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, The present invention relates to voltage-regulating ap 
paratus for electrical load devices and more particularly 
to a voltage-regulating apparatus designed for use with 
electrical precipitators. 

In the operation of electrical precipitators, it has been 
found that the most e?icient performance is obtained 
when the voltage between the electrodes of the pre 
cipitator is maintained at a value substantially higher 
than that at which sparks start to jumb between the elec 
trodes. In order to accomplish this, voltage regulating 
apparatus has been designed whereby precipitating volt 
age is raised and lowered, as necessary to maintain the 
rate of sparking or ?ashing within prescribed limits. In 
so designing this apparatus, it has been found neces 
sary to provide circuits which delay downward adjust 
ment of the voltage regulator, so that the voltage sup 
ply to the precipitator will not be undesirably corrected 
by any stray or minor sparking in the precipitatorpwhich. 
does not effect optimum performance. Such a prede 
termined delay has a tendency to permit the precipitator 
to operate under sparking conditionswhich do effect 
optimum performance during at least a portion of the 
period of delay. Moreover, mechanical devices which 
are readily subject to Wear and are dif?cult to maintain 
in effective operation, have been used as part of a com 
plex arrangement in order to obtain the desired result. 
The present invention avoids these aforementioned dis 

advantages, providing a completely electrical circuit. 
that permits instantaneous downward voltage adjustment 
responsive to only that sparking which effects optimum 
precipitator performance. 
One of the features of the present invention is to pro 

vide to the primary of a high voltage recti?er trans 
former of an electrical precipitator a continuously ris 
ing voltage, having a preset rate of rise, which is in 
stantaneously reduced a preset amount when a voltage 
value is reached causing undesirable current'surge. 

Still another feature of the present invention is to 
provide a voltage regulator wherein the rate of rise of 
voltage-by the regulator and the magnitude of voltage 
reduction per surge directly determines the surging rate. 
Another feature of the present invention is to pro 

vide a voltage regulator that automatically selects an 
optimum voltage range for a particular gas-dust condi 
tion of an electrical precipitator by automatically con~ 
trolling the upper and lower voltage limits across the 
primary of the precipitator transformer maintaining a 
preset surging rate in the precipitator. 

Another feature of the present invention is topro 
vide a surge detector for an electrical precipitator which ~ 
can operate either on positive half wave, ‘negative half 
wave or the full wave, depending on the application of 
the high voltage recti?er to the precipitator. - 
Another feature of the present invention is to provid 

an amplifying system that permits voltage regulation of 
asupply circuit over a comparatively wide range. . 
Another feature of the present invention is to provide 

alvoltage regulating circuit that eliminates expensive 
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variable transformers which are controlled by mechani 
cal means tending to reduce the operating efficiency of 
the circuit. 
More particularly, the present invention provides a 

voltage regulating apparatus for the main supply line of 
an electric load device comprising: a variable induction 
means positioned in the supply line; a sensing means 
positioned in the supply line for obtaining discrete re 
sponses to surges in the line created by raised voltage. 
across the line; and a control means connecting the sens 
ing means and the induction means, the control means 
causing the voltage in the main supply line to gradually 
rise through the induction means over a preset voltagev 
range and to drop instantaneously a preselected amount 
in accordance with sensed responses in the line trans 
lated to the control means by the sensing means. 

It will be obvious to one skilled in the art that vari 
ous changes can be made in the arrangement, form, and 
type of the various elements disclosed without departing 
from the scope or spirit of the present invention. 

Figure l of the drawings is a diagrammatic view of 
a circuit in accordance with the present invention for 
energizing an electrical precipitator. 

Figure 2 of the drawings is a diagrammatic view of 
a portion of the circuit illustrating a modi?cation which 
permits half wave operation. 

Referring to Fig. ‘l of the drawings, the automatic regu 
lator -is illustrated as being applied to the controlof 
an electrical precipitator which is diagrammatically rep 
resented as comprising an extended surface collecting 
electrode 20, in the form of a vertically disposed, 
grounded, metallic tube and a wire discharge electrode. 

