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The presentinvention relatesto anelectric circuitfor 
extendingthe operative range of a current responsive 
element? - 

Acurrentresponsive device,forexamplearelay,hasa 
predeterminedcurrentrangewithig whchitwl9Per?e 
Satisfactorily,Ifthe currentisbelowthisrange, the de 
vicedoesnotrespond,Ontheotherhandexcessvecu? 
rentwi1damagetherelay or converselytherelaywl 
imittheamount of current thatcan be passed,Ifa 
relayismade sensitive enoughto operate on Very low 
current,itwillnottoleratea highcurrent· 
Inmanyappicationsitis desirableto havea curgent 

responsiveelementwithavery widecurrentrangö… For 
example,inthe controlcircuit ofaninternal combustion 
engineorotherprimemoverdrivinganelectric generator 
supplyinganintermittent load,itis desirableto provide 
a?layörothercurrentresponsive device connectedi? 
serieswiththe loadandoperative toreduceenginespeed 
toidingwhenthereis noload,Whenaload,for eX 
ampleanelectric amp,isconnectedor“turned on”?e 
engnemustcome backupto operatingspeed to Provide 
the required voltage,However,when the engine is 
iding,?evoltage and hencethe currentresultingfrom 
connectinga loadare solow thatthe Series connected 
relaycontrolingtheenginespeed must beverysenstye 
inordertooperate,Thisisparticularlytrueiftheinitial 
1oadisrelativelysmal,forexamplealow wattageelec 
tric1amp.?Ontheotherhand,withthegeneratoroperat 
ingatfülvoltage andful1oad,the current through the 
relayismanytimesthatof theinitial currentand may 
exceedthecurrenttoleration oftherelay, 

Itisanobjectoftheinventiontoprovideanelectrical 
circuitthat wilgreaty extend the operative range of a 
relay orothercurrentresponsive elements,In accord 
ancewiththeinvention,thereisconnectedin paralelwith 
thecurrentresponsiveelementanon-linear current con 
trolunithavingthecharacteristicthatthevoltageacross 
itremainsapproximatelyconstantregardess ofthecur 
rent passingthrough it,The voltage need not be en 
tirey constant since evena sensitive currentresponsive 
element witolerate a certain range of current values… 
However,itshould be suficiently constant to keep the 
current through the current responsive element within 
itsoperativerange? 

Inapplyingtheinventiontotheidlingcontrolofagen 
eratordriven byaninternalcombustion engine orother 
Prime mover,the operatingcoilof asensitive relay con 
troingtheidingofthe engineisconnectedinserieswith 
the loadandanon-linearcurrent controling unitiscon 
nectedin parallel with the operating coi of the relay, 
When a loadis connected to the generator while the 
engine isidling,a relatively low currentfows through 
therelay operatingcoilandenergizestherelayto bring 
the engine up to operating speed,As the currentin 
creases withincrease of generator voltage?and perhaps 
withincreased load?a majorportion ofthe load current 
fows through the current controlunit,the voltageacross 
the operating colof the relayand hence the current 
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2 
throughitremainingapproximatelythe Same,Thusthe 
relay can be made sufcienty Sensitive to Operateata 
1owcurrentvalueandyetis protectedfromthe high cur 
rentwaluethatoccurswhenthegeneratoris operatingat 
ful11oad,Theefectiverange of operation oftherelay 
isthusgreatly extended? - 

It hasbeen found that Semi-conductors,for example 
rectifers,can be usedasthe non-linearcurrent control 
unit of the circuit in accordance with the invention… 
Whenarectiferis used,itis connected SoastopaSSCur 
rentinthedirection offow oftheloadcurrent,Therec 
tiferisthususednotforthe purpose ofrectifyingcurrent 
butrathertosupplytherequired voltage across the cur 
rentresponsive elementto activate the elementeyen at 
low values of ine current while bypassinga major por 
tonofthecurrentathighcurrentvaluesandkeepingthe 
voltage drop across the currentresponsive element ap 
Droximatelythesame? 

