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ABSTRACT OF THE DISCLOSURE 
A method and system for maintaining precipitator volt 

age at a predetermined operating value below sparkover 
potential by superimposing one, or a pair, of unidirec 
tional or high frequency sampling waveforms of prede 
termined amplitude recurrently on the continuously en 
ergized precipitator electrodes and adjusting the D.C. po 
tential applied to the electrodes in response to precipitator 
sparking during the application of the sampling wave 
forms, 

This invention relates to a method and system for auto 
matically controlling the energizing apparatus for electro 
static precipitators. More particularly, the present inven 
tion relates to maintaining the precipitator near but below 
spark-over voltage, thereby operating the system at maxi 
mum power. 
The present invention controls the average or working 

potential applied to a precipitator in dependency on a 
sampling potential momentarily applied at recurrent in 
tervals to detect the immediate value of the sparking po 
tential. The response of the precipitator to the higher volt 
age of the sampling pulse determines whether it is 
desirable to maintain or correct the working potential. 

It has been found advantageous in some circumstances 
to apply a series of substantially rectangular unidirec 
tional potential impulses of relatively short duration to 
the precipitator electrodes, rather than the conventional 
method of stepping-up alternating current and rectifying 
it to provide direct current for the electrodes. This par 
ticular type of energizing apparatus is utilized in the 
present invention and uses a pulse generator to supply 
power pulses to the electrostatic precipitator. It is desired 
to operate the pulse energization system in such a way so 
as to utilize maximum power but not to cause a spark 
over or flash-over between the electrodes of the precipita 
tor as such spark-over decreases the collection efficiency 
of the precipitator. It has been found that this objective 
is obtained by adjusting the magnitude of the power 
pulses to slightly less than the spark-over voltage. 

However, the problem of detecting and maintaining 
optimum operating conditions is complicated by the fact 
that the optimum operating voltage is constantly fluctuat 
ing due to changes in the chemical and electrical prop 
erties of gases passing through the precipitator, the dust 
concentration on the electrodes, and changes in atmos 
pheric conditions. Thus the pulses applied to the precipi 
tator electrodes must be constantly adjusted in amplitude 
to stay within the maximum efficiency level of voltage. 
Heretofore, this has been accomplished by manual regu 
lation of the input voltage, by spark rate control devices 
which provide predetermined sparking rates, or by con 
trol devices which gradually raise the input voltage and 
then quickly drop the voltage a preset amount when spark 
over occurs. These systems are subject to inaccuracies and 
do not provide immediate control of a rapidly-changing 
spark-over voltage level. 
A primary object of the present invention, therefore, is 

to provide automatic control over the energization volt 
age applied to a precipitator to provide optimum operat 
ing efficiency, particularly in a pulsed precipitator. 
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It is also an object of the invention to provide auto 

matic control to a precipitator so that it consistently 
operates at slightly under its current spark-over voltage. 
A further object is to provide a novel method of sam 

pling the sparkover-over voltage at predetermined inter 
vals in order to determine fluctuations in the spark-over 
level. 
A further object is to provide a method of automatic 

precipitator control in which sampling pulses of different 
amplitudes are used to prevent excessive power dissipa 
tion in power pulse sparks. 

These objects and advantages of the present invention 
are obtained by providing an automatic control device in 
cluding a sequential power pulse and sampling pulse gen 
erator, sensing means to determine sparkover during a 
Sampling pulse, and means responsive to the sensing 
means to vary the output of the pulse generator in order 
to follow a fluctuating spark-over voltage level. 
The above objects and novel features of the invention 

Will be more fully set forth in the following drawings and 
detailed description. It will be apparent that the drawings 
are for the purpose of illustration only and that various 
changes can be made in the type and arrangement of the 
elements disclosed without departing from the spirit or 
Scope of the invention. 

FIG. 1 is a schematic circuit diagram of an automatic 
precipitator control embodying the principles of the pres 
ent invention. 

FIG. 2 is a schematic circuit diagram of the embodi 
ment of the present invention supplying two successive 
sampling pulses of different amplitude. 

