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The present invention relates generally to electrical
precipitators of the type used for the purpose of collect-
ing or precipitating particles suspended in a gas stream
by means of a high voltage electric field maintained be-
tween opposing electrodes. More particularly, the present
invention relates to means for automatically controlling
the strength of the electrical field in such precipitators in
a manner which maximizes precipitator operating effi-
ciency. .

Basically, an electrical precipitator comprises one or
more pairs of opposing electrodes between which a high
voltage electric field is maintained, and through which a
gas containing particles to be precipitated is passed. It
is customary practice to ground the collecting electrode of
each pair while the other electrode (the discharge elec-
trode) is connected directly to a. source of high voltage
electrical power. As the voltage applied across an elec-
trode pair is raised from zero, a voltage level is reached
at which there is corona discharge at the discharge elec-
trode; and this condition is accompanied by a small but
definite electric current flow between the two electrodes,
this current commonly being referred to as the corona
current. The value of the corona current depends on the
applied voltage, the spacing between electrodes, and the
nature of the gas and particles between the electrodes.

If the voltage applied between opposing electrodes is
raised beyond the level where corona discharge begins
while holding the other factors constant, the corona cur-
rent increases; and there is eventually reached a voltage
level at which intermittant sparking occurs between the
electrodes. Since the individual sparks each represent a
current flow between the electrodes, this sparking adds
to the total flow of current between the opposing elec-
trodes. The total discharge current flowing between the
electrodes is thus composed of a fraction caused by
corona discharge and another fraction caused by sparks.
In general each spark represents a substantial increase
in the instantaneous value of the discharge current flow-
ing between the electrodes; but since each spark is of
short duration, a single spark has but a comparatively
small effect in increasing the average value of the total
discharge current.

As the voltage applied between the electrodes is raised
beyond the level where sparking begins, corona current
flow increases, and sparking takes place between the elec-
trodes at an increasing rate and with greater intensity until
eventually conditions between the electrodes become un-
stable, and a dielectric breakdown or arc-over occurs.
When an arc-over occurs between the two electrodes, the
voltage falls rapidly to a small fraction of its previous
value and the total discharge current between the elec-
trodes rises substantially, but the collection efficiency
drops to a low value.

Corona current is, in general, a measure of the ability
of the precipitator to charge suspended particles to be col-
lected and, together with the voltage, determines collec-
tion efficiency. Therefore, it is desirable to operate
the precipitator at the highest practical values of corona
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current and voltage without creating the conditions that
bring about arcing with its attendant drop in corona and
voltage. Consequently, at the normal optimum operating
conditions there is a considerable amount of intermittent
sparking current in addition to a relatively high corona
current. The portion of the total discharge current caused
by corona discharge is comparatively uniform for any
given voltage level, but the amount of spark current and
the arc-over voltage level may change quite rapidly due
to several factors: changes in the character of the gasses
passing through the precipitator, changes in the concen-
tration and electrical characteristics of the suspended ma-
terial in the gas stream, changes in the amount of mate-
rial collected upon the electrodes, and various other con-
ditions. Also, it should be appreciated that the quantity
of electricity contributed to the total discharge current
by each spark is not constant, since some of the sparks
may be longer or of greater intensity than others, and so
pass a larger quantity of electricity. The length and
intensity of each spark also varies with the factors dis-
cussed above..

Thus the problem of maintaining optimum operating
conditions in a precipitator is considered best solved by
constantly maintaining the electrode voltages at the
highest level which will not cause arc-over; however, any
practical solution is complicated by the fact that the arc-
over voltage level is frequently changing in a given instal-
lation, some times changing rapidly and some times
rather slowly. .Since the voltage at which arc-over occurs
has no constant value, the precipitator can not be set to
operate at optimum conditions by a fixed contrel. Var-
jable controls for precipitators have been devised which
operate by the principle of counting the total number of
sparks for a given period of time, then controlling the
electrode voltage to maintain a certain preset number of
sparks per minute. However, since the strength and dura-
tion of sparks vary according to the same factors which
cause a variation in arc-over voltage level, these devices
have only a limited usefulness in applications where the
arc-over level varies rapidly. Also, it has been found
that the optimum number of sparks per minute in any
given installation with a relatively stable arc-over voltage
level might vary from 50 to several hundred sparks per
minute, and is best determined by actual test under the
particular conditions involved for each different instal-
lation.