Gas, bearing sus-. 
pended particles of material, is passed through the tube: 
20 wherein the suspended particles are charged ‘through. 

22 depending axially into the tube. 

discharge electrode 22 and deposited principally on the‘ 
inner surface of the tube 20 from which the collected 
material is removed at selected intervals by rapping. It. 
is to be understood that other type precipitators known: 
in the art can be used in combination with the automatic: 
regulator hereinafter disclosed. 
The discharge electrode 22 of the disclosed precipita' 

tor is energized through a recti?er 24 which can be one 
of several types. For example, a mechanical, selenium: 
or vacuum tube type recti?er can be used. The recti?er 
24 is connected to the high voltage secondary winding 26 
of a step-up transformer 28. The primary winding 30 
of this precipitator transformer 28 is energized from a 
single-phase supply line L1--L2 of the main supply cir-» 
cuit through resistor M-4 and the adjustable resistance 
unit 32, both of which units are connected in series: 
with the lines L1—L2. It is to be noted that the use of 
resistor M-4 is particularly advantageous when the regu 
lator is used in conjunction with mechanical high volt~~ 
age recti?ers, and is not necessarily required when the 
regulator is used with electronic type recti?ers. Paral 
leling the resistor M-4 is the alternating current. wind 
ing 1-2 of the saturable reactor M—3. Also connected 
in series with the supply line L1—L2 is the current trans 
former T—3. 
For the purposes of a clearer understanding, the auto- 

matic supply regulator can be considered as made up of 
three parts: an amplifying circuit 1, a sensing circuit II, T 
and a control circuit IlI. These circuits are respectively 
indicated on Figure 1 of the drawings ‘by the broken line 
enclosures. 
The amplifying circuit I, comprising a self-saturating. 

magnetic ampli?er M-l, which includes associated wind 
ing 9--10 and.11—12 and the recti?ers SM, when en-. 
ergized through a supply circuit 17-18, supplies. maxi 
mum rated direct current through the direct current 
winding 3-4 of the saturable reactor M-3 in series with 



the supply line ‘Ll-L2 of the main supply circuit. A 
direct current source a-—b is connected through an au 
justable resistor R48 with proper polarity to bias wind 
ing 7—8 of the magnetic ampli?er M-l in order to 
provide means to vary the output of the ,r'n'a‘gnyetic am 
pli?er. This direct current source is energized frernj'the 
supply line 17—18 through the power transformer T-4 
and the recti?er S4. A switch 19 is positioned se 
ries with this supply line. The bias winding-'k-a 'Iid 
adjustable resistor R-iS permits a setting of ?ii'x condi 
tions by varying the voltage applied to said winding 7-'_——8' 
within the ampli?er M-l for the optimum performance 
of the control winding 5—6,_ described hereinaftenof 
the ampli?er and further provides a means for manually 

adjusting the voltage supply to the precipitator'. , The sensing circuit II, which senses current surges in 

supply line L1—L2 distinguishing between normal and 
abnormal surges in the line'com'prises a current trans 
former T—3 which is in Series with the line L1—VL2. ’ The . 
secondary current of the transformer T~3_ ?ows through a 
resistor R-IS connected across the supply ‘line 13—_-14 
of the transformer. An adjustable resistor R-1'7 is po 
sitioned in parallel with the resistor R-lS, providing ,a 
means for setting the voltage to be applied to the primary 
of the step-up or amplifying input transformer T-Z. 
T-Z steps up the voltage ‘which is then passed through 
recti?er 5-6 to resistor R-S. The D.C. voltage across‘ 

parallel R~6 will charge condenser C—5 connected in 
with R-6, through the resistor R—5. - l _ 

