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RELAYAD?US?NGSE? 

John T?L?Brown,Short HiHs,and Charles E?PoHard, Jr,Hohokus,N.J.,assignogsto Be?Teiepho?e?abora 
tories,Incorporated,NewYork,N?Y??gGrpora?on G? 
NewYork 

Appica?on March24,1954,Seria No?4?8,412 
12Ciaims?(Ci?317?157) 

Thisinvention reiates generalyto relay test circuits 
and more particularlyto a test set for automaticaly 
testingandadjustingthepermanent magnet bias of polar 
relays having permanent magnet polarization orbias af 
fectingthearmature movementthereofinadditiontothe USualenergizingmeansSuchasacoilorcoils? 

Specificaly,the presentinvention relates to a circuit 
forautomaticallyadjustingthepermanentmagnetbias of 
arelaywhichincludesan energizingwindingandatieast 
One contact and a permanent magnet and a magnetic 
armature movable in operable relation to said contact 
underthe infuence of the combination of the magnetic 
field produced by energization of said windingandthe 
nagnetic feld ofsaidmagnet? 
An object of the invention isto improve the art of adjustingSuch relays. 
Aparticularobject ofthe invention istoimprovethe 

means wherebythe adjustments ofinterestaremade to 
apolarrelay ofthe totalyenclosedtype,which,dueto 
its Sealed construction,precludes the usual manualad justmentfamiartotheart, 
Thegeneralmethodemployedisdisclosedandclaimed 

in Patent2.590.228toJ.T.L.Brown of March25,1952. 
Thismethodis describedthereinasused,byway ofex 
ample,toadjustthe magneticbias ofapolarrelay ofthe 
Sealed,mercurytype,suchasisshownin Patent2,609,464 
to J.T.L.Brown and C.E.Pollard,Jr.ofSeptember2, 
1952,and which has a movable armature arranged to 
make contactwitheitheroftwocontactsandalsealedin a glass envelope containing mercury fed by capilary 
action to the contact areas and which hasa permanent 
magnetattached to each contactoutside of the envelope 
and an energizing coi Surroundingthe envelope,This 
relayisalso described,alongwithitscharacteristicsand 
performance,etc?in an article“Balanced polarmercury 
contactrelay”by J.T. L,Brown and C.E. Pollard,in 
the November1953issue of“The Bel1System Technical 
Journal.” 
Anothertype ofrelaywhich can beadjusted bymeans 

ofthe presentinvention and accordingto the method of 
the Brown patentisthe type ofrelayshown in Patent 
2,577,602to E.T,Burton cf December4,1951,which, 
again?isa sealed,mercurytype of polarrelay but which 
hasonlyone magnet biasingonly one set of the contacts 
with whichthearmaturecooperates. 

It wil be appreciated by those skiledin theartthat 
many othertypes of relays may beadjusted by means 
ofthe presentinvention and that the above are merely exemplary. 
These polarrelaysare magneticalypolarizedin order 

that a specifed magnitude and polarity of currentin 
the energizing winding wil cause thearmatureto move 
from one contact to the other,The two directions of 
motionarecommonlyreferredtoasthe“operate”andthe 
“release”directions,and thisterminology wil be used 
throughout subsequent discussion,description,Specifica 
tionand,wherenecessary,claims?The magnitudeand/or 
polarity of current to do eitherjob may beanything 
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2 
desired,within the capabities of the relaystructure of 
course,The currentorcurrentsspecifedforaparticular 
relayaregeneralyreferredtoasthe operateandrelease 
“sensitivities”ofthe particularrelayin question,The 
main purpose ofthe presentinventionisto efectauto 
maticaly,quickyandaccuratelyany desiredsuch sensi tivityvalueorvaluesforaparticularrelay. 
The generalsteps ofthe methodemployed,assetforth 

in the Brown patentandinthe Brown-Polardarticle,are 
asfolowsinordertoadjusta balanced polarrelay(mag 
netic biason both contacts)to any desired pair of sensi tivityvalues: 

1. Magnetize the twomagnetsfuly bya fux directly 
acrossthem, 

2. With the armature startingfrom oneside,progres 
sively decrease the magnetization on that side in small 
steps untilthe armature justoperatesto the otherside 
on the fnal current value desired forthis direction of operation(which may bethe“operate”direction)? 

3,With the armature startingon the otherside,pro 
gressively decrease the magnetization on that side in 
Small steps until the armature just operates from that 
side on the fnal current Value desired forthissecond 
direction of operation(which may bethe“release”direc 
tion)? 
4?Repeatsteps2and3 alternately untitherelayjust 

operatesin both directionson thetworespective current 
values desired. 
Steps3and4arenecessaryina balanced polarrelay 

because the force on,the armature is afected by both 
magnets and an adjustment of the magnetic strength of 
one ofthem willupsettheefectoftheother. Inthecase 
of the unbalanced polartype of relay,such as in the 
Burtonpatentand having Only onemagnet,theprocedure 
wouid presumablybe complete afterstep2? 
Inthe disclosedembodiments ofthe presentinvention, 

rneans are provided forperforming step 1 by manual 
nanipulation of circuit means,Steps 2,3 and4 are 
thereafterperformed bythe circuitautomaticalyin re 
Sponse to a manual manipulation which amounts to a 
Start signal,In more detail,the disclosedembodiments 
oftheinvention providemeansforperformingtheabove methodstepsasfolows: 

1,Bythe manipulation ofaswitchtoa“magnetizing” 
position,arelaycircuitappiesaselectedpolarity ofhalf 
cyclealternatingcurrentasmagnetizing pulsestoelectro 
magnets,Which pulses thereby over-magnetize both of 
the biasmagnetsoftherelay. 

2. By the manipulation of said switch to a“demag 
netizing”position,the relay circuit selects the other 
Polarity of half-cycle alternating current to be appied 
to One electromagnetatatime therebyto demagnetize 
one orthe other ofthe bias magnetsatonetime under 
the Control of a relay control circuit and a selector. 
This control circuit causes the test relay armature to 
Operate to one side,say the“operate”side,appiesa 
“test”current to the relay,appliesa relativeylow de 
nagnetizing pulse of Specified magnitude of the selected 
half cycle as determined bythe selector to the associ 
atedelectromagnet,appliesa“reset”current tothe test 
relay to force the armature to operate to the said one 
side,appliesa“test”currenttosaidtestrelayand detects 
whether ornotthe armature of the testrelaymovesto 
the other side in response to said test current,If the 
armaturedoesnotsomove,thenthecontrolcircuitcauses the Selector to preselect a slightly larger magnitude of 
demagnetizing current and applies this slightly larger 
demagnetizingpulsetothe asSociatedelectromagnetand 
then repeats the rest of the above procedure,If the 
armature does move,then the controlcircuit wiladjust 
itself to be able togo through the same procedure on 
the otherside,say the“release”side,usingthe other 



3 - 
ejectromagnet,of course,and startingthe magnitude of 
demagnetizing pulsesata specifed low value of demag 
netizingcurrentasbefore. 
3.Atthe completion of a demagnetization cycle on 

the release side?the control circuit wil switch to the 
Operate side and continue again because the adjustment 
ofthe release side wilhave causedan errorin the pre 
vious operatesideadjustment? 
4.This procedureiscontinued backand forth on the 

Operate and release sides until the detecting means in 
the relay controlcircuitindicates(suchas bythe rapid 
alternatefashing oftwolampsassociatedwitheach side 
ofthe relay)thatthearmaturetravelsintheright direc 
tion upon the proper sensitivity ortest current being 
appiedrespectivelytothetestrelaywinding. 
Afeature of the presentinventionisthe provision of 

a circuitforautomaticalyadjustingthe permanent mag 
net bias ofarelay ofthegeneraltypereferredto herein, 
A particular feature of the presentinventionis the 

provision ofthe necessaryrelay controlcircuits,current 
or voltage selector means,and predetermined?test cur 
rentyaluesource orsourceswherebythe aboveadjust 
ment?rocedureisperformedautomaticaly. 
The invention is describedin the folowing detaied 

descriptionasembodiedin exemplarycircuitryshown on 
the drawings of which the folowingaregeneral descrip 
tions: - - - 

Fig,1 showsin block diagram forma functionallay 
Outofatypicaladjusting setarranged for demagnetiza 
tion; 
Fig,2iustrates howtoarrange Figs.6and7 to dis 

cloSeacomplete circuitaccordingto one embodiment of 
theinvention; 

Fig.3iustrates howtoarrange Figs.8and 9to dis 
closea completecircuitaccordingtoanotherembodiment 
oftheinvention; 
Fig.4showsacurve orgraphorplotoftestdataappli 
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cable to the circuit of Figs.6and 7,which showingis 
referredtointhe detaileddescriptionasanaidtounder 
standingthe functioning ofthe circuit of Figs.6and7. 
Fig.5shows data similarto that of Fig,4 butasso 

ciatedwiththecircuitofFigs.8and9; 
Figs?6and7 disclosethe detais ofonecomplete em 

bodiment;and 
Figs.8and 9 disciosethe details ofanother complete 

embodiment, - 

Fig.1 shows afunctional block diagram1ayout ofan 
automaticrelayadjusting setembodyingthe presentin 
Vention?The relay under adjustment,relay 190,is 
Shown withits case broken opento show the armature 
198 withan energizing coi11?? surroundingthe arma 
ture ?98 and two contactelements109 and ?10 each 
comprisingapermanentmagnet?Therelay199isplaced 
within a Suitable fxture which carriestwo electromag 
netic magnetizing-demagnetizingcoilarrangements?Such 
as I9? and l62,A control circuit193isarranged to 
Select under certain circumstancesspecifed polarities of 
half-cycle pulses ofthe alternating-currentpowerand to 
applythese overthe operate orthereleasepath through 
respective initial and final steps of power magnitude 
Selectors?94,195,196and iQ7to one or both of the 
electromagnets ??? and 192,The control circuit 103 
also,at certain times?exercises an operate-release con 
troland a test reset controloverthe operation of the 
test circuitin cooperation with certain test relay cur 
?entadjustment circuits which apply predetermined test 
andreSetcurrentvaluesforthe operateandreleasedirec 
tionsofmotion ofthearmature?G8 ofrelay100. 

Briefy,the operation of the circuit isas folows, 
ASSuming that the release direction of motion of the 
armature ?98isfron contact??9tocontact11{}andthat 
the operatedirectionisthereverseandassumingthatthe 
armature of relay ?99isinitialyin contact with the 
Operate contact??9,the relaycurrentadjustment circuits 
are first Set such-that when an operate orreiease test 
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? 
orresetcurrentis desired to betransmittedthroughthe 
coi11?? ofrelay109,these values wilbe those which 
are specifedfortherejay underadjustment,The Selec 
torswitches?95and ?97,comprisingafneadjustment, 
wilbesetattheirminimum voitage values?The variacS 
??4and 196,comprisingthe coarse adjustment,wil be 
setat Some predeterminedrelativey high value of voit 
age output?In response to the operation of a manual 
switch,the power controlcircuit??3 wilapplyto both 
of the electromagnets???and ?92a few half cycles of 
specifed polarity(say the positive half cycles)of the 
alternating-currentpower,wherebyeach oftherelaycon 
tactscomprisingpermanentmagnets ?G?and ??9isover 
magnetized,Thereafter,the coarsecontrols??4and?6 
are m3nualy readjusted to a selected minimum voltage 
Dositionandthe controlcircuit193 wi?selectthe variac 
196,the selector switch197and the electromagnet ?9?, 
and wilcause relativeylowleve reverse polarity half 
cycle pulses of demagnetizing current to be appied to 
the electromagnet??i forthe purpose of partialy de 
magnetizingthemagnetcontact???ofreiay?99,Whie 
this particular half cycle of demagnetizing currentis 
beingapplied to the ejectromagnet ????the release reset 
currentValue wilbeappliedtothe winding?l ofrelay 
?{}{} toinsure thatthe armature ??8remainsin contact 
with the operate contact magnet1?6,Assoonasthis 
ha}f-cycle demagnetizing puiseisfnished,the controlcir 
cuit1G3 wil cause the release test current value to be 
applied to the winding???to determine whether or not 
the armature ??8 witransferfrom contact??9to con 
tact169,Normaily,in responsetothefrstdemagnetiz 
ingPulse,thearmature ?8wilnotperformas required, 
whereupon the control circuit ?93 causes the release 
power Selector to adjustitself to a sightly increased 
amount of demagnetizing voitage and to apply thisin 
creased demagnetizing voltage again to the electromag 
net ?G? simultaneously with the previously-mentioned 
Value Ofreleasereset current beingappied to the wind 
ing????ASSoonas thissecond demagnetizingpuiseis 
fnished,the release test currentis again appied to the 
winding??1,Thisprocedureisrepeateduntisuchtime 
as the armature ?{}8 will travelfrom the operate con 
tact magnet ??{} to the release contact magnet ??9 as 
anindication thatthe magnet??9has been demagnetized 
to a Suficientextenttopermitthearmature ?3totravel 
to the release contact ??9in response to the predeter 
mined Value ofreleasetestcurrent? 
The controlcircuit??3 detectsthetravel of thearma 

ture ?68 from the operate contact ??? to the release 
contact109inrespcnsetothepreselectedvaiue ofrelease 
test current?Thereupon the controlcircuit??3Switches 
its power controlfrom the reiease to the operate side 
therebyenabingthevariac ???andSelector?5toapply 
demagnetizing pulses only to the eectromagnet ??2. 
The above procedure?Whereby successively increasing 
increments of half-cycle demagnetizingpusesareapplied 
to electromagnet ???,is repeated with respect to electro 
magnet192 except thattheresetand testrejay current 
adjustment circuits whichare usedaretheoperatevalues 
instead ofthereiease values?Sooner orlaterthearma 
ture ?G3 wilmove in response tothe operatetest cur 
rent from the release contact magnet199 over,tc the 
Operate Contactmagnet??asanindicationthatthe mag 
net?99 has been demagnetized to the necessary extent? 