Thus it becomes a general object of my invention to
provide a device for automatically controlling the field
strength between the electrodes to maintain optimum op-
erating conditions within the precipitator and automatical-
ly to change the applied voltage level in response to a
change in operating conditions.

It is also an object of my invention to provide a de-
vice of this character which is responsive to the strength,
duration, and number of sparks per unit time occurring
between electrodes in such a manner that the voltage be-
tween electrodes is raised or lowered automatically 1o
maintain some preset value of average spark current,

An additional object of my invention is to provide a
device operative in this manner responsive to the integral
of spark current over some fixed period of time, wherein -
the period of integration and the preset value of average -
spark current are both adjustable by simple controls.

A further object of my invention is to provide an auto- .
matic control device of this character which is simple and
inexpensive in construction and, more importantly, reli-
able in operation so that it gives reliable and trouble free
operation. : :

These objects and advantages of my invention are ob- -
tained by providing means for detecting changes in the
field strength between the electrodes, means for ‘sepa--
rating from the total changes those variations due to 3
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change in spark strength, duration or frequency, and
means for changing the voltage applied to the electrodes
such that changes in spark strength, duration or fre-
quency are counteracted by changes in. applied voltage
to. maintain a relatively constant average: spark. current.
" In general, changes. in- the field strength. between. the
electrodés. are reflected as. changes in. the total discharge
current between. the two. electrodes, and hence as changes
in the. current input to. the electrodes. Therefore, in. my
invention I detect changes in the field strength by placing
an. inductance, in the form of the load winding of a
saturable reactor, in series with the power input to. the.
electrodes. Changes in the discharge current are thus
detected as. changes. in the voltage drop. across the load
winding of the saturable reactor.

However, not all of the voltage variations. appearing
across. the, saturable: reactor load winding are. caused by
variations in the spark current. Variations are. also
caused by the A.-C., power frequency applied, and by
changes in coronma current. The effects. of the A.-C.
power input are removed by placing, a rectifier and. power
ripple frequency filter across. the saturable reactor load
winding.  The effects of steady state corona current. and
other steady state factors are removed by placing. in the
filter a D.-C. blocking capacitor in series. with the output
of the power frequency filter. The: ouput from the recti-
fier and filter is created. by transient curreat changes; i.e.
sparks, which. are characteristically of a very short. time
duration, and transient changes in the corona current,
which are usually of a very long time duration compared
to sparks.

An integrating circuit is provided at the output side. of
the blocking capacitor to- integrate the said output cur-
rent flow due to. individual sparks over a fixed period. of
time, which is controllable, and which is normally set
at around 15-20 seconds. The effect of transient changes.
in corona current in this integrating circuit is. negligible,
due to their long time duration with respect to. the time
constants of the circuit. Thus the current level in. the
Integrating circuit indicates the average spark. current
flow during any period of time equal to the fixed inte-
grating period.

The. voltage level present in the integrating circuit is
amplified to a suitable operating level in an amplifier,
and then applied back to the comtrol winding of the
saturable reactor. The current flow through the. control
winding determines the impedance of the saturable. re-
actor; and since the saturable reactor load winding is in
series with the power source, the impedance of the satur-
able reactor determines the amount of voltage which is
applied to the electrodes.

In summary, my invention detects variations. in elec-
trode discharge current. by a saturable reactor in series
with the power source and the electrodes, then separates
from the total variations the change caused by a fluctu-
ation in average spark current to, produce a D.-C. signal
which is amplified before using it to. control the: imped-

ance of the saturable reactor in such a manner that the.

valtage applied to the electrodes is changed to counter-
act the variation in average spark current. The field
strength between: the electrodes: is thus maintained at: its
optimum value under rapidly varying conditions. A par-
ticular advantage of my invention i that this corrective
action- is relatively independent of the particular condi-
tions. involved. in' any given precipitator installation, so
that no: extensive: testing is required to adapt the- control
for use in differing installations.

