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3290.357 
T?ANS?0?M??C@?,CONST??JCTI@N 

Wiy O?en,Howard D.Tiadal,and W?am M?Pahel, 
?ynchburg,Va,assigüGrsto ??K?Porter Company, 
Inc.,Lynchburg,Va,8 corpora?on of DeiaWare 

FiedAug.23,1962,Ser.No.219.817 
1Claim?(Cl,336?205) 

This invention relates generalyto the electrica coil 
structures of inductive devices,and more particularly, 
relates to pre-formed coil structures having windows 
therethrough which are normaly combined with mag 
netic coreassembliesin whichone ormore corelegsare 
disposed within the co? window?The composite core 
and coilassemblymayin Some cases be atransformer 
andin othercases beareactor. Devices ofthisgeneral 
type whichare suitableforrelatively high-poweruseare 
usualy of Someappreciablesize andthereforeinchudein 
theirphysical make-up a substantialamount of core and 
coilmaterials,andinmostcasesalsoincludeanenclosing 
caseworktogether with an insulatingoil bath?Reduc 
tionsin the size and weight of such inductive devices 
due to decreasesintheamount of?materialrequired for 
manufacture ofthe device withoutimpairment ofthe op 
erating characteristics thereof are very important since 
Such reductions represent manufacturing economies? 

Theinstantinvention resultsin sucheconomy bypro 
Vidinga coilstructurewhichisapproximately10percent 
narrowerin width than conventional coilstructures hav 
ingthesame electrical ratingsand usable windowsize? 
Thisin turn permits the magnetic cores used with the 
coilto be Somewhatsmalerinsize,1owerin weightand 
magnetic reluctance by permitting reduction in the 
amount of core material required,al of which make 
possiblethe use ofasmallerenclosingtankandreduced 
volume ofinSulatingoil,Accordingy,itis a primary 
object of this invention to provide a pre-formed coi 
structure of substantialyreduced width than heretofore 
to thereby permitthe construction ofinductive devices 
of Smalersize and weight? 
Another object ofthisinventionisto providea novel 

Tmethod of makingtheimproved coilstructureasafore 
Said which contemplates modification ofthe shape of a 
pre-formed coilstructure bysubjectingsuch structureto 
heatand forming pressure. - 

Stillanotherobject of thisinventionisto provide a 
novel pre-formed coil structure for inductive devices 
whichisfabricated with athermosettingbondingagent 
between layersofturnsand which whensubjectto heat 
and forming presSure holdthe coilstructurein the fnal 
shapeto whichitis pressed? 
The foregoingandother objects of theinvention wil 

become clearfrom a reading ofthe followingspecifica 
tionin conjunction with an examination ofthe appended 
drawings,wherein: 
FIGURE1iustratesacentraly windowed coilstruc 

tureaboutthesidelegs ofwhichandthroughthe window 
thereof are disposeda pair ofmagnetic cores,the coil 
legs and yokes being bowedin the mannertypical of 
coismanufacturedinthe usualway; 
FIGURE2issimiarto FIGURE1exceptingthatthe 

iliustrated coilis substantialy rectangularin shape asa 
consequence of formationaccordingto the invention; 
FIGURE3isa cross-sectionalviewthrough the coil 

and coresof FiGURE2aswould beseen when viewed 
alongthe line 3?3thereof; 
FIGURE4isanenlargedfragmentaryview ofthe coil 

cross-section shown within the phantom elipse of FIG 
URE3tomore clearlyiustrate thearrangement ofthe 
windingandinsulation layersthereof; 
FIGURE5ilustratesin diagrammatic form the press 

apparatusused forformingthe coilstructureswhilesub 
jectingthesameto a heating process; 
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FIGURE6isanenlarged perspective view ofone of 

the coisand part of the press structureseenin diagram 
maticplanviewintheshowingofFIGURE5;and 
FIGURE7isanelectricalschematic diagram ofarela 

tivey simple apparatus for controlingthe heating cycle 
of a pre-formed coilstructure whichis clampedin the 
pressarrangement of FIGURES5and6? 