65· ?Thelast-mentionedadjustmentofthemagnet?99nec 
eSSariy causes an error in the previous adjustment of 
the magnet ??? because of their proximity,and their 
jointinfuence overtheaction ofthearmature198,? 
is,therefore,necessary,upon the movement cfthearma 
turei68 from the release contact199to the operate 
Fcontact li?,to again repeat the denagnetizing proce 
durewithrespecttothemagnet???? 

Thisprocesscontinuesbackandforthuntilthe control 
circuit?93 detectsthattheadjustmentofthetwomag 
nets?69 and ?0is relativelyclose to the desired?nal 
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Toplacethecircuitin condition?raut9matic op? 
tion,Switch724isclosedtoshort-circuitthemeter725 and switches737and720are placedintheir respective 
“run”positions,Inthiscondition,alTelaysinthecircuit 
ofFigs.6and7areintheconditionsasshown… 
In?ig.6,upontheclosureofswitch614,thealternatpg 

currentsource ofpower633isapplied overthetwobus 
barsmarked @ and??which extendto the similary 
markedterminaisofthevariacs694and669,tothe pri mariesoftransformers612and613andtopotentiometers 
619and 611,The manualadjustment knobs,suchas 
665forvariac694,maybe movedtoadjust theVariacs 
andpotentiometers604,609,619and 611totheir mini 
mumvoltagepositionscorrespondingwith phase@·This 
manualadjustmentispermitted byvirtue ofthefactthat 
the magnetic clutch arrangements,Such as comprising 
theelectromagnet603and the friction clutch 602 aSSO 
ciatedwiththevariac694,arenotenergized, 
Withthesevariousinitialsettingsofthe coarseandine 

powerselectioncontrolsfortheoperateandreleasesidgs, 
?wibenotedthatthewper ofthevariac609carries 
zerovoltagewithrespecttophase @ andapplesittothe 
@,terminal of the potentiometer 611,whereup9?the 
wiperof potentiometer611carriesZero voltage würe? 
spectto?andappliesitoverconductor636into?g,7 
totherightside oftheelectromagnet713,theleftsideo? 
themagnetofwinding713extending backtocontact2 
ofrelay B,Similary,in Fig,6,thewiper ofvariac.694 
carrieszerovoltage withrespect to@ andappiesitto 
the @ terminal ofthe potentiometer 610,wherebythe 
wiperofpotentiometer619carriesZerovoltage with re? 
spectto@ andappliesitoverconductor635into Fig.7 
totheleftside ofthe windingofelectromagnet7?2,the 
rightside ofthe windingthereof extending backtocon 
tact? ofrelay B? - 

?n Fig.6,the @ phase ofthe 
bus extends through resistance 634and Over conductor 
637into Fig.7to thecontactofrelayA,Itwil,there 
fore,be apparent that,when relay Ais operated,the 
@ phase oftheaternating-current powerwilbeapplied 
from conductoré37overthe contact ofrelay Ato the 
armature ofrelay B,whereupon,dependinguponwhether 
relay Bisreleased oroperated,the?phaSe wilextend 
over contact ? or 2thereof and through the respective 
electromagnet7?2cr713to conductor 635 or 636,ex 
tending backinto Fig,6to the coarse and fine power 
selector controls associated with the respective electro 
magnets712and 7?3?nameiy,the operate and release 
controis??t wifurther be appreciated that whatever 
incrementofpowermay have beenselected bythe power 
controi circuit of Fig,6 with respect to phase @ wil 
thereupon be appied over conductor 635or635to the 
associated magnetizing-demagnetizingelectromagnet 7?2 
or7?3,?n Fig.6the directionsofincreasingincrements 
ofpowerwithrespecttophaseáareindicatedbyarrows 
associatedwith the wipersofthe variacs and potentiom 
eters comprising the coarse and fne power increment 
Selection means. 
The frst operaticn in initiating the relay adjustment 

cycleisapreselectedmanualsettingofthewperofvariac 
694bymeansofthe knob G95toaPosition whichrepre 
sentsa Substantialamount ofaiternating-curreat voltage 
onthe wiperofvariacé$4withrespecttoits?terminal. 
Asimiar settingis made ofthe variac6$9,This,then, 
wi applythis amount of aternating-current power to 
conductors635_and 636 extendinginto Fig,7through 
the electromagnets 7?2 and 7?3 backto the contacts? 
and2 of relay B,one orthe otherof which w?extend 
to the armature of relay A, 
The magnetize-demagnetize switch 6?5 wil now be 

“operated to its Upper or magnetize position,causinga 
numberofthingsto happenas folows: 

1.Atitsrightouterswitch blade,theswitch6?5inter 
connectsconductors649and641,which,aswilbeseen 
in Fig,7,amountstoshort-circuingcontacts1and2 

alternating-current power 
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8 
ofrelayB,This,aswilbeappreciated,placestheelec 
tromagnets712and7?3in paralelbetweentheirrespec 
tivepowersource conductors635and636andthe con 
tact?ofrelay B which,whenrelayAis operated,wl 
extendbackoverconductor637into Fig,6andthrough 
resistaace634backto the @ phase ofthe alternating 
currentpowersource. 

2. Wihthe switch 6?5in its upper ormagnetizing 
position,phase@?ofthealternating-currentpowersourcg 
633is extended overthe leftinner blade of Switch 6?5 
to theswingerarmature ofrelay L,to the winding of 
relay K,to the primary windings of transformers 623 
and624,tothe winding ofrelay N,and over conductor 
638into Fig,7tothe windings ofrelays B,Cand D. 
Theoniysignificant connectionsinthis respectarethat 
phase @?isconnectedtotransformers 623 and624and 
to the swingerarmature ofrelay L… 
3.Acircuitiscompletedfromphase @ on thearma 

ture ofrelay L,overcontact2 ofrelay L,conductor642 
into Fig,7throughthe potentiometer727tophase@? 
on the conductor 639 extending backinto Fig,6,No 
aiternating-current poweris,therefore,applied to the 
transforner 726when the switché?5isin its Upper Or 
magnetizing position? 
4.Thephase@?extendsfrom thearmature ofrelay L 

overthe contact?thereoftotheright-hand terminals of 
theoperateandreleasedrivemotors6?9and606,The 
left-hand terminals of these drive motors eXtend to re 
spective contacts ? and2 ofrelay Kand Overthe arma 
ture ofrelay K,depending upon whetherrelay Kis re 
1easedoroperated,backtothephase @ bus,The right 
handterminalsofthefne powercontrolmotors697and 
698extendoverthe contactofrelay Mbacktocontact3 
ofrelay L. Itisthusapparent thatwith relay Lin the 
position shownin Fig.6,the coarse motors 699and606 
areenabledforoperationandthe fine controlmotors667 
and 698are disabled,The converseistrue,as wiH be 
Pointed outin subsequent description,when relay Lis 
operated so thatits armature makes contact with its 
Contact3? 

Variac ó29 selects a Suitable quantity of alternating 
current Voitage from the Secondary of transformer 624, 
a portion thereof appearing across the resistance 622in 
the voltage dividercomprisingresistance 62? and 622and 
beingapplied to the series circuitincludingthe winding 
of relay Eand condenser 632?This causesa Specified 
levelofalternatingcurrenttofowinthiscircuitthrough 
the winding of relay E,the level of which istoolow 
to causetherelay Eto operate on the aiternatingcurrent 
alone?However,it wibe noted thatnegative battery 
(positive terminal grounded)is applied over the arma 
ture ofrelay Eandthe contact2thereof,through poten 
tiometer 63? and through resistance 63?,through the 
winding ofrelay Eagdtogroundthrough resistance622. 
Also,itWilbenotedthatcondenser632shuntsthelower 
side ofthe winding of relay Eto ground??n this posi 
tion of Telay E,the condenser632wilacquire acharge 
atarate determined bythe settingofthepotentiometer 
639,Thecircuitvariabiesarechosen,preferably,sothat 
the maximum value of direct current which mayfow 
throughthe winding of relay Eisbyitselflessthanthe 
operatevahe of currentforrelay E. 
Asthe direct currentfowinginthe windingofrelay E 

increases(asthe charge on condenser 632increases),it 
isarrangedthatatsomesuitablepointonthisexponential 
direct-current curve the aiternating currentinjectedinto 
therelay circuit wibe sufcientsuch thatthe sum of 
thealternating currentandthe exponentialyincreasing 
directcurrentwilbesuficienttooperaterelayE. When 

701 this happens,the armature of relay E moves from its 
contact2to its contact ?,This removes the direct 
Cu1Tent charging circuitfor condenser632 and permits 
condenser632to dischargeinthecircuitincludingresist 
ance622andthewindingofrelay E,The voltageacross 
capacitor632 wil,therefore,decreaseatanexponential 
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ratedetermined bytheresistanceinthisdischargepath, 
Sincethisresistanceisfxedforany onesetting ofthe 
variac629,thetime constantofthe discharge circuitfor 
condenser 632issubstantialy constant?When the dis 
charge currentin this circuit,includingthe winding of 
therelay E,has decreasedtoasuficientextent,the Sum 
mation ofthealternatingand directcurrentsthroughthe 
winding ofrelay Ewilbe such asto permitrelay Eto 
again release,whereupon the armature of relay Eagain 
makes contact withits contact2to cause the above described cycletorepeatitself, 

Potentiometer 630,as above explained,changes the 
time constantinthe chargingcircuitforcondenser632, 
therebyvaryingtheamountoftimefromaspecifedstart 
ingpointat whichrelay Ewilloperate,Potentiometer 
630,therefore,maybetermedasa“Percent Make Con 
trol”;thatis,itwilcontroltheamount oftimewhenthe 
armature of relay Eisin contact withits contact1as 
compared to the total amount of time including the 
1atter plus the amount of time when the armature of 
relay Eisincontactwithitscontact2? 
Attheinstantthatthearmature ofrelay Emakescon 

tactwithitscontact1,acircuitis completedfrom nega 
tive battery,armature ofrelay E,contact1 of relay E, 
resistance 629,potentiometer 628,winding of relay F, 
Secondary winding oftransformer623,contact2 ofrelay 
J toground?The phasing of transformers623and624 
isarranged such thatthe upperside of the winding of 
relay F carries the Same phase ofalternating currentas 
the upperwinding ofrelay E,asindicated on Fig.6 by 
the notation“Same Phase.” Potentiometer 628simul 
taneouslyadjusts the levels ofthe alternatingand direct 
currents whichare permitted to fowthrough the wind 
ing of relay Fandthereby adjusts theinstantat which 
the composite current through the winding ofrelay F 
firstreaches the operate value,at which time thearma 
ture ofrelayFwitransferfromitscontact2toitscon 
tact1? 
Whenrelay Ftransferstoitscontact1,acircuitiscom 

pleted from ground overthe armature and contact1 of 
relay F to conductor 644extendinginto Fig,7,through 
the winding of relay A,andtonegative batterythrough 
a paralel circuit of condenser 701 and potentiometer 
700,and conductor644extendsovertherun positive of 
Switch 720to operaterelay Hforapurposeto be de 
Scribedlater?The condenser701inthe circuitofrelay 
A presents an instantaneous short circuit across the 
potentiometer 700 and permits relay Ato operatevery 
quicky upon the grounding of conductor 644?Sooner 
orlater,dependinguponthesettingofpotentiometer700, 
condenser 701 willacquire a suficient charge to cause 
relay Atorelease, 
The Settings of the potentiometer 628in the circuit 