FIGS. 3A-C are graphs which display the operation 
of the system of FIG. 1. 

FIGS. 4A-B are graphs which show the operation of 
the system of FIG. 2. 

Referring to FIG. 1, the non-sampling pulses, or power 
pulses, are generated by the circuitry comprising a D.C. 
power supply 32 with an output line, feeding current limit 
ing resistor 1, vacuum switching tube 4, energy storage 
capacitor 7, charging diode 13, and blocking diode 12. 
Alternatively, an inductance may be used to replace re 
sistor 1. Tube 4 is normally in a non-conducting state due 
to the negative bias voltage supplied to the control grid 
by direct current supply 17, which is shown schematically 
as a battery. Because tube 4 is normally nonconducting, 
capacitor 7 is therefore normally charged to a voltage Ea 
through resistor 1 and charging diode 13. Capacitor 7 
Supplies the working power supply voltage to the precipi 
tator. Similarly, the sampling pulse circuitry consists of 
conventional D.C. power supply 33 with an output line 
feeding resistor 2, vacuum switching tube 5 held, normal 
ly nonconductive by battery 18, storage capacitor 8, charg 
ing diode 14, and blocking diode 11. Sampling pulse stor 
age capacitor 8 is therefore normally charged to a volt 
age, Eb, which is the higher sampling voltage for the 
precipitator. 
When a positive switching pulse from the sequential 

switching pulse generator unit occurs at the grid of 
switching tube 4 through capacitor 20, the tube conducts 
current. This conduction effectively begins to discharge 
capacitor 7 through blocking diode 12, causing a negative 
power pulse to occur on precipitator 16. Thus a potential 
difference is established between the electrodes of the 
precipitator 16 and ionization takes place. When the in 
coming switching pulse ceases, tube 4 stops conducting, 
capacitor 7 ceases discharging, and the energy fed to the 
precipitator is terminated. The voltage decay on the pre 
cipitator structure itself is not shown in the drawings and 
occurs at a rate determined by the immediate values of 
the discharge current and the capacity of the physical 
structure. The voltage before the onset of the next pulse 
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depends on these parameters and the pulse interval. In 
the operation of the present invention, a series of switch 
ing pulses are sent from the switching pulse generator, 
thus energizing the precipitator by a series of short nega 
tive power pulses as illustrated in FIG. 3A by pulses 
1, 2, 3 . . . N-1. 
When capacitor 7 stops discharging, it is recharged by 

power supply 32 through resistor 1 and diode 13 to 
ground. In actual practice, the interval between the power 
pulses is considerably longer than the duration of the 
pulse, so that energy replacement to the capacitor takes 
place over a relatively long period of time. The power 
pulses may be supplied with a duration from 0.01 to 
to 0.001 second with a duty ratio of 0.1 to 0.5. 
At a predetermined time, in a manner to be subsequent 

ly described, one positive switching pulse is applied to 
tube 5 through capacitor 21 in the interval following a 
power switching pulse and terminating before the next 
power switching pulse. This causes the negative sampling 
pulse N in FIG. 3A to be generated between precipita 
tor power pulses by capacitor 8 through diode 11 to pre 
cipitator 16 in a manner similar to that associated with 
the power pulse circuitry. By making the supply voltage 
Eb larger than Ea, the sampling pulse applied to the pre 
cipitator will be larger in voltage amplitude than the 
power pulses. Therefore, as seen in FIG. 3A, a series of 
power pulses 1, 2, 3 . . . N-1 and one larger sampling 
pulse N are applied to the precipitator electrode 16 dur 
ing the sampling cycle. In the pulse sequence of FIG. 3A, 
the generation of a power pulse has been inhibited dur 
ing generation of the sampling pulse N, which occurs be 
tween power pulses N-1 and N-1. In normal operating 
conditions, the power pulses then have slightly smaller 
magnitudes than the spark-over voltage illustrated by the 
dashed line. However, sampling pulse N has a magnitude 
greater than the spark-over voltage, thereby causing 
spark-over during the duration of the sampling pulse 
which is detected by suitable means subsequently de 
scribed. Detection of spark-over only during the sampl 
ing pulse then denotes proper operation and power is 
delivered to the precipitator at maximum efficiency dur 
ing the power pulses. In practice the power loss during 
the sampling pulse will be small since it occupies only a 
small portion of the time during a given sampling cycle. 
The sampling pulse rate may be a tenth of the power 
pulse rate, and the sampling pulse length may be equal 
to that of the power pulses or shorter by as much as a 
magnitude. 

