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EDDY CURRENT HEATER 

Francis F. Lerza, L0s Angeles,and Earl S. Knox, 
Glendale,Calif.,assignors to Pakco Company, 
L0s Angeles,Calif.,a c0rporation of California 

Application November4,1950,Serial No.194,128 
(Cl,219?19) 6Claims. 

1 
This invention relates to the art of difusive 

electric heating and is ofespecial utility in heat 
ing buildings,walkWays,seats,beds,etc. to tem 
peratures Conducive to the comfort of persons 
using the same, - 

Heating withelectricity can be dividedgeneral 
ly into Conductor resistance,and induction heat 
ing. The principal application ofinduction heat 
ing heretOfore has been in the fusing or heat 
treatment of metals requiring high temperatures. 
Here the charge is surrounded by a coiled con 
ductor Such as a copper tubing,through which 
Water is circulated for cooling purposes and 
Which is protected from the heat in the charge 
by a Crucible or asbestos wall disposed therebe 
tween. Low temperature heating by electricity 
inthe difusive field hasbeenaccomplishedalmost 
entirely by conductor resistahce as in heating 
pads,heated Clothing,electric blankets and the 
?ike, - 

It is an object of the presentinvention to pro 
Vide a method of and apparatus for difusive 
heating inductively,with electricity,at relative 
1y1ow temperatures which will be lessexpensive 
in first Cost and maintenance and 1ess hazardous 
to Operate than resistance conductors employed 
for this purpose. 
The drilling of oll wells and the pumping of 

oil therefrom after they have been brought in, 
are Outd00r Operations and it has been found 
highly desirable to provide heaters for the com 
fort of workers involved therein during the cold 
Season. This has been extremely dificult,how 
ever,because of the prevalence of highly com 
bustible gaSes and vapors against the ignition 
of Which every precaution must be taken. 

It is,aCC0rdingly,another object of this in 
Vention to provide an electric heatersuitable for 
use under the Working Conditionsabove described 
and Which will ofer practicaly no fire hazard 
Under thoSe Conditions. 
A Still further Object of the invention is to 

provide an electric heater for difusive heating 
which Will be sturdy in construction,which will 
be adaptable to uSe in many diferent Situations, 
and which will have a relatively long useful1ife. 
Yet another object of the invention is to pro 

vide an electric heater having a large capacity 
for transforming electric energy into heat and 
difusing this heat byradiation which will have 
speciai utility as a resist0r,and which can be 
employed either as a loading rack,the prime 
function of Which isto dissipate electrical power 
when the latteris unwanted,or as a starting and 
speed control resistor for WOund rotor induction 
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motors or as a starting resistor for synchronous 
motors. - 

The manner of acComplishing the foregoing 
0bjects as Well as further objects and advantages 
will be made manifest in the following descrip 
tion taken in connection with the accompanying 
drawings in Which? 

Fig.1 is a diagrammatic perSpective view of one 
embodiment of the invention, 
Fig.2 is a horizontal cross-Sectional View taken 

On the ine 2?2 of Fig.1 and diagrammatically 
iustrating the wiring employed in this heater. 
Fig,3 is a fragmentary elevational view of a 

modified form of the invention in which a plu 
rality of insulated C0nduct0rs extend through a 
heavy COil of magneticaly permeable wire. 
Fig,4 is a fragmentary perspective view of a 

COrner Of a r00m in the interior of a building and 
illuStrating the manner in Which one of the 
heaters shown in Fig. 1 may be mounted on a 
Wall of said r00m,This view also shows an in 
Stallation of One form of heater of this inven 
tion Which is embodied in a Conduit tube the 
latter being applied to the baseboard of the room 
and extending around the room. 
Fig,5 is a perSpective View and Shows how 

the heater illustrated in Fig,1 may be provided 
with legs So asto Support this portably in verti 
Cal p0sition, 
Fig.6 is a diagrammatic perSpective view of a 

m0dified form of the heater Shown in Fig,1 
with this heater provided With a metallic plat 
form On Which a person may stand. 

Fig. 7 is a perspective view of still another 
m0difiCation Of the heater Shown in Fig. ? in 
which said heater had a grid on Which a person 
maystand to warm his feet,heaters of the types 
shown in Figs.6 and 7,being very useful in keep 
ing warm the feet of workers who are working 
outdoors in cold weather or in unheated build 
1ngS? 
Fig,8 is an enlarged vertical Sectional detail 

view taken on the line 8?8 of Fig,7. 
Fig.9 is a plan view of another modified form 

Of the inVention in Which the Conductor em 
ployed in the heater is diSpoSed in Spiral Con 
formation between upper and lower iron plates 
in Which heat is developed by magnetic fields in 
ducedinthese plates bythe flow of currentalong 
Said conductor. 

