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DESCRIPTION

FIELD OF THE INVENTION

[0001] This invention relates to a pulse generating system for generating high voltage pulses to energize an electrostatic
precipitator (ESP), said system comprising a first power supply and a second power supply, where said second power supply is
arranged to pre-charge said electrostatic precipitator to a DC voltage; a storage capacitor and a series inductance; and a
switching device coupled in parallel with an anti-parallel rectifier device; wherein said system is arranged to be coupled to said
electrostatic precipitator.

BACKGROUND OF THE INVENTION

[0002] Electrostatic precipitators can be used for collection and thus removal of particulate from a gas stream in industrial
processes. The density of particles in the gas stream can be reduced significantly by charging the particles by, via the discharge
electrode of the electrostatic precipitator, generating charge carriers to become attached to the particles in the gas stream, and
by applying a high voltage field so that the charged particles are forced towards the positive anode of the electrostatic
precipitator, thereby removing the charged particles from the gas stream. The collected particles form a dust layer on the anode
of the electrostatic precipitator, which is removed periodically by means of mechanical rapping devices.

[0003] The performance of an electrostatic precipitator energized can be impaired when treating high resistivity dust particles.
The high resistivity dust causes a high electric field on the dust layer of collected particles in the electrostatic precipitator, which in
turn can cause the electrical break-down of the dust layer, a phenomenon known as 'back-corona' or 'back-ionization'.

[0004] Back-corona means that positive ions are generated by the breakdown of the dust layer, which neutralizes the beneficial
negative ions generated by the discharge electrodes, which are used for charging the dust particles negatively. The result is a
decreased voltage applied to the electrostatic precipitator and re-entrainment of the dust particles back to the gas stream due to
small eruptions on the dust layer.

[0005] In present electrostatic precipitators being pulse energized, typically a smooth DC voltage with superimposed high voltage
pulses of short duration is applied to the electrostatic precipitators. The pulse width typically lies in the order of or above 100 ps
repeated at a certain frequency in the range of 1 to 400 pulses/s. The average current can be controlled by varying the pulse
repetition frequency of a switching device in the system, while maintaining the voltage level applied to the electrostatic
precipitator. In this way it is possible to limit or eliminate the generation of back corona and its negative effects to a large extent. It
should be noted that the storage capacitor, the switching device and the inductance constitutes a series resonant circuit.

[0006] Two main architectures of pulse systems for precipitators exist: one based on switching at low potential and one based on
switching at high potential. The first type normally comprises a pulse transformer and the switching takes place on the primary
side as explained in US 4,052,177, US 4,600,411 and EP 0 108 963. EP 1 293 253 A2 is an example of the second type, wherein
the switching takes place at a high potential.

[0007] US 4,600,411 describes a pulse system with a transformer with a primary and a secondary winding and a thyristor switch.
A power supply is connected to a charging inductor in series with a charging capacitor and a surge inductor connected to the
primary winding of the transformer. A clamping network comprising a clamping diode and a parallel combination of a resistor and
a capacitor is connected between the junction of the surge inductor and the charging capacitor for limiting the voltage across the
surge inductor and the primary winding of the transformer.

[0008] US 4,854,948 describes another pulse system with a transformer with a primary and secondary winding, a power supply
connected to a storage capacitor and a thyristor circuit connected to the primary winding of the transformer. A diode connected to
a parallel-connection of a capacitor and a resistor constitute a circuit for protection of the thyristor circuit. A voltage source
supplies a base voltage of e.g. 35 kV to an electrostatic dust separator coupled to the secondary winding of the transformer. A
detector is coupled to the dust separator for detecting rapid voltage variations that will occur in the event of sparks in the dust
separator and for enabling the thyristor circuit to become conducting, thereby protecting the thyristor circuit. However, this
detector is increasing the cost of the pulse system.

[0009] US-A-4 592 763 describes the operation of a pulse powering system used for electrical energization of electrostatic
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precipitators (ESP). The system of US-A-4 592 763 contains a thyristor used as a switch. However, a thyristor has by nature no
turn-off capability.