ofrelay Fand potentiometer700inthecircuitofrelay 
A may be considered,respectively,as pulse startand 
pulseendpotentiometers,wherebythespecifcinstantwith 
Tespect to the alternating-current wave format which 
relayAWiloperateis determined bypotentiometer628 
andthe Specicinstantoftherelease ofrelayAcompared 
tothe Samealternating-currentwayeformis determined 
bythe Setting ofpotentiometer790. 
Thenetefect ofthisrelaxationoscilatortypeofrelay 

circuitisthatrelay Ewiloperateandreleaseatarate 
whichis preferaby a Subharnonic of the alternating 
current frequency(but broady may be anyintegrai 
multiple ofthe cycletime ofthealternating-currentwave 
form),Such as four orfive times persecondas com 
paredtoa60-cycle Source ofalternatingcurrentandsuch 
thatrelayAmaybeoperatedandreleasedatthespecifed 70 
instantswithrespecttothealternating-currentwaveform… 
As previously described,the phase @1 of alternating 

current power in Fig,6is applied through resistance 
634and over conductor 637to the contact ofrelayA? 
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10 conductor637overthecontactofrelayAandovercon 
tact1 or2orboth ofrelay Btothe electromagnet 712 
or713or both,and back over conductor 635 or 636 
orboth,tothewiperorwipersofthefine power control 
potentiometers610or611 orboth,to appya pulse of 
alternating-currentpowerto one orthe other orboth of 
these electromagnets duringthe time when relay Ais 
operated,An oscioscope may be connectedacross the 
resistance 634to observe the alternating-current half 
cycle ofpowerwhichistransmittedthroughthe contact 
ofrelayA,With suchacontinuousindication,the var 
iousadjustments,suchasthe variac620and potentiome 
ters 630,628 and 700,may be adjusted Such that the 
portion of alternating-current power delivered through 
the closed contact ofrelay A may be exactya positive 
ornegative halfcycle more orless? 
The previously describedrelaxation oSciatortype of 

power controlcircuitinvolvingrelayS E,Fand A,etc? 
is disclosedand claimedas apower controlcircuitinthe appicationofC.E.Polard,Jr,SerialNo.418396,fled 
on March 24,1954,now Patent No.2781,459 issued 
February12,1957,Amore detailedand more precise 
description ofthe operation ofthis power controlcircuit 
isprovidedtherein? 

Therefore,with the switch 615in the upper or mag 
netizing position,Selected polarity half cycles of the al 
ternating-current power(the magnitude of which is de 
termined by the settings of the variacs 604 and 609) 
aretransmittedthrough the contact ofrelayAover con 
tact1 ofrelay Bto therightside ofthe winding ofelec 
tromagnet712and over conductor 641into Fig,6,over 
therightouter blade ofswitch 615,and backover con 
ductor640into Fig,7,tothe leftside ofthe windingof 
electromagnet713 andin paralel back over conductors 
635and636tothewpersofthefinepowercontrolpoten 
tiometers610 and 611,outoverthe respective@1termi 
nalsthereof to the wipersofthe respective coarsepower 
controlvariacs 604and 609,to the preselected portion 
ofalternating-currentvoltageat which theyareset. 

These selected polarity half-cycle pulses of powerare 
considered as magnetizing pulses,wherebyeach of the 
Dermanentmagnets715and717associated with the re 
1ease and operate contacts 714and716 ofrelay I(the 
relayundertest)are overmagnetized, 

After the operatorissatisfied thatsuficienttime has 
been alowed forthese magnetizingpulsesto take efect 
(actualyonlyonepulseisnecessary)?theswitch615nay 
betransferredfromitsuppertoitslower ordemagnetiz 
ing position?Asanincidenttothisoperation,thevariacs 
604 and 609 wil be manualy adjusted to a low value 
toward their ?1 terminals,This causes a number of 
efects,asfollows: 
1.The phase of the alternating-current powerapplied 

tothe primaries of transformers623and624isreversed? 
This,as wilbeappreciated,wilcausethepowerpulses 
whicharetransmitted throughthe contactofrelay Ato 
be ofthereversepolarityfrom thosepreviouslydescribed? 
Thesenewpowerpulseswilbereferredtoasdemagnetiz 
ingpulses? - 

2. Phase @1 wil be applied overthe left outer biade 
of Switch 615tothearmature ofrelayLandthenceover 
contact2thereofand conductor642tothetop ofpoten 
tiometer 727,whereby alternating currentwi1 betrans 
mittedthrough transformer726to beinjectedinseries 
with the previousydescribeddirect-currentresetandtest 
values preselected bythepotentiometers702,705,708 
and 709. 
3·The right outer blade of switch 615 removesthe 

short circuitacross conductors 649 and641,whichre 
movesthe shortcircuitacrosscontacts1and2 ofrelay 
Bin Fig.7,Thispermitsrelay Btoselectbyitsrelease 
oroperationwhich cfthetwoelectromagnets712and713 
will be permitted toreceive demagnetizing pulsestrans WhenrelayAis operated,the phase@1isextendedfrom 75 mittedoverthecontactofrelayA, 
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4·Acircuitiscompletedfrom ground,overtheright 

innerblade ofswitch 615,throughresistance617_andto 
batterythroughthewindings ofalofthemagnetic clutch 
magnets,Suchasmagnet693associated with the operate 
coarSe power control mechanism?Thiscausesalofthe 
Clutches,Suchas chutch 692,toengage,wherebythere 
Spective drive motors,ifenergized,wilcausetheassoci 
ated wipers ofthe variacs6$4and 609and potentiome 
ters6?and 6?ltomove from their?1terminalstoward 
their@2terminasatafairlyslowratedependinguponthe 
Speed Cf the associated motorand the amount of gear 
reductionin the respectivereductiongearboxes,suchas 
reductiongearbox6??formotor600. 
5?Acircuitis completed from ground,overtheright 

midde blade ofswitch6?5,throughresistance618toneg 
ative batterythroughthe windingofrelay L,The con 
denSer 646acrossthe winding ofrelay Lwilacquirea 
Voltage charge,the Value cfwhich,however,isinsuficient 
to catISe the relay L to Operate,but which is sufcient 
to cauSe the relay Ltostay operated onceitis operated 
byothermeans? - 

Simultaneously with the operation ofrelay Ffromits 
No,1 contact to its No.2 contact which,as previously 
explained,operates relay A by applyingground to con 
ductor 644,relay Hisalso operated by an extension of 
conductor644CVerthe runposition ofswitch729. Relay 
H,in operating,appliesthe operateresetvalue ofcurrent 
from potentiometer 765 oyer contact ? of relay Dand 
contact2 of relay H,through winding 719 of the test 
relay I,through the secondary of transformer 726and 
through Switches 723 and 724to the connection of re 
sistances72?and722?Aspreviouslyexplained,thisvalue 
of Operate resetcUrrent wilinsure thatthearmature 7?8 
of relay Iremainsin contact withitscontact7?4during 
the time When relay Ais operated to apply a demagne 
tizingpulseto the electromagnet712?The magnitude of 
this demagnetizing pulSeas previousiy explained,Wilbe 
determined by the position of Variac 6ü4 asit moves 
skwyfrom its@1terminaltowardits@2terminal under 
the controlof motor6?0,whichatthistimeisconnected 
tothe alternating-currentSOurce of power over contact1 
ofrelaysKand L? 
Relay Awil release,terminatingthe application of a 

demagnetizingpulsetothe electromagnet7?2,atatime 
determined by the setting of potentiometer 709,as pre 
viousiy described,Assoon asrelay Freleasestoitscon 
tact2,relay Hwilrelease,Therelease ofrelay H,there 
fore,occursduringthetime whenrelayAisalsoreleased, 
which representsthetimeintervalbetween applications 
of demagnetizingpulsestoelectromagnet712?Relay H, 
in releasing,completesa circuitfrom the potentiometer 
702over contact of relay C,contact ofrelay H, 
throughthewinding719ofthetestrelay?,throughthe 
secondary oftransformer726,etc,toapplytothe wind 
ing7?9ofrelay?the prescribedvalue ofoperateteStcur 
rent,As previcusiyexplained,thisyalue of operate test 
c?rrentisthe Valüe whichwi?make the armature 7?8 of 
relay?transferfrom contact7?4tocontact7?6 ofrelay 
I when the permanent magnet715 has been properly 
demagnetized. Due to the injection?by means oftrans 
former726,intothistest current circuitforrelay I ofa 
suitable quantity of alternating current,the armatüre 
7?8 wilaccompish the prescribed transferearlierin the 
denagnetizing cycle of permanent magnet 7?5than it 
otherwise Wouldifthealternatingcurrentwerenotsuper 
imposed upon the direct currentin this circuit of the 
winding719,Thatis,asthe relays usualy underad 
justmentarecapable ofoperatingorrekasingin lessthan 
a halfcycle ofthesperimposedalternatingcurrent,the 
iatterpermitstherelaytooperateorrelease wheneverthe 
composite current passesthroUgh aValue abOutequalto 
therespectivedirect-currentsensitivities? 
Ifthearmature718ofrelay?doesnotaccomplishthe 

required transfer,no changesin the circuit operation 
occurand therelayAisagain operatedalongWithrelay 
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H to apply another demagnetizingpulse to the electro 
magnet712,thistime ofaslightyincreased magnitude 
duetothefactthatduringtheinterveningtimethe variac 
6$4 has moved farther fromits@1terminalthereby se 
lecting a slighty increased magnitude of demagnetizing 
current,Upon the operation of relay H,as before,the 
Dreselectedvalue of operateresetcurrentisappliedtothe 
winding7?9 ofrelay Itoinsure thatthe armature 718 
remainsin contactwith thereleasecontact714Ofrelay I, 
Thereafter,assoonasthe relay A hasreleasedandrelay 
?hasreleased,asevidence ofthefactthatthe demagne 
tizing pulse is over,relay Hagain beingreleased Once 
againappliesthe selectedoperatetestvalue ofcurrentto 
the winding7?9ofrelay I, * 

Thisprocess continues untilsuch time asthearmature 
7?8 of relay Itransferstoitsoperate contact7?6during 
the time interval between applications of demagnetizing 
pulsestotheelectromagnet712. Whenthistransfertakes 
place,a circuitiscompleted from negative battery over 
the armature 718 ofrelay?,contact7?6,resistance 729, 
totherightside ofthelowerwindingofrelay G,through 
the lowerwinding ofrelay Gand toconductor 643 ex 
tendingtogroundover contact2 ofrelay F,It wilbe 
noted that condenser 736 shunts the lower Winding of 
relay Gthereby causingaslightdelayinthe operation of 
relay G,afterwhich delaythearmature ofrelay Gwill 
be operated to make contact withitscontacts2and3? 
Upon the movement to the right of the armature of 

relay G,groundis extended oyer the armature thereof 
and over contact3 of the relay G,through condenser 
733 and over conductor 645to the Upperside of the 
winding of relay J,This ground pulse augments the 
charge existingcn condenser 647,Whereby the relay J 
wil cause its armature to transfer frca contact2to 
contact1,where thearmature of relayJwilremainfor 
a short period of time depending upon the anount of 
timethe condenser733requirestCobtainacharge,After 
this shortinterval of time,relay J Wil release again to 
its contact2. During the time thatrelay Jis Operated 
toitscontact1,relay MWil be operatedin a cbviCGS 
circuitfora purpose to be described later,Relay J,in 
operatingforashort period oftime,immobilizesthe cir 
cuitofrelay F,thereby permittingthe armature of relay 
F toremain in contactw?hits contact2,and thus pre 
ventingthe immediate reoperation of relays A and H 
Whenrelay Econtinuesto oscilate. 

