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The present invention relates to electric Sys 
tems comprising an electrical precipitator for 
removing suspended particles from gases and a 
charging circuit for energizing the precipitator. 
In particular it relates to a charging circuit in 
which electrical power is supplied to an electrical 
precipitator in a series of evenly spaced, short 
duration current pulses of controlled character 
istics, provision being made in the circuit for 
maintaining a supply of such power without in 
terruption arising from the changeable and un 
predictable load conditions which are commonly 
met with in electrical precipitators. 
The usefulness of such a circuit depends to 

large extent upon the overall efficiency with which 
energy is transformed and transferred from one 
form to another and from one piece of equip 
ment to another. This in turn depends upon the 
nature, relative rating, and arrangement of the 
equipment comprised in the circuit. It also de 
pends upon the characteristics of the load, or 
loads, included in the system and the influence 
of the load upon the functioning of the energizing 
circuit. 
An electrical precipitator for cleaning gases 

comprising spacially positioned and insulated 
complementary electrodes provides a very unpre 
dictable electric load because, in its operation, 
mixtures of gas and Suspended solid and/or liquid 
particles flow through the inter electrode spaces 
and these mixtures change in physical, chemi 
cal, and electrical characteristics due to changes 
at the origin of the mixtures, for instance, in the 
operating conditions in the furnace which may 
produce such mixtures. The gas may change in 
composition or temperature and the particles may 
change in composition, size, and concentration. 
At times of rapping the precipitator electrodes, 
the electrical conditions in the Spaces between the 
electrodes, due to falling material, are greatly 
changed. Such changes alter the dielectric con 
stant of the mixture, thus changing the capaci 
tance of the precipitator; they bring about 
changes in the conductivity of the gases, and so 
change the electric power, due largely to corona, 
discharges, required by the precipitator; and, 
without warning, spark-overs take place between 
the electrodes which temporarily short circuit the 
precipitator and initiate transients which will, 
unless prevented from doing So, travel back 
through the power supply circuit. 

It is an object of the present invention to avoid 
these objectionable features and conditions by 
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providing a high efficiency circuit for the produc 
tion of unidirectional current pulses and supply 
ing the unidirectional pulses to the complemen 
tary electrodes of a precipitator through a uni 
directional current passing device, such as a diode 
or a metal oxide rectifier. 

Preferably the pulse energy is generated at rela 
tively low voltage thus reducing equipment and 
operating costs and making it possible to trans 
fer the pulse energy under low voltage conditions 
to the immediate vicinity of the precipitator. At 
the precipitator, a pulse transformer is provided 
which steps up the voltage of the pulses but which 
changes them practically not at all, otherwise. 
These pulses then flow through a one-way cur 
rent transfer means to the precipitator. The one 
way means causes retention in the precipitator, 
for use therein, of all energy that reaches it. This 
makes for economical operation, suppresses tran 
sients, and provides conditions which permit the 
charging circuit to function in an orderly and de 
sired manner. The duration and peak value of 
the pulses can be largely controlled, conditions 
which have much to do with the efficiency of the 
operation of the precipitator. Use of a pulse 
transformer is not essential but is preferred in en 
ergizing precipitators at high potentials. 
The term "pulses' is used herein to denote a 

Succession of discrete increments of electrical en 
ergy separated by intervals of substantially 
greater duration than the duration of the incre 
ments of electrical energy. 
Generally, the pulse charging system of the in 

vention comprises a condenser, circuit elements 
including a series conductive impedance connect 
ing a source of current to the condenser, circuit 
elements including a periodic circuit closing de 
vice, for example, a rotary gap SWitch, and an in 
ductance connected in series with the condenser 
to provide a pulsing circuit, and circuit elements 
including a unidirectional current passing device 
connecting the pulsing circuit with complemen 
tary electrodes of an electrical precipitator. The 
pulse charging System may be energized with 
unidirectional current or with alternating cur 
rent Synchronous with the periodic circuit clos 
ing device of the System. 
The invention will be more particularly de 

scribed with reference to the accompanying 
drawing in which Figs. 1 to 5 are diagrammatic 
representations of five different charging circuits 
embodying the principles of the invention. 
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In the various figures like elements are indi 
cated by like reference numerals. 
In the drawing circuit of Fig. 1, 9 is a Source 

of unidirectional current, and and 2 are thie 
discharge electrodes and collecting electrodes of 
an electrical precipitator, 3 is an inductance, 
f4 a rotary gap switch, 5 a condenser, S an 
inductance, a pulse transformer and 8 a. 
diode. 