Fig. 10 is an enlarged vertical Sectional view 
taken on the line 10?10 of Fig,9. - 

Referring Specifically to the draWings,the pre 
ferred embodiment Of the invention iliustrated 
in Fig,1 Comprises a heater 15 which inciudes 
a Series of tubes 16 made of a magnetically 
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permeable material such as iron or steel and 
connected at their opposite ends by tubular 
headers 1? and 18 into which opposite ends of 
tubes 16 open and to which Said opposite ends 
are preferably Secured as by Welding. 
Fig.2 Shows heater ?5 in Section and diagram? 

matically illustrates the Wiring System 2? of the 
invention Which preferably inCludes a Single COn 
tinuous inSulated electrical Conductor 2 which 
may be in the nature of an inexpensive gutta 
percha COvered Copper Wire Such as is CommOnly 
employed in commercial house wiring practice. 
The ConductOr 2? is WOUnd through the VariOUS 
passages 22 provided within the tubes 16 and 
1ateral passages 23 and 24 provided in the head 
erS 1 and 13 SO that a plurality of COnductOrs 
2 extend through eaCh of the paSSages 22 and 
have their ends joined in the passages 23 and 
24 by connecting conductors 25 and 26 which 
ie respectivelyin the passages 23 and 24 of the 
headers f? and ?8. Opposite ends 2? and 28 of 
the conductor 2 extend outwardly through a 
suitable opening grovided in the header 18 and 
Surrounded by an insulating grommet 29,The 
terminal Conductor ends 2? and 28 1ead to al 
ternating CUrrent power line terminals through 
which the circuit represented by the Conductor 
21 is energized. 

It is to be noted that the Conductor 2t is 80 
wound through the Warious passages 22,23 and 
2? of the heater ?5 that the Current With Which 
Said Current is energized passes in the same di 
rectiOn along all of the Conductors 23 which 
extend through any One of the tubes 16. The 
direCtion of the fioW of Current at a giyen mo 
ment in the reSpective tubes 16 is indicated by 
arrowheads 36,one of which is supplied to a 
COnduCtor 23 in each of these tubes shown in 
Fig,2, 
The result of so energizing the winding thus 

efected with the conductor 21 is to set up eddy 
CurrentS in the magnetically permeable materiai 
Of the tubes f6 Which Will be transformed into 
heat by the resistance of the material of the 
tubeSto these currents. 
The heater f5 is adapted to many uses. It 

may be DrOVided With bracketS 35 as shown in 
Fig.4 and applied to a Wali 36 of a room to be 
heated thereby. The terminal ends 27 and 28 
Of the COnductor 21 may be united in electric 
Service Cord 37 terminating in a plug 38 which 
may be plugged into any service outlet 39 as 
Shown in Fig.4. 
Fig·4 also ilustrates another permanent in 

Stalation of the present invention in the form 
of a conduit tube 59 which is of magnetic per 
meable material and which contains a plurality 
0f inSUlated COnductors54,the ends of whichare 
Suitably Connected to place these in an electric 
Circuit Whereby an alternating current is caused 
to fow through the conductors 51 and in the 
Same direCtion. The conduit,59 may besecured 
by brackets 52 to the baseboard 53 of a room 
to be heatd and may extend entirely around the 
T00m. SuCh a heater Conduit mayalso be buried 
in the Wals 36 or placed under the foor 54 of 
the room to be heated,it being contemplated 
that this form of heater of the present invention 
Would be Constantly energized during the colder 
SeaSOnS When itis necessary to keep the interior 
Of the building heated to maintaina comfortable 
temperature therein, 
AS ShOWn in Fig.5the heater 15 of theinven 

tion may be provided with legs 60 which are 
attaChed to the tubular headers 17 and 18 ina 
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4 
manner to hold the heater in an upright posi 
tion and render this portable, 
Figs,6 and 7 ?ustrate two types of heaters 

