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ELECTROSTATIC PRECIPITATORS 
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liams and John W. Drenning, Baltimore, Md., assignors 
to Koppers Company, Inc., a corporation of Delaware 

Filed Aug. 4, 1959, Ser. No. 831,514 
17 Claims. (CI. 315-111) 

This invention relates generally to electrostatic precipi 
tators and, more particularly, to an apparatus for con 
trolling the power supply to the ionizing electrodes. 

In conventional electrical precipitators, alternating 
current from a suitable source is stepped up to a high 
voltage and rectified to provide direct current. This high 
voltage direct current is applied to the discharge elec 
trode and flows to the collector electrode of the precipi 
tator. As the particles of entrained matter pass the dis 
charge electrode, the particles are charged by means of a 
gaseous discharge known as corona. These charged par. 
ticles are collected principally on the surface of a collect 
ing electrode. Periodically, the particles which are col 
lected are removed from the latter electrode by suitable 
means such as, for example, rapping. 
As a result of this gaseous discharge or corona, a cur 

rent flows through the discharge electrodes. The charac 
teristics of the corona depend to a great extent upon 
factors such as pressure, temperature, humidity, chemical 
composition, and particle loading of the gas. A change 
in one or more of these factors, therefore, will affect the 
current flow to the precipitator. In many instances, these 
changes cause a current flow that is in excess of the ca 
pacity of the transformers and rectifiers which step up 
the voltage and change the alternating current to direct 
current. To avoid injury to the transformer and recti 
fier, most power supplies have incorporated therein an 
over-current tripping device operatively connected with 
a transformer and rectifier. Thus, an increase in current 
flow beyond the rated value of the power supplies will 
operate the tripping device and remove the power from 
the precipitator before damage to the transformer and 
rectifier can occur. Thereafter, the precipitator remains 
inoperative until an operator can re-energize the unit by 
setting the tripping device manually. To prevent such 
excessive current flow and the resultant inoperativeness 
of the precipitator, there has been employed a control 
means for maintaining a constant flow of current in the 
electrical energizing equipment. Such control means are 
usually adjusted to deliver maximum possible current to 
the precipitator and are known generally as current con 
trolls. 

In some instances there will occur within the precipi 
tator certain conditions of gas compositions, dust load 
ing, and the like which will cause a complete breakdown 
of the gas between the precipitator electrodes. This 
breakdown, known as a spark, manifests itself by large 
surges of current in the power supply and by momentary 
loss of the voltage on the electrodes. No dust collection 
takes place during the momentary loss of voltage. In 
practice, the duration of this loss of voltage is so short 
that sparking can be tolerated at rates up to about 100 
times a minute before the long term collection efficiency 
of the precipitator is adversely affected. 

It is well known that a precipitator operating at and 
near the sparking voltage so that not more than about 
100 sparks per minute occur is operating at maximum 
cleaning efficiency. Should the sparking rate exceed 
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2 
approximately 100 sparks per minute, collection efficiency 
is reduced and in many instances the current surges in 
the power supply will cause the overcurrent protective 
device to trip resulting in complete loss of cleaning ef 
ficiency. 

Accordingly, to achieve maximum efficiency, the spark 
ing rate must be maintained at an optimum even though 
the internal conditions within the precipitator may vary. 
Heretofore, this has been achieved by manually regulat 
ing the input voltage to the equipment or, alternately, 
control devices known as spark rate controls have been 
incorporated in the power system to automatically pro 
vide a predetermined sparking rate. 

From the foregoing, it is readily apparent that the 
basic problems in controlling the power supplies to the 
precipitator are twofold. Firstly, the current flow to the 
precipitator must be maintained below some value com 
mensurate with the current rating of the transformers 
and rectifiers to prevent-trip-out of the over-current de 
vices from occurring during load changes; and secondly, 
the spark rate must be controlled at an optimum rate 
commensurate with the precipitator conditions as de 
scribed above. 

Heretofore, both of these basic control problems have 
been met by the use of either a separate current or sep 
arate spark control system. This is not entirely satis 
factory for primarily two reasons. In most cases, firstly, 
it is impossible to predict whether the applied voltage will 
be limited by spark-over or the power supply current 
rating and, therefore, the type of control required must 
be determined by trial after the installation is operating. 
Secondly, on those units which normally operate from a 
current control, abnormal sparking may occur when large 
patches of dust are dislodged from the collector plates 
by the rapping systems. The current control does not 
readily compensate for such occurrences. 
An object of the present invention is to provide a novel 

means for delivering maximum power to a precipitator 
incorporating therein a means for controlling the current 
flow and voltage so as to achieve optimum efficiency of 
the precipitator. - . . . 

Another object is to provide a novel means for deliver 
ing the maximum possible power to a precipitator during 
normal and adverse operating conditions. 
A further object is to provide a novel electrical pre 

cipitator wherein the current flow of the electrical ener 
gizing equipment is continuously sensed to determine 
the load conditions and corrections are made in accord 
ance with the load condition sensed to adjust the voltage 
when the need arises to maintain the current flow con 
staat. 

In many applications of an electrostatic precipitator, 
the characteristics of the precipitator structure such as the 
clearance between the electrodes, the conditions of the 
gas as, for example, chemical composition and the like, 
and the dust concentration, may be such that sparking 
(also known as flash-over and spark-over) occurs. Also, 
frequently even in the absence of prevalent spark-over 
conditions, spark-over may occur when large patches of 
dust are dislodged from the precipitator plates. This 
spark-over is in the nature of a short circuit and if it is 
not rapidly corrected, may cause damage to the precipi 
tator or the power equipment. In addition, when spark 
over occurs too often, the average voltage on the precipi 
tator is substantially reduced thereby reducing cleaning 
efficiency. This spark-over may be controlled by preset 
ting the voltage which is applied to the discharge elec 
trode to a low value. However, when the applied volt 
age is preset to a value at which no sparking occurs, the 
efficiency of the precipitator is again materially reduced. 