[0010] US-A-4 238 810 describes a control circuit related to the operation of traditional High Voltage Rectifiers (T-R sets) used
for electrical energization of electrostatic precipitators (ESP). These T-R sets are connected to the main (50 Hz in Europe) and
apply an unfiltered DC voltage with a considerable 100 Hz ripple to the ESP load (30). The current delivered to the EPS load (30)
consists of pieces of sinus half waves (66, 67) with a duration shorter than one half period of the line frequency (10 ms),
determined by the firing angle used in the triggering of the line-frequency phase-controlled thyristors (16, 17). The amplitude of
these current pulses delivered to the ESP load is typically a few Ampere.

[0011] It is desirable to enhance the efficiency of the systems described in US 4,592,763, US 4,238,810, US 4,600,411 and US
4,854 ,948. Moreover, neither US 4,592,763, US 4,238,810, US 4,600,411 nor US 4,854,948 addresses the problem that the core
of the transformer becomes saturated upon sparks inside the electrostatic precipitator, which aggravates the operation of the
electrostatic precipitator substantially. Finally, the switching devices in the known systems are subject to potentially damaging high
rates of di/dt in the case of sparks taking place in the electrostatic precipitator, hereby shortening the life times thereof.

OBJECT AND SUMMARY OF THE INVENTION

[0012] It is therefore an object of the invention to provide pulse generating system with enhanced efficiency. It is moreover an
object of the invention to provide a pulse generating system with a transformer, wherein saturation of the core of the transformer
is alleviated. It is moreover an object of the invention to provide a system with enhanced protection of the switching device.

[0013] This object is achieved when the pulse generating system mentioned in the opening paragraph is characterized by the
features of claim 1. Hereby, it is rendered possible to apply pulses with a reduced width to the electrostatic precipitator compared
to present pulse generating systems; this provides a substantially enhanced efficiency of the system, according to experiments
realized on pilot ESP's, due to a better abatement of back-corona and higher peak voltages giving better particle charging. The
switching device could be any appropriate switching device capable of being turned off, e.g. a semiconductor switch such as an
IGBT, IGCT, GTO.

[0014] The system further comprises a transformer with a primary and a secondary winding, where the first power supply, the
storage capacitor, the switching device and the parallel-coupled anti-parallel rectifier device are coupled to the primary winding of
the transformer; where the second power supply and a coupling capacitor are coupled to the secondary winding of the
transformer; and where the system is arranged to be coupled to the electrostatic precipitator via the coupling capacitor. Hereby, a
system adapted to pulse generating systems of the type comprising a transformer is provided. The storage capacitor is charged
by the first power supply to a suitable voltage level and the second power supply generates a base DC high voltage. The coupling
capacitor prevents a short circuit of the second power supply by the secondary winding.

[0015] In a preferred embodiment of the system, the first power supply is connected to one terminal of a storage capacitor,
where the other terminal of the storage capacitor is connected to one terminal of a primary winding of a transformer, and where
the other terminal of the primary winding of the transformer is connected to a common terminal. Moreover, the switching device
and the anti-parallel rectifier device are connected in parallel, whereof one terminal of the switching device is connected between
the first power supply and the storage capacitor and the other terminal of the switching device is connected to the common
terminal; one terminal of the secondary winding of the transformer is connected to the common terminal and the other terminal of
the secondary winding of the transformer is connected to the electrostatic precipitator via the coupling capacitor; and the second
power supply is connected to the junction between the coupling capacitor and the electrostatic precipitator. Hereby, another
advantageous embodiment of the system adapted to pulse generating systems of the type comprising a transformer is provided. It
should be noted, that the common terminal could be grounded or not depending on the requirements of the power supplies.

[0016] During normal operation, it is not unusual that sparks occur inside the electrostatic precipitator. As explained in EP 0 054
378 a spark may occur during the application of a high voltage pulse (in which case the spark is called a "pulse spark") or in the
time interval between two consecutive pulses (in which case the pulse is called a "DC-spark”). In the type of pulse generating
systems comprising a pulse transformer, the voltage across the coupling capacitor during both types of sparks is connected
directly to the secondary winding causing saturation of the pulse transformer and possibly damaging the switching device.

