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ELECTRICALPRECIPITATOR 
John W_Drenning,Baltimore,HowardT.Wiams,Ca 

tonsvile,and Earle S?Snader,Elicott City,Md.,as signors to Koppers Company,Inc,a corporation of Delaware 

ApplicationSeptember5,1958,SerialNo. 759254 
7Claims,(CI.317?139) 

This invention relates to electrical precipitators and 
more particularly to the actuating of electromagnetic 
rappers used to remove particles from electrodes in electrostaticprecipitators? 

Particlesare convenientyremovedfrom the collecting 
and discharge electrodes ofelectrostatic precipitators by 
Sequentialyimpartingtransientvibrationsto the respec 
tive electrodesat predeterminedintervals. Electromag 
netic rappers,Such as describedin co-pending U.S.ap 
plication No.724,674ofJohn W.Drenning,fled March 28,1958,areadvantageousiyactuated forthis purpose. 
Theserappersare connected tothe electrode assemblies 
by convenientmechanical meansalso describedin Dren ningSupra, 
Toactuate theserappers,an electric currentis caused 

to flowin the coi ofthe rapper?Thiscurrentsetsup 
a Strong magnetic feld within the rapperto accelerate 
downwardy a hammer whichisspringsupportedatthe 
rear of the rapper housing untilthe hammerstrikesan 
anviend oftherapper?Thisimpartsthe kineticenergy 
ofthe hammerwhichis determined bymassand fnal velocityofthehammertotheprecipitatorelectrodestruc tureviamechanicalconnectingmeansbetweentherapper andtheelectrodestructure,Thisenergydissipatesasa 
damped mechanicalvibration of the electrodeswhichin 
turndislodgesthe colected dust,Whenthe coilis de 
energized,the springsupportreturnstherapper hammer 
toitsinitialpositonwherebythe coilcan bere-energized 
tocausefurtheractuation oftherapperto causefurther Vibrationsintheelectrodes, 
Conventionaly,aplurality ofrappersisused;some of 

which operate at diferent energylevels,Forexample, therappersconnectedtothe dischargeelectrodesmayop 
erate at one energy evel and those connected to the collectingelectrodesmayoperateatdiferentenergylevels. 
The formerenergylevelwil usualyrequire low ener 
gizing voitages whie the latter wil usualy require volt 
agesas high as2500 volts D.C.ormore,This presents 
the problem of Supplying variable voltages? 
Formaximum efciency,the rappersareenergizedina 

sequence at predetermined intervals?This requires a 
switch thatwil Provide the propervariable voltagesse 
quentialyatpredeterminedintervais,Conventional mul 
tipletimerswitches havenotbeensatisfactory heretofore 
for sequentially energizing the rappers attached to the 
colectingelectrodes because such switchesare ratedat 

?115and220voltsandwhenthehigh voitagenecessary 
foractuation oftherappers connectedtheretoisapplied 
throughsuch Switches,the occurrence ofarcingand burn 
ing ofthe contactsresultsin short contactlife. 

Accordingtothisinvention?the coils of a plurality of 
electromagneticrappersareenergized bya controlsystem 
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which,through conventionalswitchessuppliesavariable 
voltagesequentiaHyatpredeterminedintervalstothe cois 
inatrouble-freemannerthatpreventsarcingand burning 
oftheswitch contacts, 
Theaboveandfurthernovelfeatures oftheinvention wilappear more fuly from the folowing detailed de 
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2 
scription whenthesameis readin connection with the accompanyingdrawing?Itisto be expresslyunderstood, 
however,thatthe drawingisnotintendedasa defnition 
oftheinvention butisforthepurpose ofilustrationonly? 
Fig.1isa partialcrossSectionandelevation ofarapper 

whichisactuated bythe controlsystem ofthisinvention? 
Fig.2isaschematicdrawingshowingrappersof Fig,1 

nounted on colectingplatesand discharge electrodes of anelectrostaticprecipitator? 
Fig.3isaschematicview ofthe controlofthisinven tionfortherapperofFig.1? 
Fig.4isa schematic diagram of voltageimpressed on thepulseformingcircuitofthisinvention? 
Fig.5is a schematic diagram of a pulse formed by 

the pulse formingcircuit of thisinvention… 
Fig.6isa schematic diagram of a pulse produced by 

themultivibratorofthisinvention, 
Fig.7 isa schematic diagram of puises produced by 

the capacitor of the inverter-amplifer-diferentiator of 
thisinvention compared tothe pulse of Fig.6? 
Fig.8isaschematic diagram of the pulse produced by 

the triode of the inverter-diferentiator-amplifier of this 
invention comparedtothe pulse produced bythe capaci 
tor oftheinverter-diferentiator-ampliferof Fig.7? 
Fig.9 isa schematic of the,pulse produced by the 

resistance-capacitance seriescircuitof thethyratronfiring 
circuitofthisinvention compared to the pulse produced 
bythe triode of the inverter-diferentiator-amplifer of Fig.8? 