How the above objects and advantages of my inven-
tion, as well as others not specifically’ mentioned’ herein,
are attained will be better understood by reference to the
following description and to the anmexed drawing, in
which:

Fig. 1 is'a block diagram' of my invention as used with
a precipitator,
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Fig. 2 is a schematic diagram of a particular embodi-
ment of my invention as used with a precipitator.

Referring particularly to Fig. 1, the electrical precipi-
tator is shown schematically as comprising collecting elec-
trode 10 and discharge electrode 11, which oppose each
other. The collecting electrode- is normally grounded,
as shown, while the discharge electrode is maintained
at’ @ relatively high voltage by means of an A.-C. power
source applied between the two electrodes through a
rectifier.. The voltage between. the: two electrodes: forms;
an electro-static. field at 12, My invention is shown. as
including the saturable reactor placed between the A.-C.
power source and the rectifier, with an output voltage
going from the reactor to the power rectifier and filter,
and thence to the: spark current integrator circuit, and
then through an amplifier back to the control winding
of the saturable reactor.

Fig. 2 shows a schematic diagram of a particular em-
bodiment, of my invention. as used with, anelectrical pre-
cipitator. Referring particularly to Fig: 2, the precipi-
tator rectifier 6, is formed by four semi-conductor diodes
7 which are connected to. aperate as a full wave. bridge
rectifier, as is. well known. in the art. Voltage step-up
transformer 3 is placed between the bridge rectifier 6

5 and the A.-C. voltage source, with secondary winding 5

connected across the input to the bridge rectifier and with
primary winding, 4 energized by an A.-C. voltage applied
from power input terminals 1 and 2. The. alternating
current source is ordinarily a commereial. source pro-
viding power at a commercial voltage, usually 220. volts
or 440 volts, and at a commercial frequency, usually 60
cycles per second. o

Connected in series with the primary winding of power
transformer 3 is saturable reactor 13, which acts as both
the detecting and control element of my invention. Vari-
ations in the strength. of field 12 are detected as. variations.
in the voltage drop across the load winding 14 of the
saturable reactor; and in response to these. voltage. vari-
tions the current flow through the control winding 15 of
the saturable reactor is suitably altered by the action
of my invention. This in turn alters the impedance: of
load winding 14, and thus.changes the amount of voltage
appearing across. transformer primary winding 4, and
therefore the voltage applied between opposing, electrodes.
9-and 11.

Load winding 14 is connected by conductors 16 to the.
input terminals of a filter-integrator circuit which has.
at its input end a bridge rectifier formed by four semi-
conductor diodes. 17. The rectifier has commen input.
terminals with this filter-integrator circuit. One. output
terminal of the bridge rectifier is connected to a circuit
common lead 18, and the other output terminal is con-
nected in paraliel to a power frequency filter, and ta a
resistor 32 which is the discharge path for capacitors. 20,
22 and’ 23. In addition resistor 32 has a function ex-
plained: later i connection with the circuit of transistor
30. The power frequency filter is comprised of induct-
ance 21 and’ capacitors 20 and. 22 connected in a pi con-
figuration. The filter acts to remove power frequency
ripple from the rectified output of load winding 14. Thus
the output of the pi filter contains only. steady state D.-C.,
and transients' caused' by variations in. discharge current.

The steady state D.-C. component is filtered out by
D.-C. blocking capacitor 23, which also acts. to- reduce.
the effect of any transients due to changes in corema
current. The. corona current. transients, which are of a
relatively Tow frequency, are attenuated: by capaciter 23;
while the: spark current transients, which. are of a relative-
ly high frequency, are passed. substantially unattenuated.
Thus the output to the right of capacitor 23 is primarily
the. current derived from. transients due to.spark current.