Accordingly, it has been found that in precipitator 
applications where the conditions are such that sparking 
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occurs, maximum precipitator efficiency may be achieved 
by controlling the applied voltage such that intermittent 
Sparking occurs. To this end, most efficient performance 
is obtained when the voltage between the electrodes of 
the precipitator is raised to a value at which sparks start 
to jump between the electrodes. 

Still another object is to provide a novel power control 
unit for a precipitator wherein there is employed a com 
mon current sensing means which is effective to energize 
selectively in accordance with the load conditions sensed, 
a system for controlling the voltage so as to maintain 
the current substantially constant or to extinguish spark 
over, whichever operation is warranted by the load condi 
tion sensed. 
A still further object of the invention is to provide a 

novel power unit for a precipitator wherein the current 
flow is maintained substantially constant or wherein upon 
spark-over, the voltage is regulated at a predetermined 
rate so as to deliver the maximum possible power under 
the prevailing load conditions. 
Yet another object is to provide a spark rate control 

incorporating a novel means for setting the amount of 
voltage correction and restoring rate. 
The present invention contemplates a novel precipitator 

for removing foreign particles from a gas wherein pro 
vision is made for sensing the flow of electrical current 
to the electrical energizing equipment and comparing the 
sensed signal with a current standard; should the com 
parison relative to said current standard reveal an error 
to be present during normal current flow, provision is 
made for the flow of current to be adjusted so as to 
remove the error and maintain the current flow at the 
standard; should the comparison relative to said current 
Standard reveal that a spark-over resulting in a surge of 
current exists, the current adjusting provision is inopera 
tive and provision is made to lower the applied voltage 
and extinguish the spark-over. 
The above and further objects and novel features of 

the invention will appear more fully from the following 
detailed description when the same is read in connection 
with the accompanying drawings. It is to be expressly 
understood, however, that the drawings are not intended 
to be a definition of the limits of the invention, but are 
for the purpose of illustration only. 

In the drawings: 
Fig. 1 is a schematic block diagram of one embodiment 

for carrying out the present invention. 
Fig. 2 shows diagrammatically a circuit embodying the 

invention illustrated in Fig. 1. 
Fig. 3 is a graph showing the characteristic saturation 

curve of the self-saturating magnetic amplifier employed 
in the electrical energy control device. 

Fig. 4 is a schematic block diagram of a second em 
bodiment for carrying out the invention. 

Fig. 5 shows diagrammatically a circuit embodying the 
invention illustrated in Fig. 4. 

Referring to Figs. 1 and 2, the electrical precipitator is 
represented Schematically as comprising generally a source 
10 for Supplying alternating current, a transformer 12 
for raising the voltage level of the alternating current, a 
rectifier 13 for changing the alternating current to direct 
current, a discharge electrode 15 for charging the par 
ticles, a collecting electrode 17 for collecting the particles, 
a current control circuit generally designated as C for 
maintaining a constant current flow to the discharge elec 
trode, and a spark-rate control system generally desig 
nated as V for regulating the voltage in accordance with 
a predetermined spark rate. 

Source 10 for supplying alternating current may be a 
conventional alternator. The alternating current is sup 
plied to a current flow responsive device 19, to transformer 
12 and after transformation and rectification, to elec 
trode 15. 
Transformer 12 and rectifier 13 may be of conventional 

types. For example, mechanical, selenium, silicon, or 
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4 
vacuum tube types of rectifiers may be used. Such trans 
formation and rectification units are normally provided 
with an over-current device (not shown) for their pro 
tection from overload currents. 

Discharge electrode 15 is represented as a wire extend 
ing axially into tubular collecting electrode 17. As the 
gas, bearing suspended particles of matter, passes through 
electrode 17, the particles are charged by electrode 15 
and deposited principally on the inner surface of elec 
trode 17. The material collected on electrode 17 is re 
moved by rapping or irrigation at selected intervals. 
As discussed before, the characteristics of the corona 

may vary with changes in the gas concentration and com 
position. These changes may greatly affect the power 
input to the precipitator. In accordance with the present 
invention, the power input is controlled to obtain maxi 
mum efficiency by the current control circuit C which is 
operative to maintain the current flow at a preset value 
in the absence of sparking and spark-rate control circuit 
V which is operative to regulate the voltage at sparking 
to periodically extinguish the same and maintain a pre 
determined sparking rate. 
The changes of current flow caused by normal varia 

tion in corona discharge are reflected in gradual varia 
tions in the current flow from the preset value. These 
gradual variations in current are in contrast to the tran 
sient surges of current occurring at Spark-over which 
result in substantially instantaneous increase in current 
flow usually of greater magnitude than the current flow 
variation during corona discharge. 
The changes in normal current flow and at Spark-over 

are sensed by the current sensing device 19 which includes 
a conventional current responsive transformer whose pri 
mary winding 2 is connected in the line leading to the 
discharge electrode 15 and in whose secondary winding 
23 is developed a voltage corresponding in amplitude to 
the amount of current flow through the primary winding 
21. By way of potentiometer 25, the amplitude of the 
voltage is adjusted to a desired level and applied through 
a coupling transformer 27 to a full wave rectifier 25. 

Connected to the rectifier 29 is the current control cir 
cuit C and the voltage control circuit V. 