65 and 66 which are eSpecially designed for use 
as standing platforms for workers who are em 
ployed out-of-doors or in unheated buildings in 
Cold Seasons So that it is highly advisable that 
Heat be furnished for the feet of the Worker. 
The heater 65 is Similar in all respects to the 
heater f5 exCepting that it has a metal plate 61 
Which lies On top of the tubes 16 and between 
the headers 47 and 18 and may be Secured to 
Said tubes and headers as by Welding or by Suit 
able Clamps if desired,The plate 6? is heated 
by the tubes 6 and thus in turn heats the feet 
Of the WOrker Standing thereon. 
The heater @6 is Similar to the heater 65 ex 

Cepting that a metal grate 70 takes the place of 
the plate 67 to provide a walking platform for 
the worker using this heater. Only a section 
0f the heater 66 is Shown in Fig. 7 and it is to 
be understo0d that this is provided in varying 
lengths SO that a single heater $6 may serve an 
entire line of Workers where it is necessary for 
them to Stand and Work in a line as is often the 
CaSe in Canneries,factories,packing houses,and 
the like. 
AnOther form of theinventionisshownin Figs. 

9 and 10 as comprising a heater 63 which in 
Cludes a Shell 6 which is preferably made of 
heavy Sheet iron and includes a shallow pan 82 
having a bottCm 63,Side Wals$?anda horiz0ntal 
external flange 85 extending outwardy from its 
Upper edge. The Shel1 81 also includes a top 
plate 36,the outer edge portion 8? of which is 
bent downWardly around the fange 85 to unite 
the top plate 86 to the pan 32. The pan 32 is 
prOVided With internal Corner brackets 68 which 
are arCuate in shape as shown in Fig.9. Before 
the final assembly of the top plate 86 on the 
pan 82,a conductor 99 which is preferably in 
the form of a flat strip of conductive material 
SuCh aS C0pper or aluminum is Coiled spirally 
along with a Similar strip of insulating mate 
rial 9 to form a Spiral electric element 92 as 
Shown in Fig. 9 adjacent turns of which are 
inSulated from each other by the strip 9?. Tnner 
and Outer ends of the conductor 98 are con 
nected to insulated wires 93 and 9? which enter 
an inSulated Service cord 95 terminating in a 
Service Connection plug 96. - 
The Cross-section and 1ength of the conductor 

90 is Such that theplug 96 may be plugged into 
any 110 volt Service outlet for alternating cur 
rent,thus Causing this current to flow through 
the conductor 90 from one end thereof to the 
Other,this resulting in a current flowing through 
al Of the turns of the spiral electric element 92 
in the Same direction. The spiral electric ele 
ment 92 is insulated from the shel18 by upper 
and lOWer sheets of insulating material 9? and 
98,each turn of the electric element 92 therefore 
actingindependentiy ofthe otherstoset up mag 
netic fields in the bottom 83 and top 86 of the 
Shel 81. Asthe current fowing throughthead 
jacent turns of theconductor90 isalways,at any 
given moment,traveling in the same direction, 
eddy Curents are developed by these magnetic 
fields which results in a transforaation of this 
magnetic energy into heat which raisesthetem 
perature of thissheIl, 

Referring now to Fig,3,a fexible heater 199 
*s there shown embodying the invention,this 
heater comprising a plurality of insulated con 
ductors 194 which are surrounded by a closely 
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wrapped coil 102 of magnetic permeablematerial 
Such aSiron wire,The opposite endsof the COn 
ductors 101 are connected in a manner to pr0 
duce a flow of alternating Current in the Same 
direction through all of these conductors. Ob 
viously,the heater 100 isadapted to be wrapped 
around Warious objects or passed through Open 
ings varying in shape by virtue of its extreme 
flexibility and Supply heat to the objects with 
which it is thus associated when this heater iS 
energized. The alternating current paSSing 
through the conductors 101 in the Same direC 
tion sets up moving magnetic fields in the sur 
rounding coil -102 which becomes heated,thus 
converting the electrical energy Supplied to the 
conductors 101 into heat and raising the tem? 
perature ofthe coil 102. 
i? desireá6poit out thatelectric induc 

tion heating has heretofore been practically 
1imited to the production of high temperatures 
in Which the charge Was placed within a coil and 
the latter energized With an alternating current 
of very high frequencies. The present invention 
Operates with a charge placed externaly of the 
Conductor,in other Words,Surrounding the Same,2 
and with a relatively low frequency as it is de 
signed to operate of of ordinary domestic elec 
tric Systems from which alternating current of 
50 or 60 cyclesis delivered. It is also desired to 
point out that whereas large loSSes are Sufered 
in many uses 0f electricity through unwanted 
eddy currents,the present invention employs all 
of the eddy currents produced by the electricity 
in the production of heat and ali of the heat 
Soproducedisuseful,. 
The impedanCe Of the eddy Current heaters 