For the Supply of pulses at a peak voltage of 
60 kV, and a pulse rate of 240 per second to an 
electrical precipitator of approximately 5,000 
cubic feet perminute capacity, D.C. power supply 
C may provide D. C. current at about 7200 volts. 
The following values of the circuit elements of 
Fig. 1. Will provide the desired pulse energy at the 
precipitator: 
Inductance--------- 3: 43 h. 
Rotary gap--------- f4: 8 points, 1800 R. P. M. 
CondenSer---------. 5: 0.048 mi?.; 15 kV. 
Inductance--------- 6: 17 m. 
Pulse transformer ratio 4.7 
Diode-------------- 8 Einac 250 R. 

The provision of a condenser 9. in shunt with 
the load is advantageous in providing further 
control of the voltage characteristics of the 
charging pulses and particularly for controlling 
the duration of potentials across the electrodes 
of the precipitator. The shunt c0adenser is 
preferably much smaller in capacity than the 
charging condenser 5 and may be deereased in 
size and capacity with increasing pulse fre 
gluency. 
The function of coil is may be filled by the 

provision of Sufficient inductive leakage in pulse 
transformer . 
The charging circuit of Fig. 2 includes a syn 

chronous rotary gap switch 2. Which functions 
as a conntating Switch to distribute the ener 
gizing pulses in cyclic succession to a plurality 
of electrical precipitators through leads. 2, 22, 
23 and 24. 
With a direct current supply providing 13 

kV., 1:8 Amp, direct current, the following: Values 
of the circuit elements will supply pulses of peak 
voltage 100 kV. at a rate of 480 per second pro 
yiding 18kW. for distribution to the four electrical 
precipitators: 
Inductance--------- 3: 3 h. 
Rotary gap--------- 4: 8 points, 3600 R. P. M. 
CondenSer---------- 5: 0.15 mif.; 25 ky. 
Inductance--------- s: 19 nih. 
Pulse transformer : Ratio 7 
Rotary Switch..... 20: 8 points, 3600 R. P. M. 
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In the charging - circuit of Fig. 3, the rotary 
gap. Switch f4 and the condenser 5 are inter 
changed. In the circuit of Fig. 3, a damping 
circuit, comprising series resistance 25-and-diode 
26 connected across the primary terminals of the 
pulse transformer T, is provided. Since the diode 
26 conducts whenever the Voltage across the 
primary winding of the transformer becomes posi 
tive any transient voltages, which might arise in 
the primary due to sparking in the precipitator 
or other operating variables, are rapidly at 
tenuated. 

Fig. 4 shows a charging circuit including a 
plurality of pulse condensers 5d., 5b connected 
With D. C. power Source through inductance 
3 and optional diode 28 and connected with 
inductances 6a, 6b and rotary gap Switches f4 
and 2 to be charged in parallel and discharged 
in Series. The charging diode 28 nakes it poS 
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4. 
sible to vary the Output frequency Over a con 
siderable range without changing the resonant 
frequency of the charging circuit including in 
ductance 3 and capacity 5. A pulse trans 
former may be inserted in the circuit between 
inductance 2; and diode 8 as in FigS. 1 to 3. 
The values of the circuit elements will be se 
lected in accordance with the principles illus 
trated in the illustrative values given for Figs, 1 
and 2 to provide the desired pulse rate and peak 
Voltage at the precipitator. The inductances 6a 
and Sb should be much greater than inductance 
2, and inductance 3 should be much greater 
than inductances 6a, 6b. 
In the charging System of Fig. 5, alternating 

current from metor-generator set 29 is stepped 
up to the desired voltage by transformer 30. 
The rotary gap. Switch 4 is driven in Synchronism 
With the motor-generator Set to close the pulsing 
circuit Once each cycle when the A. C. voltage is 
Zero. The pulse frequency will then be equal to 
the A. C. frequency and if the charging choke 3 
and pulse condenSer 5 are selected to be series 
resonant With the A. C. frequency the maximum 
pulse voltage will be TV, where W0 is the peak 
value of the A. C. voltage at the secondary of 
transformer 30. 