_To the left of and including. the. blocking capacitor,
the cifcuit so far described. functions as. & power rectifier
and. ripple. frequency filter: To the right: of blacking
capacitor and receiving the output therefrom: is. the: por:
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tion of the circuit that functions as a filter-integrator.
This portlon comprises semi-conductor diodes 24 and 25
connected in parallel to the output side of capacitor 23,
Storage capacitor 26, and a resistance preferably separated
into fixed resistor 27 and variable resistor 28.

The negative portion of the spark transients is clipped
by semi-conductor diode 24, which acts as a short circuit
to ground for any negative voltages. Semi-conductor
diode 25 acts as an open circuit to positive voltages. The
positive portion of the spark transients is passed through
diode 25 to integrating capacitor 26 where it causes a
positive charge to be developed on capacitor 26 in accord
with the intensity and duration of the spark. When the
spark ends, diode 25 opens, and the charge thus accu-
mulated on storage capacitor 26 discharges through serial-
ly connected resistors 27 and 28 and-the input of transistor
30. Within a given range, the discharge time constant
of the circuit is controllable by variable resistance 28.
In a typical application it is usually set for a fixed dis-
charge period of around 15 to 20 seconds. Since a typical
spark lasts only 144 second, it can be seen that the dis-
charge current through resistors 27 and 28 represents the
total effect of many sparks over the selected period of
about 15-20 seconds. 'Since the amount of charge deliv-
ered to capacitor 26 depends on the strength, duration and
frequency of sparks during this period of time, it can
be seen that the discharge current through resistors 27 and
28 is a function of the average value of the total spark
current between the electrodes during that period of time.

The output of the spark current integrating circuit is
amplified by transistor 30, which utilizes a portion of the
steady state D.-C. current available from the bridge
rectifier as its source of power and bias. The current
available through resistor 32 is always greater than the
cwitent required by the transistor, Voltage regulator
diode 31 serves to by-pass the excess current and main-
tains a constant voltage source for bias and power to
transistor 30. The transistor bias is applied  through
resistor 29 to the transistor base. Power to be controlled
by transistor 30 is developed across voltage regulator
diode 31. The negative side of voltage regulator diode
31 is connected directly to the emitter of transistor 30.
The positive side of the regulator diode is connected
through the signal winding of amplifier 35 and inductance
34 to the collector of transistor 39.

The output of transistor 3¢ is applied through a filter
circuit and conductors 36 to an amplifier 35. Though
other types of amplifiers may be used, it is preferred to
use a magnetic amplifier at 35. The filter consists of in-
ductance 34 and capacitor 33 connected in an L. configura-
tion. The filter acts to prevent ripple frequency feedback
from the amplifier 35 to the transistor The amplifier in
this particular embodiment is 2 magnetic amplifier which
has a non-linear relationship between current input and
current output. This non-linear characteristic is utilized
as part of the invention, to reduce the effect of spark
current when the device is set to operate the precipitator
at low levels of current. This non-linear characteristic
of the magnetic amplifier is desirable because an incre-
ment of corona current at low current levels has a much
greater effect on collection efficiency of the precipitator
than the same increment of current at 2 high current
level. If collection efficiency is plotted on the y-axis
against current on the x-axis, the curve rises steeply at
first and then flattens to almost a zero slope at high cur-
rent values. The nom-linear characteristic of the am-
plifier is chosen to make it much more sensitive in the
lower range of cuirent values,

It should also be noted that magnetic amphﬁe1 35
performs the function of inverting the direction of change
of the D.-C. signal output from the integrator circuit. It
has the characteristic that its output is a maximum when
its input is a minimum, and vice versa. Hence, a de-
creasing incoming signal is inverted and becomes an in-
creasing control current sent to reactor winding 5. As
a result of this inverse relation between input and output,
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reactor 13 is caused to counteract any change in field
strength at precipitator 12 whereby the field strength is
maintained at some established value, or close thereto.