above described varies with the frequency of the 
applied voltage,that is,as the frequency of the 
applied voltage is increased,the voltage required 
to cause a given current to flow also increases. 
Further,the impedance is Substantially pure re 
sistance which causes the heater current to be 
essentially in phase with the applied voltage. 
This Characteristic is Weil SUited to the starting 
and regulating of the speed of wound rotor in 
duction motors, - - - - - 

Wound rotor motors are presently controlled 
by the connection of a resistor acroSS the ter 
minals of the rotor Winding and varying the 
portion of said resistor which is placed within 
the circuit as the requirements for resistance 
deCrease with the inCreasing speed of the rotor. 
This variation in resistance is obtained,by a 
Series of tap points on the resistor and a switch 
for Connecting one terminal of the circuit to a 
selected tappoint, 
Any of the eddy current heaters above de 

SCribed is adapted t0 be connected as a resistor 
in the Circuit Of a Wound rotor induction motor 
and when SO Connected accomplishes automati 
cally the Same change of resistance in the rotor 
Winding by the presence of a resistance element 
as above described. The automatic operation of 
the eddy current heater of this invention in this 
particular use,Without the necessity for any 
moving parts,results from the fact that the fre 
guency of the voltage appearing at the terminals 
Of the rotor Winding iS greatest When the rotor 
is Standing Still and gradually decreases to a 
minimum Value asthe rotor Starts to revolve and 
comes up to operating Speed,The resistance 
ofered by an eddy current heater in this use 
starts out with a high value when the rotor is 
stationary and then progreSSively decreases to a 
minimum value as the speed of the rotor in 
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6 
creases. Thus,the eddy current heater of our 
invention is admirably Suited for use aS a resistor 
in the starting and speed Control of wound rotor 
induction motOrs. 
The eddy current heater of this invention is 

als0 readily adaptable for use as a Starting re 
Sist0r for a SynChr0nOus mot0r Since the fre 
quenCy Of the WOltage appearing at the terminals 
of the field(rotOr)winding is of high value when 
the rot0r is standing still and decreases to Zero 
as the rotOr Speeds up to its operating Speed, 
One Of the eddy Current heaters of 0ur invention 
is thus adapted to be employed as a Starting 
resistor with a Synchronous motor and when so 
used Operates automatically and eliminates all 
of the switch mechanism at present necessary in 
the use of Standard resistors in the starting of 
Synchronous motors. 

Assemblies ofresistors,which comprisenothing 
more or less than plain resistance elements in 
Series,in which heat is generated in the con 
duct0r itSelf and dissipated therefrom into the 
air,are frequentlyused to absorb electricalpower 
When the latter is an unwanted byproduct of 
another operation,Such as in dynamic breaking 
of moving vehicles and rotating parts of ma 
ChineS,and in the dissipation of power gen 
erated during the testing of electricalgenerators 
under load,or in brake testing internal combus 
tion engines. For eficient use,such a resistance 
should be rugged,compact and capable of carry 
ing heavy electrical overloads without damage. 
The eddy Current heaters described herein pos 
SeSS theSe Characteristics,The external heat 
dissipating members of each of these heaters 
are Constructed of iron or steel and completely 
enClOSe all other elements thereof,It is further 
to be noted that the ratio of radiating surface to 
weight of the heat dissipating elements in the 
eddy Current heaters of our invention is rela 
tively high, 
These eddy current heaters are designed ex 

clusively to heat within what is known as the 
"black" range of temperatures,which is,to say 
that the iron or steel heat generating and dis 
sipating elements of the heater are never heated 
to atemperatureinwhich theseelements become 
red. In fact,the maximum temperatureattained 
in the operation of these heatersis around 400° 
F. while in most instances they normally operate 
within a range of from 100-200° F. 

