodes 13a and 13b at a time when the electric
discharge held in a constant state. When the electric
discharge current 1s intended to decrease, the output
voltage Vout 1s required to decrease. If the output
voltage Vout approaches the electric discharge
maintenance voltage, the electric discharge becomes
unsteady. When, on the other hand, the resistor 74 1is
enable by changing the switch 75 to the “OFF” condition
with the intention of decreasing the electric discharge
current, the electric discharge <circuit allows an
electric discharge current I’ to flow therethrough. The
electric discharge current “I’'” 1s defined by an equation
described as follows:

I’ = Vout/(R+r+r,)
where *“r” 1s 1indicative of the resistance value of the
resistor 74. As will be understood from the eqgquations,
the latter electric discharge current I’ 1s larger than

the former electric discharge current I under the same
output voltage Vout. If the electric discharge current
decreased to a small level 1is 1intended to be restored to

a large level, the 1intention 1s accomplished Dby
decreasing the output voltage Vout of the AC power supply
72. If the «circuit comprises a current detector

detecting the electric discharge current to carry out a
feedback control under which the electric discharge
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current is held at a constant level, the output voltage
vout 1is 1ncreased to such an extent that the latter
electric discharge current I’ 1s equal to the former
electric discharge current I.

According to the c¢ircuit shown 1n Fig. 15, the
output voltage of the alternating voltage generator 71 is
held at a level which 1s sufficiently 1larger than the
electric discharge maintenance voltage. Accordingly, the
electric discharge can be stabilized even 1f a small
electric discharge current 1s 1intended to flow through
the circuit. In other words, the circuit causes a small
discharge current to flow therethrough with stability by
increasing the internal impedance of the circuit from the
view of the discharge electrode unit 13, thereby making
it possible to enlarge a current range throughout which
the electric discharge current to be set for a desired
electric discharge is variable.

Although the alternating voltage generator /1
includes only one resistor 74 except the current-limiting
resistor 73, the alternating voltage generator 71 may
includes a plurality of resistors collectively forming a
resistance unit and respectively having resistance values
different from one another. In the resistance unit, one
of the resistors 1s selected and connected to the
circuit, so that the resistance unit has a resistance
value variable depending upon the selection of the
resistors. Alternatively, the circuit may 1include a
variable resistor instead of the resistance 74 and the
switch 75. When the resistance unit or the variable
resistor is adopted, the apparatus 1is operated to
regulate the resistance value of the resistance unit or
the variable resistor to perform the feedback control for
the electric discharge current.

Returning back to Fig. 13 of the drawings, the
control of the resistance unit 70 will be described
hereinafter. The resistance unit 70 1s constituted for
example by the parallel connection circuit of the
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resistor 74 and the switch 75 shown 1in Fig. 15, or other
variable resistance units each having a variable
resistance value. Although a resistance element
corresponding to the current-limiting resistor 73 1s not
shown in Fig. 13, the resistance element may be 1included
in the resistance unit 70. The reason why the resistance
unit 70 is provided on a lower potential line between the
discharge current detector 30 and the discharge electrode
13b is that the discharge current detector 30 1is
connected to a grounded line.

Before the start of the electric discharge, the
resistance value of the resistance unit 70 1s held at a
low level by the feedback controller 40. When the
electric discharge current is larger than a desired level
immediately after the start of the electric discharge,
the pulse width or duty ratio of the pulse signal of the
oscillator 23 1is reduced and, at the same time, the
resistance value of the resistance unit 70 1s controlled
to increase. This means that the internal impedance 1s
increased and, accordingly that electric discharge
current is decreased to approach the desired level. When
the electric discharge current is smaller than the
desired level, the pulse width or the duty ratio of the
pulse signal of the oscillator 23 1is 1increased. This
results in the fact that output voltage of the secondary
winding 22b of the boosting transformer 22 1is 1increased
and, for this reason, the electric discharge current is
held at the desired level. On the other hand, the
feedback controller 40 may be operated to control the
frequency of the pulse signal of the oscillator 23. The
fact that the control of the resistance value of the
resistance unit 70 as well as the feedback control by
varying the pulse width and/or the frequency of the pulse
signal of the oscillator are carried out, results 1in
enlarging a current range throughout which the electric
discharge current value to be set for the desired

electric discharge is variable.
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If the DC power supply 20 1s a battery unit, the
apparatus further may comprise detecting means for
detecting an output voltage of the DC power supply 20.
If the detecting means detects that the output voltage is
decreased, the resistance value of the resistance unit 70
1s manually or automatically controlled to decrease. The
way to vary the 1internal 1mpedance of the electric
discharge circuit can be applied to the apparatus shown
in Fig. 16 or other electric discharge apparatuses each
employing a DC high voltage source.