Under normal operating conditions, ‘a very low~ voltage 
appears across resistor R-5 and, therefore, no current 
?ows through resistor R-4 which has‘ an" appreciably 
smaller resistance than resistor R-5 and‘whi‘ch is‘ con‘ 
nected in series with cold cathode tube‘ V-3, the tube 
V~3 rand resistor R~4 being connected in parallel with 
the resistor R-S. However, when a current surge takes 
place in line L1—~L2, this surge is transmitted through 
transformers T-3, T-2 and recti?er 8-6", showing up 
across R-S, since the condenser C—5 .does not have su?i 
cient time to charge up, the time constant betwe'e'n'G-S 
and R-6 being so preselected as to permit this; _ When 
this surge is re?ected across R-S, it is‘of sufficient mag“ 
nit'ude to cause the tube V—3, which can be‘ of the cold 
cathode'type, to conduct and accordingly voltageiapi 
pears across the resistor R-4, which, as aforementioned‘, V 
has a lesser resistance 
glow tubeV-3. ' 

Through this sensing circuit II, it is to be noted, cur 
rent surges in line L1—~L2-, sensed by the current trans 
former T43 are translated into voltage surges across‘ the 
resistor R43, the length of the voltage surges being'gov 
erned- by the constants‘ R—5, R46, and C—5‘; It is to‘ be 
noted'further'that in the place. of the full wave recti?er‘ 
sedlwhich. transmits‘ surges on‘ both‘ positive and; negative 
portionscf ‘ re supply in line L1—L2 to the‘resistor'jReti 
(Figure 1), a half wave-recti?er S—7,--a‘s' disclosed in Fig 
ure' 2,: can be used in. the sensing circuit II whereby'only 
the positive or negative recti?ed surges can be‘ applied't'o 
the: resistor R—6.- » e e ‘ 

Broadly; the control‘ circuit III connects, thesensing 

than R-5 and is in series with the 
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positioned across the line c-d and comprising resistors 
R43, R4, R-9, and R-16. 

Voltage g—d, shunted by ‘?ltering condenser (1-3 is 
applied to condenser C—6 through resistor R-7 and ad— 
justable resistor P-3. The series connected resistors R-7 
and P-3 provide a comparatively long time constant caus 
ing the voltage across condenser 0-6 to build up gradu 
ally. The adjustable. resistor P-\-3 permits a varying of 

' this time constant if‘ so desired. Theigradiial build-up of 
voltage,’ appearing across condenser 0-6 is appliedibe 
tween the grid ii2faridjcathode, 50 circuit er tubeuvn 
through resistors R'—3, R410 and P-2. As the voltage 
increases across§€;6,»the; grid 42 of vacuum tube V-l 
becomes more positive with respect to cathode 59, per 
mitting more current to' flow throughrthe tube V-I and 
consequently winding 5--6 of M-l. Paralleling the 
condenser C-6 is a circuit comprising a condenser C—4, 1 
'shunted by resistor R~1, both C—_4 and R—1v being in V 
series- with the electronic tube,V—2.' The grid-cathode 
enemies-‘4919f tube V~2 is connected across the re‘ 
sistor R4 of the surge sensing circuit Il. As a result, 

- each time there isa surge across R-‘4, the tube V‘—2V is 

25 

caused- to conduct and accordingly, there is a resulting 
" decreaseof voltage‘ac'ross condenser C—6, ‘the condenser 
(Pd-and resistor R-l limiting the voltage reduction across 
C‘—'6;per. surge. 'I't isto be noted that further adjustment 
of the voltage‘ reduction across C'—_6 per surge can be ob; 
tained by‘ setting the voltage h—d applied to cathodes" {it} 
of'tube V4 by varying resistor R‘—1V6. Although VILZ' 
is'.disclosed'.as a triode tube‘, it- is to? be understood that 
other type vacuum tube such as a tetrode' or pento'de tub'e‘ 
cagbeusee. I _ _ I 