[0017] In yet another preferred embodiment, the switching device is arranged to be turned off before the instant in time of the
natural zero-crossing of the pulse current applied to the electrostatic precipitator. The switching device can advantageously be
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turned off just before the instant in time of the natural zero-crossing of the pulse current applied to the electrostatic precipitator.
However, the use of a switching device with turn-off capability also allows turning the pulse current at the electrostatic precipitator
off well before its natural zero-crossing, if required. Because most of the sparks in the electrostatic precipitator occur close to the
instant in time of the zero-crossing of the pulse current at the electrostatic precipitator, which coincides with the peak of the
voltage pulse, the switching device will be turned off at the zero-crossing. Thus, if a spark takes place after the zero-crossing of
the current at the electrostatic precipitator, the switch will be then already have been turned off. If a spark occurs before this
point, the pulse current will increase and the switch should be turned off before the current becomes too high. In both cases it is
necessary to include an alternative path for the main current, and this is typically achieved by using a suitable diode network in
parallel.

[0018] At present, the switching devices used in commercial pulse generating systems are thyristors (SCR). Their inherent
natural commutation makes the use of sophisticated protection methods like those described in EP 0 145 221 and EP 0 212 854
necessary. Some sparks result in a voltage surge or overvoltage applied to the switching device. A solution with a free-wheeling
diode inserted in parallel with the primary winding like in US 4,600,411 and EPO 0 108 963 has been described.

[0019] The system further comprises a clamping circuit connected to the junction between the storage capacitor and the power
supply. Thus, the clamping circuit is connected as close as possible to the switching device. Hereby, a path for the current caused
by the energy stored in the system (viz. in the leakage inductance of the pulse transformer) is created when the switching device
is turned off, thus protecting the switching device by limiting the voltage across it, if the capacitor in the clamping network has a
high value. Moreover, the clamping circuit minimizes the saturation of the pulse transformer in the case of sparks, as it takes
energy from the system. The clamping circuit comprises a diode in series with a capacitor and a resistor in parallel with the diode.
The capacitor serves to limit the voltage across the switch during turn-off and the resistor serves to limit the current during
discharging of the clamping capacitor when the switch is turned on.

[0020] It is preferred that the system according to the invention comprises a snubber circuit connected in parallel to the switching
device and the anti-parallel rectifier device. The reason is the stray inductance of the cable connection between the switch and
the clamping network. The snubber circuit limits the rate of rise of the voltage across the switching device (dv/dt) when it is turned
off; hereby, a protection of the switching device is provided.

[0021] Finally, it is preferred that the system according to the invention further comprises a bias network connected to the
primary winding of the transformer, where the bias network comprises a voltage source, a limiting resistor and a bias choke. The
bias network enhances the efficiency of the transformer core in that it can be magnetized in two polarities; hereby, a smaller and
thus cheaper transformer core can be used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The invention will be explained more fully below in connection with examples of preferred embodiments and with reference
to the drawing, in which:

Figure 1 is a block diagram of the pulse system according to the invention;

Figure 2 shows diagrams of the gate voltage applied to the switching device, the voltage across and the current (ipyise) through
the electrostatic precipitator, during normal operation;

Figure 3 shows diagrams of waveforms of the voltage across the electrostatic precipitator (Ugsp), the current through the

switching device, the current through the clamping diode in Fig. 1 and the voltage across the switching device, in case of a spark
taking place just before the zero-crossing of the current through the switching device;

Figure 4 shows the waveforms of the coupling capacitor voltage and current before, during and after a DC spark, without the use
of the clamping network;

Figure 5 shows waveforms similar to Figure 4, during a DC spark, with the use of the preferred clamping network;

Figure 6 shows a diagram of a system not being part of the invention, with an alternative clamping network connected in parallel
with the primary winding; and

Figure 7 shows the waveforms of the voltage across the primary winding of the pulse transformer with and without, respectively,
the use of the capacitor bank in the alternative clamping network shown in Figure 6.
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[0023] Throughout the drawings, like elements are denoted by like reference numbers.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0024] Figure 1 is a block diagram of the pulse system according to the invention. Shown is a first power supply 1, hereinafter
referred to as pulse power supply 1, and a second power supply 2, hereinafter referred to as DC power supply 2, arranged to
energize an electrostatic precipitator 10. The DC power supply 2 is arranged to pre-charge the electrostatic precipitator 10 to a
DC voltage, typically in the range of a 25 - 50 kilovolts. Both power supplies 1, 2 are fed from a three-phase power line 19.