?n these Severalfgures,ike elementsare denoted by 
Hke reference characters. 
ConsideringfrstFIGURE1,therewil be seenacoil 

Structure generaly designated as iG having outer and 
inner low Voltage windings designatedrespectivelyas11 
and12separated bya high voltage winding13,Itisob 
served thatthe coillegs14and coilyokes15aregen 
eraly bowed outsothatthe colwindow?6isalsosome 
what bowed,The non-rectangular shape ofthe coil10 
requires that the cores 17 be made with windows 18 
whichare widerthan would be necessaryifthe coillegs 
?4Wereperfectystraightinstead of beingbowed,FiG 
URE2ilustratesa coil2{}similarto the co?10in that 
italso has low voltage windings21 and22,a?igh volt 
age winding23,and coillegs24 and yokes 25 which 
bound an interior central window 26,The cores 27 
shown in phantomare disposed with respect tothe coil 
20inthesame mannerasthe cores17ofFIGURE1are 
disposed withrespecttocoil19,Coil29,however dif 
fers from coi10inthatthe coilegs24and yokes25 
are Substantialystraightandare notbowedinthe man 
nerofthe coillegsl4andyokes15of coil10shownin 
FIGURE 1?As a consequence,the cores 27 are of 
smalersize by virtue ofthe fact thatthe windows28 
are smalerthan the windows18 ofthe cores17of FIG 
URE1,The rectangularshape of the coil20ismuch 
preferable to the bowed shape ofthe coi110since the 
cores27 can therefore be made smaler and ighterthan 
the comparable cores?7 due tothe reduction ofabout 
10percentin the dimension Wasshown, 
The narrow widthrectangularcoi29isseenin cross 

Sectionin FIGURES3and4,to Which referenceshould 
now be made,and is buitup in the folowingmanner? 
The low voltage winding22closesttothecoilwindow26 
isbuitup ofaluminum strip material30interleavedwith 
shelacimpregnated paper31 and wound together upon 
a coilform 29 of electricalyinsulating material,The 
high voltage coi123isthen wound directy overthe1ow 
Voltage winding22andconsists of1ayersof copperwire 
32withthelayersseparatedbyinsulating paper33,The 
outerlow Voltage winding21isthenbuiltrightoverthe 
high voltage winding23inthe same mannerasforthe 
inner low voltage winding22?Thatis,the aluminum 
strip 3öa and shelacimpregnated paper 31a are inter 
leavedandWoundtogetherto form the outerwinding21? 
Conductorleadsare ofcourseconnectedtotheindividual 
coisatappropriate pointsandareled outofthe winding 
structureforultimate connectioninthefnishedinductive 
device?The fnished Wound coilhasacertain bulkiness 
due tothe springiness ofthe aluminum strip and copper 
wireandgeneraly resemblesthe core19shownin FIG 
URE1?Thisnon-optimum coiconfgurationistrans 
formedinto the compact rectangular desirable shape of 
the coil2? of FIGURE2inthe mannerto be now de 
scribedin connection with the showings of FIGURES5, 
6and7 to which reference should be now made? 
The methodaccordingto the invention and which is 

to be describedin connection with theapparatus of FK}- 
URES5through 7,consistsessentialy of heatingthe coi 
structure to a temperature of approximately 295° F., 
and Whieso heatedtopressthe coitothe desired shape 
andthenalowthe coilstructureto coolwhile physicaly 
heldin the press device,The 295°temperature bakes 
theshelacwith whichtheinsulatingpaperisimpregnated 
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withoutinterferingwith theinsulatingvalue ofthe paper 
So that baked shellac adheres stronglyto the layers of 
the winding,With the coilstructure pressedintoits de 
Sired formandalowedto coolwhieso held,the baked 
Shelac hardensand bondsthe coistructuretogetherinto 
rigidform,The coilmaythenbereleasedfrom thepress 
andwilretainitsformasseenin FIGURE2?The heat 
ing Operation must be carried on simultaneously with 
the press forming operation because in the absence of 
heating the cois would return to their original shape 
When released from the pressingdevice. 
To carryoutthe heating,pressing,and coolingaspects 

ofthe methodwithinthe confines ofan oven would be 
dificultand verytime consumingbecause externalyap 
plied heat must beraisedintemperatureatavery slow 15 
rate in orderto assure uniform temperature elevation 
throughoutthe body ofthearticlebeingheated sincethe 
heat must penetrateinto thearticle bypenetration from 
the outsidesurfacesinwardtowardthecenterofthe body? Additionaly,of course,sucha processalsorequiresthe 
USe ofan oven Structureanda coilformingpressingde 
Vice which may operate within the confines ofthe oven? 
The methodaccordingtotheinventiondispenseswith the 
needforanoven ofanysortbecausethe coiltobeformed isitselfutizedasanelectricalheatingelement,Thisis 
efected by short circuitingthe low voltagewindingsand 
injectinganalternatingcurrentintothe high voltagewind 
ing?A high circulatingcurrentwilfowintheshortcir 
cuited ow voltage windingsduetothetransformeraction, 
andthishigh circulatingcurrenttogetherwith thecurrent 
fowing through the high voltage windingrapidy heats 
up the entire coil structure ina uniform manner?The 