The’ voltage across the‘ condenser C-6 functions in axe: 
' ' cbrd'anc'e with~the surge across the resistor R-‘éof the 
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circuit‘ ii with the amplifying circuit 1- by linking the‘ ' 

V controllwinding 5--6 of the amplifying circuit 1" with’th'ev 
resistor R-dof these'nsing circuit'IL , 
The control circuit III, which energizes and controls the’ 

control. winding 5—6 of the amplifying circuit I, com 
prisesiasecondary voltage supply circuit including a‘ supe ' 
ply; line: 15—16. across which is connected-thet'fprirnary' 
off the power transformer T-l. A switch 32 isp'o'sitio'ned' 
ini'seri‘es' with thevsupply line. Av direct current voltage‘ 
is obtained across the lines c-d through the secondary 
windingiof' transformer T-lg‘ and’ recti?ers 5:21am} SL3, 
Thisivvo'ltage is passed through a ?lter'sectio'n‘ comprising 
the series‘connected resistor R-12 and‘ the condense'i’C;‘11,I 
which condenser is positioned across" the'line c‘;—d_, 
vgliageiisvthen- applied to‘ a voltage‘divide’r circuit also‘ 
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sensingi'circu'it through the grid 38 of the tube V'-‘2" par-' 
all'ejlrwith the condenser C=6‘. This voltage is, in turn, 
applied to the control grid 42 of the high vacuum pentod'e" 
tube-VH1. The biasing circuit for the controlggrid 42' 
of the tube"V—'1 is also energized from the supply line‘ 
154-16 through the" transformer T-l to the lines é-‘f, 
aWDLC. voltage "beingobtained across the lines ei-if’ 
through another secondary winding of't'ransforrner T4‘ 
and recti?ers-S-‘4‘ and S~5‘.- ' Thisv DC. voltage" is passed‘ 

‘ througha' ?lterrsection'R-elll‘a and ‘the condenser C52; 
which-condenser isp'ositionedv across'the lines e'—‘f. The 
voltage is then» applied to‘ a voltage divider circuitcom-v 
prising the-resistors ~R-10, -P—2, and R-‘ll. 
R-3 positioned in series in the line e-—f limits the grid 
current to the tube V-l should bias voltage be lost. ‘ 

It is ‘to be ‘noted that this biasing circuit for the‘ con 
trot grid 42' also: functions in accordance with» the surge‘ 
across, the -resi'stor"R—4_ of the sensing circuit through 
the1gridi38-of the tube V-2. The anode ‘48' and grid ‘4-4, 
and cathode"- 50' and- suppressor grid" 46 off-the ‘tube Vr-li 
are energized across' the--li'nes1i-—d-tliroug'h- the resistor" 
R‘_14'in1 series ivith'thi's‘ line. and the aforementioned'icom 
trlol winding~5r—‘6‘ of themagne'ne ampli?er. The pain; 
ityot theener'g‘y supplie'dlfrom the lines‘ i—d~to' the" con 
trol windings 5L6 is'v so arrangedthat-a'n increasing curl 
rent’ results in‘ an increase in the‘- output ofv magnetic am 
pli?er M41 with which’ the‘ control‘ windings’ are asso 
dated and? accordingly! an increase‘ across the winding" 
3'—j4' of-the‘ satur'able reactor'-M~3. This; in turn; ref‘ 
sults inanincrease'of voltageacross the primary of the 
precipitatoi'lT transformer 30; r ' ' ' 

A milliammeter 521's? provided in the cathode line‘ of 
the-tube V-2 in order to‘r‘indicate' the number of surges 
that take ‘place and a‘ voltmeter 54'is‘provided‘acros's the‘ 
resistor M-_-4 in' order? to show' the operating range of 
the‘ satufabl'e" reactor M—3; _ s _ 