[0025] The reference number 18 denotes the main circuit of the system according to the invention. Figure 1 moreover shows
that the pulse power supply 1 is connected to one terminal of a storage capacitor 7 through a filtering choke 3, whilst the other
terminal of the storage capacitor 7 is connected to one terminal of a primary winding of a transformer 9. The other terminal of the
primary winding of the transformer 9 is connected to a common terminal. The common terminal could be grounded or not,
depending on the requirements of the power supplies.

[0026] The main circuit 18 moreover comprises a switching device 5 and an anti-parallel rectifier device 6 connected in parallel,
where one terminal of the switching device 5 is connected between the first power supply 1 and the storage capacitor 7 and the
other terminal of the switching device 5 is connected to the common terminal. The switching device 5 is a semiconductor switch
with turn-off capability, e.g. an IGBT, IGCT, or GTO. A snubber circuit 14 is connected in parallel to the switching device 5 and the
anti-parallel rectifier device 6 and consists of a snubber capacitor and a snubber resistor. A suitable value of the capacitance of
the snubber capacitor could be some tenths of nF and a suitable value of the resistance of the snubber resistor could be few
hundreds Q.

[0027] The main system 18 moreover comprises a series inductance (not shown) in series with the primary winding of the
transformer 9. This inductance can be considered as the leakage inductance of the transformer 9 and is therefore not shown in
Figure 1.

[0028] One terminal of the secondary winding of the transformer 9 is connected to the common terminal and the other terminal of
the secondary winding of the transformer 9 is connected to the discharge electrodes (cathodes) of the electrostatic precipitator
10 via a coupling capacitor 8. The collection electrode or anode of the electrostatic precipitator 10 is connected to the common
terminal. The DC power supply 2 is connected to the junction between the coupling capacitor 8 and the electrostatic precipitator
10 through a filtering choke 4.

[0029] Moreover, the main circuit 18 contains a clamping network consisting of a diode 11 in series with a capacitor 12 and a
resistor 13 in parallel with the diode 11. The clamping network shown in Figure 1 is connected to the junction between the storage
capacitor 7 and the filtering choke 3, i.e. in parallel to the parallel connection consisting of the switching device 5, the anti-parallel
diode 6 and the snubber circuit 14. The other terminal of the clamping network 11-13 is connected to the common terminal.

[0030] Finally, the system shown in Figure 1 contains a bias network connected to the primary winding of the transformer 9,
where the bias network comprises a voltage source 15, a limiting resistor 16 and a bias choke 17.

[0031] The pulse power supply 1 generates a voltage Upg for charging the storage capacitor 7 and the primary winding of a
pulse transformer 9 through the filtering choke 3. The pulse transformer 9 typically has a transformation ratio in the range of 15-
30. A high voltage DC level at the electrostatic precipitator 10 is created by the DC power supply 2 charging the electrostatic
precipitator 10 to the voltage -Upc through the filtering choke 4. Preferably, the inductance of the filtering choke 3 lies between
approximately 50 mH and approximately 100 mH and the inductance of the filtering choke 4 lies between approximately 300 mH
and approximately 800 mH.

[0032] The coupling capacitor 8 connected in series with the secondary winding of the pulse transformer 9 is used for avoiding
the short-circuit of the DC supply 2 by the pulse transformer 9. The coupling capacitor 8 is charged to the voltage -Upc through

the secondary winding of the pulse transformer 9.

[0033] A high voltage pulse is generated when the semiconductor switch 5 is fired and hereby a series oscillating circuit is
formed. The series oscillating circuit consists of the storage capacitor 7, the leakage inductance of the pulse transformer 9, which
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is not shown for the sake of simplicity, the coupling capacitor 8 and the capacitance of the electrostatic precipitator 10 (typically

30-40 pF/m2 of collecting area). The current through the series oscillating circuit has a sinusoidal waveform (see Figure 2). In the
positive half-cycle the current circulates through the semiconductor switch 5 and in the negative half-cycle through the anti-
parallel diode 6. In this way the energy not consumed in corona generation and losses is returned to the storage capacitor 7,
providing a significant saving of energy.