Referringto Fig,1,arapperA correspondingto the 
rappers I,J,K,and L,shownin Fig.2,isenergized by 
the novelcontrolsystem ofthisinvention,Thisrapper 
has an electromagnetic coil B correspondingto the coils 
1? and13 of Fig?3,Energization of the rapper coil acceleratesdownwardya hammerCagainstananvilD 
so asto transmit dampedvibrations through a shaft E 
to the electrodes F(Fig.2)Suspended from supporting 
cross bar G,Spring H returns hammer Ctoitsinitial 
Dositionatthe rearof therapperafter coi Bis de-ener 
gized sothatthe coilcan bere-energizedtocausefurther 
vibrationsintheelectrodes? - 

Referringto Fig.2,rappers?,J,K,and Lare shown, ThesearethesamekindofrappersasrapperAcfFig.1? 
Rappers IandJaremountedon crossbarGconnectedto thedischargeelectrodes Moftheelectrostatic precipitator 
P which,as shown,hasits shel removed,Rappers I 
and Lare mounted ona cross barlike CroSS bar G con 
nected to the colectingelectrodes N,The materialen 
trainedin the dirtygas cominginto the precipitatoris 
deposited primariyon the colectingelectrodes N,and 
the rapping energy required to remove the material 
deposited on the colecting electrodes is quite large. 
Sometimes materialfrom the dirty gasis deposited on 
the discharge electrodes M butthe deposits thereon are 
usually quite Smal,Usualy the rappingenergies re 
quired toremove the materiaidepositedonthe discharge 
electrodesisdiferentfrom thatrequiredto remove par 
ticles from the collectingelectrodes,Since the rapping 
energiesare determined bythe electricalenergy Supplied 
totherapper cois B,variable voltages must be Supplied 
torapper cois dependingon the location of therappers 
onthe dischargeelectrodesoronthecolectingelectrodes, 
Referringnowto Fig.3,thereis shown Schematicaly 

a multiple intensity control which Supplics variable 
voltagesto a piurality ofelectromagneticrapper cois11 
and13,Leads19 and20Supplyaiternatingcurrentfrom 
asuitablesource(notshown)to the windings2land23 
of variable autotransformers 29 and 3?,Each auto 
transformer hasa slider37 and39connected to a frst 
contact45and47ofamulticontact-typeswitch53 having 
second companion contacts59and 61,Theengagement 



3 
oftwo of thesefrstandsecondcontacts ofswitch53sup- ? 
Iplies currentthroughanappropriatelead67or69which 
are alconnected by1ead76tothe primary winding75 
of a.step-up transformer 77,and through lead 79 and lead29backtotheenergysourcementionedsoastocom 
plete a circuit which energizes primary winding75 of 
transformer77?Thus,closing ofone pair ofthese frst 
and Second contactssuppliesa predetermined voltageto 
transformer77. For example?whenslider37issetto 
deliver115volts fromautotransformer29,theengaging ofcontacts45and59suppliesthisoutputtowinding75of 
step-up transformer 77to develop a very high voltage 
whichmaybe5000voltsormore,atsecondary winding 
89ofthetransformer77. - - 

Thealternating currentoutputfrom transformer77is 
fedtoconventionalmercuryvapordiodetubes81and83 
which providefulwaverectification?Tothisend,the 
secondary winding89 of transformer77 hasits center 
top groundedthroughlead 91anditsend terminalcon 
nectedtomercuryvaporrectifierdiodes81and83?Thus, 
whentheanode95ofdiode81becomespositiveinrespect 
to the anode 99 of diode83,diode 81 conducts from 
anode 95to cathode 191;and when anode99 becomes 
positive relative to anode 95,diode 83 conducts from 
anode 99to cathode103?Thisgivesa pulsating direct 
currentatjunction 105 ofthe leads107and109 which 
connect the cathodes of diodes81and 83? 