If the transformer 30 is energized with line 
A. C. current, the rotary gap SWitch may be driven 
by a Synchronous motor actuated by the line 
power. The function of the charging choke 3 
may be filled by leakage inductance of trans 
former 3e if desired. 

It will be seen that the construction and ar 
rangement of the charging systems of the inven 
tion may be Widely varied . Without departing 
from the principles of the invention, 
By means of minor changes in the circuits a 

Wide range of pulse frequencies, voltages and 
Awave shapes can be provided, thus making it 
readily possible to adjust the energization of each 
precipitator installation to the particular condi 
tions involved and obtain increased efficiency and 
Smoothness of operation. 
A number of precipitators Or precipitator Sec 

tions can be energized from a single charging 
circuit by commutation arrangements of the type 
ShOWI) in Fig. 2, without introducing any inter 
action of the precipitators with each other. 
By the introduction of a pulse transformer 

into the charging circuits all of the circuit volt 
ages may be kept relatively low, for example of 
the order of 5 kV. to 15 kV. for the direct current 
power supply and 10 kV. to 30 kV. for the puls 
ing circuit components. This makes it possible 
to locate ther direct current power supply and the 
pulse generating circuit at any eOnvenient loca 
tion or locations, eonnections being made with 
relatively cheap power cable. The pulse trans 
former can be mounted close to or adjacent the 
precipitator and the high voltage output lead 
tied directly to the precipitator by a short-direct 
connection. 
The pulse generating circuit of the invention 

has the advantage that short circuiting the pulse 
transformer, as Would occur in the case of Spark. 
ing in the precipitator, does not result in any in 
crease in power, as contrasted with the usual 
precipitator energizing circuits which, when the 
precipitator sparks, draw heavy currents and 
power and give rise to Surges and electrode burn 
ing in the precipitator. These heavy sparking 
currents necessitate a large, power wasting, pri 
mary resistance in the high voltage transformer 
of ordinary energizing circuits in Order to pre 
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vent excessive precipitator arcs and current 
Surges on the power line. The circuits of the 
invention require no such power wasting resistor, 
nor can any ordinary amount of precipitator 
sparking be harmful, although excess sparking 
is undesirable as it reduces precipitator efficiency. 
This application is a continuation-in-part of 

my application Serial No. 774,142 filed September 
15, 1947 and now abandoned. 

I claim: 
1. A charging system for an electrical pre 

cipitator comprising a condenser, circuit elements 
including a series conductive impedance means 
connecting a source of current to Said conderaser, 
circuit elements including a periodic circuit cloS 
ing device and an inductance means connected 
in series with said condenser to provide a pulsing 
circuit, and circuit elements including a unidi 
rectional current passing device connecting said 
pulsing circuit with the camplementary electrodes 
of a precipitator. 

2. A charging system for an electrical precipi 
tator comprising a condenser, circuit elements 
including a Series inductance means connecting 
a source of current to said condenser, circuit 
elements including a periodic circuit closing 
device and an inductance means connected in 
Series with said condenser to provide a pulsing 
circuit, and circuit elements including a unidi 
rectional current passing device connecting said 
pulsing circuit with the complementary electrodes 
of a precipitator. 

3. A pulse charging system for an electrical 
precipitator comprising a condenser, circuit ele 
ments including a series inductance means con 
necting a Source of unidirectional current to said 
condenser, circuit elements including a periodic 
circuit closing device and an inductance means 
connected in series with said condenser to pro 
vide a pulsing circuit, and circuit elements in 
cluding a unidirectional current passing device 
connecting Said pulsing circuit with the comple 
mentary electrodes of a precipitator. 

4. A charging System for an electrical precipi 
tator comprising a condenser, circuit elements 
including a series conductive impedance means 
connecting a source of current to said condenser, 
circuit elements including a periodic circuit 
closing device and an inductance means con 
nected in Series with said condenser to provide 
a pulsing circuit, and circuit elements including 
a unidirectional current passing device and a 
shunt capacity means connecting said pulsing 
circuit with the complementary electrodes of a 
precipitator. 