[0034] In order to utilize the core of the pulse transformer 9 more effectively, the pulse transformer is magnetized in the opposed
direction previous to the generation of each pulse. This is performed by a bias network consisting of a voltage source 15, a
limiting resistor 16 and a blocking choke 17, and as a result a bias current circulates through the primary winding of the pulse
transformer 9. Typical values of the voltage source 15 lie between 10 and 20 VDC, whilst the value of the limiting resistor 16
preferably is a few ohms. Moreover, the inductance of the blocking choke 17 advantageously is 0 to approximately 200 mH.

[0035] The clamping network connected in parallel with the semiconductor switch 5 consists as mentioned above of a clamping
diode 11, a clamping capacitor 12 and a limiting resistor 13. The value of the clamping capacitor 12 is relatively high (typically
above 0.5 mF) in order to limit the increase of the voltage to few hundreds of volts when a current pulse circulates through it in
the case of a DC spark or when the switch 5 is turned off before or at the current zero-crossing. The value of the clamping
resistor 13 preferably is a few hundred ohms.

[0036] Because of the parasitic inductance of the cable connection between the switch 5 and the clamping network, the snubber
circuit 14 is provided for limiting the rate of rise of the voltage across the switch 5 when the switch is turned off.

[0037] Figure 2 shows diagrams of the gate voltage applied to the switching device, the voltage across and the current (ipulse)
through the electrostatic precipitator, during normal operation. Shown is the waveform 20 of the secondary pulse current (ipuise),

i.e. the current through the circuit containing the secondary winding of the transformer 9, the coupling capacitor 8 and the
electrostatic precipitator 10, during normal pulse operation, where the switch is turned off at the zero crossing 25 of the pulse
current 20. Moreover, the voltage 22 applied to the electrostatic precipitator 10 is shown during the normal pulse operation. The
turn-off of the switch 5 is commanded by the gate signal (ugate) 24. The zero-crossing 25 of the pulse current 20 coincides in time

with the gate signal 24 going to zero, which is indicated by the reference numeral 25 in Figure 2. The amplitude of the secondary
current pulse 21 is several hundreds Ampere and its duration is well below 100us. The amplitude of the voltage 23 (i.e. the
amplitude of the smooth DC voltage with superimposed pulses) applied to the electrostatic precipitator 10 can exceed 100 kV.

[0038] Figure 3 shows diagrams of waveforms of the voltage (Uggp) applied to the electrostatic precipitator 10, the current
(iswitch) through the switch 5, the current (igioge) through the clamping diode 11 in Fig. 1 and the voltage (Ugwitch) across the
switch 5, in case of a spark taking place just before the zero-crossing of the current (igwitch) through the switch 5. In Figure 3
shows the reference number 31 denotes the waveform of the voltage (ugsp) applied to the electrostatic precipitator 10 (see
Figure 1) and the voltage drop caused by the spark is indicated by the vertical rise 32. The reference number 33 denotes the
waveform of the current (iswitch) through the switch 5 (see Figure 1), the reference number 36 denotes the current (idiode)
through the clamping diode 11 (see Figure 1) and the reference numbers 37, 38, 39 denote the voltage (Ugwitch) across the

switch 5 (see Figure 1). The reference number 30 denotes the zero-crossing of the current through the switch. The gate signal 24
(see Figure 2) commanding the turn-off of the switch 5 is the same as in Figure 2.

[0039] Because the spark occurs before the zero-crossing 30, the current through the switch starts increasing at the instant of
the spark and then goes to zero when the switch is turned off, i.e. at the instant in time of the anticipated zero-crossing of the
current through the switch 5. This is shown as a vertical drop 34 of the waveform 33 of the current (igwitch) through the switch 5.