Advantageouslythis high voltage pulsating direct cur 
rentenergyisstoredforquickdischargetoarappercoi 
by means of a resistor-capacitor(R-C)series circuit comprisingcapacitor85andaresistor87,Thevaluesof 
resistor87andcapacitor85may bevaried by oneskiled 
in the art ofelectrical precipitators and R-Cseries cir 
cuitstothe propervaluestomeetthe conditionsrequired 
in a particular precipitator?Thus,capacitor 85 is 
chargedatarate determined byresistor 87everytime 
two contactsofthe electricalSwitch53are closed? · 

Discharging capacitor 85through appropriaterapper 
coils,in a manner to be described hereinafter,hasthe 
advantage ofsupplyingsuficientelectricalenergytothe 
rappercoistomeetthe high energylevelsneededwhie 
eliminatingcostyand bulkycomponents whichwould be 
necessaryto supplythe necessary high energylevels di 
rectiyfrom conventionalelectricalpowersupply sources? 
Furthermore,theabove describedsystemprovidesamul tipleintensitycontrolforsupplyinghighaswelasrela 
tively1owenergylevelstorappercois? 
One end ofresistor 87is connected to junction105 

andtheotherendisconnectedwithcapacitor85through 
junction115and1ead113. Oneside of capacitor85is 
grounded and the other side connected torapper cois 
11and13 bymeans of1ead113,junction115,andlead 
117andthencethrougha conventionalmulticontact-type switch123,andanelectronicswitchingcircuittoground? 
Switch123hasashaft121towhichare connecteda 

plurality of contacts125and127sothat,asthe shaft 
rotates,the 1atter contactsengage respectivelywith com 
panion contacts133and135,Advantageouslytherota 
tion ofshaft121isregulated sothattwoormore com 
panion contacts ofswitch123engageandthendisengage 
while two contacts ofswitch 53areengaged?Thus,by 
means of motor55,shaft54,and gear box 56 which 
rotatesshaft57ofswitch53aswelasshaft121ofswitch 123,contacts133and135engagetheircompanion con 
tactsinswitch123intimedrelation with the engagement 
ofthe companion contacts ofswitch 53?This provides 
thatseveralrapper coiscan be energizedfromasingle 
autotransformer,For example,rapper cois Kand L 
may be energized from autotransformer29andrapper 
coisIandJmaybeenergizedfromautotransformer31… Switch123isadvantageouslyacommercialyavailable 
switchratedat115or220volts?When discharginghigh 
voltagefrom capacitor85throughone oftherappercois 
mentioned directythroughtwo contacts ofswitch123, 
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therecouldoccurarcingand burningofthe contacts due 
to bouncingofthe contacts when closing,whichwould 
cause short contact ife,Such arcing and burningis 
prevented,in accordancewith thisinvention,byanovel 
circuitincludinga pulse forming circuit505,amulti vibrator140,anampliferinverterdiferentiator501and 
athyratronfiringcircuit503,to be described hereinafter 
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which dischargescapacitor85throughthe contactsofthe 
electricalswitch123ata predeterminedtime,about0.25 
Secondaftertheengagementofthe contactsofswitch123? 

Thepulseformingcircuit505consists ofresistors157, 
161,and165andcapacitor155?This pulseformingcir 
cuit obtainsa signalfrom theenergystoredin capacitor 
85through lead117,arapper coi11?(for example), 
switch contacts 125 and 133,1ead ?45,and lead 149? 
Thissignalisintheform ofasteepfrontvoitageasilus 
tratedin Fig,4,Capacitor155wi,therefore,become 
charged whenswitch contacts125and133areengaged, 
Duringchargingofcapacitor155currentwillflowthrough 
resistors161 and165sothata signal havingthe charac 
teristicsilustratedin Fig.5appearsatjunction163,The 
values ofcapacitor155,resistors161and165areselected 
soasto obtaina value of tsub1 in the order of 0.05 
secondandesub1intheorder of80voltsandtherebyto 
generate a signal whichissuficienttotriggerthe multi 
vibrator140?Resistor157isemployedasa“bleeder 
resistor”the use of which wil be apparent from the 
descriptiontofolow?Thesignalshownin Fig,5appears 

?only once foreachandeveryclosing oftwo contactsin 
switch 123? Themultivibrator140isa“one-shot”typemultivibrator 
includingresistors235,211,241,245and ?87,capacitors 
173and213andtriodetubes152and153,Thismulti vibrator140receivesthe signalfromjunction163ofthe 
pulse forming circuit505,as previously described?A 
suitable Source of direct current B?(not shown)is 
suppliedtothe multivibratortubes152and163,Im mediatelybeforereceivingthe signalfromthepulseform 
ingcircuit505themultivibrator140isin whatiscaled? 
a quiescent condition;thatis,triode 53is conducting” 
currentfrom B?throughresistor187throughlead199, 
junction201,1ead203,junction 205,1ead209?resistor 
211toground?Triode152is not conductingsince the 
previousymentioned current fowingthrough resistor 
211createsa cathode bias voltage in thattube,The signalatjunction163isapplied tojunction177through 
capacitor173andacrossresistor235, 
Thissignalisalsoapplied tothe grid167 of triode 