The R-C or time constant of the filter circuit is chosen
to discount the effect of a momentary shower of sparks
which does not reflect a real change in operating con-
ditions; for example, a shower of sparks caused by a
cioud of heavy particles falling between the electrodes.
These sparks come at very short intervals of time and
may occur at the rate of several per second. Such sparks
do not represent a real change in operating conditions and
it is better if the circuit can partly ignore them, ctherwise
the shower would drive the precipitator voltage to a very
Jow level. When these frequent light sparks occur, their
effect is damped by capacitor 23 if the interval between
successive sparks is less than the discharge time of the
capacitor, which typically might be about Y4 second.
Sparks coming oftener than that prevent the capacitor
from fully discharging and so do not cause as much in-
crease in output through diode 25 as if each spark charged
capacitor 23 from a fully discharged state.

The output of amplifier 35 is connected by conductors
37 to the control winding 15 of the saturable reactor 13,
where it determines the impedance of the reactor, and
thus the proportion of the applied source voltage that
is absorbed across the lecad winding A drop in the cur-
rent through the control Winding increases the impedance
of the saturable reactor, thus increasing the amount of
the supply voltage dropped across the Ioad winding, and
consequently decreasing the voltage applied to the pri-
mary winding of the power transformer 3. This in turn
lowers the voltage applied between the electrodes 19 and
11. A rise in the current through the control winding
decreases the impedance of the saturable reactor, thus
decreasing the amount of supply voltage dropped across
the load winding, and consequently increasing the volt-
age applied between the electrodes.

Having described the construction of my invention,
the operation is briefiy as follows:

In the absence of sparking between the precipitator
electrodes, the storage capacitor 26 discharges slowly at
a rate determined by the decay characteristics of the dis-
charge circuit. Discharge of the condenser creates a
D.-C. current signal which is amplified by the transistor
and then applied to the magnetic amplifier; and under
the assumed conditions this signal is at a minimum.
Since the output of the magnetic amplifier is at a maxi-
mum when input to it from the filter-integrator circuit
is a2 minimum, the magnetic amplifier now exerts the
maximum. correcting effect upon the saturable reactor.
The result is that the saturable reactor operates to raise
the voltage applied to maintain the field between the
electrodes and thus increases the field strength between
the electrodes. When conditions in the precipitator be-
come such that the applied voltage approaches the arc-
over level, sparking is fairly intense and frequent and
there is a marked increase in the average sparking cur-
rent flowing between the electrodes. This increase in
sparking current is detected according to my invention
by an increase in the voltage drop across the load wind-
ing of the saturable reactor. This increase in voltage
drop creates an increased output current which is applied
to the filter-integrator circuit where the output is rectified
and all components are filtered out except a portion of
the current which bears a known relation to the current
fiowing between clectrodes as a result of sparking. This
transient fraction charges the storage capacitor; and there-
by increases the discharge current from this same capaci- )
tor since it is continually discharging through the circuit
including the transistor. The rise in D.-C. output from
the filter-integrator circuit is the signal applied to the

" magnetic amplifier, after amplification by the transistor.

(L]

The output from the magnetic amplifier is now decreased
by the rise in input and thus the saturable reactor is
caused to reduce the voltage applied to maintain the field
between the precipitator electrodes. The invention there-



7 .
fore operates to maintain the field strength between elec-
trodes at the most efficient operating level despite fluctua-
tions in operating conditions, thus obtaining maximum
efficiency of collection of the particles suspended in the
gas being treated.

From the foregoing description it will be understood
that various modifications may be made in the control de-
vice without departing from the spirit and scope of my
invention; and that the same methods of regulating the
field strength may be employed without using exactly the
same arrangement of elements illustrated herein. Ac-
cordingly, it is to be understood that the foregoing de-
scription is considered to be illustrative of, rather than
limitative upon, the appended claims.