The many features and advantages of the invention

are apparent from the detailed specification and thus it
1s 1ntended by the appended claims to cover all such

features and advantages of the 1invention which fall
within the true spirit and scope thereof. Further, since
numerous modifications and changes will readily occur to
those skilled in the art, it is not desired to limit the
invention to the exact construction and operation
1llustrated and described, and accordingly, all suitable
modifications and equivalents may be resorted to, falling
with the scope of the invention.
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The embodiments of the i1nvention 1in which an exclusive

property or privilege is claimed are defined as follows:

1. A method of supplying an electrical energy to a pair of

discharge electrodes spaced apart from each other to cause

an electric discharge 1in a gap between said discharge

electrodes, comprising the steps of:

(a) preparing an alternating voltage generator for
generating, as said electrical energy, an alternating
voltage having a frequency, and a capacitor connected to
sald discharge electrodes 1in series, said alternating
voltage generator having a series resonant frequency;

(b) applying said alternating voltage of sald
alternating voltage generator to sailid discharge electrodes
through said capacitor;

(c) setting the frequency of said alternating voltage

gy

approximately to the series resonant frequency of said

alternating voltage generator to cause a dielectric
breakdown 1in and allow an electric discharge current to
flow through the gap between said discharge electrodes; and

(d) clamping said alternating voltage applied to said
discharge electrodes through said capacitor to add a direct

current component to salid alternating voltage.

2. A method of supplying an electrical energy to a pair of
discharge electrodes spaced apart from each other to cause
an electric discharge 1in a gap between said discharge
electrodes, comprising the steps of:

(a) preparing an alternating voltage generator for

generating, as said electrical energy, an alternating

voltage having a frequency, and a capacitor connected to
said discharge electrodes 1in series, sald alternating
voltage generator having a series resonant frequency;

(b) applying said alternating voltage  of said
alternating voltage generator to said discharge electrodes
through said capacitor;

(c) approximating the frequency of said alternating

voltage approximately to the series resonant frequency of
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said alternating voltage generator to cause a dielectric
breakdown in and allow an electric discharge current to
flow through the gap between said discharge electrodes; and

(d) clamping said alternating voltage applied to said
discharge electrodes through said capacitor to add a direct

current component to said alternating voltage.

3. A method as set forth in claim 2, in which the frequency
of said alternating voltage 1is approximated to the series
resonant frequency of sailid alternating voltage generator

from a frequency higher than the series resonant frequency.

4. A method as set forth in claim 2, further comprising the

step (e) of —controlling said electric discharge Dby

pr—

regulating the frequency of said alternating voltage after

said electric discharge between sailid discharge electrodes

1s started.

5. A method as set forth in c¢laim 4, 1in which said

-
p—

controlling step (e) comprises the steps of:

(el) generating a pulse signal having a frequency and
formed by driving pulses;

(e2) generating a direct current voltage;

(e3) inverting said direct current wvoltage to said
alternating voltage in accordance with said pulse signal;
and

(e4) regulating the frequency of said pulse signal to

regulate the frequency of said alternating voltage.

6. A method as set forth in claim 2, further comprising the

step (e) of controlling said electric discharge current
after said electric discharge Dbetween said discharge
electrodes is started, said controlling step (e) comprising
the steps of:

(el) generating a pulse signal having a frequency and
formed by driving pulses respectively having pulse widths;

(e2) generating a direct current voltage;
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(e3) inverting sailid direct current wvoltage to said
alternating voltage in accordance with said pulse signal;
and

(e4) regulating the pulse widths of said driving

pulses to control said electric discharge current.