At this instant in time, the current commutates to the clamping diode 11, which is shown as a vertical rise 35 of the waveform 36 of
the current (igiode) through the clamping diode 11. It can be seen from Figure 3, that the clamping diode 11 overtakes the whole

surge current. This current has an amplitude of several kA and for avoiding overvoltage across the switch 5, the clamping
capacitor 12 has to have a large value, typically in the range of more than 0.5mF.

[0040] As mentioned, a diagram of the waveform 37 of the voltage (uswitch) over the switch 5 is also shown in Figure 3. The
voltage increase in the switch voltage 37 is only few hundreds volts 38. Immediately after the instant in which the current (igioge)

36 through the clamping diode 11 becomes zero, the voltage across the switch 5 falls to a lower value 39 determined by the
residual voltage of the storage capacitor 7 and the coupling capacitor 8.

[0041] Figure 4 shows the waveforms of the coupling capacitor voltage (u) and current (i) before, during and after a DC spark in
the case where the system shown in Figure 1 does not contain the clamping network (consisting of the clamping diode 11, the
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clamping capacitor 12 and the limiting resistor 13) shown in Figure 1.

[0042] Figure 4 shows relevant waveforms 40, 45 in the case, where a DC spark occurs, which causes saturation of the pulse
transformer 9 (see Figure 1). Making reference to Figure 1, saturation is caused by the coupling capacitor 8 being charged to a
voltage equal to Upc that is applied directly to the secondary winding of the pulse transformer 9 when a DC spark takes place in

the electrostatic precipitator 10. The waveform 40 of the current (i) through the coupling capacitor 8 and the waveform 45 of the
voltage across the coupling capacitor 8 without the use of the clamping network 11-13 shows saturation of the pulse transformer.
The DC spark occurs at an instant in time denoted by 42, which is a few milliseconds after a normal current pulse 41. The
coupling capacitor 8 is charged to a voltage 46 just below Upc, and when the voltage-time integral applied to the core exceeds

the maximum flux density thereof, the core becomes saturated and a high current pulse 43 will circulate through the coupling
capacitor 8. At the end of this current pulse 43, the polarity of the voltage has become reversed, which is shown by 47. After
some time the core is saturated again and a new current pulse 44 will circulate in the circuit, in the opposite direction. As shown in
Figure 4, the amplitudes of the current pulses and the voltage across the coupling capacitor 8 after the DC spark become smaller
in time; this is due to losses in the circuit. The above described saturation process of the transformer continues until the energy is
considerably reduced due to the losses in the circuit.

[0043] During saturation of the transformer the system does not function according to the purpose thereof. Moreover, the
saturation current 43, 44 in the secondary winding of the transformer 9 may have an amplitude of more than 1 kA and is therefore
detrimental for the lifetime of the main components of the system. By using the clamping diode network the situation is clearly
improved, which is illustrated in Figure 5.

[0044] Figure 5 shows waveforms similar to Figure 4, during a DC spark, with the use of the preferred clamping network 11-13,
i.e. in the system shown in Figure 1. In Figure 5, the reference numeral 50 denotes the coupling capacitor current and the
reference numeral 55 denotes the coupling capacitor voltage. In Figure 5, a DC spark takes place at the instant in time denoted
by 53, i.e. after one normal pulse 51. In this case, the clamping diode 11 is forward biased and a current pulse 52 circulates
through the clamping diode 11, clamping capacitor 12, the pulse transformer 9 and the coupling capacitor 8. The amplitude of this
current pulse 52 is lower than the amplitude of the current pulse 43 in the case shown in Figure 4 because of a different circuit
impedance due to the inclusion of the clamping circuit 11-13. This current pulse in Figure 5 discharges 56 the voltage across the
coupling capacitor 8 to a certain value 57. Saturation takes place only once, which is shown by the current pulse 54, which
discharges the coupling capacitor 8 further. Subsequently, the voltage across the coupling capacitor 8 tends towards zero (and
subsequently to the voltage -Upc with superimposed pulses) and saturation will no longer take place. Thus, the clamping network

11-13 substantially enhances the efficiency of the system shown in Figure 1 and reduces the detrimental effects of high current
pulses in the main components of the system.