Whietheinventionisapplicable to currentresponsive 
elements ofavariety of kinds for examplerelays,tubes, 
1amps,motors,solenoids,etc.itis of particular valueas 
applied to relays and is accordinglyilustrated by way 
of example in the accompanying drawings as a relay 
idingcontrolcircuitforaprimemoverdrivinganelectric 
generator? · - 

Inthe drawings: 
Fig,1isa circuit diagram ofacircuitembodyingthe 

invention? 
Fig,2is a simplifed circuit diagram of the circuit 

showninFig.1? · 

Fig.3isaviewshowingcontrolcomponentsofthe cir 
cuitof Fig.1assembledina controlbox whichis shown 
in section to disclosethe componentsinside. 
Fig?4isa simplified diagram ofamodification ofthe 

circuitshownin Fig.1? x - 
The circuitshown by way ofexamplein Figs?1and2 

comprisesanelectric generatorilustratedasanalternator 
1driven bya prime moverindicatedasan engine2and 
supplying currentto aloadcircuit3?The loadisius 
trated schematicaly as comprisinga phurality of output 
receptacles4connectedinparallelwithoneanotheracross 
ines5and6whichare connectedrespectivelytocolec 
torringsorsliprings 7and8 ofthealternator1. Means 
ilustratedasswitches 9are providedforturningindiv 
idualloadunitsonor of,The outputreceptacles4Pro 
vide for connectingelectric ights,electrictools orother 
electricalyoperated unitstotheload-circuitofthealter 
1atOT? 
The alternator 1 is self-excited and is compound 

wound,being provided with a shunt winding11 and a 
serieswinding12,The shuntwinding11is connected 
acrossthe D.C.terminals13and14ofashuntrectifer 
bridge15,the A.C,terminals 16and 17of whichare 
connected respectivelytothe colectorrings7and8 of 
thealternator,Therectifersoftheshuntrectiferbridge 
?5are preferablysicon orgermanium dryrectifers?A 
resistance 18is connectedacross the D.C,terminals13 
and14oftheshuntrectifer bridge15inparalelwiththe 
shunt winding11to protect the rectifers from transient 
voltage peaks resultingfrom Switchingaloadon or of, 
or from other causes?Avariableresistance 19whichis 
Shown connectedina series betweenone ofthe A.C.ter 
minals16ofthe shuntrectifierbridgeandthecorrespond 
ingcolectorring7 ofthe alternatorisused toadjustthe 
no-load voltage of the alternatortothe desiredvalue? 
The seriesfeldwinding12isconnectedinserieswith 

a contro unit20?described more fuly below?across 
the D.C.terminals23 and24 ofaseries rectifer bridge 
25the A.C.terminals26and27ofwhichareconnected 
into the line 5sothatthe rectifier bridge25isconnected 
in Serieswiththeloadcircuit3,Theseriesfeldwinding 
12 of the alternatoristhus connectedin series with the 
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desired to incapacitate the control,for eXample during 
the starting of the engine,the slide 50is moved to the 
1eftas viewedin Fig.3 sothattheinturnedend portion 
55 engages the arm 56 on the sleeve 57 and thereby 
holds the engine throttle in a predetermined open or 
Ipartialy opened position, - 

In Fig,4thereis showna modification in which the 
controlunitis designed to work on alternating current? 
Inthisembodimentthe rectifer49of Fig,2isreplaced 
by two rectifiers 40a and 465 which are connected in 
paraHel with one another butactin opposite directions, 
The controlunitcomprisingan alternating currentrelay 
30 andthe rectifers 40a and40bisconnected directiy 
inseries with the loadcircuit3 of analternator1,The 
relay30 controlsa solenoid33asin the embodiment 
of Figs.1to 3,The rectifers40a and40bare notfor 
thepurpose of rectifyingthecurrent butservethe same 
function as the rectifier40in Fig,2in controlingthe 
currentsoasto causea portion of the currentto ener 
gize the relay while by-passing excess current? 
While preferred embodiments of the invention have 