“his to be understoodzthatlin place of theitube Y4; 
which‘ is disclosed as being' epenrode tube,1other‘types‘of 

rvacuumitube's such asra triode or teti-ode tub'e'ca ‘b’ 
used. 'It-"lis‘ further tofb'ej understood‘that [for the‘r 
?elr's ‘throughout: the“circuit; various type's'of‘rccti?ei'scan 
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be used, such as selenium, mechanical or vacuum type. 
In operation, voltage is applied to the precipitator dis 

charge electrode 22 through the precipitator step-up trans 
former 30 and recti?er 24 from a supply circuit through 
main supply line L1——L2. In an advantageous embodi 
ment of the invention, a 440 volt, 6O cycle voltage can 
he applied to the line L1——L2. However, it is to be un 
derstood that various voltages can be used for various 
precipitator conditions and various resistances, recti?ers 
and tubes can be used in the disclosed circuit. _ 

If the precipitator is running smoothly and not spark 
ing, there is a steady current ?owing through current 
transformer T4; of the sensing circuit II, a steady volt 
age on the condenser C-5 of the sensing circuit II and 
no current through resistance R4 of the sensing cir 
cuit II. 
At the same time, the current through control winding 

5-»6 of the amplifying circuit I slowly increases as a re 
sult of the energization of the control circuit III from 
the supply line 15—16. This is caused by a gradual rise 
in voltage across the condenser C-6 of the control cir 
cuit III, which, in turn, causes the tube V-l of the control 
circuit III to gradually increase in conduction. Since the 
tube V~1 is in series with the control winding 5-6 of the 
ampli?er circuit I, there is an increase 'of current through 
winding 56. This causes an increase of current through 
the direct current winding 3-4 of the saturable reactor 
M-3. As the voltage to the precipitator rises, it will 
reach a value, dependent upon the dust condition of the 
gas ?ow, to cause sparking or ?ashover. 
When this happens, there is a current surge in the sup 

ply line L1-L3 which is re?ected across current trans 
former T-3, ampli?ed through input transformer T-2 of 
the sensing circuit II, and recti?ed by recti?er 8-6. The 
constants of the sensing circuit II are adjusted so that 
the difference in voltage between resistor R-6 and con 
denser C-S, which does not have time to charge up as 
a result of the surge, is of su?icient magnitude to cause 
the glow tube V~3 to conduct with a resultant surge ap 
pearing across the resistor R-4 of the sensing circuit II. 
The time length of this surge depends upon the time 
length of the surge in the main supply line, and its 
magnitude ‘is in excess of a predetermined value as se 
lected through choice of resistors and adjustment of the 
resistor R-17 in the sensing circuit II. 

Since the grid circuit of the triode tube V~2 in the con 
trol circuit III is connected across the resistor R4 of 
the sensing circuit II, each surge in this resistor causes 
the tube V-2 to conduct and accordingly there is a re 
sultant decrease in the voltage across condenser C-6 of 
the control circuit II. 
As was aforedescribed, the increase in voltage across 

condenser 0-6 effects an increase of voltage in main sup 
ply line L1—L2 through tube V-l, magnetic ampli?er 
M-1 and saturable reactor M-3. Accordingly, a de 
crease in voltage across condenser C-6 will effect a de 
crease in the voltage across the main supply line. This 
voltage will decrease until the sparking fails to create 
a surge in R-4. The voltage then starts to rise again as 
the condenser C~6 commences to charge upwardly again, 
the charging of the condenser 0-6 being gradual as a re 
sult of the long time constant established through the 
variable series resistors in the control circuit II. 