It is advantageous to maintain the voltage difference be 
tween Ea and Eb at a constant value so that the resultant 
sampling pulse and power pulse will have the constant 
relationship. The magnitude of each of the pulses will be 
dictated by the requirements of the precipitator, but in a 
typical situation the power pulse could be about 35 kV. 
and the sampling pulse about 37 kv. Normally the sam 
pling pulse magnitude will be preset at some operable 
value as 5 percent higher than the power pulses. 
The voltage supply control unit in FIG. 1 consists of 

diodes 25 and 26 which sense voltage pulses generated by 
the energization of the precipitator across resistors 23 
and 24. For instance, in normal operating conditions the 
precipitator will spark when a sampling pulse occurs and 
a large signal is generated across resistor 24. When a 
power pulse occurs, the precipitator will not spark and 
the signal generated across resistor 23 is relatively small. 
The two signals are added through sensing diodes 25 and 
26 and filtered with capacitor 27 and resistor 28 to pro 
duce a smooth signal of amplitude E1. The bias voltage 
E of battery 30 is chosen to equal the voltage level of 
the signal E, during normal operation, or when the sam 
pling pulse produces a spark and the power pulse does 
not. Thus during normal operation E-E=0. This re 
sultant is applied to a conventional servo-amplifier 31 
whose output is zero when E-E=0. Without an output 
from amplifier 31, servo-motor 35 does not rotate, vari 
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4 
able auto-transformers 36 and 37 are not adjusted, and 
the outputs Ea and Eb of power supplies 32 and 33 re 
main unchanged. This insures normal operation of the 
system as shown in FIG. 3A for the next sampling cycle. 

However, if the precipitator voltage is too high, as 
shown in FIG. 3B, many or all the power pulses as well 
as the sampling pulses will cause the precipitator to spark 
over. This will cause the signal E1 to be greater than E, 
thus causing a positive resultant signal to amplifier 31. 
Motor 35 then rotates to decrease the outputs of power 
supplies 32 and 33 until only a sampling pulse sparks and 
the resultant signal again becomes zero. Conversely, if 
the Spark-over voltage increases and neither the sampling 
pulse nor the power pulses cause a spark, as shown in FIG. 
36, the amplifier 31 would receive a negative resultant 
signal and motor 35 would rotate to increase the outputs 
of power supplies 32 and 33. 
The operation of the sequential switching pulse gen 

erator unit in FIG. 1 is controlled by an adjustable speed 
motor 38 which drives rotating alternating voltage gen 
erators 40 and 41. The speed of motor 38 may be adjusted 
by variable resistance 39. The motor and generators may 
be of miniaturized construction since their power require 
ments are negligible. The alternating voltage from the 
generators triggers pulse generators 43 and 44 to produce 
a rectangular Switching pulse for each voltage cycle from 
the alternating voltage generators. Thus the frequency of 
the power Switching pulses from generator 43 and the 
Sampling Switching pulse from generator 44 is determined 
by the rotational speed of their respective alternating 
voltage generators. Mechanical gearing is provided so 
that the relative phase as well as frequency of each pulse 
generator is adjustable. The pulse width and therefore 
the duration of the power and sampling pulses may be 
individually set for optimum performance by adjustment 
of pulse generators 43 and 44. Thus, the sampling pulse 
is timed to occur between a pair of power pulses. Alter 
natively, sampling pulse switching generator 44 may when 
operated supply an inhibiting control voltage via lead 45 
to generator 43. This connection permits the substitution 
of the sampling pulses for power pulses in the power 
pulse sequence, as shown in FIGS. 3 and 4. 
From the foregoing explanation it may be seen the 

apparatus shown in FIG. 1 will maintain the amplitude 
of the power pulses applied to the precipitator at any 
desired level below spark-over voltage. However, as 
shown in FIG. 3B, when the power pulses are of too 
high voltage, considerable sparking will occur and un 
necessary power dissipation results. This disadvantage 
may be overcome by the use of apparatus utilizing two 
Sampling pulses, so that decreasing spark-over voltage 
may be detected before it reaches the level of the power 
pulses. 