In accordance with the embodiment illustrated in Figs. 
1 and 2, the current control circuit C employs the cur 
rent sensing device 19, a reference signal device 44 for 
developing a signal corresponding to the preset current 
flow to the discharge electrode 15, a wave forming device 
34 for developing a signal corresponding to the actual 
current flow to the discharge electrode, a comparator 41 
for comparing the reference current signal and the actual 
current flow signal, an amplifying device 54 for develop 
ing amplified signal corresponding to the amount by which 
the current flow exceeds the reference signal at the com 
parator, and an electrical energy control device 20 re 
sponsive to the amplified signal for maintaining the cur 
rent at said preset value. 
The positive output of the rectifier 29 is in the form 

of a pulsating voltage having a basic frequency of twice 
the supply frequency and a peak amplitude substantially 
proportional to the peak alternating current flowing to 
the transformer 12. As is well known, the pulsating 
direct current voltages originating at the rectifier 29 have 
an alternating current component. For the purpose of 
forming the alternating current component into a sub 
stantially sinusoidal wave pattern, the pulsating current is 
passed through the wave forming device 34, which is an 
incomplete filter comprising an inductor 35, resistor 37, 
and capacitor 39. The resulting positive sinusoidal alter 
nating current wave formed by the incomplete filter has 
an amplitude corresponding approximately to the root 
means square value of the load current at the discharge 
electrode. Accordingly, any change in the load current 
is reflected in the amplitude of the alternating voltage 
signal passing through the filter 34. 
The alternating voltage signal from the wave forming 
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device 34 is applied by way of a coupling capacitor 40 
to the comparator 4 which comprises the amplifier tube 
43, the grid resistor 41a resistor 45 and capacitor 47. 
The capacitor 40 serves to block out any direct current 
voltage signal and permits only the sinusoidal alternating 
current voltage signal to be applied to the comparator 41. 

Connected to the comparator 41 is the reference sig 
nal device for applying a reference voltage signal propor 
tional to the desired current flow to the discharge elec 
trode 15. The reference signal device comprises a po 
tentiometer 49 which is connected to a suitable source 
of negative direct current. The potentiometer 49 is ad 
justed to provide a constant level negative bias on the 
grid resistor 41a opposite to the peak amplitude of the 
pulsating alternating current voltage signal correspond 
ing to the preset current flow to the precipitator by an 
amount equal to the cutoff voltage of the tube 43. With 
this arrangement, no voltage signal is transmitted through 
the pentode amplifier tube 43 until the total algebraic 
sum of the positive alternating current and the negative 
bias signal exceeds the cutoff voltage of the tube. In 
this connection, it is to be noted that no voltage signal 
or, as will be more fully explained below, no control 
effect is transmitted through the pentode tube until the 
amplitude of the positive alternating current voltage sig 
nal exceeds that corresponding to the preset current flow. 

In carrying out the invention, the current flow is pre 
set at substantially the maximum current rating of the 
transformer 12 and rectifier 13. Accordingly, when the 
sum of constant level bias signal and the positive alter 
nating current voltage at the comparator 41 is less than 
cutoff voltage of the pentode tube, no voltage signal is 
emitted therefrom, However, should the sum of these 
voltages exceed the cutoff value of the pentode tube 43, 
a pulse signal is emitted from the plate 45. This pulse 
voltage signal corresponds to the error between the de 
sired preset current flow and the actual current flow to 
the transformer 12. 
The voltage pulse error signal emitted from the plate 

45 appears at the resistor 51 as an amplified signal, by 
way of the amplifying device 54 comprising the resistor 
53 and the capacitor 55 each of which elements with the 
pentode tube 45 form a stage of resistance coupled am 
plification well known in the art, 
The amplified alternating current pulse error signal 

passes through a rectifier 57 which, as shown, comprises 
a diode tube from the plate 57a of which there is emitted 
a negative direct current voltage corresponding to the 
error between the preset current flow and the actual cur 
rent flow to the transformer 12. 
This negative direct current voltage signal appears by 

way of a filter comprising resistor 56 and capacitor 56a 
at the grid 59 of a triode 61 and decreases the current 
flow through the plate circuit so as to cause a decrease 
in negative current flow to the electrical energy control 
device 20. Since the negative signal introduced on the 
grid 59 corresponds to the error between the preset and 
actual current flow, the decrease in negative current flow, 
of course, also corresponds to the error. 
The electrical energy control device 20 comprises an 

amplifying device in the form of a self-saturating magnet 
ic amplifier 65 and a device for regulating the power input 
to the precipitator in the form of a saturable reactor 67 
connected between the source 10 and the precipitator. 
The self-saturating magnetic amplifier 65 includes con 

trol windings 69 and 71, bias winding 73, and controlled 
windings 75 wound on a saturable core. Windings 75 
provide controlled output for the saturable reactor 67 
and include saturating rectifiers 77 and 79 connected to 
source 10 and direct current output rectifiers 81 and 83 
connected to the saturable reactor 67. 
The bias winding 73 is connected in series with a cur 

rent adjusting rheostat 85 connected to a suitable source 
of direct current. In the embodiment illustrated, the 
current flowing through the control winding 69 produces 
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6 
negative ampere turns of control and the current flowing 
through the control winding 71 and the bias winding 73 
produces positive ampere turns of control. The ampere 
turns of control as shown on the characteristic satura 
tion curve illustrated in Fig. 3 is the algebraic sum of the 
ampere turns in the control windings 69 and 71 and the 
bias winding 73. When zero current, i.e., zero ampere 
turns of control are in the bias winding 73 and the control 
winding 69, current flowing through control winding 71 
produces positive ampere turns and causes the magnetic 
amplifier to be fully saturated at the point A of the curve 
of Fig. 3. To achieve the desired control, sufficient cur 
rent is caused to flow through a bias winding 73 and wind 
ing 71 to add negative ampere turns of control such that 
during normal operation of the precipitator the magnetic 
amplifier operates on the point B of the curve. 
Upon a flow of current in the primary of transformer 

12 exceeding the preset value of current flow, the error 
signal corresponding to such an increase manifests itself 
as a decrease in current in the triode 61. This decrease 
in current in the winding 69 reflects itself in a decrease 
of positive ampere turns such that the negative turns pre 
dominate, resulting in a drop in output from the con 
trolled windings 75 and a reduction in the current flow 
in the control winding 87 of the saturable reactor 67. 
The drop in output from the control winding corre 
sponds to the error signal. Hence, the impedance of 
the controlled winding 89 is increased and a current drop 
corresponding to the error between the desired and actual 
current flow to the precipitator results. 
As discussed hereinbefore, the conditions within the 

precipitator may be such that spark-over occurs. This 
spark-over manifests itself in pulses or surges of transient 
current flow having a magnitude and a rate of increase 
exceeding that of the normal or preset current flow to 
the discharge electrode. 