" I claim:

1. An automatic field strength control device for use
in combination with an electrical precipitator wherein an
electrical field is maintained between opposing electrodes
by means of an A.-C. power source connected through
a transformer and. rectifier to said opposing electrodes,
said control device comprising: a saturable reactor hav-
ing a control winding and a load winding, said load wind-
ing being connected in series with the primary winding
of said transformer; a filter-integrator circuit with input
tenminals connected across said load winding, said filter-
infegrator circujt producing a D.-C. output signal corre-
sponding to the integral of transient changes in the A.-C.
voltage drop across. said load winding; and an amplifier
with input terminals connected to the output terminals
of said filter-integrator circuit, and with output terminals
connected to the control winding of said saturable reac-
tor; whereby the field strength between said opposing
clectrodes is. automatically maintained at some value
related to the average spark current flowing between said

opposing electrodes independent of the total corona cur-~

rent flowing between said opposing electrodes.

-2. An automatic field strength. contrel device for use
in combination with an electrical precipitator wherein an
electrical field is maintained. between opposing electroded
by means of an A.-C. power source connected through a
transformer and rectifier to said opposing electrodes,
said control device comprising: a saturable reactor hayv-
ing a contrel winding and a load winding, said load
winding being connected in series with the primary wind-
ing of said transformer; a filter-integrator circuit with
input terminals connected across. said load winding, said

filter-integrator circuit producing a D.-C. output signal

corresponding to the integral of transient changes in the
A.-C. voltage drop across said load winding; and an am-
plifier with input terminals connected to the output ter-
minals. of said filter-integrator circuit, and with output
terminals connected to the control winding of said sat-
urable. reactor; said filter-integrator cireuit comprising a
rectifier having input termials that are the input terminals
of said filter-integrator circuit and output terminals, of
which one is common, that are connected to a first filter
circuit, said first filter circuit adapted to block the fre-
quency of said A.-C. power source; a D.-C. bocking
capacitor connected to the non-common output terminal
of said first filter circuit; an integrating circuit with input
terminals connected between the output terminal of said
D.-C. blocking capacitor and the common terminal of
said first filter circuit; a second filter circuit connected
between the output terminals of said integrating circuit,
said second filter circuit adapted to block the frequency
of said A.-C. power source; and the output terminals of
said second filter circuit comprising the output terminals
of said filter-integrator circuit; whereby the field strength
between said opposing electrodes is automatically main-
tained at some value related to the average spark cur-
rent flowing between said opposing electrodes independent
of the total corona current flowing between said opposing
electrodes.

3.. A device as ‘defined in claim 2 wherein said rectifier-
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comprises: diode units, connected to form a bridge rectifier
circuit.

4. A device as defined in claim 3 wherein said diode
units are semi-conductors.

5. A device as defined in claim 2 wherein said first
filter circuit comprises a first capacitor connected in
parallel with the output terminals of said rectifier, an
inductance connected in series with the non-common out-
put terminal of said rectifier, and a second capacitor
connected between the output terminal of said inductance
and the common terminal of said rectifier.

6. A device as defined in ¢laim 2 wherein said second
filter circuit comprises a capacitor connected in paral-
lel with the output. terminals of said integrating circuit
and an inductance connected in series with the non-com-
mon output terminal of said integrating circuit.

7. A device as. defined in claim. 2 wherein said first
amplifier comprises a magnetic amplifier having a non-
linear relationship between input current and output cur-
rent, said non-linear relationship adapted to form a part
of the action of said automatic field strength control de-
vice in maintaining said field strength at the appropriate
level in relation to said average spark current between
said opposing electrodes.

8. A device as defined in claim 2 wherein said inte-
grating circuit comprises. an. integrating network with in-
put terminals connected between the output terminal of
said D.-C. blocking capacitor and the common output
terminal of said first filter circuit, and a second ampli-
fier with input terminals connected across the output ter-
minals of said integrating network, and the output ter-
minals. of said second amplifier comprising the output
terminals of said integrating circuit.