Such a system is illustrated in FIG. 2. In addition to 
the circuitry shown in FIG. 1, this embodiment of the 
invention contains means to generate and control a second 
Sampling pulse. For the purpose of simplification, like 
numbering has been maintained in the two drawings for 
the common circuitry. As heretofore explained, when a 
Switching pulse is not being applied storage capacitors 7 
and 8 will be charged with a voltage equal to the out 
put of their respective power supplies. In a similar man 
ner, capacitor 9 will be charged to a voltage of Ec through 
resistor 3 and charging diode 15. 
The switching pulse generator unit now supplies two 

sampling switching pulses at predetermined intervals 
among the series of power switching pulses so that switch 
ing tubes 4, 5 and 6 are sequentially caused to conduct. 
As in the specific embodying of FIG. 1, operation of 
sampling pulse generators 44 and 46 preferably inhibit 
operation of generator 43 by the application of suitable 
gating or control voltages. The charging capacitors are 
periodically discharged through diodes 10, 11, and 12 
into precipitator 16, creating a resultant energizing wave 
form series shown graphically in FIG. 4A. Power pulses 
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1, 2, 3 . . . N-I-1, N-I-2 . . . again constitute most 
of the sampling cycle, with first sampling pulse N and 
Second sampling pulse M being spaced apart in a prede 
termined manner according to the adjustment of the 
Switching pulse generator. The second sampling pulse M 
has a greater magnitude than the first sampling pulse N, 
which in turn has a greater magnitude than the power 
pulses. Typically, with the power pulse adjusted to 35 
kV. and the first sampling pulse to 37 kv, the second 
Sampling pulse M would be adjusted to about 38 kV. 

In FIG. 2, sensing diodes 25 and 26 are now placed 
between the cathodes of sampling switching tubes 5 and 
6. Thus in normal operation as illustrated in FIG. 4A, 
first sampling pulse N would not cause the precipitator 
to Spark-over, but second sampling pulse M would cause 
a Spark to occur. Diode 25 would then sense a small volt 
age across resistor 23 and diode 26 would sense a much 
larger spark-over pulse across resistor 24. The added 
voltages are applied to the filter comprised of capacitor 
27 and resistor 28 and the smoothed output signal E is 
then Subtracted from bias voltage E. E. is again chosen 
So that E1-E2=0 during normal operation. If the result 
ant signal is Zero, the servo-amplifier 31 will not produce 
an output, Servo-motor 35 will not run, and variable 
autotransformers 50, 36, and 37 are not varied to change 
the outputs of the power supplies. 

However, if the spark-over voltage decreases and both 
of the sampling pulses cause a spark-over, the increased 
signal on resistor 23 will cause E to exceed E. and a 
positive signal is applied to the servo-system. Motor 35 
will rotate to decrease the outputs of power supplies 32, 
33, 34, thereby decreasing the magnitude of the power 
and Sampling powers. However, only limited spark-over 
and Subsequent power loss may be seen to have resulted 
as no continuous spark-over occurred from the power 
pulse series. Conversely, if neither sampling produces a 
Spark, the amplifier 31 receives a negative resultant signal 
and servo-motor 35 rotates to increase Ea, Eb, and Ec. 

Referring to FIG. 4B, the duration of the sampling 
pulse may be varied by adjustment of pulse generators 
44 and 45. In this embodiment, the pulse lengths of the 
sampling pulses are made considerably shorter than the 
lengths of the power pulses. Thus, although deliberate 
spark-over is caused by the sampling pulses, little power 
loss results because of their short duration. 
The control system of the invention provides means 

whereby a complete precipitator system may be automati 
cally controlled in a manner to give consistent maximum 
operating efficiency. 
What is claimed is: 
1. A system for controlling the power supplied to an 

electrostatic precipitator comprising: 
adjustable output voltage working power supply means 

electrically connected to the precipitator electrodes, 
means electrically connected to the precipitator elec 

trodes for recurrently applying a momentary higher 
sampling voltage to the precipitator electrodes, and 

voltage control means for said power supply means 
operative in dependency on precipitator response 
during the application of said higher sampling volt 
age. 