It is to be noted that in certain instances, the ampli 
fying circuit I need not be included as part of the over 
all circuit, the control circuit being connected directly 
to the reactor M-3, and it is further to be noted that 
the saturable reactor M-3 and magnetic ampli?er M-1 
can be used in conjunction with the sensing circuit with 
out the use of the control circuit, whereby manual regu-‘ 
lation can be obtained through the ampli?er, the control 
windings 5—6 of the ampli?er being connected to S-6 of 
the sensing circuit in order to obtain an automatically 
stabilized manual regulator. ' 
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The invention claimed is: _ , 

l. A voltage regulating apparatus for an electric load 
device comprising a main supply line forsaid load device; 
a saturable reactor having a main winding and a direct 
current winding, said main winding being connected in 
series with said supply line; a magnetic ampli?er hav 
ing a bias winding and an adjustable resistance means 
associated therewith and being connected to said direct 
current winding to control flux conditions within said 
saturable reactor; a sensing means operatively connected 
with said supply line for obtaining discrete current-re 
sponses to current surges in said circuit created by raised 
voltages across said load device; and a control means 
connecting said sensing means and said magnetic ampli 
?er for causing said voltage in said supply line to gradu 
ally rise through said ampli?er and said reactor over a 
preset voltage range and to drop instantaneously a pre 
selected amount in accordance with sensed current re 
sponses translated to said control means by said sensing 
means. 

2. A voltage regulating apparatus for an electric load 
device comprising a main supply line for said load device; 

' a variable induction means positioned in said supply line; 
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a current transformer positioned in said line; an input 
transformer having a primary winding connected across 
said current transformer and a secondary winding; a recti 
?er connected to said secondary winding; a ?rst resistance 
unit and a condenser connected in parallel across said 
recti?er; a second higher resistaince unit connected in 
series between said ?rst resistance unit and said con 
denser; a third resistance unit of lower resistance than 
said second resistance unit connected in series with a 
vacuum glow tube acress said second resistance unit, 
whereby surges detected by said current transformer 
cause said glow tube to conduct, thereby causing surges 
of predetermined magnitude to appear across said third 
resistance unit; and a control means connecting said third 
resistance unit and said induction means for causing the 
voltage in said supply line to gradually rise through said 
induction means over a preset voltage range and to drop 
instantaneously a preselected amount in accordance with 
surges appearing in said third resistance unit. ' 

3. The circuit of claim 2 and an adjustable resistance 
unit connected across said primary winding to thereby 
vary the magnitude of the surges to which the third 
resistance unit responds. 

4. A voltage regulating apparatus for an electric load 
device comprising a main supply line for said load de 
vice; a variable induction means positioned in said 
main supply line; a sensing means positioned in said 
supply line for developing discrete current responses 
to current surges detected in said line created by raised 
voltages across said load device; a second supply line, ‘ 
said surges being connected to said variable induction ‘ 
means; a vacuum tube positioned in said second supply 
line, and a variable preset control means connecting said 
tube and said sensing means for causing said tube to 
increase in current conductivity when no surges are de 
tected by said sensing means thereby causing the volt 
tage in said main supply line to gradually rise through 
said induction means over a preset voltage range and for 
causing said tube to drop instantaneously a preselected 
amount in current conductivity when surges are detected 
by said sensing means thereby causing the voltage across 
said means supply line to drop instantaneously a pre 
selected amount. 

5. The apparatus of claim 4 wherein said variable 
control means comprises a condenser positioned in a_ 
circuit across said second supply line adapted to control 
the conductance of said vacuum tube; an adjustable re 
sistance unit positioned in said circuit providing a long 
time constant for said condenser whereby the voltage 
builds up in said condenser gradually at a pre?xed rate 
and the current conductivity of said vacuum tube in said 
second supply line accordingly increases at ‘a pre?xed: 
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rate; and a second vacuum tube paralleling said co'ii 
d'ense'r, the grid ofsaid second vacuum tube being con 
nected torsaid sensing means whereby surges detected 
by. said sensing means causes said vacuum tube to operate 
instantaneously thereby resulting in an ‘instantaneous 
voltage drop across said condenser and a current de 
crease across said ?rst vacuum tube. V 

6. A sensing device for sensing current surges in a 
supply line of predetermined magnitude comprising a 
current transformer positioned in said line; an input trans 
former having a primary Winding connected across said 
current transformer and a secondary winding; a recti 
?er connected to said second secondary winding; a ?rst 
resistance unit and a condenser connected in parallel 
across said recti?er; a second higher resistance unit con; 
nected in series between said ?rst resistance unit and 
said condenser; a third resistance unit of lower resistance 
than said second resistance unit connected in series with 
a vacuum glow tu‘be across said second resistance unit, 
whereby surges detected by said current transformer 
cause said glow tube to conduct causing surges of‘ pre 
determined magnitude to appear across said third re 
sistance unit. 