7. A method as set fort in claim 2, in which said preparing
step (a) comprises the step of preparing a resistance unit
connected to said discharge electrodes in series and having
a variable resistance unit in said applying step (b), and
said method further comprising the step (e) of
regulating the resistance value of said resistance unit to
enlarge a current range throughout which the electric

discharge current is a variable.

8. A method as set forth 1n c<¢laim 2, in which said
preparing step (a) comprises the step of preparing a
resistor connector in parallel to and bypassing said

capacitor, said resistor having a resistance value

substantially larger than a reactance value of said
capacitor, and

salid alternating <voltage being applied to said
discharge electrodes through said capacitor and said

resistor in said applying step (b).

9. An apparatus for supplying a electrical energy to a pailr
of discharge electrodes spaced apart from each other to
cause an electric discharge in a gap between said discharge
electrodes, comprising;

a capacitor connected to said discharge electrodes 1n

serlies;

an alternating voltage generator for generating, as

said electrical energy, an alternating voltage having a
frequency to apply said alternating voltage to said

discharge electrodes through sald capacitor, salid

alternating voltage generator having a series resonant

frequency;

. LA ] BTG 3 AN AP AN e 0 Pt N e B T Ay e RS T b :
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frequency setting means for setting the frequency of
said alternating voltage approximately to said series
resonant fregquency of said alternating voltage generator to
cause a dielectric breakdown 1n and allow an electric
discharge current to flow through the gap between said
discharge electrodes; and

clamping means for clamping sald alternating voltage
applied to said discharge electrodes through said capacitor
to add a direct current component to said alternating

voltage.

10. An apparatus for supplying an electrical energy to a
pair of discharge electrodes spaced apart from each other
to cause an electric discharge 1in a gap between said
discharge electrodes, comprising:

a capacitor connected to said discharge electrodes 1n
series;

an alternating voltage generator for generating, as

said electrical energy, an alternating voltage having a

frequency to apply said alternating voltage to said

discharge electrodes through said capacitor, said
alternating voltage generator having a serilies resonant
frequency;

frequency approximating means for approximating the
frequency of said alternating voltage to said series

resonant frequency of said alternating voltage generator to

cause a dielectric breakdown 1n and allow an electric

discharge current to flow through the gap between said
discharge electrodes; and

clamping means for clamping said alternating voltage
applied to said discharge electrodes through said capacitor
to add a direct current component to said alternating

voltage.

11. An apparatus as set forth in claim 10, 1n which the
frequency of said alternating voltage 1s approximated to

the series resonant frequency of said alternating voltage
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generator from a fregquency higher than sailid series resonant

frequency.

12. An apparatus as set forth 1n c¢laim 10, further
comprising current controlling means for controlling said
electric discharge current by regulating the freguency of
sald alternating voltage after said electric discharge

between said discharge electrodes 1s started.

13. An apparatus as set forth in claim 12, 1n which said
current controlling means comprises a pulse signal
generator for generating a pulse signal having a frequency
and formed by driving pulses, and a frequency control
circuit for regulating the frequency of said pulse signal
to control said electric discharge current, and

sald alternating voltage generator comprising a direct
current power supply for generating a direct current
voltage, and an 1inverting circult 1nterposed between said
direct current power supply and sailid discharge electrodes
for i1inverting said direct current <voltage to said
alternating voltage 1in accordance with said pulse signal

generated by saild pulse signal generator.

14. An apparatus as set forth i1in c¢laim 10, further
comprising current controlling means for controlling said
electric discharge current after said electric discharge
between sailid discharge electrodes 1s started,

sald current controlling means comprising a pulse

signal generator for generating a pulse signal having a

frequency and formed by driving pulses respectively having

pulse widths, and a pulse width control circuit for

P

regulating the pulse widths of said driving pulses to

control said electric discharge current, and

sald alternating voltage generator comprising a direct
current power supply for generating a direct current
voltage, and an inverting cilrcult 1nterposed between said
direct current power supply and said discharge electrodes

for inverting said direct current —voltage to said
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alternating voltage in accordance with said pulse signal

generated by said pulse signal generator.

15. An apparatus as set forth in c¢laim 10, which forms a
fusion splicing apparatus for splicing a pair of optical
fibers to each other by exerting said electric discharge

upon said optical fibers.