Relay G,in Operatingits armature to the right,also 
completes a circuit fron ground oyer its contact2, 
throughthe run position cfswitch 737,toconductor638 
which,in an obvious manner,causes the Operation of 
relays B,Cand D,The grounding of conductor638in 
Fig.6causesthe operation ofrelays Nand K,Relay N, 
in Operating,applies a ground pulse overits contact? 
through condenSer626andthroüghresistance 6??tCthe 
Ieft side ofthe winding of reiay L,Condenser626wil 
very quickiy,however,acquire a charge whichthen re 
moves the additiona pulse from the winding cfrelay 
?,andrelay?,isarrangedSuch thatthissingle puise Wil 
not cause itto operate,Relay K,in operating?transfers 
the phase @ of alternating-currentpower from its con 
tact?toitscontact2thereby stoppingthe operation o? 
motor 6?? 8nd starting the Cperation of motor 6?6, 
Fürthermore,düring the tim3 Whe? the armature Cf 
relay Gisin contactwithitscontacts2and3,theprevi 
ously charged ccndenser 732 associated with coatact ? 
of relay G Wi discharge through resistance735, 

Afterrelay J of Fig,6releases,afterits momentary 
operation as previously described,the circuit for rclay 
Fisagain completed and the relaxation osciatcrrelay 
circüit comprisingrelays Eand Fagain comesinto play 
to cauSethe operation ofrelayAof Fig.7to again apply 
a demagnetizingpulse cyerits contact,Howeyer,with 
relay B operated,this demagnetizingpulse?the magni 
tude of which is determined by?the now.continua?y 
slowy increasing Value of alternating-cürrent ycltage 
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selected bythe variac 609 underthe control cfmotor 
606,wilbetransmitted over contact2Ofrelay Btothe 
electromagnet 713,During the interyal of time when 
relay Ais operated,relay Hwilagain be operated,as ?revicuslydescribed?andacircuitwilbecompletedfrom 
the release reset potentiometer 709 over contacts2 of 
relays Dand Hto applyto the winding719of relay I 
the predeterminedvalue ofreleaseresetcurrentwhereby 
the armature7?$ of relay Iisforced toremainin con 
tactwith the operate contact716ofrelay I, 

During the interval between the magnetizing pulses 
when relaysA and Harereleased,asabove described, 
a circuitiscompletedfrom the releasetestpotentiometer 
798over contact2 ofrelay Cand contact1 ofrelay H, 
wherebythe predetermined value ofreleasetest current 
isapplied to the winding719 of relay Ito determine 
whether Cr nct the armature 718 w?transfer b8ck to 
the release contact 714,As previously eXplained,this 
releasetest currentisaugmentedagainbythe portion of alternatingcurrenttransmittedthroughtransformer726, 

If thearmature7?3doesnottransfer backto contact 7?4,theabove-describeddemagnetizingprocessisrep3&ted 
whereby another demagnetizing pulse is transmitted to 
the electromagnet 7?3?This,as wil be Obyious from 
previous description,wil be of a slightyincreased mag 
nitude dueto the fact thatthe variac6$9 has been moy 
ingslowly underthe contro of motor696towardits@? terminal? 

Sooner crlaterarmature 7?8willaccomplish the de 
sired transfer,bywhich timea circuitiscompletedfrom 
negative battery,through the armature 718 of relay I, 
over contact 7i4 of relay?andthrough resistance 728 
totherightsideofthe upperwindingcfrelayG,Relay Gwiloperateinthesamemanneraspreviouslydescribed, 
afterashort delay cased bytheshort-circuitingefectof 
condenser73?,to moye itsarmatüre from the rightto 
theleft,therebyreleasingrelays B,C,D,Nand K,This, 
aswilbe obviousatthis point,revertsthe entirecontrol 
circuit again to the condition whereby dernagnetizing 
pulses wilagain be applied to the electromagnet 712 
associatedwith the release contact7?4of re?ay?? 

Thisback-and-forth procedure wilcontinue underthe 
control of the coarse variacs 6?4and609,as controled 
bytheirrespective notors699and:6$5,untithe relay 
Goperatesto and releases fromits cont&ct2ata Suf 
cientyrapidratesuchthatrelay Nof Fig.6is operated 
and releasedatafairy fastrate,whereby a Succession 
Gf ground pulsesare applied over contact and relay 
Nto the winding of reiay L,Relay Jisascoperated 
and held operated bythe rapid pulsing of the Grelay 
overitscontacts3 and2,Thisimmobilizesthe Frelay 
and operatesthe M rgay,therebyto stop the demagne 
tizingprocedure,Sucharapidpulsingofthe windingof 
relay Lwicause the condenSer646in shuntthereof to 
acquire a Suficienty increased charge to cause reiay L 
tooperateitsarmature into engagement withits contact 
3,Relay L,in operatingits armature into engagement 
withitscontact3,remainsin this position because the 
steady charge on condenser 643is nowsuficient to ac 
complish this hoiding efect,Relay L,in So operating, 
causesthe power circuitformotors609 and 6?6to be 
opened and causes the power circuit for motors 6?7 
and 668to be completed,in an obvious manner,oyer 
contact3 Ofrelay Landthe contact of relay M(at Such 
time as reky M releases Upon the release of relay ? 
into engagement with contact2 of relayJas previously 
described),The operation of relay L,in addion to 
bringing into operation the fine power cGntrol in the 
upperright?ortion of Fig,6insteadcfthe coarSecCntrol 
as previous?y efected,also removes from contact2 of 
relay Lthepreviously-describedcircuitwherebythetrans 
former725in Fig,7receives alternating-current power, 
Thiscausesthe“buzzing”ofthe relay?to cease,where 
upon relays Mand Jreleaseand relays Nand G cease 
to“buzz.”This means that duringthe remaining part 
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14 oftherelayadjustmenttherewilnolongerbeanyalter 

hatingcurrentsuperimposed upon the test currentsin 
jectedintowinding719of relay Iandthe circuit may 
continueitsautomaticoperationasthe wipers ofthefine 
powercontrolpotentiometers6i0and 611move slowly fromtheir?terminalstowardtheir@?terninalstCappy 
verysmaH,butneverthelessincreasingamount ofalter nating-currentdemagnetizingpulsepowertothetwoelec 
tromagnets 712and713? 
Eventualy,apoint will be reached where thearma 

ture 718 of relay ?wileven more rapidy and more 
quickly transfer backand forth between contacts 716 
and714,and vice versa,ofrelay Iandtoin turn cause 
relay G to switch quickly back and forth between its 
contacts1and3,whereupon Suficientlyfrequent pulses 
wi1beapplied to conductor645to cause relay Jto 
remain operatedinthe position where contact1 of re 
1ay Jis grounded continuousy?This causes a con 
tinuous operation ofrelay Mtherebytoopenatitscon 
tact the operating circuit for motors 697 and 698 to 
Stopany further demagnetizing procedure, 

Thisconditionisvisualyindicated bythe two lamps 
710and 711in Fig.7which,underthiscondition?wil 
fash back and forth in a very rapid fashion,thereby 
indicatingtotheoperatorthatthe demagnetizingproce 
dure foradjusting relay I has come to a proper con 
clusion?Atthis point,the operator wil move switch 
615tothe ofposition andwilremove relay I from 
the electromagnet fixture preparatory to repeating the abovetestonanewrelay? 
Before beginninga newtest,the operator wil read 

justthefne potentiometers610 and 611to their mini 
mum or ? positionsand may or may notreturn the 
Variacs604and609 to theirstartingpositions,In Fig? 
6the“fine”switch 627maybe manualyclosed,if de 
sired,assumingthata^coarse setting ofthe variacs 604 
and 609 has been predetermined?This wil cause the 
immediate operation ofrelay L,as willbe obvious,such 
thatonly the motors 607and 608controlingthe fne powercontrolwilbeefective. 
The embodiment of the invention disclosed in Figs.? 

8and 9 performssubstantialythesamerelayadjusting 
jobasthatdescribed previouslyin connection with Figs. 
6and7,The embodimentof Figs,8and9difersfrom: 
the embodimentof Figs.6and7inanumber of deais, 
the diferences of majorsignificance beingasfolows: 
1?The means whereby successively increasing in-J 

Crements of demagnetizing current are Supplied from 
the Source ofalternating-current power comprisesa pair 
of Step-by-step switches shownin the upperleft portion? 
of Fig,8?These Switches are self-normalizing and, 
therefore,need not be manualy readjusted to,their… 
Startingpositionspriortoeach relayadjustment cycle? 
2.There is no coarse control over the increments? 

Of demagnetizing puise magnitude?The total excur-J 
Sion of the Step-by-step selectors provide equal incre 
nentsof powerthroughoutthe entire testand no alter 
natingcurrentissuperimposedonthe relaytestcurrents., 
3.A number of additional control relays are pro 

Videdas wilbeapparentfromsubsequent description. 
In reference to Fig?9,the relay undertestisshown? 

in the right-hand portion in the Same manneras pre 
viously discussedwithrespectto Fig,7,With themain? 
power switch 802in Fig,8 unoperated and with the 
magnetizingswitch 900 and demagnetizingswitch 901, 
run Switch 902andrun switch 904alsounoperated,the 
Various operate and release currents of the reset and 
test values may be Set up on the potentiometers 906, 
909,912and 913in substantialythe same manneras? 
describedinconnection withthe circuitof Figs.6and7. 
With therelease switch 903.andtheresetswitch905? 

both unoperated,relays3,4and5 wil bein the posi 
tion shown on Fig,9,Whereupon,by manipulating 
Switch 915inonedirectionortheotherdependingupon? 
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?he polarity of currentto beread by meter 917(assum 
ing Switch 916to be open)?adjustment of the potenti 
Ometer 906 permitsthe predetermined value of operate 
test currentto fowinacircuitextendingfrom the wiper 
of potentiometer 906,contact1 of relay 3,contact1 
ofrelay5,winding 92? ofthe relay undertest,contact 
1 or 2 of switch 9?5,meter 917,contact3 or 4 of 
Switch 915tothe wiper of potentiometer914andthence 
to battery,The meter 917 wilindicate when the ad 
justment of potentiometer 906 has been setatthe pre 
8cribed value of operate test current?Now,with switch 
°03 closed,operatingrelays3 and 4in an obyious cir 
cuittoground overthe contact of switch 903,the po 
tentiometer912wilbe efective overcontact2 ofrelay 
3and contact? ofrelay5to setup the prescribedvalue 
of release test current?With switch 903 operated, 
Switch 905is also operated,thereby operatingrelay51 
inan obviouscircuit,the potentiometer913maybead 
justed whereby itis efective over contact2 of relay 
4and contact2 of relay5toadjustthe prescribedvalue 
ofthe releasereset current. Now with switch 905op 
erated and switch 993 released,thereby maintaining re 
lay5 operated and releasingrelays3 and4,potentiom 
eter 999 isefective by means of contact1 ofrelay4 
and contact2ofrelay5toestablishthe prescribedvaue 
of operate reset current,Switches 903 and 905 may 
then be released and Switch 916 may now be closed to 
Short-circuitthe meter917. 
Upon the closure of the main power switch 802in 

Fig,8,alternating-current poweris appied from the 
Source 860 thereof,through fuse 801 and switch 892, 
to the two alternating-current power lines designated 
phase?and phase @?Thisapplies powertothe pri 
?nary windings of transformers 816,810,804and 803 
and also applies alternating-current power to variacs 
8ll and 805, - 
To accomplish the initial overmagnetization of the 

permanent magnets 925 and 924,associated with the 
Fespective release and operate contacts922and 923of 
therelay undertest,the magnetizingswitch900wi1be 
closed causingthe folowingoperations: · 

1. Relays15and16of Fig,8wilbe operatedina 
circuitextendingfrom ground over contact4 of switch 
900 and over conductor845to the windings of relays 
l5and ?6, 
2·A circuitis completedfrom ground over contact 

5 of Switch 909,conductor838into Fig.8andoverthe 
COntact ofrelay ?? to place ground on the bottom ter 
ninal ofthe Secondary winding oftransformer803? 

3·Grounds are extended over contacts1?and3 of 
Switch 900 and overrespective conductors848and 856 
extendinginto Fig,8to the respectivewipers820and 
824 of thetwostep-by-stepselectors. 
4?Acircuitiscompletedforoperatingrelay14in Fig, 