[0045] Figure 6 shows a diagram of a system with an alternative clamping network connected in parallel with the primary winding
of the transformer 9. This alternative clamping network is connected to the junction (denoted 68) between the storage capacitor 7
and the primary winding of the transformer 9, and contains a series connection of a damping resistor 60, a clamping diode 61 and
a capacitor bank 62 connected to the common terminal. The clamping network moreover contains a series connection of a DC
power supply 63 and a charging resistor 64 connected in parallel to the capacitor bank 62. Furthermore, a series connection of a
transistor 66 and a discharging resistor 65 is coupled in parallel to the capacitor bank 62. Finally, a reference diode 67 in series
with a resistor is coupled in parallel to the capacitor bank 62.

[0046] The voltage of the capacitor bank 62 is kept at a constant voltage of about 10-50V by means of the voltage source 63
together with the charging resistor 64, the discharging resistor 65 and the transistor 66. The semiconductor switch 5 is turned off
at the current zero crossing (see Figure 2). In the case, where sparks take place and the switch has been turned off, a high pulse
current of several kA will circulate through the clamping network 60-67 raising the voltage across the capacitor bank 62. When
this voltage exceeds the aimed level determined by the reference diode 67, the discharging resistor 65 and the transistor 66 will
discharge the capacitor bank 62.

[0047] The voltage source 63 is necessary for charging the capacitor bank 62 and keeping its voltage at the correct level when
the pulse system is switched on, thus avoiding saturation of the pulse transformer.

[0048] The damping resistor 60 connected between the live terminal 68 of the pulse transformer 9 and the anode of the
clamping diode 61 is arranged for taking energy away from the system in the case of a spark occurring and thereby decreases
the rate of rise of the current through the clamping diode. The value of this damping resistor 60 typically is 50 mQ or more, whilst
the value of the charging resistor 64 and of the discharging resistor 65, respectively, is approximately 10 Q or less and
approximately 1 Q or less, respectively.
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[0049] Figure 7 shows the waveforms of the voltage across the primary winding of the pulse transformer 9 with and without,
respectively, the use of the capacitor bank 62 and associated circuitry in the alternative clamping network shown in Figure 6.
Thus, Figure 7 shows the effect of the capacitor bank 62. In Figure 7, the upper diagram illustrates the waveform 72 of the
voltage (u) across the primary winding of the pulse transformer 9 without the use of the capacitor bank 62 and associated
circuitry, whilst the lower diagram illustrates the waveform 75 of the voltage (u) across the primary winding of the pulse

transformer 9 with the use of the capacitor bank 62 and associated circuitry.

[0050] Because of the clamping diode being forward biased during the time interval between two pulses, the amplitude 74 of the
voltage applied to the primary winding of the transformer 9 would be clamped by this diode and kept at a voltage equal to the
diode forward on-state voltage (<1 V). Then, after a few pulses the core of the pulse transformer 9 would saturate. Therefore, it is
necessary to keep this voltage (u) across the primary winding of the pulse transformer 9 at a level of 10-50V by means of the
voltage source 63 and the charging resistor 64 as shown by the voltage waveform 75. This voltage level of 10-50 V is denoted by
the reference number 76 and must be kept constant, but because of the current pulse generated during sparking, this voltage will
tend to increase. The discharging resistor 65 and the switch 66 are intended to perform a function of discharging so that the
voltage level 76 can be kept constant.

[0051] In applications where a current pulse width above 100 ps is sufficient, a thyristor (SCR) could be used as a switch instead
of a switching device with turn-off capability. This thyristor turns off by itself when the current falls below the holding value, but it
has to be protected against pulse sparks, e.g. as described in EP 0 212 854. In an application with thyristor the two clamping
networks solutions as shown by 11-13 in Figure 1 and by 60-67 in Figure 6 could be used, giving the necessary protection of the
switching device in case of sparks and minimizing the saturation of the pulse transformer as previously described.
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Patentkrav

1. Impulsgenereringssystem til generering af hgjspaendingsimpulser til aktivering

af en elektrostatisk adskiller (10), hvor neevnte system omfatter:

+ en fgrste stramforsyning (1) og en anden stregmforsyning (2), hvor neevnte anden
streamforsyning (2) er anbragt til at forlade naevnte elektrostatiske adskiller (10) til en
jeevnstremsspaending;