152through1ead179in sucha mannerastoovercome 
the cathode bias previousy described thereby causing 
triode152to conduct currentfrom B?toresistor241? junction219,1ead217,1ead207,junction205,lead209, 
resistor211toground,The potentialdropacrosstriode 
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152isthereuponsubstantialydecreased?Therefore,the 
charge on capacitor213mustalso be decreased,To 
thisend,capacitor213must discharge throughlead221, 
junction219,1ead217,triode152,lead207,junction205, 1ead203,junction201,resistor245,junction227and 
1ead225,Thusa currentfows momentariythrough resistor245fromjunction201tojunction227causingthe 
potentialofthelattertobecomenegativewithreSpectto 
the former?Since the grid223 of triode 153 is con 
nected tojunction 227and thecathode197 of triode 153isconnectedtojunction2??thegrid223wilthere 
fore becomemomentariynegative,thuscausingtube153 
to cease conducting,The previously describedcathode 
biasin triode?152 which was created by current from 
triode153andresistor211therefore no longer exists 
and triode152 wil continueto conducteven after the 
signalatjunction163hasterminatedasshownin Fig,5, 
Triode153remainsnon-conductingaslongasthe grid 
223issuficientynegativewith respect to cathode197. 
Thiscondition exists untilthe previously described po 
tentialacross resistor 245 decreasessuficienty,This 
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wiloccurwhencapacitor213hasnearydischarged,The 
time requiredforthisto occuris determined primariy 
bythevalues of capacitor213andresistor235,The 
1argerthe value ofthe productofresistance and capaci 
tancethelongerthetime required to discharge capacitor 
213,When capacitor213 has been neary discharged triode?53wilagainconductandtriode152wilceaseto 
conduct, 
While triode 153is non-conducting the potentialat junction189isrelativeyhigh,Whentriode153iscon 

ductingthe potentialatjunction 189 is relativey low? 
The signaltransformation atjunction 189 duringthe 
action above describedis best shown bythe diagram of Fig.6? 
Foreach and every signalenteringthe multivibrator 

140fromjunction163apositive substantialyrectangular 
Pulse507(Fig.6)isproducedinthe outputjunction 189. 
Thewidth wofthispulse 507isapproximateydetermined 
bythe productofthe value ofresistor245and capacitor 
213 so thatthe width wis advantageously about 0.25 
Second, 

Theampliferinverterdiferentiatorcircuit50?includes 
capacitor 265,resistors 267 and 251 and triode 154, Thisampliferinverterdiferentiatorcircuitreceivesthe 
outputfromjunction189 ofthe multivibrator14üinthe 
form oftherectangularpulse 597,Tothisendrectangu 
1arpulse597isappliedfrom junction189through lead 
269,capacitor 265,1ead277,junction 282,lead283 
andresistor267toground?The values of capacitor265 
and resistor 267 may be calculated so that the signal 
producedacrossresistor267isan approximation ofthe 
mathematical derivative of the rectangular pulse 507. 
Thisis described graphicaly bythe diagram in Fig,7, 
Tothisendthegrid275oftricde 54isconnectedtojunc 
tion282bylead285andthereforereceivespulses509and 
515(Fig,7),Pulse 509causesgrid275 oftriode154 
togo positive with respectto cathode5?lthereby caus 
ing currentfow from B?toincreasethrough lead249, 
resistor251,1ead253,junction255,triode i54 and lead 
512toground?The potential ofjunction255withere 
fore decrease momentariywhie pulse 5?9isappied to 
grid275,Whenpulse515isappliedthe reverseistrue 
and the potential atjunction 255 wilincrease, 
actionisbest describedbythe diagramin Fig,8,Thus, 
thepulses509and515areinverted bytriode154and 
appearatjunction255 of the ampiferinverter diferen 
tiator circuit?Some amplification also takes place in 
triode154and,therefore,the magnitudes of puises5?7 
and519are somewhat1argerthan pulses599and 515. 
The thyratronfringcircuit5$3inchudesresistors295, 