8 extendingfrom the phase ?2 power ine throughthe 
winding of relay14,conductor 851,contact2 ofswitch 
960,conductor852,backtothephase@1powerline? 
Relay9in Fig.8 operatesinthesamefashionas pre 

viousydescribedforrelay EinFig.6;thatis,relay9 
wiloscilateitsarmature backandforthbetweenitscon 
tacts?and2atarate whichis preferablyasubharmonic 
9f the alternating-current frequency(such as threeto 
five cycles per Secondascomparedtoa60-cyclesource). 
Therateatwhichrelay9oscilatesisdeterminedprimariy 
bythe settings of the variac825and the potentiometer 
826,both comprising,inefect,afrequencyadjustment. 
Theamountoftimewhenthearmature ofrelay9dwe?s 
atitscontact2,as comparedtothetotalamountoftime 
whenit dwels against contact2 and contact1,isad 
jdstable bymeansofthepercentmakepotentiometer829. 
Each time relay 9 operatesits armatureagainstits 

contact2,relay?wilbeoperated bya combination of 
alternatingand direct currents,anditwiloperateatan 
instant with respecttothe alternating-currentwayeform 
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?? 
determined bythe adjustment of the pulse start poten 
tiometer839, 
Eachtimerelay10operatesandgroundsits contact, 

groundisapplied tothe windingofrelay?andovercon 
ductor843into Fig,9,Relay1 wilthereupon operate 
and wilstay operated fora shortinterval of time de 
?endingupon the setting ofthe pulse Stop potentiometer 
858,whichadjuststhetimeconstantofthecircuitwhereby 
condenser 859 wilacquire a charge Suficient to cause 
relay1torelease? 
The various adjustments comprising variac 825,fre 

quency potentiometer 826,percent make potentiometer 
829,pulsestart potentiometer830and pulsestop poten 
tiometer 858are preferably made withan OSciloscope 
connectedacrosstheterminalsofresistance846,Suchthat 
the relay ? will close its contact when the alternating 
currentwaveformgoesthroughZeroin one directionand 
wilopenits contact when the alternating-current Wave 
form goes through Zero in the other direction;thatis, 
the contactofrelay1wilbe closedonly duringa Selected 
polarity half cycle(more or less)of the alternating 
current power,alas previously describedwithrespectto 
relayA of Fig.7? 
Duringthe operation ofrelay1,acircuitiscompleted 

fromthephase@1powerline overthe contactofrelay15, 
in parale over contacts ? and2 of relay16,over con 
ductors 857and 844into Fig,9,to the respective right 
and leftsides ofthe Windings of the electromagnets 919 
and917,back overrespective conductors859and849, 
totherespective contacts2and1 ofrelay2,It wilbe 
notedthatthe contacts1and2 ofrelay2are short circuitedbymeansof contact1oftheoperatedrelay14 
Therefore,no matterwhat position relay2may bein, 
the circuitcontinues overthe armaturethereofthrough 
resistance 832,overthe contact of relay l,through re 
sistance846and fuse 847and over contact2 of relay 
14to the top terminal of the variac 8?1,which wil 
carryphase ?2ofthe alternating-currentpower,Selected 
half cyclesofaspecifed polarity ofthe alternating-current 
powerare,therefore,appliedto bothoftheelectromagnets 
917and9?9to over-magnetizethem? 
Inthe eventthatthetwo steppingswitchesare notin 

the positions shownin Fig.8,the groundson conductors 
848and856in Fig.8wiHbe extended overtherespective 
wiper arms 829and 824 and over the contacts of the 
respective stepping magnets SELLand SEL2to operate 
them,Immediatelyupon beingoperated,theserespective 
Steppingmagnets SEL?and SEL2opentheirown operat 
ingcircuits,therebyreleasingandadvancingtheassociated 
Wiperarmsonestepinthe directionsshown bythearrows? 
It Wil be appreciated that,forinstance,the wiperarms 
817,818,819and 829 areassociatedwith the stepping 
magnetSEL?andthatthe wiperarms82??822,823and 
824areassociatedwith the steppingmagnetSEL2,Bach 
ofthese steppingSwitchescontinuestostep automaticaly 
Untilposition22isarrivedat,whereupon ground wilex 
tendoverthe wipers819and823to batterythroughthe 
right-hand windings of the respective relays 7 and 8. 
These relays 7and8 wilthereupon operatetheirarma 
turesinto the positions shown in contact with theirre 
Spective contacts1?If the respective steppingswitches 
are initialyin the position shown,the respective relays 
7 and 8 wiltherefore nevertheless bein the position 
Shown??t wil be noticed that with relays 7 and 8in 
the positions shownthe primary windings oftransformers 
8?2 and 898 are short-circuited so that no alternating 
currentVoltage Crcurrentisinducedinto the secondaries 
of thesetransformers? - 

The magnetizingswitch 999 wilnow bereleased pre 
paratory to Setting the circuitinto automatic Operation 
fordemagnetizingthe two permanent magnets 925and 
92? of the relay Undertest,thereby releasingrelays ?5 
and ?6,removingground from the wipers 82? and824 
of thesteppingswitches?releasingrelay14andremoving 
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groundfrom conductor838therebystoppingthe oscia 
tion ofrelay9,etc. 

Toinitiate the demagnetizing procedure,Switches 902 
and 904are placedin their runpositionsandthe demag 
netizingswitch 901isclosed?Theclosure ofthe demag 
netizingswitch 901accomplishesthe folowingthings: 

1,Groundisextended oyer contact4ofswitch 901to 
conductor838to cause the relay9,etc,tostartoscilat 
1ng? 

2. Groundisextended over contact3 ofswitch 901to 
conductor853extendinginto Fig,8tocausetheoperation 
ofrelays17and18. 

3. Groundisextended over contact1 ofswitch 901to 
conductor 837 extending into Fig,8 and to battery 
through the left-hand windings ofrelays 7 and 8?This 
does not cause relays 7 and 8to operate,but will hold 
them operatediftheyare caused tooperate when andif 
therespectivestep-by-stepwiperarms819and823ground 
the terminals22 oftheirrespective contactarcs,aspre 
Viously described? 
4?The conductor 843in Fig,8,which is grounded 

each time relay10is operated,is extendedin Fig,9 
over the contact of switch 904tothe winding ofrelay 
5 andis extended overcontact2 ofswitch 901to con 
ductor 854 extending backinto Fig,8tothe winding of 
relay13,Therefore,eachtimethatrelay10isoperated 
(operatingrelay1as previously described)relay5wi 
Operateto causethe operate orrelease resetvalue of cur 
rent to be applied to the relay undertestand relay13 
wilbe Operated to extendapulsinggroundoverits con 
tactand over contact1 or2 of relay6totherespective 
steppingmagnet SEL2 or SELLin Fig,8,Assoonas 
the ground is removed from conductor 843in Fig?8, 
when relay10releases,relays5and13likewise wilre 
lease,therebyrespectively calinginto operation the op 
erate orreleasetestvalue ofcurrentfortherelayunder 
test and permittingthe operated steppingmagnet SELL 
or SEL2 to release to advance the associated stepping 
Switchoneposition? - 

With therelayundertestinthe position shownin Fig? 
9,thatis,with its armature 920in contact withitsre 
lease contact922,acircuitwilhave been completedfor 
causingthe relay12 of Fig.8to operateinto the posi 
tion shown withits armaturein contact withitscontact 
2?This circuitextends from battery,armature 920of 
the relayundertest,contact922,resistance 926,conduc 
tor840throughthe winding ofrelay12,conductor841, 
resistance 927toground throughthe operate lamp 929. 
The operate lamp 929 winotightin this circuit due 
to the impedance inseriestherewith?The release1amp 
928 wilight,beingdirectly connected to battery over 
contact 922 and armature 920 of the relay under test. 
The fact thatthe release lamp 928islitindicatestothe operatorthesituation oftherelayundertest?Withrelay 
12in the position shown,ground is removed from its 
contact1 and from conductor 839,which extends over 
the contactofswitch 902torelays3and4 of Fig.9and 
over conductor 855into Fig,8to the windings ofrelays 
2and6,These relays3,4,2and6,therefore,wilbe 
releasedandinthepositionsshowninthe drawing? 

Underthiscondition acircuitis completed each time 
relay1 is operated to apply a reverse polarity(thatis, 
reverse withrespecttothe magnetizingpulses)ofalter 
nating-currentpowertothe electromagnet917associated 
with the permanentmagnet925which comprisespartof 
therelease contact922 of the relay undertest,This 
circuitextends from the phase @1power linein Fig,8 
over the contact ofrelay18,through fuse 847 andre 
sistance846,contact ofrelay1,resistance 832,contact 
1ofrelay2,conductor849,through the winding917 
oftheelectromagnet,conductor 844,contact2 ofrelay 
17,wiperarm822,wiper809,the secondary oftrans 
former 808and the wiper of variac 805,back to the phase@sideofthepowerine,?wibenotedth3t ?epolarityofthiscircuitisreversedfromthatpreviousy 
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describedin connection with the magnetizing part ofthe 
procedure?Inview ofthefactthatthe primary oftrans 
former 808is short-circuited over contact1 of relay 8 
(it wil be noted thatshorted or energized transformer 
812 represents a Substantially constantimpedance),the 
only voltage available in this demagnetizingpathis the 
voltage available from the variac 805,and the smal 
amount of Voltage represented by the position of the 
wiper 809 whichis of no particularsignificance except 
thatit may be adjusted to one position orthe otherfor 
purposesof balancingoutsmaldiferencesbetweentrans 
formers,such as812 and 816 or 808and 810,Simul 
taneously,with the closure ofthe contact ofrelay1,as 
previously explained,conductor843is grounded by the 
operation ofrelay10,whereuponrelay5isoperatedover 
the contact of switch 904,Thiscausesthe operatereset 
value of current to be applied on potentiometer 909to 
the winding921 of the relay undertest to insure that 
the armature 920 remainsin contact with contact 922? 

Assoonasrelay10releases,relay5wilrelease,there 
by causingthe operate testvalue of currentto beapplied 
from potentiometer 906tothe winding921 ofthe relay 
undertest,Inthemeantime,relay13hadbeenoperated 
and released once thereby causingthe Stepping magnet 
SEL2 to operate and release once,advancingthe asso 
ciatedwiperarmsonestep? 

If thearmature 920 of the relay under test does not 
transfer toitscontact 923,another demagnetizingpulse 
wil be appied to the electromagnet 917 upon the re 
operation ofrelay10,This demagnetizingpulse wilbe 
ofslightlyincreased magnitudeas determined bythead 
vance ofone step ofthe wiperarm822,Simultaneously 
with the appication of thisnext demagnetizing pulseto 
the electromagnet 917,relay 5 is reoperated to again 
applythe operate resetvalue of currenttothe winding 
921 oftherelayundertest,Assoonasrelay10releases, 
relay5isreleased tocausethe operatetestvalue of cur 
renttobeapplied tothe winding921?Inthe meantime, 
the stepping magnet SEL2 is again reoperated and re 
leased to cause the wiper arms associated therewith to advancestianotherstep. 

This process continues uninterruptedly untilSuch time 
asthe armature 920 of the relay undertest,in response 
to the application to the winding921 of the operatetest 
value of current,movesfromits contact922toits con 
tact923,Thiscausesthe releaselamp 928to extinguish 
andthe operate lamp 929to become lighted?Thisalso 
causesa circuitto be completed from battery over the 
armature 920,contact 923,resistance 927,conductor 
841,winding ofrelay12,conductor840,resistance 926 
to ground through the release lamp 928,This battery 
Dulse appliedto the winding ofrelay12,overandabove 
the steady charge maintained on condenser 861,is Suf 
cient to cause the relay12 to move its armature from 
itscontact2intocontactwithitscontacts1and3,This 
movementof the armature ofrelay12causes the charge 
previouslyacquired by condenser 833to be dissipatedin 
resistance 835 and causesa ground pulse to be appied 
overthearmature ofrelay12,contact3thereofthrough 
condenser834,tothe winding ofrelay11,whichground, 
augmenting the charge normaly carried by condenser 
860,wil cause relay 11 to operate momentarily until 
condenser 834 can acquire a Suficient charge to cause 
relay11torelease?This momentary operation and re 
1ease ofrelay11 opensthe circuit betweenthe grounded 
conductor838andthe bottom terminal of the Secondary 
windingofthetransformer803,therebycausingtherelay 
9tostop oscilating,Groundisalso applied over con 
tact1 ofrelay12toconductor839extendinginto Fig.9 
andoverthe contactofswitch 902tooperaterelays3and 
4and extending over conductor 855into Fig,8 to op 
eraterelays6and2. 

Upontherelease ofrelay11,afteramomentary delay 
above mentioned,relay9isagain permitted to OScilate 
to again cause relays10,1 and5 to operate to causea 
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demagnetzingpuseto beappledto theelectromagnst 
919.The circuitforthis demagnetizingpulse extends 
fromthe phase?side ofthe powerline?overthe contact 
ofrelay18,through fuse 847,resistance846,contact of 
relay1,resistance 832,contact2 ofrelay2,conductor 
850,throughthe winding ofthe electromagnet 919 back 
overconductor857,contact1ofrelay17,towiper818 of 
the uppersteppingswitchand out over the wiper 813, 
through the secondary of transformer 812,backto the 
wiper of variac811?The only voltage avaiablein this 
demagnetizingpulse circuitisthe voltage derived from 
the wiperarm of variac 8?1 andthe smalamount of 
voltage available due to the position of the wiper arm 
813,by virtue of the fact thatrelay7is short-circuiting 
the primary of transformer 812? 
Due to the fact thatrelay4is operated duringthis 

demagnetizing pulse and due to the fact that relay 5 
isalsooperated,potentiometer913wilcausetherelease 
resetvalue of currentto beappliedtothewinding921 
oftherelayundertesttoforcethearmature929tore 
mainincontact withtheoperatecontact923oftherelay 
undertest?ASSoonasthe demagnetizingpulseis over 
with,asindicated bytherelease ofrelay10,relay5wi1 
releaseandwilcause,incombinationwith the operation 
ofrelay3,thepotentiometer912toapplytothewinding 
921 of the relay under test the prescribed value of 
releasetest current,If thearmature 920doesnotreturn 
to contact 922in response to this value of releasetest 
current,thenanother demagnetizingpulse ofslightyin 
creaSed ampitude is applied to the electromagnet919, 
Thisincreasedamplitude of demagnetizingpulseispro 
duced because duringthe operation andrelease ofrelay 
10,conductor 843 is grounded and ungrounded,which 
inturn causes relay13to operateandthentorelease. 
The operation andrelease ofrelay13extendsaground 
pulse overits contact and contact2 ofrelay6to the 
winding of the Stepping magnet SEL1,whereupon the 
SteppingmagnetSEL1 operatesandreleasescausingthe 
associated wiperarmstoadvance onestep. 