In accordance with the present invention, there is pro 
vided the spark rate control circuit V which, in the em 
bodiment shown in Figs. 1 and 2, is connected to the 
negative terminal 33 of the rectifier 29 and coupled to the 
positive terminal 31 by way of the capacitor 100 which 
also serves as a spark detector to be explained below. 
The spark rate control circuit V comprises generally a 

reference signal device 101 for developing a signal corre 
sponding to the normal current flow through the line to 
the discharge electrode 15, the spark detector 100 for de 
tecting and sensing the presence of transient surges result 
ing from spark-over at the electrode, a comparator 103 at 
which the reference signal is compared with the sensed 
detected transient current surges, an amplifier 105 for 
producing a spark indicating signal of constant ampli 
tude, and a spark regulator 107 which is connected to the 
electrical energy control device 20 periodically lowering 
the voltage. 
As heretofore explained, the current sensing device 

comprising the current transformer 21, potentiometer 25, 
transformer 27, and rectifier 29 develops a direct current 
signal voltage corresponding to the current through the 
primary of the precipitator transformer 12. In the pres 
ence of sparking, current transient surges exceeding the 
normal current flow are generated and these surges mani 
fest themselves in a direct current voltage signal of short 
duration at the positive terminal 31. As heretofore 
pointed out, under normal current flow, or corona dis 
charge conditions, the pulsations of direct current are 
known to include an alternating current value which is 
approximately proportional to the root mean square 
value of the alternating current flowing to the trans 
former. When sparking occurs, the magnitude of the 
Surge will be such that it greatly exceeds the root mean 
Square value of the normal current flow. Accordingly, 
the normal current flow and the transient surges provide 
a convenient source for determining and controlling the 
sparking at the electrode. 

In accordance with the embodiment of Figs, 1 and 2, 
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positive alternating current signal voltage from terminal 
31 of rectifier 29 is applied to the comparator i03 which 
as shown constitutes the grid resistor of a pentode tube 
105. The pentode tube serves as the amplifier, as will be 
more fully explained below. The positive alternating 
current signal generated by transient current Surges passes 
through the capacitor 100 which also serves to block 
out the direct current values in the pulsating signal. 
The reference signal device is connected to the negative 

terminal 33 of the rectifier 29 and comprises the inductor 
107, capacitor 109, and resistor 15, which serve to 
smooth out the negative pulsating signal into a Substan 
tially unidirectional direct current signal from the rectifier 
and are so designed as to have a very large time constant 
such that when sparking occurs and resultant transient 
surges appear, no appreciable change of voltage takes 
place at the instant of the spark. The reference signal 
device, since it is connected to the negative terminal of the 
sensing circuit and since it has a long time constant which 
is not instantaneously responsive to the current Surges, 
applies a negative direct current bias voltage on the 
resistor grid 103 of the pentode tube 105 such that bias 
voltage varies directly with the normal current flow to the 
transformer 12, 
To maintain the voltage control circuit inoperative in 

the absence of sparking, the values of the inductor i07, 
capacitor 109 and resistor 11E are selected such that the 
negative direct current bias applied to the comparator 103 
during normal current flow is opposite to and greater than 
the peak amplitude of the positive alternating current 
voltage signal passing through the spark-detector 100 by 
an amount slightly greater than the cutoff voltage of the 
tube 105. In this manner, the grid of tube 105 is main 
tained sufficiently biased such that no error signal is 
emitted from the cathode 113 of the pentode 105 and 
no voltage control function is affected in the absence of 
sparking. 

In the presence of sparking, the transient Surge of 
current associated with the sparking results in an alter 
nating current voltage signal at the terminals 31 and 33 
of the rectifier 29 which greatly exceeds the normal cur 
rent flow signal emitted therefrom. This increased tran 
sient current signal is applied to the comparator i03 by 
way of the spark detector 100 and reference signal de 
vices 101. However, because of the long time constant in 
the reference signal device 101, the signal emitted there 
from and applied to the comparator 103 remains sub 
stantially the same and, accordingly, corresponds to the 
current flow to the primary of the transformer prior to the 
surge of current or spark-over. As above described, this 
reference signal applies a bias on the pentode 105 slightly 
greater than the cutoff voltage of the tube 105. The tran 
sient current signal from the terminal 3 passes through 
the capacitor 100 forming the spark detector and is also 
applied to the comparator i03. Hence, upon the occur 
rence of spark-over, the total sum of the negative bias 
signal from the reference signal device 10 and the posi 
tive alternating current voltage signal corresponding to 
the flow of transient current from the Spark detector ap 
pears at the grid of pentode tube i05 and exceeds the 
cutoff voltage of the latter so as to cause a pulse signal to 
be emitted from cathode 13. 
The pulse signal emitted from the cathode 113 is of 

substantially constant amplitude regardless of the magni 
tude of the spark of the discharge electrode 15. This is 
accomplished by selecting the elements of the tube circuit 
in such a manner that upon the occurrence of spark-over, 
the peak voltage on the grid of the pentode tube 105 
always equals zero thereby to Saturate the tube. The 
constant amplitude pulse appears at the spark regulator 
107 by way of the blocking diode tube 115 which serves 
to prevent the charged pulse from leaving the spark regu 
lator 107 by way of the cathode circuit. 
As shown in Fig. 2, the spark rate regulator comprises 

a variable resistor 17, a fixed resistor 19, capacitor 120, 
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8 
a fixed resistor 121, and variable resistor 123 connected 
in parallel to the capacitor 120, and a triode tube 127. 
The amplitude of the pulse applied to the grid 125 of the 
tube 27 is controlled by the resistor 119 and the variable 
resistor 117. Maximum amplitude is obtained by the 
resistor and lesser amplitude to a selected desired magni 
tude by adjustment of the variable resistor 117. Adjust 
ment of the amplitude of the pulse determines the magni 
tude of the voltage drop affected through the electrical 
energy control device, 
The parallel connected, fixed and variable 12; and 123 

are effective to control the rate at which the electrical 
energy device is effective to gradually increase the voltage 
as more fully to be explained hereafter. 
The voltage signal from the capacitor 120 applied to the 