361,321,and 329,capacitors23?,371 and 381,trans 
formers521and391,fulwave bridge rectifer355and thyratron tube14?,Thisthyratronfringcircuit593re 
ceivesthe pulses517and519from junction255 ofthe 
ampliferinverter diferentiator591previouslydescribed, 
Intheabsence ofpulses517and5?9(Fig.8)thegrid301 
of the thyratron141ismaintained ata quiescent nega 
tive potential with respect to the cathode 34f thereof? 
Tothisenda biasissuppliedtogrid3?1 bymeansin cludingtransformer521,rectifer355,resistors36?and 
321andcapacitor371thus,eventhough alarge positive 
Potentialmaybeappliedtothe plate 401 ofthe thyratron 
141,thethyratron141 wi1notconduct, 
Pulses517and519arereceivedfromjunction255 of 

theamplifierinverterdiferentiator59?through capacitor 
281andappearacross resistor295in modifed format junction297ofthethyratronfiringcircuit503asshown 
diagrammaticaly in Fig,9 in which pulse 523 corre 
spondsto pulse 517and pulse 525correSpondsto pulse 
519? - 

Before pulse523occursthepotentialatjunction297 
iszero and no currentfows through resistor295,there 
fore,the bias voltage previousy described is the only 
signalappearingat grid 391 of thyratron 141,When 
puse523occursjunction297becomesmomentariynega 
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6 
tiveandcurrentfowsfromgroundtolead299,resistor 295,1ead298,junction297,1ead296,capacitor281, 
junction255,resistor251,1ead249to B?,Therefore, 
the bias onthe grid301 becomeseven morenegative? 
This,howeyer,doesnotafect thetube141?Itis under 
stood thatthe occurrence of puse 523is coincidental with the closuresofcontactsinswitch123therebyalow 
ing potential to be applied to plate 401,thyratron 141 
from capacitor85through junction 147as previousy describedandthatthethyratronwinotconductuntilthe 
negative biasis removed from itsgrid? 

Puise 525appears atjunction 297through capacitor 
281and being positive cancelsoutthe quiescentnegative 
biasongrid361thuscausingthe thyratron141to con 
duct current from capacitor 85 through junction 147, 
plate491,cathode341,Ieads345and395,junction347, 
1ead349togroundtherebyenergizingarapper coi. 

Theoperation of thisnovelcontrolsystem can best be 
describedwithrelationto theenergization ofonerapper 
coilconnected to the colectingelectrodes,Firstmotor 
55 engages contacts 45and59,Autotransformer29 is 
connected to a Suitable alternating current Supply(not 
shown)and may,depending upon the setting of wiper 
37,supply any alternating voltage from 0 volts to 115 volts?Advantageously,therefore,thisisa115volt,60 
cycles per Second alternating current supply so that 
itmaybesetto deliver115Voltstothe primarywinding 
75 of transformer77 which boosts this voltageto an 
output of approximately 5000 volts,Through rectifer 
tubes 81 and83,this outputis changed to a pulsating 
directcurrent ofapproximately2500voitsandimpressed 
on capacitor85through resistor87sothatcapacitor85 
becomescharged,The engagement of contact125 with 
contact133,however,Suppliesa signalto the junction 
151 ofthepulseforming circuit505. The output pulse 
isappliedthroughline17ltothe multivibrator140?This 
causesa pulse to be supplied to grid 301 of thyratron 
141about0.25Secondaftercontacts125and133engage, andthispulsecausesthyratron141toconducttoground 
sothatcapacitor85is dischargedthroughrappercoil11? 
The energization of coil1?actuatesa hammer(see Fig? 
1)tocausetransientvibrationsina colectingelectrode 
ontheinletfieldandthemagnitude ofthesevibrationsis 
governed bythevoltagesuppliedtotherappercoil?The 
values ofresistor 87are selected sothatthe discharge 
of capacitor 85through rapper coil11,which hasin 
ductance?willbe oscilatory,thatis,current wilattempt 
to reverse,The slapsed time between the commence 
ment of this discharge and the attempted current re 
Versalis large compared to the duration of the firing 
pulse 525?Therefore,at the time when current tries 
to reverse?The elapsed time between the commence 
its quiescentnegative condition,Therefore,since tube 
141 cannot conduct currentin the reverse direction,cur 
rent ceases to fow and capacitor 85,will begintore 
chargeeventhough contacts115and133are stilclosed? 
Thus,these contactsarenotrequiredtointerruptcurrent 
therebyfurtherprotectingthem from burningand split 
ting,Thusthe Spring(see SpringH,Fig,1)intherapper 
causesthereturn tothetop oftherapper oftherapper 
hammer(See hammerC,Fig,1)associatedwithrapper 
coil11to a position wherebyre-energization ofthe coi 
wil cause furtheractuation of the rappertocause fur 
ther Vibrationsto the precipitatorelectrodes associated 
with therapper,forexample,rapper K,Motor55then 
rotates shaft121 So thatcontact125 disengages contact 
133and contacts45and59remain closed untiother 
contacts(notshown)inswitch123closetoactuateother coisin rappersconnected tothe collectingelectrodes,for 
example,rapper L(Fig.2), 