Thisprocesscontinueswiththearmature920incontact 
with the operate contact 923 unti such time as the 
armature 92?transfersto the release contact922in re 
Sponseto the prescribed value of releasetest current, 
whereupon relay12isagain operatedtocauseitsarma 
turetomake contactwithits contact2?Thismomen 
tariy.operates relay11 to stop the oscilation ofrelay 
9,whichstopstheapplication of demagnetizingpulsesto 
the electromagnets and releases relays3,4,2and 6to 
reverttherelaycontrolcircuittothe previously-described 
condion wherebyfurtherdemagnetzingpulsesmaybe 
appliedtotheelectromagnet917., · 

Theabove-described procedureis repeated backand 
for? withrespectto the electromagnets917and919 
untlapointisreachedwherethearmature920moves 
backandforth betweencontacts922and923immediatey 
inresponseto eachrespective application oftherelease 
and Operate test values of current,This wil cause a 
Similar oscilation of relay12backand forth between 
itscontacts2and3wherebyasuccession ofgroundpulses 
isappliedtothe windingofrelay11atasuficienty high 
rate to maintain relay ?? operated continuously,The 
continuous operation of relay11 immobilizes the de 
magnetizingprocedure by causingrelay 9to stop oscil 
1ating,The rapid fashing back and forth of the two 
1amps 928and 929providesa visualindication to the 
operatorthatthe relay under test hasarrived ata con 
dition wherebythe permanentmagnets 925and 924have 
been demagnetized to Such an extent thatthe respective 
operate andreleasetestvalues of current prescribedfor 
the relayundertest properly cause thearmature 920to 
?erformas prescribed. 
The relay under test may now be removed from the 

circuit and another relay may be placed under?test, 
whereupontheabove procedureis repeated,it beingap 
preciatedthatassoonasthe magnetizingswitch 900is 
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operatedwith thedemagentizingswitch901released,the 
twostepping mechanism ofFig,8wilautomaticalyad 
justthemselvestotheirnormalstartingpositions, 

Itisto beunderstoodthatthe above-describedarrange 
mentsaremereyiustrative ofthe appication of the 
principles of the invention,Numerous other arrange 
mentsmay be devised bythcseskilledin theartwithout 
departingfrom the spiritand Scope of the invention, 
Whatisclaimedis: - - 

1.Acircuitforautomaticalyadjustingthepermanent 
magnet biasofatestrelayincludinganenergizingwind 
inganda contactandapermanentmagnetandamagnetic 
armature movable in operable relation to said contact 
under the infuence ofthe combination ofthe magnetic 
feld produced bythe energization of said windingand 
the magneticfeld of Saidmagnet,Said circuitcomprising 
a Source ofelectric power,Switch means havinga mag 
netizingand a demagnetizing position,a magnetizing 
demagnetizingcoiladaptabletomagnetizeordemagnetize 
Saidtestrelaymagnet,a power controlcircuitresponsive 
totheoperationofsaidswitchmeansintoitsmagnetizing 
positiontoapplyatleastone pulse ofcurrent ofamag 
netizingpolaritytosaidcoilfromsaidsource?saidcurrent 
pulse beingadaptable to overmagnetize said magnet, 
variablemeansoperableto delivervariableincrementsof 
fower from Said Source to Said coilunderthe control of 
Said controlcircuit,meansautomaticaly responsive to 
the operation ofSaid Switch meansintoitsdemagnetizing 
position to cause Said control circuitto control said 
variablemeanstoapplya Sequence ofpulses ofcurrent 
ofademagnetizingpolarityand ofsuccessivelyincreasing 
increments of magnitude to said coilfrom said source, 
Said Sequence of pulses beingadaptable to demagnetize 
Said magnet to Successivelyincreasing extents,means 
automaticaly operative by Said controlcircuitduringthe 
appication ofeach demagnetizingpulse ofsaidsequence 
to Said coilandadaptable to causesaidarmaturetobe 
placedinto contact with Said contactandautomaticaly 
Operative by Said controlcircuit duringtheintervalsbe 
foreandafterdemagnetizingpulses ofsaidsequenceare 
appliedtosaid coilandadaptabletoapplytothewinding 
of Saidtestrelayatest currentofsuchamagnitudeand 
polarityas would move Saidarmatureawayfrom said 
contact whenthepermanentmagnetbiasisproperlyad 
justed by Said Sequence,andmeansautomaticaly opera 
tive by Said controlcircuitandadaptableto detectthe 
movement of Saidarmature awayfrom said contact? 

2·Acircuitforautomaticalyadjustingthe permanent 
?agnet bias ofatestrelayincludinganenergizingwind 
inganda contactandapermanent magnetand a mag 
neticarmatureand movableinoperablerelationtosad 
contact under the infuence of the combination ofthe 
nagnetic feld produced bytheenergization ofsaidwind 
ingandthe magnetic feld ofsaidmagnet,said circuit 
comprisinga Source ofelectric power,switchmeanshay 
ingamagnetzinganda demagnetzingposition,amag 
netizing-demagnetizingcoiladaptabletomagnetizeorde 
nagnetize Saidtestrelaymagnet,apowercontrolcircuit 
responsivetothe operation of saidswitchmeansintoits 
magnetizingpositiontoapplyatleastone pulse ofcur 
rent ofmagnetizingpolaritytosaidcoifromsaidsource, 
Saidcurrent pulse beingadaptabletoover-magnetizesaid 
nagnet,Variable means operableto delivervariablein 
grements ofpowerfrom saidsourcetosaid coiunder 
the controlof Said controlcircuit,meansautomaticaly 
reSponsive to the operation of said switch meansinto 
is demagnetizingpositiontocausesaidcontrolcircuitto 
controlSaid variablemeanstoapplyasequence ofpulses 
ofcurrentofa demagnetizingpolarityandofsuccessively 
increasingincrementsofmagnitudeofsaidcolfromsaid 
Source,SaidSequence ofpulsesbeingadaptabletodeener 
gize Saidmagnettosuccessivelyincreasingextents,means 
automaticaly operative bysaid controlcircuitduringthe 
application ofeach demagnetizing pulse ofsaidsequence 
to Said coiandadaptable to cause saidarmatureto be 
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Idacedintocontactwithsaid contact,meansautomatical 
? operative by Said controlcircuit duringtheintervals 
before and after demagnetizingpulses of said sequence 
are applied to Said coiland adaptable to apply to the 
winding ofsaidtestrelayatestcurrentofsuchamag 
Pitude and polarity as would movesaidarmature away 
from Said contact when the permanent magnen biasis 
properyadjusted bysaidSequence,and meansautomati 
caly operative by said controlcircuitandadaptable to 
detectthe movementofsaidarmatureawayfromsaidcon 
tact, 

3,Acircuitforautomaticalyadjustingthepermanent 
inagnet bias ofatestrelayincludingan energizingwind 
ingandacontactandapermanentmagnetandamagnetic 
armature movable in operable relation to Said contact 
undertheinfuence ofthe combination ofthemagnetic 
feld produced bythe energization of said windingand 
themagneticfeldofsaidmagnet,saidcircuitcomprising 
a Source of electric power,a manualy operable switch 
having a magnetizing and a demagnetizing position,a 
magnetizing-demagnetizing coiladaptable to magnetize 
or demagnetize said testrelay magnet,a power controk 
relay circuitresponsive tothe operation of said switch 
intoits magnetizing positionto applyatleastone pulse 
of current ofamagnetizingpolaritytosaid coilfromsaid 
Source,Said current pulse beingadaptable to over-mag 
netize said magnet,a powerselector operable to deliver 
Variable increments of powerfrom said source to said 
coilunderthe controlofsaidrelay controlcircuit,relay 
meansinsaid relay controlcircuitautomaticaly respon 
sivetotheoperationofsaidswitchintoitsdemagnetizing 
positiontocausesaid powerselectortoapplyasequence 
of pulses of current ofa demagnetizingpolarityand of 
successivelyincreasingincrements of magnitude to Said 
coilfromsaidsource,saidsequence ofpulsesbeingadapt 
able to demagnetize said magnetto successivelyincreas 
ingextents,meansautomaticaly operative by Said relay 
controlcircuit duringthe application ofeach demagne 
tizing pulse ofsaid sequence to said colandadaptable 
to cause saidarmatureto be placedinto contact with 
Said contact,relay meansin Said relay control circuit 
automaticaly operative duringthe intervals before and 
afterdemagnetizing pulses ofsaidsequenceareappliedto 
said coilandadaptable to applyto the winding of Said 
testrelayatestcurrentofsuchamagnitudeandpolarity 
as would move said armature away from Said contact 
whenthe permanentmagnet biasis properlyadjusted by 
Saidsequence,andmeansautomaticaly operative by Said 
controlcircuitandadaptableto detectthe movement of 
Saidarmatureawayfromsaidcontact? 
4?Acircuitforautomaticaly adjustingthe permanent 

magnet bias ofatestrelayinchudingan energizingwind 
ingandacontactandapermanentmagnetandamagnetic 
armatureand movable in operable reiation to Said con 
tact undertheinfuence ofthe combination of the mag 
netic fieldproduced bythe energization of said winding 
andthe magnetic feld of Said magnet,Said circuit com 
prisinga source of electric power,a manualy operable 
switch havinga magnetizinganda demagnetizingposi 
tion,amagnetizing-demagnetizingcoiladaptableto mag 
netize or demagnetize Said testrelay magnet,a power 
controlrelaycircuitincludingapulsingrelayandrespon 
sive to the operation of Said switchintoits magnetizing 
positionto applyatleastonepulse of current of a mag 
netizing polarity to Said coilfrom said source underthe 
control of Said pulsing relay,Said current pulse being 
adaptabletoover-magnetizesaid magnet,apowerselector 
operative to deivervariable increments of power from 
said source to said coil under the controlof Said relay 
controlcircuit,meansinsaid relay controlcircuitinclud 
ingsaidpulsingrelayandapowerSelectorcontroirelay 
automaticalyresponsive to the operation of Said Switch 
intoits demagnetizingpositiontocause Saidpowerselec 
tor to apply a Sequence of pulses of current of a de 
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magnetizingpolarityand ofsuccessiveyincreasingincre 
ments of magnitude tosaid coifrom saidsource under 
the control of Said pulsing and selector control relays, 
Said Sequence of pulses beingadaptable to demagnetize 
Said magnet to successively increasing extents,means 
autonaticaly Operative bySaidcontrolcircuitduringthe 
apication ofeach demagnetizingpulse ofsaidsequenceto 
Said coil and adaptable to cause Said armature to be 
placedintocontact with Said contact,meansinsaidrelay 
control circuitinchudinga pair of relays anda current 
contro agtomaticaly operative by said control circuit 
duringtheintervas beforeandafterdemagnetizingpulses 
of said Sequence are applied to said coi and adaptable 
toappytothewindingofsaidtestrelayatestcurrentof 
Such a magnitude and polarityaswouk movesaidarma 
tureaWayfron Said contact when thepermanentmagnet 
biasisproperlyadjustedbysaidSequence?and meansauto 
maticaly operative by Said controlcircuitandadaptable 
to detect the movement ofsaidarmatureawayfrom said 
CCntaCt? 