2. The system of claim 1 further comprising: 
means for raising the voltage of the working power 

supply means on absence of spark over current surge 
during higher voltage application. 

3. The system of claim 1 further comprising: 
means for lowering the voltage of the working power 

supply means on the presence of spark over current 
surge during higher voltage application. 

4. The system of claim 1 further comprising: 
means for lowering the voltage of the working power 

supply means on spark over current surge at work 
ing power supply output voltage. 

5. The system of claim 1 further comprising: 
means disconnecting the working power supply from 
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6 
the precipitator during operation of the second re 
cited means. 

6. An electrostatic precipitator comprising: 
adjustable output voltage working power supply means, 
pulse means for recurrently applying a first momentary 
sampling voltage to the precipitator electrodes at a 
voltage higher than the working voltage and a second 
momentary Sampling voltage at a voltage higher than 
the first sampling voltage, and 

precipitator current responsive control means for the 
power Supply means operative on spark over current 
Surge during the first sampling voltage to reduce 
power Supply voltage and operative on absence of 
spark over current surge during the second sampling 
voltage to raise power supply voltage. 

7. An electrostatic precipitator comprising: 
a pair of electrodes, 
power pulse supply means for supplying a series of 
power pulses for energizing said pair of electrodes 
near its spark over voltage, and 

at least one higher voltage sampling pulse supply means 
for recurrently sampling the spark over voltage of 
said pair of electrodes. 

8. The system of claim 7 further comprising: 
means responsive to current levels in said precipitator 

means to vary the output voltages of said pulse 
supply means. 

9. The system of claim 7 wherein: 
the sampling pulse supply means is operative to supply 

pulses of substantially shorter duration than the 
power pulse supply means. 

10. A system for energizing an electrostatic precipitator 
comprising: 
a plurality of power supplies each having an output of 

a different voltage magnitude, 
energy storing means separately connected to the out 

puts of said power supplies, 
precipitator electrode means connected to for energiza 

tion by the outputs of said energy storing means, and 
sequential switching means connected to the outputs of 

said power supplies for causing said energy storing 
means recurrently to sequentially energize said 
precipitator means. 

11. The system of claim 10 wherein said sequential 
switching means comprises: 

a plurality of normally open switching means connected 
to the output of said energy storage means, and 

pulsing means connected to said switching means to 
sequentially close said switching means. 

12. The system of claim 11 wherein said switching 
means comprises: 

normally blocked vacuum switching tubes unblocked in 
response to said pulsing means, 

13. An electrostatic precipitator comprising: 
a plurality of variable voltage output power supplies, 
a power pulse storing means connected to the output of 
one power supply for delivering a series of recurrent 
power pulses, 

sampling pulse storing means connected to the re 
maining power supplies to deliver recurrent sampling 
pulses, 

precipitator electrode means connected to the one pulse 
storing means for energization at a point near spark 
over voltage, 

sequential switching control means for causing said 
pulse storing means to deliver a predetermined series 
of power and sampling pulses to said precipitator 
electrode means, 

sensing means responsive to precipitator current to pro 
vide an output signal, and 

power supply voltage varying means connected be 
tween said sensing means and said power supplies 
to vary the output of the power supplies as the 
precipitator performance changes. 

14. The system of claim 13 wherein 
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the sequential switching control means is operative to 
deliver sampling pulses of substantially shorter dura 
tion than the power pulses. 

15. The system of claim 13 wherein the power supply 
varying means comprises: 

servomechanism means which varies the output voltage 
of said power supplies in accordance with the magni 
tude of the signal received from said sensing means. 