+ en transformer (9) med en primaer og en sekundeer vikling;

+ en serieinduktans;

+ et koblingsapparat (5) har en gateelektrode og en kontrollerbar slukkekapacitet, som
kan kontrolleres med et gate-signal, som tilfgres til neevnte gateelektrode, og

hvor

* neevnte farste stramforsyning (1) og naevnte koblingsapparat (5) er koblet til neevnte
primare vikling af naevnte transformer;

* neaevnte anden stremforsyning (2) og en koblingskondensator (8) er koblet til naevnte
sekundeere vikling af naevnte transformer (9); og

* neevnte system er anbragt til at kobles til neevnte elektrostatiske adskiller (10) via

naevnte koblingskondensator (8).

kendetegnet ved, at systemet yderligere omfatter

» en lagerkondensator (7);

+ en antiparallel ensretterindretning (6) parallelt koblet til neevnte koblingsapparat (5);
0g

+ et begreenserkredslgb (11, 12, 13), der er forbundet til forbindelsen mellem
lagerkondensatoren (7) og den farste stramforsyning (1), naevnte begreenser-
kredslgb omfatter en diode (11) i reekke med en kondensator (12) med en veerdi

typisk over 0,5 mF, og en modstand (13) forbundet parallelt med dioden (11),

hvor naevnte lagerkondensator (7) og naevnte parallel-koblet antiparallel
ensretterindretning (6) er koblet til naevnte primeere vikling af neevnte transformer; og
hvori systemet er indrettet til at genere en hgj speendingsimpuls, nar naevnte
koblingsapparat (5) aktiveres og derved danner et seriepulserende kredslgb bestadende
af naevnte lagerkondensator (7), en laekinduktans af naevnte transformer (9), naevnte

koblingskondensator (8) og en kapacitans af naevnte elektrostatiske adskiller (10).



10

15

20

25

30

35

DK/EP 1652586 T4

2. Impulsgenereringssystem ifglge krav 1, kendetegnet ved, at:

neevnte farste streamforsyning (1) er forbundet til den ene terminal af en
lagerkondensator (7), hvor den anden terminal af naevnte lagerkondensator (7) er
forbundet til den ene terminal af en primaer vikling af en transformer (9), og hvor den
anden terminal af naevnte farste vikling af naevnte transformer (9) er forbundet til en

feelles terminal,

naevnte koblingsapparat (5) og neevnte antiparallelle ensretterindretning (6) er
parallelt koblede, hvoraf den ene terminal af naevnte koblingsapparat (5) er forbundet
mellem naevnte forste stremforsyning (1) og neevnte lagerkondensator (7), og den

anden terminal af naevnte koblingsapparat (5) er forbundet til naevnte feelles terminal,

den ene terminal af naevnte sekundaere vikling af naevnte transformer (9) er forbundet
til den feelles terminal, og den anden terminal af den sekundeere vikling af neevnte
transformer (9) er forbundet til naevnte elektrostatiske adskiller (10) via naevnte

koblingskondensator (8), og

naevnte anden streamforsyning (2) er forbundet til forbindelsen mellem neevnte

koblingskondensator (8) og naevnte elektrostatiske adskiller (10).

3. System ifalge krav 1 eller 2, kendetegnet ved, at neevnte koblingsapparat (5) er
anbragt til at afbrydes inden tidspunktet af den
naturlige nulgennemgang af pulsstrammen (iimpuis), der paferes den elektrostatiske

adskiller.

4. System ifglge et hvilket som helst af kravene 1 til 3, kendetegnet ved, at
et deemperkredslab (14) er parallelt forbundet til naevnte koblingsapparat (5)

og naevnte antiparallelle ensretterindretning (6).

5. System ifalge et hvilket som helst af kravene 1 til 4, kendetegnet ved, at
det yderligere omfatter et biasnetveerk, der er forbundet til naevnte primaere
vikling af naevnte transformer (9), hvor naevnte biasnetvaerk omfatter en

spaendingskilde (15), en begraensningsmodstand (16) og en forspaendingsspole (17).
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