5,Acircuitforautomaticalyadjustingthe permanent 
magnet bias ofatestrelayincludingan energizingwind 
inganda contactandapermanentmagnetandamagnetic 
armature movable in Operable relation to said contact 
under the influence of the combination of the magnetic 
field produced by the energization of said windingand 
the magneticfield of Saidmagnet,saidcircuitcomprising 
a Source of electric power,a manualy operable switch 
having a magnetizing and a demagnetizingposition,a 
magnetizing-demagnetizingcoiladaptabletomagnetizeor 
demagnctize Saidtestrelaymagnet,apowercontrolrelay 
circuitincluding a pulsing relay and responsive to the 
Operation of Said Switch intoitsmagnetizingposition to 
applyatleastonepulse ofcurrentofamagnetizingpolarity 
to Said coi from Said source underthe control of said 
pulsingrelay,Saidcurrent pulse beingadaptabletoover 
nagnetize Said magnet,a power selector operable to 
delivervariableincrements ofpowerfrom saidsource to 
Said coil underthe control of Said relay controlcircuit, 
relay meansin Said relay controlcircuitinchudingsaid 
pulsing relay and a power selector control relay auto 
maticaly responsive to the operation of saidswitchinto 
its demagnetizingpositiontocausesaid powerselectorto 
applya Sequence ofpulses of currentofa demagnetizing 
polarity and of Successively increasing increments of 
Imagnitude to Said coilfrom Saidsource underthe control 
of Said pulsingandSelector controlrelays,said sequence 
of pulses being adaptable to demagnetize said magnet 
to Successivey increasing extents,means automaticaly 
controled by Said pulsingrelay duringthe appication 
ofeach demagnetizingpulse of said sequence tosaid coik 
andadaptable to cause Saidarmature to be placedinto 
contact with Said contact,means in Said relay controi 
circuitincludingapair ofrelaysandavariabletestcur 
rent Source automaticallycontrolled bysaid pulsingrelay 
duringtheintervalsbeforeandafterdemagnetizingpulses 
of Said Sequence are applied to Said coiland adaptable 
to applyto the winding of saidtestrelayatest current 
of Such a magnitude and polarity as would move Said 
armature away from Said contact when the permanent 
nagnet biasis properlyadjustedbysaidsequence,means 
automaticaly operative bysaid controlcircuitandadapt 
able to detectthe movementof saidarmatureawayfrom 
Said contact,and meansinsaid relay controlcircuitre 
sponsive tothe operation of said detecting meansto dis 
able said pulsingrelay whereby the demagnetizingpro 
cedureisstopped? 

6,Acircuitforautomaticalyadjustingthe permanent 
magnetbiasofatestrelayincludinganenergizingwinding 
and two separate contacts anda permanent magnetas 
sociated with each contact and a magneticarmature at 
tracted magneticallyin opposite directionstowards each 
contact by respective magnets and movable awayfrom 
each respective contact undertheinfiuence of the com 
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bination ofthe magnetic feld produced bythe energiza 
tion of said windingand the magnetic fields of Said 
magnets,saidcircuitcomprisingasource ofpower,Switch 
means havingamagnetizinganda demagnetizingposi 
tion,amagnetizing-demagnetizingcoiladaptabletomagne 
tize Or demagnetize each of said test relay magnets,a 
power controlcircuitresponsivetothe operation of Said 
switch meansintoits magnetizing position to apply at 
1east one pulse of current of a magnetizing polarity to 
said cois from said source,said current pulse being 
adaptabletoover-magnetizesaidmagnets?Variable means 
operable to delivervariable increments of power from 
said source to Said coils underthe control of Said con 
trolcircuit,means operative atrespective oddand even 
times by said control circuitand adaptable to detect 
respective movements of saidarmatureawayfrom Said 
oddcontactandintocontact withsaideven contactand 
awayfrom Saideven contactandinto contact with Said 
oddcontact,meansautomaticalyresponsivetothe oper 
ation of said Switch meansintoits demagnetizingposi 
tion and underthe control of respective even and odd 
operations ofsaid detecting meansto causesaid control 
circuittocontrolsaid variable meansto applyrespective 
odd and even Sequences of pulses of current of a de 
magnetizing polarityand of successivelyincreasingincre 
ments of magnitude to respective odd and even cois 
from Saidsource,Said Sequence ofpulses beingadaptable 
to demagnetizerespective oddandeven magnetsto Suc 
cessivelyincreasing extents,means automaticaly oper 
ative by said control circuit during the application of 
each demagnetizing pulse of respective odd and even 
Sequences torespective odd and even cois and adapt 
able to cause Said armature to be placedinto contact 
with respective odd and even contacts and said latter 
means automatically operative by said control circuit 
duringtheintervalsbeforeandafterdemagnetizingpulses 
of respective odd and even sequencesareapplied tore 
spective odd and even cois andadaptable to applyto 
the winding of Saidtestrelayrespectivefirstand second 
test Currents of such respective magnitudes and polari 
tiesas would movesaidarmaturerespectivelyawayfrom 
Said Odd contact andinto contact with Said even con 
tact and away from Said eVen contactandinto contact 
with Said odd contact whenthe permanentmagnet bias 
of respective oddand even magnetsisproperlyadjusted 
byrespective oddandeven Sequences,and meansrespon 
sive to immediate odd and even operations ofsaid de 
tecting means pursuant to respective immediatey pre 
ceding even and odd operations ofsaiddetecting means 
to prevent any further demagnetizing sequences and 
adaptable toindicate completion oftheadjustmentofthe 
permanentmagnetbiasofbothmagnets. 
7?Acircuitforautomaticalyadjustingthe permanent 

magnet bias ofatestrelayincludinganenergizingwind 
ingand two Separate contacts andapermanent magnet 
associatedwitheachcontactandamagneticarmatureat 
tracted magneticalyin opposite directionstowardseach 
contact by respective magnets and movable awayfrom 
each respective contact Undertheinfuence ofthe com 
bination ofthe magnetic field produced bytheenergiza 
tion of Said winding and the magnetic felds of said 
magnets,Said circuit comprising a source of power, 
Switch means havinga magnetizinganda demagnetizing 
position,a magnetizing-demagnetizing coiladaptable to 
nagnetizeordemagnetizeeach ofSaidtestrelaymagnets, 
apowercontrolcircuitresponsivetotheoperationofsaid 
Switch meansinto its magnetizing position to apply at 
leastone pulse of currentofamagnetizingpolarityto 
saidcoilsfrom SaidSCurce?Saidcurrentpulsebeingadapt 
abletoover-magnetizesaidmagnets,variablemeansoper 
able to delivervariable increments of powerfrom said 
source to said cois underthe control of said control 
circuit,meansoperativeatrespective oddandeventimes 
bysaid controlcircuitandadaptableto detecttherespec 

2806186 

10 

20 

25 

30 

35 

40 

60 

65 

70 

75 

-,- ,- - 24? - 

tivemovements of saidarmatureawayfromsaid odd 
contactandintocontactwithsaidevencontactandaway 
from said eyen contactandinto contact with said odd 
contact,meansautomaticalyresponsive tothe operation 
of Saidswitch meansintoits demagnetizingpositionand 
underthe contro ofrespective even and odd operations 
of Said detecting meansto cause Said controlcircuitto 
control Said variable meanstoapplyrespective oddand 
evensequences of pulses of current ofa demagnetizing 
polarity and of Successively increasing increments of 
magnitude to respective odd and even cois from said 
Source,said sequences of pulses beingadaptable to de 
magnetize respective oddand even magnetsto succes 
siveyincreasingextents,meansautomaticaly operative 
by Said controlcircuit duringthe application ofeach de 
magnetizingpulse ofrespective oddandevensequences 
torespective oddandevencoisandadaptabletoappy 
tothe windingofsaidtestrelayrespective frst andsec 
ond reset currents of such respectivemagnitudes and 
polarities as would attract Said armature intocontact 
with respective oddand even contacts,meansautomati 
caly operative by Said control circuit duringtheinter 
Vals before andafter demagnetizingpulses ofrespective 
Odd and eyen Sequences are applied to respective odd 
and eyen coils andadaptable to applyto the winding 
of Said test relay respective firstand second test cur 
rents of Such respective magnitudes and polarities as 
would move Saidarmature respectivelyawayfrom said 
oddcontactandintocontactwithsaidevencontactand 
awayfrom saideven contactandinto contact withsaid 
Cddcontactwhenthepermanentmagnetbiasofrespective 
oddand even magnetsis properlyadjusted byrespective 
Oddand even Sequences,and means responsivetoim 
mediate oddandeven operationsofsaiddetectingmeans 
purSuant to respective immediately preceding even and 
0dd Operations of Said detectingmeansto preventany 
further demagnetizing sequences andadaptable toind 
cate completion of the adjustment of the permanent 
magnetbiasofbothmagnets. - 

8,Acircuit for automaticaly adjustingthe perma 
nent magnet bias of atestrelayincludingan energizing 
Windingandtwo Separate contactsandapermanentmag 
netassociated witheach contactandamagneticarma 
tureattractedmagneticalyin oppositedirectionstowards 
each contact by respective magnets and movable away 
from each respective contactundertheinfuence ofthe 
combination of the magnetic feldproduced bytheener 
gization of Said windingand the magnetic felds ofsaid 
magnets,Said circuit comprising a source of power, 
Switchmeans havingamagnetizinganda demagnetizing 
position,a magnetizing-demagnetizing coiladaptable to 
magnetize or demagnetize each of Said testrelaymag 
nets,apower controlcircuitresponsivetothe operation 
of Said Switch means into its magnetizing position to 
appyatleastonepulse ofcurrentofamagnetizingpo 
larity to Said cois from said source,said currentpulse 
beingadaptableto over-magnetize said magnets,variable 
meansforeach coiland operable to delivervariablein 
Crements ofPowerfrom saidsourcetotheassociatedcoi 
underthe controlofsaid controlcircuit,meansautomati 
calyresponsivetotheoperation ofsaidswitchmeansinto 
its demagnetizing positionto causesaid controlcircuitto 
controlafirstvariable meansto applyafrstsequence of 
pulses of current ofa demagnetizing polarityand ofsuc 
cessiveyincreasingincrements of magnitude to one of 
Said coisfrom Said Source,Said frstsequence ofpulses 
beingadaptableto demagnetizetheassociated magnetto 
Successivelyincreasingextents,meansautomatically oper 
ative bySaid controlcircuitduringtheappication ofeach 
demagnetizing pulse of SaidfrstSequencetosaidonecoi 
andadaptabletoapplytothe windingofsaidtestrelaya 
firstreset current of such a magnitude and polarityas 
would attract said armatureinto contact with the one 
contact,means automaticaly operative by said control 
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gircuitduringtheintervalsbeforeandafterdemagnetiz 
ingpulses ofsaidfrstSequenceareappliedtosaid one 
coland adaptable to applyto the winding of saidtest 
relayafirsttestcurrentof suchamagnitudeand polarity 
as would move Saidarmatureawayfrom saidone con 
tact and into contact with the other contact when the 
permanent magnet bias of Said one magnetisproperly 
adjustedbysaidfirstSequence,meansautomaticalyoper 
ative atrespective oddand even times by said control 
circuitandadaptableto detectrespectivemovements of 
Saidarmatureawayfrom Saidone contactandintocon 
tact with Said other contactand awayfrom said other 
contactandintocontactwithsaidonecontact,meansauto maticalyresponsivetoan oddoperation ofsaid detecting 
rneansattheend of SaidfirstSequenceto causesaid con 
trol circuit to control the Second variable means to 
applya Second Sequence of pulses of current of a de 
magnetizing polarityand ofsuccessivelyincreasingincre 
nents of magnitude tothe other of Said coilsfrom said 
Source,Said Second Sequence ofpulsesbeingadaptableto 
demagnetizetheotherofsaid magnetstosuccessivelyin 
creasing extents,means automaticaly operative by said 
controlcircuit duringtheapplication ofeach demagnetiz 
ingpulse of Saidsecond Sequence tosaid othercoiand 
adaptabletoapplytothe winding of Saidtestrelayasec 
ond reset current of such a magnitude and polarity as 
wouldattract said armature into contact with the other 
contact,meansautomaticaly operative by Said control 
circuit duringtheintervals before andafter demagnetiz 
ing pulses of Said Second sequence are applied to said 
other coilandadaptable to applyto the winding of said 
testrelaya Second test current of suchamagnitude and 
polarity as would move said armature away from said 
othercontactandintocontactwith Saidone contactwhen 
the permanentmagnet bias of Said othermagnetis prop 
eryadjusted by Said Secondsequence,meansefectivein 
responseto Succeedingrespectiveevenandoddoperations 
of Said detecting meansatthe end of succeedingrespec 
tive even and odd Sequencestopermit said control cir 
cuittocontrolsaidfirstandSecond variablemeansalter 
natelytoapply Succeedingrespective oddandevenaddi 
tionalSequences of demagnetizing pulses of stilincreas 
ingmagnitude to respective coils from said source,said 
additionalSequences of pulses beingadaptable to succes 
sivelyfurther demagnetize Said magnets,and means re 
sponsive toimmediate odd and even operations of said 
detectingmeanspursuanttorespectiveimmediatelypre 
cedingeven and odd operations of Said detecting means 
to prevent any further demagnetizing sequences and 
adaptabletoindicate completion ofthe adjustment ofthe 
permanentmagnet bias of both magnets? 
9.A circuit for automaticaly adjusting the perman 