grid 25 of triode tube 127 is in the form of a pulse 
charge and causes the grid voltage to rapidly increase 
such that the tube current is accordingly rapidly increased 
a corresponding amount. The rapid increase in plate cir 
cuit current in tube i27 is applied to the winding 71 of 
the Self-saturating magnetic amplifier 65 of the electrical 
energy control device 20. Accordingly, since as before 
described, the winding 7 is wound to provide negative 
ampere turns of control, the increased voltage causes addi 
tional negative turns of control in the winding 71 which, 
as shown in Fig. 3, results in a substantially instantaneous 
reduction in the output from the control winding 75 of the 
Inagnetic amplifier 65. This decrease in voltage is re 
flected in a decrease in voltage in the control winding 87 
of the Saturable reactor 67 and, accordingly, increases the 
impedance in the controlled winding 39 so as to reduce 
the voltage at the transformer 2. The magnitude of the 
drop in voltage at the transformer 12 will always be ap 
proximately equal for each spark-over. The amount of 
Voltage reduction is dependent upon the amplitude of the 
pulse applied to the grid 25 of the tube 253. As before 
explained the magnitude of the pulse is determined by ad 
justment of the resistor 17. Preferably the pulse is ad 
justed to reduce the voltage a minimum amount capable of 
extinguishing Spark-over at electrode 5. After the occur 
rence of sparking the resistors 21, 123, and capacitor 120 
cause the Voltage on the grid 25 to dissipate gradually. 
The rate at which the grid voltage dissipates is adjusted at 
the resistor 123. Since the rate of dissipation of grid volt 
age controls the rate at which the negative turns of control 
are dissipated, it follows that the rate of voltage increase 
at the Saturable reactor 67 is controlled by adjustment of 
the resistor 123. Hence, the time or rates between sparks 
is controlled by adjustment of the resistor 123. 
From the foregoing, it is apparent that upon the occur 

rence of spark-over at the electrodes the voltage in the 
transformer 12 is instantaneously lowered an amount 
getermined by the resistance applied at 117 and the time 
between sparks or spark-over rate is determined by the 
resistance applied at 23. 

Referring now to Figs. 4 and 5, there is illustrated a 
Second embodiment for carrying out the invention and 
wherein like elements are designated the same. 
As shown in Fig. 4, the electrical precipitator is repre 

sented schematically as comprising generally a source 10 
for supplying alternating current, a transformer 12 for 
raising the voltage level of the alternating current, a recti 
fier 3 for changing the alternating current to direct cur 
rent, a discharge electrode 15 for charging the particles, 
a collecting electrode 7 for collecting the particles, a 
current sensing device 225 for sensing the current at the 
discharge electrode, an electrical energy control device 
220 for controlling the current flow and voltage to the 
precipitator, a current controlling device C" for main 
taining a constant level of current flow to the discharge 
electrode 15, and a spark rate circuit V for regulating the 
spark rate at the discharge electrode 5. 
The alternating current is supplied from a suitable 

alternating current source to the transformer 12 and 



2,961,577 

after suitable rectification by the full wave rectifier 13, 
the current is supplied to the electrode 15. 
As hereinbefore discussed, the conditions within the 

precipitator may vary in respect of the corona discharge 
to cause a current flow from the source exceeding the 
current rating of the transformer 12 and rectifier 13 or 
a spark-over may result in currents exceeding the current 
rating of the previous mentioned units. In accordance 
with the present embodiment illustrated in Figs. 4 and 5, 
the flow of the current to the discharge electrode is main 
tained constant by the current control circuit C or the 
voltage is regulated by the spark rate control V. 

In accordance with the second embodiment the meas 
sure of the flow of current to the discharge electrode 15 
is obtained as the direct current value at the rectifier 13 
rather than the alternating current value as in the em 
bodiment of Figs. 1 and 2. The magnitude of the aver 
age positive direct current flow through the rectifier 
circuit is substantially proportional to the magnitude of 
the root mean square current through the secondary wind 
ing of the transformer 2. Since the root mean square 
secondary current is directly proportional to the root 
mean square current flow through the primary winding, 
the average direct current flow through the rectifier 221 
substantially corresponds to the root mean square value 
of the current flow from the source 10. Hence, the 
direct current at the rectifier is a substantially direct 
measure of flow to the electrode 5 and also a measure 
of flow of alternating current to transformer 2. Con 
nected to the rectifier 219 is the sensing device 225 which 
is in the form of a resistor 225 and produce a voltage 
signal corresponding to the flow of current to the dis 
charge electrode 5 and of the alternating current flow 
in the transformer 12. 
To maintain the current at the discharge electrode 15 

substantially constant, the voltage signal from the sens 
ing device 225 is applied to the current control device 
C, which comprises generally a filter for forcing a sub 
stantial smooth direct current signal corresponding to 
the actual current flow to the discharge electrode, a ref 
erence current device 239 for developing a signal corre 
sponding to a desired preset current flow to the discharge 
electrode 15, a comparator for comparing the reference 
current signal and the actual current signal, an amplify 
ing device for developing an amplified signal correspond 
ing to the amount by which the current flow exceeds the 
reference signal at the comparator, and an electrical en 
ergy control device responsive to the amplified signal for 
maintaining the current flow at Said preset value. 
The sensed voltage signal from the resistor 225 is 

applied to filter 226 comprising an inductor 227, capac 
itor 229, and resistor 231 which serve to substantially 
smooth out the ripple of the pulsating direct current 
signal from the rectifier measure of current. Located 
in the line connecting the filter 226 with the sensing 
device 225 is a diode tube 228 which serves to prevent 
the resistance at 225 from determining the time constant 
at which the current signal is introduced into the cur 
rent control circuit C. In this manner, the signal from 
the filter 226 is representative of and substantially corre 
sponds to the current flowing the rectifier 13 and accord 
ingly at the discharge electrode 15. 
The direct current voltage signal from the filter 226 