16. An apparatus as set forth in claim 10, 1in which said
clamping means comprises a unilateral circuit connected to

said discharge electrodes 1in parallel.

17. An apparatus as set forth in claim 16, 1n which said
unilateral circuit comprises a diode and a resistor

connected to each other 1in series.

18. An apparatus as set forth in claim 10, in which said

alternating voltage generator comprises:

an alternating current power supply for generating a
primary alternating voltage; and

a boosting transformer for boosting the 1nitial
alternating voltage to generate a secondary alternating

voltage corresponding to said alternating voltage.

19. An apparatus as set forth 1in c¢laim 10, further
comprising:

a resistance unit connected to said discharge
electrodes 1in series and having a variable resistance
value;

resistance regulating means for regulating the
resistance value of said resistance unit to regulate said
electric discharge current to enlarge a current range
throughout which the electric discharge current 1S

variliable.

20. An apparatus as set forth in claim 19, 1n which said

resistance unit comprises:
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a resistor connected to said discharge electrodes 1n
gserlies; and

a switch connected to said resistor in parallel, said

swltch assuming two different switching positions

consisting of a first switching position in which both ends

gr—

of =said resistor are short-circulted to disable said

resistor, and a second switching position 1n which the

short circuit of the both ends of said resistor is canceled

to enable said resistor.

21. An apparatus as set forth 1in c¢laim 10, further
comprising a resistor connected 1in parallel to and

bypassing said capacitor, said resistor having a resistance

value substantially larger than a reactance value of said

capacitor.

22. An apparatus as set forth 1in c¢laim 21, further

comprising disconnecting means for disconnecting said
resistor from said capacitor after said electric discharge

between sailid discharge electrodes 1s started.



TARAL! M (o o = SRl GRARA PRRA PR o b ol Nl AW JIPAYTdpym g mmmm N gydlpndapame o e ww U AP L P ——r AN - W P B e e A —

R A
| ALTERNATING 11b : 12
| VOLTAGE GENERATOR
| 50 C Y
| |
| |
| |
|
. ACPOWER 18 :
| SUPPLY o |
| 11c |
| | 13b
| |
| |
: A
I
[ )
14
FREQUENCY SWITCHING CONTROLLER
(1]
O
=
3 FIG. 2
=
E"‘
-
o,
=
-
O
VIED) L o o o e o e o e
; VOLTAGE FOR
- ——— - —— — Jl - ——— = ——— - - DISCHARGE START
|
V2(f2) :
|
: cl
|
|
V2(f1) :
|
f2 f] FREQUENCY

PATENT AGENTS




T el o e —— — TS TI WM Y l ~ &

21835840

‘e

.

START OF
ELECTRIC DISCHARGE
” ~ g
”
””
P ”~
”
P v
FIG. 3(a) 7 WF3
P A
P ”
VOLTAGE ACROSS
DISCHARGE ELECTRODES ~
b “~
™ ~
FIG. 3(b) Y
~ WF4
ELECTRIC DISCHARGE 7\ /\{' 7\
CURRENT
| SWITCHING CIRCUIT | 22

21c

/ 12

|
|
20 l
| ~ |
! ~ 22b |
| o/ |
I @ | 13a
o~ |
DC | - ——
POWER - N
SUPPL " : | lic
® | 13b
) |
& I

/.

14
23 ™ 0SCILLATOR FREQUENCY SWITCHING CONTROLLER

PATENT AGENTS




OUTPUT VOLTAGE

VOLTAGE

t=t0

2183840

Fig. 5
=1 TIME
FIG. 6
i
|
|
I
| I
I
| I
I | I
| | |
| | | |
i
: : ! | cl
| | I
| c2 | '
| i
I ' |
I I I
fo M fH
FREQUENCY OF
DRIVING PULSE SIGNAL

PATENT AGENTS



2185840

ELECTRIC

DISCHARGE
FI1G. 7(a) START

COMMAND

VOLTAGE -

FIG.70) (T 4

ELECTRODES ~

ELECTRIC
FIG. 7(c) DISCHARGE

CURRENT

]~100ms
|<——————- —

PATENT AGENTS



= i 7
| SWITCHING CIRCUIT

21c

20

g

23~ OSCILLATOR

mm e .
SWITCHING CIRCUIT

21c

20

v}as{v
NO00VO00/

w
'

-

SUPPL

23 OSCILLATOR

2183840

FIG. 8
22
J 22b e
22a |
<P
= | 13
|
3|l ! J
A B —— 13a
@ <P —'-T
& »
~ C |
) |
> |

30 ‘
ELECTRIC DISCHARGE
CURRENT DETECTOR.