“Setting”temperature within the coistructure whichit 
is desired toachieve may be monitoredfor example by 
Placingathermocoupleinsidethe coilwhich wiHindicate 
thetemperatureconditiontherein? 
Apreferredmethodofmonitoringthetemperaturewith 

Out requiring access to the interior of the coilis by 
monitoringthe currentfowingineither winding,with 
the heating current beingsuppiedto the coilstructure 
from an essentialy constant voltage source?The tem 
perature change inthe windings duetothe high current 
fowingtherethrough causesthe windingresistance toin 
creasewithtimeandtothereforeefectivelythrottle back 
the currentfowingin the windings,By way ofillus 
tration,with a particular winding structure as for ex 
ample of the type iustrated in the drawings,the cur 
rentfowinthe windings maydrop to approximately60 
to 70percent oftheinitial currentforanincrease from 
room temperature to295° F. of the coiltemperature? 
Thus,bymonitoringthe magnitude of the currentfow 
ingin the coi windings it may be ready determined 
thatthe desiredtemperature hasbeenachievedwhenthe 
currentampitude decreasestothe predetermined value, 
Atthistime,theinjected currentmay beturned of and 
the coistructure cooled tothe point where coirigidity 
occurs due to hardening ofthe sheHac or otherthermo 
settingbondingagentemployed,afterwhichthe coistruc 
ture may bereleased fromits pressing device? · 

Referringto FIGURES5and6,therewilbeseena 
fxed position presselement34in the shape of a CrOSS 
whichissecured to any convenient fat underlyingsur 
face?Disposed within the angle formed by each adja 
cent pairofarms of thefxed presselement34isa coi 
structure designatedas29a,20b,29c or20d. Disposed 
withinthe respective coilwindowsisarectangularform 
ingblock35a,35b,35cor35d,The outerside surfaces 
ofthe legand yoke ofeach coistructure which isnot 
engaged by anarm ofthe presselement38 presentsto 
ward the fatface of platens 36 and 37 respectively 
shiftable bymeans ofthe hydraulic cylinders38and39, 
the platensand cyinders connected witheach coilstruc 
ture beingidentifed with thesame lettersufix,Forex 
amplethe platens and cylindersassociated with the coil 
structure20dareident?iedasplatens36a and37a,their 
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associated cylinders beingdesignatedas38aand39a,and 
simiarlyforthe coistructures35b,35cand35d, 
Each ofthe coilstructuresiscompressedintorectangu 

larform by movementofthe platens36and37atright 
angles toward one anotheragainst the confronting coi 
Outer Surfaces So that the coillegs are compressed be 
tweenthearmsofthefxedpresselement34andtherec 
tangular forming block35 and platens 36,The yokes 
are compressedin the orthogonaldirection betweenthe? 
arms of the fxed presselement34andthe platens37. 
As bestSeenin FIGURE6,theleads49ofthelow volt 
age windings2?d and22d are short circuited together 
by means of the clip 41,and the high voitage winding 
leads 42are connectable to a constant voltage power 
Source indicatedbythearrows59in FIGURE7, 
AS best Seen in FIGURE7,one ofthe high voltage 

leads42goes directy to the energizingsource 59 whie 
the otherlead42connectsto oneend ofthe coi143of 
a Solenoid44,the oppositeend ofthe coil43 connecting 
to one terminal of a switch 45which hasits opposite 
terminal connected to the energizing voltagesource59? 
Connected across the terminals of the switch 45area 
contact46and pole47 of the solenoid44,which pole 
and contact are dis-engaged when the solenoidis de 
energized?Also connected across the terminals of the 
Switch45isanindicator1amp48,whileasecondind 
cator lamp49 is connectedacross the voltage source50 
throughtheswitch45 
ASShownin FIGURE7,the switch45isopen,asare 

the pole and contact46and47ofthe relay44,The 
impedance of theindicatorlight48ischosen to bevery 
high comparedtotheimpedance ofthe windings23dand 
43 Sothat Substantialythe entirevoitage ofthe source 
56 drops across the indicator 48 and thereby givesa 
Visualindication thatenergizingcurrentisnotbeingsup 
plied to the winding23d,Whennowitis desired to 
energizethe winding23dtoraisethtecoistructuretem 