16. The system of claim 15 wherein said sensing means 
comprises: 

adding means responsive to current delivered by a 
plurality of pulse storing means, 

filtering means for smoothing the output of said adding 
means, and 

subtracting means responsive to the output of said 
filtering means to provide a resultant control signal. 

17. In an automatic voltage regulator for maintain 
ing the voltage level of the electrodes of an electrostatic 
precipitator near spark over voltage: 

a power supply which produces a series of power pulses 
to energize said electrodes, 

first sampling pulse supply means for detecting the de 
crease of the spark over voltage of said electrodes, 
and 

second sampling pulse supply means for detecting the 
increase of said spark over voltage. 

18. The apparatus of claim 17 further comprising: 
means to vary the outputs of said pulse supply means 

in accordance with variations of the spark over 
voltage detected by said sampling pulses. 

19. The method of operating an electrostatic precipi 
tator with an adjustable working voltage supply com 
prising: 

energizing the precipitator electrodes under applied 
working voltage, 

recurrently momentarily increasing the precipitator 
electrodes voltage above the applied working voltage, 

sensing precipitator response, and 
raising the working voltage in absence of spark over 

current surge during the momentarily increased 
voltage. 

20. The method of claim 19 further comprising: 
reducing the working voltage on spark over current 

surge in the absence of the momentarily increased 
voltage. 

21. The method of operating an electrostatic precipita 
tor with an adjustable working voltage supply comprising: 

energizing the precipitator electrodes under applied 
working voltage, 

recurrently momentarily increasing the precipitator 
electrodes voltage to first and second different values 
above the applied working voltage, 

sensing precipitator response, 
raising the working voltage in absence of spark over 

current surge during the higher momentarily in 
creased voltage, and 

reducing the working voltage on spark over current 
surge during the lower momentarily increased 
voltage. 

22. In the method of operating an electrostatic pre 
cipitator under an adjustable applied working voltage, the 
steps of: 

recurrently momentarily applying increased voltage 
and 

sensing precipitator response to determine the relation 
of applied working voltage to present spark over 
voltage. 

23. The method of controlling the voltage supply to 
an electrostatic precipitator comprising: 

applying to the precipitator electrodes a series of power 
pulses with magnitudes slightly lower than the spark 
over voltage, 

applying to the precipitator electrodes at predetermined 
times sampling pulses of a voltage magnitude slightly 
greater than the power pulses, 
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sensing the response of said precipitator when energized 
by a sampling pulse, and 

varying the voltage magnitude of the power pulses 
according to the sensed response of the precipitator. 

24. The method of claim 23 further comprising: 
the step of increasing the voltage magnitude of the 

pulses if no spark over occurs during the sampling 
pulse. 

25. The method of controlling the voltage supply to 
an electrostatic precipitator comprising: 

applying to the precipitator electrodes a series of spaced 
equal voltage magnitude power pulses, 

applying to the precipitator electrodes at first predeter 
mined times first sampling pulses of slightly greater 
voltage magnitude than the power pulses, 

applying to the precipitator electrodes at second pre 
determined times second sampling pulses with a 
magnitude greater than said first sampling pulse, 

sensing the response of said precipitator, and 
varying the voltage magnitude of the pulses according 

to the sensed response of the precipitator. 
26. The method of claim 25 wherein: 
the magnitude of the pulses is increased if no spark 

over occurs during the second sampling pulses. 
27. The method of claim 25 wherein: 
the voltage magnitude of the pulses is decreased if 

spark over occurs during the first sampling pulse. 
28. The method of claim 25 wherein: 
the application of the sampling pulses is of shorter 

duration than the duration of the power pulses. 
29. Means for controlling the proximity of the spark 

over voltage of an electrostatic precipitator with its 
operating voltage comprising: 

voltage pulse generating means connectible with the 
electrodes of a precipitator to increase the voltage 
differential thereacross, 

current variation sensing means connectible with said 
precipitator to supply an output signal in response to 
spark over, 

servo-motor means connectible to a variable output 
voltage precipitator power supply, and 

control means for activating the servo-motor on ab 
sence of signal from the sensing means during pulse 
generation and for reversely activating the servo 
motor on signal from the sensing means during 
absence of pulse generation. 
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