is then applied to the comparator 233 which as shown is 
the grid resistor of an amplifier tube 237. Also applied 
to the comparator 235 is the voltage from the reference 
device 239. The reference device includes a source of 
negative biasing voltage 241 which is effective by way 
of adjustment of potentiometer 243 to provide a voltage 
signal proportional to a preset current flow. The nega 
tive bias voltage provided by the reference device 239 
is set to equal the sum of the signal from the filter 226 
and the cutoff voltage of the tube 237. In this manner, 
during the desired or preset level of current flow to the 
discharge electrode 15, the algebraic sum of the signal at 
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10 
the comparator 235 is such that the amplifier tube 237. 
is at or below its cutoff voltage so that no error signal 
is emitted on the plate 245 of the tube during the preset 
current flow or below. However, should the signals at 
the comparator 235 show that the signal voltage from 
the current sensing device 225 is greater than the preset 
level such that the algebraic sum of the signal voltage 
and the constant negative reference voltage result in a 
value greater than the cutoff voltage on the grid resistor 
235, the tube 237 conducts an amplified voltage error 
signal which serves to operate the electrical energy ad 
justing device 220. The signal emitted at the plate 245 
corresponds to the difference between the actual current 
flow and the desired current flow to the discharge elec 
trode 15. 
The electrical energizing device 220, as in the embodi 

ment illustrated in Figs. 1 and 2, comprises a self-saturat 
ing magnetic amplifier 65 and a saturable reactor 67. 
The self-saturating magnetic amplifier65" includes con 

trol windings 247 and 248, bias winding 249 and con 
trolled windings 75 wound on a saturable core. The 
windings provide controllied output for the saturable re 
actor 67 and saturating rectifiers 77 and 79 connected 
to source 10 at X and output rectifiers 81 and 83 con 
nected to the saturable reactor 67 at Y. The bias wind 
ing 249 is connected in series with a current adjusting 
rheostat 25 connected to a suitable source of direct 
current. In the embodiment illustrated in Fig. 5, the 
current flowing through the control windings 247 and 248 
produces negative ampere turns of control and the cur 
rent flowing through the bias winding 249 produces posi 
tive ampere turns of control. The ampere turns of con 
trol, as shown on the curve illustrated in Fig. 3, is the 
algebraic Sum of the ampere turns in control windings 
69 and 7 and the bias winding 73. The tube 253 nor 
mally carries a quiescent current which results in pro 
ducing negative ampere turns of control in the winding 
248. The bias winding which is wound to produce posi 
tive ampere turns is adjusted so as to cancel the quiescent 
ampere turns resulting from the current flow through 
the tube 253. In the presence of an error signal when 
the tube 237 conducts and emits a signal corresponding 
to the condition where primary current exceeds the pre 
Set value, additional negative ampere turns of control are 
supplied to the winding 247 of magnetic amplifier and 
the output current from the control windings 75 is re 
duced. This reduction in output of the winding 69 re 
flects itself in a decrease in current to the control winding 
87 of the saturable reactor 67. Hence, the impedance 
of the controlled winding 89 is increased and a current 
drop corresponding to the error between the desired 
and actual current flow to the precipitator results. In 
this manner, the current flow to the precipitator is main 
tained substantially constant. 

For the purpose of controlling the voltage and the 
spark rate, there is connected to the sensing device 221 
the spark or voltage circuit V. 
As previously discussed, when a spark-over results, the 

power supply is effectively short-circuited such that the 
electrical energy stored in the precipitator capacitance 
is discharged. The electrical energy is recharged on the 
capacitance from the power Supply when the spark-over 
is extinguished. This recharging results in a surge of 
current of a duration of one-half of one cycle of a line 
frequency cycle and the surges are not necessarily of a 
constant magnitude and may only be slightly larger than 
the normal desired flow of current to the precipitator. 
Heretofore, these recharged pulses of current have been 
employed to indicate when spark-over occurs. However, 
because the Surges are not always constant and are 
occasionally too small to be distinguished from the nor 
mal current pulses, difficulties heretofore have been en 
countered. 

In accordance with the embodiment of Figs. 4 and 5, 
the sensing device. 225 is arranged so that the discharge 
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of distributed capacitance in the transformer is employed 
as a spark indicating signal. As shown in Fig. 5, the 
sensing device employs the circuit of the rectifier 219. 
When a spark occurs, thus discharging the precipitator 
and short-circuiting the power supply, the distributed ca 
pacitance in the secondary winding of the transformer 
12 is also discharged. This discharge current from the 
secondary winding passes through the rectifier circuit 29 
and reflects itself in transient current surges which are 
substantially ten or more times the normal current flow. 
These transient current surges have been found to be 
damped rapid oscillations of about 5 microseconds” dura 
tion and appear at the sensing resistor 225 as an oscil 
lating voltage signal. 
The resulting oscillating voltage signal also appears at 

the current control circuit C" but because of the short 
duration of the surge, the filter 226 including elements 
227, 229, and 231 do not respond thereto. In this man 
ner, the spark signal does not affect the current control 
circuit C but is only applied to the spark rate control 
circuit V. 
The spark rate control circuit C comprises generally 

a pulse forming device 261 for converting the rapidly 
oscillating spark voltage signal to a unidirectional, non 
oscillating signal of somewhat longer duration, a pulse 
control device 263 for forming a pulse of constant mag 
nitude and duration, and an amplifier 295 for amplifying 
the constant magnitude pulse, and a spark rate device 
267 for regulating the voltage in accordance with a se 
lected spark rate, and the electrical energy control device 
220 which is common to both the current control circuit 
and voltage control for reducing the voltage at the dis 
charge electrode 15. 
The pulse forming device 261 comprises diode 269, 

capacitor 27, and resistor 273 which are arranged to 
rectify and filter the oscillating voltage signal resulting 
from transient current Surges or spark-over and form a 
substantially unidirectional pulse signal of somewhat 
longer duration than the oscillating signal. 