Heretofore induction heating has been mainly 
confined to heat treating or fusing metals at 
temperatures above the Curie point,which is 
the temperature point above which the per 
meability of a ferrous metal falls to such a 1ow 
value as to gradually decrease the eficiency of 
the operation of heating this metalinductively. 
The range of temperaturesin which the pres 

ent invention operates being well below the Curie 
point,the magnetic material surrounding the 
conductors thereof always has a high perme 
ability value. The well-known principle of eddy 
Currents is thus brought into play wherein a 
varying magnetic field impinging upon a con 
ducting mass induces electric currents(so-called 
eddy Currents)in that mass,The fow of these 
Currents generates heat within the mass accord 
ingto Joules law,H=KI"Et. The intensityand 
distribution of the generated heat is a function 
of the intensity and distribution of the eddy 
Currents which in turn is a function of the con 
figuration,electrical resistivity,and magnetic 
permeability of the mass,and the intensity and 
distribution of the warying magnetic field. We 
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have found that surface temperatures and heat, 
dissipation rates ideally Suited to the objects of 
this invention may be secured by a proper Selec 
tion and proportioning of the above mentioned 
characteristics on which the eficient conversion 
of electricity into heat depends. 

It is further desired to point out that in the 
heater of our invention,the heating element is 
COmpletely Separated from the electrical con 
ductors thereof and this permits the complete 
inSulation of the Conductors and the enclosure 
of these On the inside of the heaters So that there 
is no possibility of any sparking taking place, 
thereby reducing the fire haZard of these heaters 
to an abSolute minimum and making their use 
praCtiCal in the preSence of highly infiammable 
gaSes and liquids,Another advantage which 
theSe heaters poSSess is that the heaters of our 
invention may be readily hosed of With steam 
or water with relatively little efort,and with 
Out any danger of impairing the insulation of the 
CirCuits thereof. - - 

What is claimed is: 
1. Tn an eddy Current heater the Combination 

of:a tube with a Solid,continuous wal of mag 
neticaliy permeable material, a plurality of in 
Sulated electric Conduct0rs cloSely Confined by 
and extending through Said tube lengthWise sub 
Stantialy paraliel with Saidtube,and means con 
necting to opposite ends of Said conduCtors for 
Supplying an alternating electric current there 
to and causing the same to pass through said 
COnduct0rs in series and in the same direction. 
·2. In an eddy Current heater the combination 
of:a pair of headers,a multiplicity of tubeseach 
haVing a Solid continuous Wall of magnetically 
permeable material Opp0site ends of which tubes 
are mOunted in Said headers,a plurality of in 
Sulated electric conductors closely confined by 
and extending througheach of saidtubes Iength 
Wise Substantially paralel with Said tube,and 
means for Connecting opposite ends of said con 
ductOrs in Said tubes for Supplying an alternat 
ing electric Current thereto to pass through said 
ConductOrs inseries and through all of said con 
ductOrs in each of Said tubes in the same di 
rection. - 

3. In an eddy Current heater the Combination 
of:a pair of tubular headers hermetically sealed 
at Opp0Site ends,a multiplicity of tubeseach hav 
ing a Solid continuous wall of magnetically per 
Ineable material opposite ends of which tubes 

are mountedin said tubular headersand welded 
t0 the latter to form a Completely closed uni 
tary Chamber Which combines the empty spaces 
Within Said headers and Said tubes,a plurality 
of inSulated electric conductors cloSely confined 
by and extending through eaCh of Said tubes 
1engthwise and substantialy parallel with said 
tube,means:completely enclosed within said 
chamber for connecting opposite ends of Said 
COnductors in Said tubes for Supplying electric 
Current to Said conductors Whereby Said Current 
Will paSS through Said Conductors in Series and 
through all of Said conductors in each of Said 
tubeS in the Same direction,there being a hole 
provided in a wall of one of said headers; elec 
tric lead Conductor means extending from the 
exterior of Said heater through said hole into 
Said Chamber and connecting with Said connect 
ing means; and rubber grommet means disposed 
Within Said hole to form a packing surrounding 
Said lead Conductor means and to insulate the 
latter from the header having Said hole, 

4. A COmbination as in claim 3 in which legs 
are provided on Said headers for holding Said 
heater in Vertical position and rendering Said 
heater portable. 

5. A Combination as in claim 3 in which said 
heateris adapted to lying horizontally on a floor 
and haVing a plate Which is united to Said head 
ers and t0said magnetically permeable tubes to 
provide a platform for a person to stand upon. 

6. A C0mbination as in claim 3 provided with 
Supporting brackets for fastening Said heater to 
a Wali, - 

ERANCES F. LERZA? 
EARL S. KNOX? 
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