beeniustrated and described,it will be understoodthat 
theinventionisin noway imited tothese embodiments 
and thatchanges may be made without departingfrom 
the spirit and Scope of the invention as defined bythe 
folowing claims? 
What We claim and desire to Secure by Letters Pat 

entis: 
1?Inan electricalcircuit,adrivensource of electrical 

current,a1oadcircuitconnectedtoreceive currentfrom 
said source,a control circuit comprising a sensitive 
current-responsive means constantly connectedin circuit 
with saidloadcircuitand havingan operatingcoilener 
gized bythe load currentforcontrollingthe voltage out 
Tutofsaidcurrentsource undercontrolofthe load cur 
rent and to control the speed at which Said SOurce is 
driven under controlofthe load current when Said cur 
rent-responsive meansisenergized witha predetermined 
ninimum load current value,Said operating coi being 
capable of beingenergized by a predetermined minimum 
value ofload currentand capable ofpassinga predeter 
mined maximum value ofload current,meansincluding 
speed control means under control of the current-re 
sponsive meansto causethe currentsourceto be driven 
ata predetermined operating Speedin response to the 
current-responsive means when said minimum value of 
1oad current energizes Said current-responsive means, 
said speed controlmeansinchuding meansto cause the 
driven currentsource to be driven ata predetermined 
idingspeed substantiallylowerthan Said operatingspeed 
in the absence of said minimum current energizingthe 
operating coil of the current-responsive means,valve 
means havinga preselected back yoltage connectedin 
paralelwithsaid currentresponsive meansconstructed 
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and arranged to pass al the load current not passing 
through the current-responsive means,Said maximum 
Value of load current being Substantialy less than the 
1oad currentsaid valve meansis able to pass,and said 
Valve means havingSaid preselected backvoltge Sochos 
enin value asto block the flow of load current below 
Said minimum value and thereby cause any current be 
low said minimum value to flow throughthe operating 
coi of said current-responsive means while by-passing 
al the load currentabove said maximum value sothat 
the portion of such currentflowingthrough saidcurrent 
responsive meansis always below Said maximum value? 
2?InanelectricalSystem,incombination,agenerator, 

a loadcircuit connected to receive current from Said 
generator,a prime mover driving the generator,Said 
Brime mover having speed-control means for varying 
the speed of the prime mover betweena predetermined 
idlingspeedandapredeterminedoperatingspeed byactu 
ation ofsaidspeed-controlmeans,theimprovementwhich 
comprises an automaticide controlsystem comprising, 
in combination,means comprisinga control circuit for 
controling actuation of said speed-control means,said 
controlcircuitcomprisingasingle sensitiverelay having 
an operating coi constantly connected in Series with 
said loadcircuitandenergized bythe load current,said 
operatingcoilbeingcapable of beingenergized bya pre 
determined minimum relatively low Value of load cur 
rentand of passinga predetermined maximum value of 
current which is substantialy less than the ful load 
current,valve means havinga preselected thresholdcur 
rent value connectedin paralel with Said operatingcoil 
forblockinga predetermined value of load currentsuf 
ficientin valuetocause Saidrelaytorespondand Smaller 
in valuethan the maximum value of current Said relay 
operating coil can pass,and connected to pass the re 
mainder of the load current not passing through the 
operating coil thereby to maintain the current passing 
through the operating coil means constant,Said speed 
controlmeansincludingmeansforidlingthe prime mov 
erin theabsence of Said minimum current,and means 
operatively connectingthe Speed-controlmeans and the 
current-responsive means,wherebythe speed ofthe prime 
moverisautomaticaly variedasa function of the preS 
ence orabsence ofa oad currentandthe prime moyer 
idlesintheabsence ofaloadon the loadcircuit, 
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