4

1
FREQUENCY SWITCHING CONTROLLER

12

! /1 3

13b

l1lc

30
ELECTRIC DISCHARGE
CURRENT DETECTOR
/

40
FEEDBACK CONTROLLER

N
D

(-
N
o
unuuuu\t
b2

.._.__._;l |.._..____...

PATENT AGENITS




2183840

FIG. 10

ALTERNATING

VOLTAGE GENERATOR

11b 12

50b

Ila

AC POWER

s
=
&
g

11c 50a

AERES whieny GEmanl EMM (Rial $ Spman  veen | apanl

3\.‘";/‘“"""‘“!

FREQUENCY SWITCHING CONTROLLER

14

' START OF ELECTRIC DISCHARGE
>
”
”
-
”
”
”
»”
S
”
”
P ”
/ WES
VOLTAGE ACROSS -
FIG. 11(a) DISCHARGE
ELECTRODES

WF6
ELECTRIC

FIG. 11(b) DISCHARGE e VAV '\/
CURRENT

PATENT AGENIS

sty Gyilerg Komarnllt




2183840

21d CURRENT UNIT
/. |DETECTOR

11
_/ 61
= e e e e e — e — —— — -\ —-—————
| ALTERNATING 11b | r 12 ll/
| VOLTAGE GENERATOR |
| JOU | |
I
| | | I
| : | I
| 11a H“"*L_“J
| ACPOWER | 60
i  SUPPLY o
| llc/ :
: |
| I
I
: A
I
I .
14
/21
| SWITCHING CIRCUIT 22
: 21c¢ : / 220 2
l 2
g ugntg i 3
| @ ' \
| ! ~ |
I <® <P |
| A8 132
4 %
1 | | >l 30 130 QA
4 : h
| I / 70
| ~ | /
| * | - i |ELECTRIC
| > | DISCHARGE| |RESISTANCE
I
I

23 ™~ OSCILLATOR FEEDBACK CONTROLLER I

40
PATENT AGENTS

Wurbecy Gilrsg Komastt




2183840

FIG. 14

71

_ll..ll T T e et o S— e — — — Qll.llll-_
_ |
| |
| |
| _
_ o _
_ — _
_ |
| _
| _
| |
_ N |
_ |
_ _
_ _
i G _
| o e e e e _

FIG. 15

PATENT AGENTS

%%7@4“%

y)



YrassrasLLs -—re Fh gt b e ¢ T T AW 88 PR S8 il A

2185840

FIG. 16
PRIOR ART
102
108
104 ) 105a 103
v 111
) HIGH IMPEDANCE \
~ RESISTANCE UNIT N;:
DC S FOR CHARGE v
POWER P~ 1032 A
SUPPL ~ DC HIGH
S VOLTAGE | %
GENERATING 103b
* CIRCUIT o
109
Fig.17
PRIOR ART
C 110

v 110a
I 110b

110c

PATENT AGENTS



§

O
N
O
N~
0O
O\

ery byl Py

SINIADY INFLVd

\/\v\/\zlllll

cdM

[dM

HOAVHOSIA OTALOATH A0 LIVIS

LNHY A1
HOAVHOISIA OTYLOH T

SHUOALIOHTH HOYVHOSIA
5SSO HIV HOVLIOA

DIV IONd
(@81 DOIA

IV I0rdd
()81 'OIA



e T e e e Ee o wmm e ome e s emmem— l

ALTERNATING 11b
VOLTAGE GENERATOR

lla

AC POWER
SUPPLY o

l11c

FREQUENCY SWITCHING CONTROLLER

14

12

/13

13a

13b



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - abstract drawing