7., The circuit of claim 6 including an adjustable re 
sistance unit connected across said primary winding to 
vary the magnitude of surges to which the third resistance 
unit responds. 1 

8. A current control circuit for a supply line adapted 
to increase current in said line at a preselected'rate and 
to drop said current instantaneously in accordance with 
sensed surges imposed on said line comprising: a ?rst 
vacuum tube positioned in said line; biasing means for 
said ?rst vacuum tube; a condenser positioned across 
said line for controlling said biasing means; an ‘adjust 
able resistance unit connected in series with said con; 
enser for providing ‘a long time constant for said con; 

denser so that the voltage across said condenser builds 
up gradually at a pre?xed rate to increase the current 
conductivity of said vacuum tube in said supply line at 
a pre?xed rate and accordingly the current output of 
said line; and a second vacuum tube paralleling said 
condenser and adapted to be ?red by said sensed surges 
for causing an instantaneous voltage drop across said 
condenser and a decrease of current through said ?rst 
vacuum tube and said line. . , . 

9. A voltage regulating apparatus for an electric load 
device comprising: variable induction means having. a 
main winding and a direct current winding; a supply 
linerfor said load and connected in series with said main 
winding; a magnetic ampli?er connected to the direct 
current Winding and having control windings adapted so 
that an increasing current therein results in an increase 
inw-cu'rrent through the direct current winding of. said 
variable induction ‘means and hence'the main supply 
line; atsensing means for developing discrete direct cur 
rent responses to current surges in the supply line, said 
surges ‘being created by raised voltages across said load 
device; vsaidsensing means comprising a main circuit 
including ?rst and second resistors and a capacitor so 
arranged that the direct current voltage across said ?rst 
resistor will charge. the capacitor through said second 
resistor; and a bypass circuit including a resistance unit 
in series with a cold cathode glow tube ‘connected across 
said second resistor and normally carrying no current 
except as current surges transmitted .to the main- circuit 
cause said glow tube to conduct thereby causing corre 

' sponding voltage dropsacross said bypass resistance unit; 
and control means ‘connected to the; control windings 
of the magnetic ampli?erand comprisin'ga secondary 

. voltage supply circuit including a vacuum. tube circuit, 
said secondary supply circuit causing thevoltage inthc 
maid-supply line to rise graduallythrou'gh the control 
windings and ‘the variable induction means» over a pre 
set voltage range, and said vacuum tube *cir'cuit» causing 
the'voltage'in the" has supply line to drop instantanel 
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6 
ously a-preselected amount in response to voltage drops ‘ 
across said bypass resistance unit. ,_ . . , 

-10.. Therapparatus of claim 9 wherein the grid of a 
vacuum tube of said vacuum tube circuit is responsive 
to voltage drops across the bypass resistance unit of said 
sensing means whereby said vacuum tube circuit causes 
the voltage in the main supply line to drop instantane 
ously a preselected amount in response to surges detected 
by the sensing means. ~ 

11. A voltage regulating apparatus for an electric load 
device comprising a main supply, line for said load de 
vice; a saturable reactor'having' a main winding in series 
with said supply line and a direct current winding con 
nected to. a control means; a sensing means positioned 
in said supply line for obtaining discrete current responses 
to current surges in said line created by raised voltages 
across said load device; and said control meansrcon 
nected to said sensing means and said saturable reactor, 
said control means being connected to said direct wind 
ing of'said saturable reactor‘through a magneuc ampl1~ 
?er and causing said voltage in said supply line to grad 
ually ‘rise through said induction means over a preset 
voltage range and to drop instantaneously a preselected 
amount responsive to said sensed current responses trans 
lated to said control means by said sensing means. 