9. A device as defined in claim 8 wherein said inte-
grating network comprises a first diode unit connected
between the output terminal of said D.-C. blocking ca-
pacitor and the common. output terminal of said first filter
circuit, with the anode of said first diode unit connected
to the common terminal of said first filter circuit, a sec-
ond diode unit having its anode connected to the junc-
tion formed by the output terminal of said D.-C. block-
ing capacitor with the cathode of said first diode unit,
an integrating capacitor connected between the cathode
of said second diode unit and the anode of said first di-
ode unit, and a variable resistance with one terminal con-
nected to the junction formed by the cathode of said
second diode unit with the non-common terminal of said
integrating capacitor, such that the output terminals of
said integrating network are formed by the unconnected
terminal of said variable resistance and the common ter-
minal of said integrating capacitance.

10. A device as defined in claim 9 wherein said first
and second diede units are semi-conductors.

11. A device as defined in claim 8 wherein said sec-
ond amplifier comprises a transistor, the base of said
transistor being comnected to the non-common output
terminal of said integrating network and to a bias net-
work, said bias network comprising a first resistor con-
nected between said transistor base and the cathode of
a third diode unit whose anode is connected to the com-
mon output terminal of said integrating network, the
emitter of said transistor being connected to the com-
mon. output terminal of said integrating network, and
the output terminals of said amplifier being formed by
the collector of said transistor and the junction of the
cathode of said third diode with said first resistor; and
a second resistor connected in series with the third di-
ode between common and non-common output terminals
of the rectifier, said diode together with current passing
through the. second resistor COmprising a power source
for current controlled by the transistor and a voltage
source for the bias network.

12. A device as defined in claim 11 wherein said third
diode unit is a semi-conductor.

13. An automatic Beld sirength control device for use

“vl

o



P

2,043,607

9

in combination with an electrical precipitator wherein
an electrical field is maintained between opposing elec-
trodes by power from an A.-C. source connected through
a transformer and a rectifier to the precipitator, said
control device comprising: a saturable reactor with its
load winding connected through the transformer with
the input terminals of the rectifier; means connected
across said load winding for sensing a change in voltage
drop across the load winding; means for producing a
D.-C. signal representing a known function of said change
in D.-C. voltage drop across the load winding; an am-
plifier electrically connected to said means for produc-
ing a D.-C. signal to receive said D.-C. signal and hav-
ing its output comnected to the control winding of said
saturable reactor whereby the saturable reactor continu-
ously changes the field strength in inverse relation to the
change in strength of the D.-C. signal.

14. An automatic field strength control device for use
in combination with an electrical precipitator wherein an
electrical field is maintained between opposing electrodes
by means of an A.-C. power source connected through
a transformer and rectifier to said opposing electrodes,
said control device comprising: a saturable reactor hav-
ing a control winding and a load winding, said load
winding being connected in series with the primary wind-
ing of said transformer; a filter-integrator circuit respon-
sive to changes in the current flowing in said load wind-
ing to said transformer primary, said filter-integrator cir-
cuit producing a continuous D.-C. output signal corre-
sponding to the integral of transient changes in the cur-
rent flowing through said load winding; and an ampli-
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fier with input terminals connected to the output ter-
minals of said filter-integrator circuit, and with output
terminals connected to the control winding of said satu-~
rable reactor; said filter-integrator circuit comprising a
rectifier having input terminals that are the input termi-
nals of said filter-integrator circuit and output terminals,
of which one is common, that are connected to a first
filter circuit, said first filter circuit adapted to block
the frequency of said A.-C. power source; a D.-C. block-
ing capacitor connected to the non-common output ter-
minal of said first filter circuit; an integrating circuit
with input terminals connected between the output ter-
minal of said D.-C. blocking capacitor and the common
terminal of said first filter circuit; a second filter circuit
connected between the output terminals of said integrat-
ing circuit, said second filter circuit adapted to block
the frequency of said A.-C. power source; and the out-
put terminals of said second filter circuit comprising the
output terminals of said filter-integrator circuit; whereby
the field strength between said opposing electrodes is
continuously maintained at some value related to the
average spark current flowing between said opposing elec-
trodes independent of the total corona current flowing
between said opposing electrodes.
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