After althe rappers on the colectingelectrodesare 
actuated,then contacts45and59openand contacts47 
and 61 close?Then contacts127 and 135 engage and disengage?Thus,coil13,correspondingtorapperI(Fig? 
2),isenergizedandthende-energizedinthesamemanner 
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as coil11,describedabove,so thatcapacitor 85is dis 
chargedthrough col13about 025secondafter con 
tacts127and135engage,Other contacts(notshown) maybeengagedinswitch123toenergizeother coisin 
other rappers on the discharge electrodes for example, 
FapperJ,After altherappersonthe colectingelec 
trodesareactuated,then contacts47and61disengage? 

It is understood that the voltage forenergization of 
coi13maybediferentthanforcoil11.Therefore,slider 
39 issetaccordingly. - - 
Insummary of theabove operation,motor 55isen 

ergized from a suitable source(notshown)to rotate 
shaft54 which simultaneously rotates the contacts of 
Switches 53 and ?23,Thus,aftertwo frst contacts of 
Switch 53closeto supplyenergyto capacitor85 deter 
nined by the Setting on a first cooperating autotrans 
former,twoormore cooperatingcontacts ofswitch123 
engage and then disengage to Supply electricalenergy 
from capacitor,85toone or morerapper cois?Before 
this energy is discharged from capacitor 85to these 
rapper cois,however,a signal is supplied from the 
capacitor 85 to the one-shot multivibrator circuit de 
scribed,sothattheenergyin capacitor85is discharged 
togroundthrougharappercoiconnected to therespec 
tivecontactsofswitch123whichareclosedapproximately 
025 Second before capacitor 85is discharged,First 
contacts of switch 53remainedengaged and whiethese 
first contacts are engaged another set of contacts of 
Switch123 engage and then disengage,This energizes 
other rapper coisattachedtothe colectingelectrodesat 
voitages determinedbythesettingontheautotransformer 
29.The latteristrue becausetheenergy containedin 
capacitor 85?is determined by the voltage applied to 
capacitor85andthisinturn determinesthe voltage ap 
plied to energizearapper coil, 
59 disengage andother contactsof Switch 123engage 
and disengageinlike mannertoenergize one or more 
rappersattachedtothe dischargeelectrodes? 
Itisunderstoodthatthenumber ofrapper coisthat 

can beenergized bythisnovelinventionisonly imited 
bythenumberofcontactsin Switches 123andthenum 
berofdiferentrappingintensitiesthatcan beutizedis 
imitedonlybythenumber ofcontactsinswitch53. 
?Also,since thetimeinterval betweenthe closing of 
anytwocontacts ofswitch123 determines thetimein 
tervalbetweenenergization ofanyrapper coilconnected 
thereto,itis understood,therefore,that bychangingthe 
speed of the connecting shaft121 from motor?55to 
Switch 123,the time,interval between energization of 
any one rapper coil can be changed. Moreover,the 
timeinterval of closing ofthe contactsin switch 53can 
bechanged? * - , - 

By using this control,momentary pulses of variable 
constant high energymay be Suppliedfrom conventional 
power Sources?Furthermore,tests have shown thatthis 
nove controlcan be usedwith conventional electrical? 
Switches Such as a multicontact piano-type switch for 
longperiodsoftime withoutanyarcingor burning ofthe 
contacts thereof. - , 
Whatis claimedis: - ,? 
1·Apparatusforpreventingthearcingand burning of 

frstandsecond contacts of an electrical switch which 
areengageableto conduct high voltage electricitycom 
prisinga Source of high voltage electricity connectedto 
Said first contact,a thyratron havinga grid forselec 
tivelycausingsaidthyratronto be conductive and non 
conducting,Saidthyratron beingconnected to said sec 
ond contact So that Said thyratron is capable ofselec 
tivey discharging and blockingthe discharge of high 
voltagefrom Saidhighvoltagesourceacrosssaid contacts 
when Saidfirstand Second contactsare engaged, means 