5. A charging system for an electrical precipi 
tator comprising a condenser, circuit elements 
including a series inductance means connecting a 
Source of unidirectional current to said condenser, 
circuit elements including a periodic circuit clos 
ing device and an inductance means connected 
in series With Said condenser to provide a pulsing 
circuit, and circuit elements including a pulse 
transformer and a unidirectional current passing 
device connecting said pulsing circuit With the 
complementary electrodes of a precipitator. 

6. A charging system for an electrical pre 
cipitator comprising a condenser, circuit elements 
including a series conductive impedance means 
connecting a Source of unidirectional current to 
said condenser, and circuit elements including a 
periodic circuit closing device, an inductance 
means and a unidirectional current passing device 
connecting said condenser with the comple 
mentary electrodes of a precipitator. 
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6 
7. A charging system as defined in claim 6 

Wherein the circuit elements connecting the con 
denser With the complementary electrodes of the 
precipitator include an inductive coupler. 

8. A charging System for an electrical precipi 
tator comprising a pulse transformer, a pulsing 
circuit including a condenser, an inductance 
means and a periodic circuit closing device in 
series with the primary of the pulse transformer, 
circuit elements including a series impedance 
means connecting a source of unidirectional elec 
tric current to said condenser, and circuit ele 
ments including a unidirectional current passing 
device connecting the Secondary of the pulse 
transformer to the complementary electrodes of 
the precipitator. 

9. A charging system for an electrical precipi 
tator comprising a pulse transformer, a pulsing 
circuit including a condenser, an inductance 
means and a periodic circuit closing device in 
Series with the primary of the pulse transformer, 
circuit elements including a Series inductance 
means connecting a source of unidirectional elec 
tric current to said condenser, and circuit ele 
ments including a unidirectional current passing 
device connecting the secondary of the pulse 
transformer to the complementary electrodes of 
the precipitator. 

10. A charging System for an electrical pre 
cipitator comprising a pulse transformer, a puls 
ing circuit including a condenser, an inductance 
means and a multiple rotary switch in series with 
the primary of the pulse transformer, circuit ele 
ments including a series impedance means con 
necting a source of unidirectional electric cur 
rent to said condenser, and circuit elements in 
cluding a unidirectional current passing device 
connecting the secondary of the pulse trans 
former to the complementary electrodes of the 
precipitator. 

11. A charging System for an electrical precipi 
tator comprising a pulse transformer, a pulsing 
circuit including a condenser, an inductance 
means and a periodic circuit closing device in 
series with the primary of the pulse transformer, 
circuit elements including a series impedance 
means connecting a source of unidirectional elec 
tric current to said condenser, and circuit ele 
ments including a diode connecting the secondary 
of the pulse transformer to the complementary 
electrode of the precipitator. 

12. A charging system for an electrical precip 
itator comprising a condenser, circuit elements 
including a series conductive impedance means 
and a unidirectional current passing device con 
necting a Source of current to said condenser, 
circuit elements including a periodic circuit clos 
ing device and an inductance means connected 
in series with said condenser to provide a pulsing 
circuit, and circuit elements including a uni 
directional current passing device connecting said 
pulsing circuit With the complementary elec 
trodes of a precipitator. 

13. A charging system for an electrical pre 
cipitator comprising a pulse transformer, a closed 
pulsing circuit including a condenser and a peri 
odic circuit closing device connected in series 
with the primary of the pulse transformer, cir 
cuit elements including a series inductance means 
connecting a source of unidirectional electric cur 
rent directly to said condenser to form a second 
closed circuit, and circuit elements including a 
unidirectional current passing device connecting 
the Secondary of the pulse transformer to the 
Complementary electrodes of the precipitator. 
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4. A charging system for an electrical pre 
cipitator comprising a pulse transformer, a closed 
pulsing circuit, including a condenser, an induc 
tance means and a periodic circuit, closing device 
connected in series with the primary of the pulse 
transformer, circuit elements including a series. 
inductance means connecting a source of uni 
directional electric current directly to said con 
denser to form a second closed circuit, circuit. 
elements including a unidirectional current pass 
ing device connecting the secondary of the pulse 
transformer to the complementary electrodes 
of the precipitator, and a damping circuit in 
cluding a unidirectional current passing device 
and a series resistor connected in shunt with the 5 
primary of the pulse transformer. 
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