40 

45 

perature to the desiredlevel,the switch45maybe mo 
Imentariyclosed tocompletethecircuitfrom the voltage 
Source50through the solenoid coil43andwinding23d 
to thereby energize the solenoid 44and close the pole 
47 against the contact46to bypass the switch 45 and 
maintainthe Solenoidenergized,The switch45maybe 
releasedimmediateysinceitisnow bypassed,The by 

;passingof Switch 45by pole47and contact46aso by 
passing the indicator light 48 which is thereby extin 

50 

55 

guished,the indicator light 49then beingenergized to 
give a visualindication that heating currentis fowing 
throughthe winding23d ofthe coistructure, 
By settingthe pul-in current of the relay44to be 

Somewhatlessthantheinitialcurrentdrawn bythe wind ing23a,and bySettingtherelaydrop-outcurrenttobe 
at the desiredvalue between 60and 70percentofthe 
current initialy drawn by the winding23d,it wi1 be 
Seenthatwhena desiredtemperaturerisewithinthecoi 
structure20d hasoccurred sothattheenergizingcurrent 

60 

wilhave dropped oftothe aforedescribedvaluein the 
60to 70percentrange,the relay44 wilautomaticaly 
drop Outbydisconnectingthe pole47fromthecontact46 
andthereby opentheenergizingcircuitfromthevoltage 

,source 50,The indicator49 wilthereupon be extin guishedandtheindicator48willagaingiveavisualindi 
cation of the circuit disconnectandthussignalthatthe 
heating cycle forthis particular coil structure has been 
completed?The automatic disconnect circuit of FIG 
URE7could ofcourse bereplacedbymoresophisticated 
controlcircuitry,or,if desired can be completelyeimi 
nated Sothat the heating cycleis constantly monitored 

70 
by Service personnel,In the latter case,an ammeter 
would be putinserieswiththewinding23dandthecur 
rentreadingwould bemonitored sothatthe energizing 
Source could bedisconnected whenthe currentthrough 
the windingdropped toitspre-selectedvalue, 
The apparatus of FIGURE5ischosen to accommo 

datefourcoilstructuressothatcoismaybecontinuously 
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processed,The confguration resultsfrom the fact that 
aboutthreetimesthelength oftimeisrequiredforcool 
ing ofeach coilasisrequiredfor heatingthe coiltothe 
desired temperature,Thus,when coi20a has beenin 
staledinthe pressstructureand heatedforthenecessary 
length oftime,itisleft to cooltherein while coil20b 
isinstaledin the press and connected to the energizing 
heating source,When coi 20b has been heated,the 
energizing source may be disconnected therefrom and 
transferred to coi20c,and similarlythen thereafterfor 
coil20d,Atthetermination ofthe heatingtime forthe 
coilstructure 20d,coil20a wil have been coolingfor 
atime intervalequalto the heatingtime for coil20b 
pluscoi20c pluscoi120a,oratime equaltothree heat 
ingintervals,Itistherefore suficiently cooledand may 
bereleasedfrom the pressandanew coilstructure may 
be instaledatthat position?Afterthe new coilin coil 
position20a has been heated,coil20bwilbereadyfor 
removaland replacement with anew coil,Coil Struc 
tures maythus be continuousiy processed with no loss 
oftime. 
Having now described ourinvention in connection 

witha particularlyilustratedembodimentthereofit wil 
be appreciated that variations and modifications of the 
samemaynow occurfrom timetotimeto those persons 
normaly skiledin the art without departingfrom the 
essentialscope orspirit ofourinvention,andaccording 
lyitisintended to claim the same broady as welas 
specificaly as indicated by the appended claim? 
Whatis claimedas newand usefulis: 
Arigid,unitary,multiplewindingelectricalcoilstruc 

ture havingsubstantialystraight and paralel side legs 
andacentralwindowfor useininductive devices,com 
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prisingin combination,a plurality of concentric inter 
nested annular windings radially disposed directly one 
uponthe otherwithnointerveningvoidspaces,theinner 
most and outermost radialy positioned ones of Said 
plurality of windings each including radially disposed 
spiraly wound unitary layers of electrically continuous 
foilconductorinterleaved bylayersofelectricalinsulat 
ingmaterialanda hardSettingbondingagent,Saidinter 
kaved layers of conductorandinSulatingmaterial being 
rigidy setin position and bonded together by said bond 
ingagent,atleastone ofthe windings disposed between 
the said innermost and outermost radialy positioned 
windingsincludingradialy disposed layers of conductor 
wire Separated only by interveninglayers of electrical 
insulatingmaterial? 
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