Then contacts 45and 
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ale with saidthyratron tosaidsecond contactand co 
operatingwith saidthyratronto causesaid negative bias 
to beremovedfrom saidgrid of Saidthyratronsothat 
Said thyratron conducts high voltage from acrosssaid 
firstand Second contactsabout0.25 ofasecondaftersaid 
firstandSecond contactsengage comprisingapulseform 
ingcircuitincludingafrstresistance-capacitance series 
circuitresponsiveto said high voltagesource bytheen 
gagement of Said first and second contacts to form a 
singlefirstpulse ofasmalpredeterminedvoltage,means 
responsive tosaidfrst pulseinchudinga one-shotmulti 
Vibratorforproducingasecondrectangularshaped pulse 
ofsmalvoltageabout025Secondaftersaidfrst pulse 
is formed,meansincludingatriode for changingsaid 
Second pulseintoasequentialshortthirdnegative pulse 
anda fourth positive pulse of predetermined values in 
thatorderand supplyingthem tothe grid of saidthyra 
tron SothatSaidfourth pulseremovesthenegative bias 
on the grid of Saidthyratron whereby saidthyratronis 
made conductive to high voltage from across saidfrst 
andsecond contactsafterabout0.25ofasecondfrom the 
timesaidfirstand second contactsengage and whereby 
SaidfrstandSecond contacts may befirmlyengaged be 
fore high voltageis discharged across said frstandsec 
ond contacts thereby preventing burning and arcing of 
saidfrstandSecond contacts, - 2,In an electrical precipitator apparatus forenergiz 
ing the magnetic rapper cojls of electromagnetic rap 
Ders mounted on the electrodes ofsaid precipitatorcom 
Prisingmeansfor producinga predetermined high volt 
age inchding an alternating electrical energy source 
and means havinga plurality of autotransformers for 
supplying predetermined variable constantvoltagesfrom 
Said electrical energy Source,means for supplingsaid 
1redeterminedvariable constant voltages from saidauto 
transformers in a predetermined sequence including a 
frst multicontact switch having first engageable con 
tacts,connected to said plurality of autotransformers, 
meansforsteppingup said predeterminedvariablecon 
stant voltageincludinga step-uptransformerforboost 
ing said predetermined variable constant voltage Sup 
plied from said first multicontact Switch,means con 
nected tosaid step-uptransformerfor Supplyingprede 
termined boosted directvariable constantvoltage from 
said step-up transformer,firstresistance-capacitancese 
ries circuitfor storingsaid predetermined boosted di-? 
rect variable constant voltages Supplied thereto from 
Saidrectifying means,meansfor distributing Said pre 
determined boosted direct constant voltages from Said 
frst resistance-capacitance series circuit to predeter 
mined electromagnetic rappercoisinchuding a.second 
nulticontactswitch havingcontacts which engage tose 
1ectivey causesaid predetermined boosteddrectvari 
able constant voltage storedin Said frst resistance-ca Pacitanceseriescircuittobedischargedtogroundthrough 
various ofsaidelectromagnetic cois,coordinating means 
for closingsaid first contacts of Said frst multicontact 
switch and said second contacts of Said multicontact 
switchintimedrelationat predetermined timessothat 
various predetermined boosted direct constant variable 
voltages are supplied from Said frstresistance-capaci 
tance series circuit through predetermined electromag 
netic cois at predetermined timesin a predetermined 
sequence,andmeansfordelayingthe discharge of Said 
predetermined boosted direct variable constant voltage 
acrosssaid contactsincludingathyratroninterposed be 
tweensaid second multicontact Switchand ground hav 
ingagridforselectively causing said thyratron to be 
conductive and non-conductive sothat Said thyratron 
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for Supplyinga negative grid biastothe grid of said 
thyratron So that Saidthyratron is normalyprevented 
fromgonductinghghvoltagefromacrosssaidfrstand 
Second contacts,and controlmeans connectedin par 75 