This unidirectional signal is applied by way of the cou 
pling capacitor 275 to the constant pulse magnitude de 
vice 263 which, as shown, constitutes a one shot multi 
vibrator of substantially conventional circuitry. As 
shown, the multivibrator 263 comprises a dual triode 
tube 277 including resistors 279, 281, capacitor 283, re 
sistors 285, 287, and 289. The output of the multivibra 
tor 263 is rectangular voltage pulse of which the dura 
tion is controlled by the values of the capacitor 283 and 
resistor 285. These values are selected such that the 
pulse width is less than one-half the period of the alter 
nator 10. 
The rectangular pulse signal emitted from the multi 

vibrator 263 appears by way of capacitor 291 on the grid 
293 of the amplifier 295. Also applied to the grid is a 
bias signal obtained from a suitable source of direct cur 
rent 297 and resistor 299. This bias signal is of a fixed 
value and arranged so as to maintain the amplifier 295 
below its cutoff voltage in the absence of a pulse from 
the multivibrator 263. Upon the occurrence of a pulse, 
however, the tube 295 emits an amplified signal from the 
cathode 30i. The grid resistor 303 is selected to limit 
grid current when the voltage swings positive upon the 
occurrence of a pulse signal indicating spark-over. 
The signal emitted from the cathode 301 is then ap 

plied to the spark rate circuit 267 which serves to control 
the voltage and Spark rate and includes a variable resistor 
305, fixed resistor 307, capacitor 309, a fixed and variable 
resistance 3i0 and 311, respectively, connected in paral 
lel to the capacitor 309, and a triode tube 253. Con 
nected in the line between the amplifier 295 and the spark 
rate circuit 267 is a blocking diode 313 which serves to 
prevent the pulses applied to the capacitor 309 from feed 
ing back into the amplifier 295. The amplitude of the 
pulse applied to the grid 37 of the tube 253 is controlled 
by the resistor 307 and the variable resistor 305. Maxi 
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12 
mum amplitude is achieved by the fixed resistor 307 and 
a selected lesser amplitude by way of adjustment of the 
variable resistor 305. Adjustment of these two resistors 
determines the magnitude of the voltage drop effected. 
The fixed and variable resistors 310 and 311 are effective 
to control the rate at which the voltage gradually in 
creases at the transformer 12. The manner in which the 
resistors 305 and 367 and resistors 310 and 311 are ef 
fective to control the magnitude and voltage increase 
respectively will be more fully explained below. 
The tube 253 is connected to the control winding 248 

and is self-biased by way of the resistor 319 such that the 
negative ampere controls provided by way of the wind 
ing 248 are in opposition to the positive ampere turns of 
control provided by the bias winding 249 of the magni 
tude amplifier 265. The bias winding, as previously de 
scribed, is sufficient to overcome the negative ampere 
turns of control provided by the winding 248 during nor 
mal current flow, that is in the absence of sparking, so 
that maximum output is obtained from the controlled 
windings 75 thereby to assure an optimum voltage in the 
winding 89 of the saturable reactor 67. However, in the 
presence of sparking, the magnitude of the pulse on the 
grid 317 of the triode tube 253 is such as to increase the 
flow of current in the plate circuit 321 whereby the nega 
tive ampere turns of control are increased so that, as 
shown in Fig. 3, the output of the controlled windings 
75 is accordingly reduced thereby increasing the im 
pedance in the controlled winding 89 of the saturable re 
actor 67 as previously explained. The amount of reduc 
tion achieved by the saturable reactor 67 is dependent 
upon the amplitude of the pulse applied to the grid 317 
of the tube 253. Accordingly, since the total values of 
the resistance from the resistors 305 and 307 determines 
the magnitude of the pulse applied to the grid 253, ad 
justment of the variable resistor 305 controls the amount 
of voltage reduction upon the occurrence of spark-over. 
Preferably the resistor 305 is set to result in a voltage 
drop which does not materially reduce precipitator ef 
ficiency. After the occurrence of sparking the resistors 
31, 310, and capacitor 315 cause the grid voltage and 
also the negative ampere turns in the control windings 
to dissipate gradually whereby a gradual decrease in 
voltage in the controlled winding 89 of the saturable 
reactor 67 results. The rate at which the voltage to the 
precipitator is increased is determined by the value of the 
resistances of resistor 310 and 311 since the latter con 
trol the decay rate from the plate of the capacitor 309. 
By adjustment of the variable resistor 311, it is possible 
to control the rate at which capacitor 309 discharges 
and in this manner to control the rate of increase of 
voltage in the controlled windings 89. As described in 
connection with the embodiment of Figs. 1 and 2, the rate 
of increase of voltage determines the sparking rate at the 
discharge electrode 15. Hence, adjustment of the varia 
ble resistor 310 is effective to control the sparking rate. 
What is claimed is: 
1. A precipitator for removing foreign particles from 

a gas comprising a discharge electrode for charging said 
particles, a collecting electrode for receiving said charged 
particles, means for supplying voltage and a substantially 
constant level current flow to said discharge electrode, 
means for Sensing said current flow during corona dis 
charge and Sparking at said electrode, and for developing 
a signal corresponding to said sensed current flow, means 
for developing a reference signal corresponding to said 
constant level current flow during corona discharge, 
means responsive to said Sensing means when said current 
filow during corona discharge exceeds said reference sig 
nal for maintaining said current flow at said constant 
level, and means responsive to said sensing means being 
operative Solely upon sparking resulting in transient cur 
rent Surges for lowering said voltage to a value at which 
spark-over is diminished. 

2. A precipitator for removing foreign particles from 
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a gas comprising a discharge electrode for charging said 
particles, a collecting electrode for receiving said charged 
particles, means for supplying voltage and a substantially 
constant level current flow to said discharge electrode, 
means for sensing said current flow during corona dis 
charge and sparking at said electrode, means responsive 
to said sensing means when said current flow during 
corona discharge exceeds said constant level current flow 
for maintaining said current flow at said constant level, 
and means responsive to said sensing means being opera 
tive solely upon sparking resulting in transient current 
surges for reducing said voltage to a value at which 
spark-over is diminished and including means for adjust 
ing the magnitude and duration of said voltage reduction. 