12. An electrical precipitator forrremoving dust and 
foreign particles from a gas comprising a discharge elec 
trode for ‘charging said particles, a collecting electrode 
for’ collecting. said charged particles, an electrical energy 
source, a saturable reactor having a controlled wmdmg 
for operatively connecting said discharge electrode and 
said source and a control winding for controlllng said 
controlled winding, means connected'with said control 
winding actuating the latter so that said controlled winde 
ing raises the voltage level of electrical energy supplied 
to'said discharge electrode gradually whereby surges of 
current to the discharge electrode develop when a'voltage 
level is reached at which sparking between said electrodes 
occurs, means developing a response to said surges, and 
means operative by a predetermined response for operat: 
ing said control Winding actuating means to cause said 
controlled winding to lower the voltage level of energy 
supplied to said discharge electrode instantaneously. 

13. An electrical precipitator for removing dust and , 
foreign particles from a gas comprising a discharge elec— 
trode for charging said particles, at collecting electrode 
for collecting said particles, an electrical ‘energy supply 
source, a ?rst’ variable induction means including control 
means connectingv said source and said electrodes for 
gradually raising the voltage level of the electrical energy 
supplied to said electrodes from a predetermined level 
tov a level at which sparking between said electrodes oc 
curs,~and means responsive to a predetermined magni 
tude of sparking actuating said control means to reduce 
said voltage instantly to said predetermined level._-Vh 

14-. An electrical precipitator ,for removing dustand 
foreign particles from a gas comprising a dischargeelec~v 
trode, for charging said particles, a collecting electrode 
for collecting said particles, an electrical energy source, 
variable induction means including control means con 
necting, said source and said electrodes and normally 
operable for raising the voltage level of the electrical 
energy‘ supplied to said electrodes ?oma low'er prede 
termined level at a predetermined rate to a substantially 
higher level ‘where sparking tends to jump between said 
electrodes, and means operative in response to sparking 
of a predetermined magnitude operating said control 
means to instantaneously lower said voltage to said pre 
determined level.v ' '7 ‘ 

15. In an electrical precipitator wherein one electrode‘ 
charges the dust and foreign particles of a gas with elec 
trical energy supplied from a supply source and another ' 
electrode collects said charged particles to remove the 
particles from the-gas, a control for automatically select 
ing an optimum voltage range for the electrical energy 
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supplied to said electrodes for any gas-particle condition 
comprising variable induction means and including con 
trol means for gradually raising the voltage level from 
a lower level to an upper limit, said upper limit mani 
testing itself by current surges from said source due to 
sparking between said electrodes, and means operatively 
connected to said variable induction means and said con— 
trol means responsive to said surges of a predetermined 
magnitude for instantaneously lowering said voltage to 
said lower level. 

16. An electrical precipitator for removing dust ‘and 
foreign particles from a gas comprising a discharge elec 
trode for charging said particles, a collecting electrode 
for collecting said particles, an electrical energy source, 
a saturable reactor having ‘a main winding forming a 
circuit for operatively connecting said discharge electrode 
and said source and a direct current winding, a magnetic 
ampli?er having a bias winding and an adjustable resist 
ance means associated therewith and being connected to 
said direct current winding to control flux conditions 
within said saturable reactor, sensing means operatively 
connected with said source for obtaining discrete re 
sponses to current surges in said circuit, said surges being 

10 

16 

20 

10 
created by sparking between said electrodes due to the 
raised voltages across said electrodes and control means 
connecting said sensing means and said magnetic ampli 
?er for causing the voltage supplied to said discharge 
electrode to. gradually raise through said ampli?er and 
reactor within a preset voltage range ‘and to drop in 
stantaneously in accordance with sensed current responses 
translated to said control means by said sensing means. 
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