ent magnet bias of a testrelayincludingan energizing 
windingandtwo Separate contactscomprising permanent 
magnetsandamagneticarmatureattracted magneticaly 
in opposite directionstowards each contact byrespective 
magnetsandmovableawayfromeachrespective contact 
undertheinfuence of the combination ofthe magnetic 
field produced by the energization of said windingand 
the magnetic fields of Said magnets,said circuitcompris 
inga Source of power,a manualy operable switch hav 
inga magnetizinganda demagnetizing position,a mag 
netizing-demagnetizing coil adaptable to magnetize or 
demagnetize each of Said testrelay magnets,a power 
controlrelay circuitresponsiveto the operation ofsaid 
Switchintoits magnetizing positionto applyat1eastone 
pulse of current of amagnetizingpolaritytosaid cois 
from Said Source,Said current pulse being adapt 
able to over-magnetize Said magnets,a power Selec 
torforeach coland operativeto deivervariableincre 
ments of powerfrom Said Source to the associated coil 
underthe controlofsaidrelaycontrolcircuit,relaymeans 
in Said relay controlcircuitautomaticalyresponsive to 
the operation of Said Switchintoits demagnetizingposi 
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tion to cause afrst powerselectorto applya frst se 
quence ofpulses of current ofa demagnetizingpolarity 
and of Successively increasingincrements of magnitude 
to one of Said coisfrom said source saidfrstsequence 
of pulses beingadaptable to demagnetize the associated 
nagnets to Successively increasing extents,relay means 
in Said relay controlcircuitautomaticaly operative dur 
ingthe application of each demagnetizingpulse of Said 
frstSequence to Said one coiandadaptabletoapplyto 
the winding of Saidtestrelayafrstresetcurrentof such 
a magnitude and polarityas wouldattractsaidarmature 
into contact with the one contact,relay meansin said 
relay control circuitautomaticaly operative duringthe 
intervals before and after demagnetizing pulses of Said 
firstSequence areapplied to Said one coilandadaptable 
to apply to the winding of Said test relay a first test 
current of such a magnitude and polarityaswould move 
saidarmature awayfrom Said one contactandinto con 
tact with the other contact when the permanent magnet 
bias ofsaid one magnetisproperlyadjusted by saidfrst 
sequence,relaymeansin Said relay controlcircuitauto 
maticaly operative atrespective oddandeven timesand 
adaptable to detectrespective movements of saidarma 
ture away from Said one contactandinto contact with 
Said other contactandawayfrom Said other contactand 
intocontactwith Said one contact,relaymeansinsaidre 
lay controlcircuitautomaticaly responsivetoan odd op 
eration of said detecting meansatthe end of said frst 
sequence tocontrolthe Second powerselectortoapplya 
second Sequence of pulses of current of a demagnetizing 
polarityand ofSuccessivelyincreasingincrementsofmag 
nitudetothe otherofsaid coisfrom Saidsource,Saidsec 
ond sequence of puises beingadaptable to demagnetize 
the other of said magnets to Successivelyincreasing ex 
tents,relay meansinsaidrelay controlcircuitautomati 
caly operative duringthe application ofeach demagnet 
izingpulse of said Second Sequence toSaidother coiland 
adaptable to apply to the winding of Said testrelaya 
Second reSet Current of Such a magnitude and polarity 
aswouldattractSaidarmatureintocontactwith theother 
contact,relay meansin Said relay control circuitauto 
maticaly operative duringtheintervialsbeforeandafter 
demagnetizingpulses ofsaidsecondsequenceareappied 
tosaidothercoilandadaptableto applytothe winding 
of Said testrelaya Second test current of Sucha magni 
tude and polarity as would move said armatureaway 
from said other contactandinto contact with said one 
contact when the permanent magnet bias of said other 
magnetisproperlyadjusted bysaid Second Sequence,re 
1ay means in Said relay control circuit efective in re 
sponse to Succeedingrespective even and odd operations 
of Said detectingmeansatthe end of succeedingrespec 
tive evenandodd Sequencestocontrolsaidfrstandsec 
ond powerselectorsalternatelyto apply succeedingre 
spective odd and even additional Sequences of demag 
netizing pulses of stilincreasingmagnitude torespective 
coisfrom Saidsource,SaidadditionalSequences ofpulses 
beingadaptable to Successively further demagnetizesaid 
magnets,andrelay meansin Said relay control circuit 
responsive toimmediate oddandeven operationsofsaid 
detecting means pursuant to respective immedately pre 
cedingeven and odd operations of said detectingmeans 
topreventanyfurtherdemagnetizingsequencesandadapt 
abletoindicate completion oftheadjustmentoftheper 
manent magnet bias of both magnets, 

10?Acircuit forautomaticaly adjusting the perma 
nent magnet bias of atestrelayinchudingan energizing 
winding and two Separate contacts comprising perma 
nent magnets and a magnetic armature attracted mag 
neticalyinoppositedirectionstowardseach contactby 
respective magnets and moyableawayfromeachrespec 
tive contact under the infuence of the combination of 
the magnetic feldproducedbythe energization ofsaid 
windingand the magnetic felds of Said magnets,said 
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circuit comprisinga Source of power,a manualy oper 
able Switch havinga magnetizing and a demagnetizing 
position,a magnetizing-demagnetizing coiladaptable to 
magnetizeordemagnetizeeach ofsaidtestrelaymagnets, 
apowercontrolrelaycircuitincludingarelay controled 
by Said Sourceto oscilate ata desiredrate andinclud 
ing a power relay controHed by said oscillating relay, 
Said relay control circuitresponsive to the operation of 
Said Switchintoits demagnetizingposition to apply at 
leastonepulse of current ofamagnetizingpolarityfrom 
Said SourcetoSaid coisunderthe contro ofsaid power 
relay Said current pulse being adaptable to overmag 
netize Said magnets apower Selectorforeach coiland 
Operable underthe control of said reiay controlcircuit 
to delivervariableincrements of powerfromsaidsource 
to the asSociated coilthrough the agency of said power 
relay,a dual-condition Steeringrelayin Said relay con 
trolcircuitautomaticalyresponsive to the operation of 
Said Switchintoits demagnetizingpositiontoassumeone 
ofitspositionstherebyto cause afirstpowerselectorto 
applyafirstSequence ofpulsesofcurrentofademagnetiz 
ing polarity and of successivey increasingincrements 
of magnitudeto one of said coilsfromsaidsource under 
the control of said power relay said frst sequence of 
pulses being adaptable to demagnetize the associated 
nagnet to Successively increasing extents,a group of 
test current relays controled by Said relay control cir 
cuittoattimesassume one offour diferentconditions 
of operatedandreleasedrelays ofsaidgroup,saidgroup 
automaticaly operative by said control circuitinto a 
first ofitsconditions duringtheappication ofeach de 
magnetizingpulse of saidfrstsequencetosaidonecoi 
andadaptableto applyto the windingofsaidtestrelay 
a frst reset current of such a magnitude and po 
larityaswouldattractSaidarmatureintocontactwithone 
of Said contacts,Said group automaticaly operative by 
Said control circuit into a second of its conditions duringtheintervalsbeforeandafterdemagnetizingpuises 
ofsaidsequenceareappliedtosaidonecoilandadaptable 
toapplytothe winding ofsaidtestrelayafrsttestcur 
rent of Suchamagnitude and polarityas wouldmove 
Saidarmature awayfromitsone contactandintocon 
tact with the other contact whenthepermanentmagnet 
bias of Said one magnetis propery adjusted by said 
firstSequence,a detectingrelayin saidrelay controlcir 
cuitautomaticaly operative atrespective oddand even 
timesand adaptable to detectrespective movements of 
Saidarmatureawayfrom Said one contactandintocon 
tact with Said other contact andawayfrom saidother 
contactandintocontact with Saidone contact,saiddual condition steeringrelay automaticalyresponsiveto an 
oddoperation of Saiddetectingmeansattheend ofsaid 
frstSequencetocontrolthesecondpowerselectortoapply 
a SecondSequence ofpulsesof currentofademagnetzing 
polarity and of Successively increasingincrements of 
Tmagnitude from said Source to the other of said cois 
throughthe agency of Said powerrelaysaidsecondse 
quence of puses being adaptable to demagnetizethe 
other of Said magnets to successivelyincreasingextents, 
Saidgroup automaticaly operative by Said controlcir 
cuit into a third condition during the apphcation of 
each demagnetizing pulse of Said Second sequence to 
said Other coiandadaptable toapplyto the windingof 
Said testrelaya Second reset Current of Such a magni 
tude and polarity as would attract Said armature into 
contact with the other contact,Saidgroup automaticaly 
operative by Said controlcircuitintoitsfourth condition 
during the intervals before and after demagnetizing 
Tulses of Said second sequence are applied to Saidother 
coiland adaptable to apply to the winding of said test 
relaya Second test current of suchamagnitude and po 
larity as would move Said armature away from said 
other contact and into contact with Said one.contact 
Whenthe permanent magnet bias of said other magnet 
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is properly adjusted by said Second Sequence,meansin 
chuding Said relay controlcircuitand Said steeringrelay 
and Saidgroup ofrelaysefectiveinresponsetosucceed 
ingrespective even and odd operations of Said detecting 
meansatthe end of succeedingrespective even and odd 
SequencestocontrolSaidfrstand Second powerselectors 
alternatelytoapplysucceedingrespective oddandeven 
additional Sequences of demagnetizingpulses of Stilin 
creasing magnitude from Said Source torespective coils 
throughtheagency of Said powerrelay,Saidaddition se 
quencesofpulsesbeingadaptabletoSuccessivelyfurther 
demagnetize Said magnets,and relay mcans including 
Said detectingrelay means andresponsive toimmediate 
odd and even operations of Said detecting means pur 
Suant to respective immediately precedingeven and odd 
Operations of Said detecting meansto disablesaid oScil 
latingrelaytherebytopreventanyfurther demagnetizing 
Sequencesand adaptable to indicate completion of the 
adjustment of the permanent magnet bias of both 
fnagnetS. 
11,A circuitfor automaticaly adjusting the perma 

nent magnet bias of atestrelayincludingan energizing 
winding and a contactanda permanent magnetanda 
magnetic armature movable in operable relation to said 
contact under the infuence of the combination of the 
magneticfeldproduced by energization of said winding 
and the magnetic field of Said magnet,Said circuit com 
prisinga Source ofelectric power,Switch means having 
a demagnetizing position,a coiladaptable to magneti 
calyinfiuencesaid testrelay magnet?a power control 
circuit,selectormeansoperableto defverincrements of 
power from Said Source to said coi under the control 
of said controlswitch,means responsive to the opera 
tion of Said Switchmeansintoits demagnetizing position 
tocause Said controlcircuittocontrolsaidSelectormeans 
to apply at least one pulse of current of a demagnetiz 
ingpolaritytosaidcoilfrom Saidsource?meansoperative 
by Said controlcircuit duringthe application of said de 
magnetizing?ulse to said coi and adaptable to cause 
Said armature tobe placedinto contact with said con 
tact and operative by Said control circuitaftersaid de 
magnetizing pulse is appied to Said coilfor applying 
to the winding of Saidtestrelayatestcurrent of such 
a magnitude and polarity aswould movesaid armature 
awayfrom Said contact whenthepermanent magnetbias 
is propery adjusted,and means operative by said con 
trolcircuitandadaptabletodetectthemovementofsaid 
armatureawayfromsaidcontact. 
12,Ina circuitforautomaticalyadjustingthe perma 

nent magnet bias of atestrelayincludingan energizing 
windingand a contact and a permanent magnet and a 
nagnetic armature movablein operable relationto said 
contact under the infiuence of the combination of the 
magneticfek producedbytheenergization ofsaidwind 
ingand the magnetic field of Said magnet,said circuit 
comprisinga Source of electric power,Switch means 
havingademagnetizingposition,acoiladaptabletomag 
neticalyinfuencesaid testrelay magnet,a power con 
trol circuit responsive to the operation of said switch 
neansintoits magnetizingposition to applyat1eastone 
pulse of current of a magnetizing polarity to said coil 
from Said source,Said current pulse beingadaptable to 
over-magnetize said magnet,variable meansoperable to 
deliver variable increments of power from said source 
to Said coil under the control of Said control circuit, 
meansautomaticaly responsive to the operation of said 
Switch meansintoits demagnetizingposition tocausesaid 
controlcircuitto controlsaid variablemeansto apply 
a sequence of pulses of current of a demagnetizing po 
larity to said coi from said Source,Said sequence of 
pulsesbeingadaptableto demagnetizesaidmagnet,means 
automaticaly operative By said control circuit during 
the application of each demagnetizingpulse of Said se 
quence to said coiland adaptable to cause saidarma 
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ture to be placed into contact with Said contact and 
automaticaly operative by said control circuit during 
the intervals before and after demagnetizing pulses of 
Said Sequence areapplied to Said coiland adaptable to 
applyto the winding of said testrelayatest current of 
Sucha magnitudeandPolarityaswould movesaidarma 
ture away from Said contact when the permanent mag 
net biasisproperlyadjusted by Said Sequence,and means 
automaticaly operative by Said control circuit and 
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adaptableto detectthe movement of saidarmatureaway 
fromSaidcontact, 
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