3. In an electrostatic precipitator a power supply sys 
tem comprising means for supplying a voltage and a sub 
stantially constant level current flow to said precipitator, 
means for sensing the flow of current to said precipitator, 
means for controlling the flow of current and voltage to 
the precipitator including saturable reactor means, means 
connected between said sensing means and said saturable 
reactor means responsive to normal current flow exceed 
ing said constant level current flow to vary the impedance 
of the saturable reactor means so as to reduce the current 
flow to said precipitator to the constant level flow, and 
means connected between said sensing means responsive 
to transient surges of current resulting from sparking 
including means for rendering said responsive means in 
operative during normal current flow and operative upon 
transient surges for varying the impedance of said sat 
urable reactor means to instantaneously lower said volt 
age. 

4. An electrical precipitator system comprising a trans 
former supplied from an alternating current supply source 
providing a preset constant level of current flow, rectify 
ing means for the output of said transformer, a discharge 
electrode connected to said rectifying means, an electrical 
energy control system for controlling the flow of current 
and voltage to the discharge electrode comprising means 
for sensing the flow of current to said precipitator, sat 
urable reactor means connected between said source and 
said transformer, a current control circuit connected to 
said sensing means and said saturable reactor including 
means for developing a signal corresponding to the actual 
current flow to said discharge electrode, and means for 
developing a reference signal corresponding to the preset 
constant level current flow, means for generating a signal 
corresponding to the difference between said actual and 
preset constant level only when said actual current flow 
exceeds said preset level of current flow so as to vary 
the impedance of said saturable reactor means and reduce 
said current flow to said discharge electrodes to said pre 
set value. 

5. An electrical precipitator system comprising a trans 
former supplied from an alternating current supply source 
providing a preset substantially constant level of current 
flow, rectifying means for the output of said transformer, 
a discharge electrode connected to said rectifying means, 
an electrical energy control system for controlling the 
flow of current and voltage to the discharge electrode 
comprising means for sensing the flow of current to said 
precipitator, saturable reactor means connected between 
said source and said transformer, a voltage control circuit 
connected to said sensing means and said saturable re 
actor means including means being inoperative during 
normal current flow and being operative only upon the 
occurrence of transient current surges resulting from 
spark-over for developing a pulse signal, a voltage reg 
ulating circuit including means for selectively adjusting 
the magnitude and the rate of the pulse so as to vary 
the impedance of said saturable reactor means and reduce 
said voltage to said discharge electrode in accordance 
with a selected spark rate. 
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4. 
6. The invention as defined in claim 5 in which said 

signal developing means comprises a multivibrator. 
7. The invention as defined in claim 5 in which said 

pulse magnitude and discharge rate means comprise a 
variable resistor and a condensor. : 

8. The invention as defined in claim 7 in which said 
signal developing means comprises a multivibrator and 
said pulse magnitude and rate means comprise a variable 
resistor and a condensor. 

9. An electrical precipitator system comprising a trans 
former supplied from an alternating current supply source 
providing a preset constant level of current flow, rectifying 
means for the output of said transformer, a discharge 
electrode connected to said rectifying means, an electrical 
energy control system for controlling the flow of current 
and voltage to the discharge electrode comprising means 
for sensing the flow of current to said precipitator, sat 
urable reactor means connected between said source and 
said transformer, a current control circuit connected to 
said sensing means and said saturable reactor including 
means for developing a signal corresponding to the actual 
current flow to said discharge electrode, means for de 
veloping a reference signal corresponding to the preset 
constant level current flow, means for generating a signal 
corresponding to the difference between said actual and 
preset constant level solely when said actual current flow 
exceeds said preset level of current flow so as to vary 
the impedance of said saturable reactor means and reduce 
said current flow to said discharge electrodes to said pre 
set value, a voltage control circuit connected to said 
sensing means and said saturable reactor means including 
means being inoperative during normal current flow and 
being operative only upon the occurrence of transient cur 
rent surges resulting from spark-over for developing a 
pulse signal, a voltage regulating circuit including means 
for selectively adjusting the magnitude and the rate of 
the pulse so as to vary the impedance of said saturable 
reactor means and reduce said voltage to said discharge 
electrode in accordance with a predetermined spark rate. 

10. The invention as defined in claim 9 in which said 
saturable reactor means comprises a first saturable reactor 
having a control winding and a controlled winding, and a 
second saturable reactor having controlled winding means 
connected to said control winding and control windings 
arranged to be responsive to said error signal and said 
pulse signals to increase the impedance in said first sat 
urable reactor control windings. 

11. The invention as defined in claim 10 in which said 
second saturable means comprises a magnetic amplifier. 

12. The invention as defined in claim 10 in which said 
signal developing means comprises a multivibrator. 

13. The invention as defined in claim 10 in which 
said pulse magnitude and rate means comprises a variable 
resistor and a condensor. 

14. The invention as defined in claim 11 in which said 
signal developing means comprises a multivibrator and 
said pulse magnitude and rate means comprises a variable 
resistor and a condensor. 

15. A power control for an electrostatic precipitator 
having a transformer connected to an alternating current 
source, a rectifier for the output of said transformer, a dis 
charge electrode connected to said rectifier, means con 
nected to said rectifier for sensing the current flow to said 
electrode and developing a signal corresponding to said 
current flow, a current control means connected between 
said sensing means and said course responsive to vari 
ations in current flow relative to a reference current flow 
to maintain said current to said discharge electrode con 
stant when said current flow exceeds said reference flow. 

16. A power control for an electrostatic precipitator 
having a transformer connected to an alternating current 
source, a rectifier for the output of said transformer, a 
discharge electrode connected to said rectifier, means con 
nected to said rectifier for sensing the current flow to 
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said electrode, and a voltage control means connected 
between said sensing means and said source responsive 
upon sparking at said electrode to reduce the voltage at 
said discharge electrode, said voltage control means in 
cluding means for forming a square wave of substantially 
constant amplitude and wave length for each spark. 

17. The invention as defined in claim 16 in which said 
voltage control means includes selectively adjustable 

I means for controlling the magnitude and rate of the volt 
16 

age decrease upon spark-over. 
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