iscapable ofselectively discharging and blocking the 
discharge ofthe predetermined boosted direct Variable 
constantvoltages storedin said frstresistance-capac tanceseriescircuit,meansforsuppyinganegativegrid 
Diastothe grid ofsaidthyratron sothatsaidthyratron 
isnormaly prevented?from conducting,and control 
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means connected in paralel withsaidthyratron to the 
contacts of Said Second multicontactswitch and coop 
erating with said thyratron to cause said negative bias 
to be removedfrom saidgrid ofsaidthyratron so that 
Saidthyratron conducts 0.25 ofa second afterthe sec 
ond contacts of said second multicontact Switch are 
Imade conductiveinchudinga pulse forming circuit hav 
inga Second resistance-capacitance series circuit which 
?roducesasinglefrstpulse ofsmalpredetermined volt 
age,meansactuated by saidfirst pulseinchudinga one 
shot multivibrator for producing a rectangular shaped 
Pulse of smalvoltage about 0.25Second aftersaid frst 
Dulse is formed,meansincludinga triode for changing 
said second pulse into asequential shortthird negative 
Pulseandafourth positive pulse ofpredeterminedvalues 
in that order and supplying them to the grid of Said 
thyratronsothatsaid fourth pulse removes the negative 
bias on the grid of said thyratron whereby Said thyra 
tron ismade conductive to Said predetermined boosted 
direct constantvariablevoltagesstoredinsaid resistance 
capacitance series circuit whereby said Second contactS 
arefirmiyengagedandthen said predetermined boosted 
direct constantvariablevoltageis discharged from Said 
frstresistance-capacitance seriesacross Said Second con 
tactstogroundthrough predetermined magnetic rapper 
coisat predeterminedtimesinapredeterminedSequence? 
3.In an electrostatic precipitator havingelectromag 

neticrapperswith cois,the combination comprisingan 
electricalenergy source,meansinterposed between Said 
electricalenergy source and said coilfor Storing large 
quantities ofelectricalenergy,Switch meansfor period 
icalyconductingsaidlargequantities ofelectricalenergy 
through said cois,meansfordischarging Saidelectrical 
energy through said coil,said switch means being op 
erative whensaid contactmeansare conductive forSup 
plyingaportion ofthe electricalenergyin Said Storage 
meanstodevelopasignal,andmeansresponsiveto Said 
signalfor delayingfor a predetermined time the dis 
charge of1arge quantities ofelectricalenergyfrom Said 
storagemeanswhen said contact means are conductive 
therebyto preventdamagetosaid contact means due to 
thesuddendischarge ofsaidlargequantities ofelectrical 
energyflowingthereto? 
4.Theinventionas defnedin claim 3in which Said 

electricalenergystoragemeanscomprisesa condenser, 
5.Theinvention as defnedin claim 3in which Said 

electricalenergy storage means comprisesa condenser 
and said discharge means comprisesa thyratron, 
6,In an electrostatic precipitator havingelectromag 

neticrapperswith cois,the combination comprisinga 
direct currentelectricalenergy Source,a condenserin 
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terposed between Saidelectricalenergy sourceandsaid 
coi for Storing large quantities of electrical energy, 
Switch means for periodicaly conducting said1arge 
quantities of energy through said cois,meansfords 
chargingsaidelcctricalenergythrough said coilinchud 
ingathyratron,Said Switch meansbeingoperativewhen 
Said contactmeansare conductive forsupplyingapor 
tion ofthe electricalenergyinsaid condensertodevelop 
asignal,and meansincludingamultivibratorresponsive 
to Said signalfor delayingfora predeterminedtimethe 
discharge of Saidlarge quantities of electricalenergy 
from Said condenser when Said contact meansare con 
ductivetherebytoprevent damage tosaidswitchmeans 
dueto the Sudden discharge of Said large quantities of 
electricalenergy fowing thereto. 
7,In an electrostatic precipitator havinga plurality 

of electromagnetic rappers with coils,the combination 
comprising a plurality of alternating currentelectrical 
energy Sources of which each Source is ata diferent 
level ofelectricalenergy,a rectiferforconvertingsaid 
alternating current into direct current,an electrical 
energy Storage device disposed between said electrical 
energy Source and Said coils,Switch meansincluding 
first contact means to connect selectively one of said 
Sources ofelectricalenergy withsaid rectifier,meansfor 
dischargingSaidelectricalenergythrough Said cois,said 
Switch means alsoinchuding Second contact means op 
erativeintimedrelation with Said frst contactmeansto 
Selectively connectat least one of said cois with said 
rectifer,means operative when said second contact 
meansareconductiveforSupplyingaportion oftheelec 
tricalenergyin Saidstorage means across said second 
contact meansto developasignal,and meansresponsive 
to Said signal and operatively associated with said dis 
charge meansfordelayingfora predeterminedtimethe 
discharge of large quantities of electrical energy from 
Said storage means when Said Second contactmeansare 
conductive therebytopreventdamagetosaidsecond con 
tact means due to the sudden discharge of said large 
quantities ofelectricalenergyflowingthereto. 
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