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This invention relates to induction heaters and 
has for its object to provide aheater of this type 
having a predetermined power factor and eiil 
ciency. 

It has long been known and use has been made 
of the fact that where alternating current is ap 
plied to a coil wound around a cylindrical metal 
lic container that eddy‘ currents will be induced 
in the walls of the container, the heating eiiect 
of which can be employed for useful purposes. It 
has further been known that when the container 
is made out of a magnetic material such as iron, 
the size of induced currents and thereby the 
heating effect are much improved so long as op~ 
crating temperatures are such that the container 
remains magnetic. 

Devices of the type described have, in general, 
a low power factor and other undesirable operat 
ing characteristics. 
that an improvement in power factor can be se 
cured by surrounding the magnetic core of the 
device with a single turn secondary winding in 
the form of a non-magnetic but electrically con 
ducting ‘sheath. 
While it has been known that a non-magnetic 

low resistance sheath such as described above 
will improve the power factor of an induction 
heater, we have discovered that this improvement 
in power factor may be accompanied by certain 
undesirable features. The principal object of 
this invention is to teach the method of choosing 
the sheath resistance according to principles 
which we have discovered so that the undesirable 
features may be avoided. 
More speci?cally the objects of this invention 

are to teach the choice of sheath resistance 
either for maximum electrical efficiency, or for 
maximum secondary power or for the best pos 
sible combination of e?iciency and power factor. 
Other objects and advantages will become more 

fully apparent as reference is had to the accom 
panying drawing wherein my invention is illus 
trated, and in which: 

Fig. l is a diametric longitudinal section 
through an induction heater, shown for demon~ 
strative purposes, and 

Fig. 2 is an end view of the heater of Fig. 1'. 
More particularly, I indicates a metallic core 

through which, or in which, a fluid, viscuous or 
solid material, to be heated may ?ow or be con 
tained. The core may vary in thickness of side 
walls to the point of being solid and may have 
any desired or given exterior shape, but is here 
illustrated as being round. 
The core I may be of iron, steel or the like 

It has been known, however, ' 

and is covered by a thin sheet of non-magnetic 
but electrically conducting material, which acts 
as a single turn secondary winding. It has been 
previously practiced to apply a coating of copper 
to the core I, however, as will be demonstrated, 5 
this coating should have a greater electrical re 
sistance than is offered by copper and is prefer 
ably made of a material such as brass. This 
sheath may be made of a thin sheet such as foil 
and may be wrapped ‘and soldered or coated by 
electrolysis or installed by any other suitable 
method. 
Enveloping the sheath 2 is an electrically in 

sulating material 3 and wrapped therearound is 
a multiplicity of turns of wire 4 constituting the 
primary winding, one end of which is connected 
to a source of current supply 5, grounded at 6 
and the other end of which is grounded at 1. 
An induction heater of this type was con 

structed in which the primary consisted of 400' 20 
turns of #14 wire, the construction being such 
that the sheath 2 thereof could be removed and 
replaced by others. Thus it was possible to vary 
the secondary sheath resistance without chang 
ing any of the other heater constants. 

Three types of experiments were conducted 
with this heater. In the ?rst experiment no 
sheath was used and secondary heating currents 
were induced in ‘the magnetic portion of the sec-‘ 
ondary. This arrangement attached to 100 volts 
produced a secondary heating power of only 600 
watts at a power factor of .695 and an e?iciency 
of 95%. ' ' - 

In the next experiment the old practice of 
making the secondary resistance as low as pos 
sible was followed. A low resistance secondary 
sheath made frommcopper was used for this ex 
periment and the arrangement produced 3220 
watts of heating power at a power factor of 0.895 
and an efficiency of 71%. Thus, as older practice 
predicted, the heating power was increased and 
the power factor much improved by the use of 
the sheath, however, the e?iciency is low. 
In the third experiment a brass sheath was 

used having its resistance chosenaccording to 
our principle of ‘combining high efficiency and 
high power factor. This sheath had a resistance 
about 10 times as great as that used in the sec 
ond experiment. This arrangement produced a 50 
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secondary heating power of 1900 Watts with an 
e?iciency of 89.5% and a power factor of 0.97. 
These results indicate a substantial improvement 
in power factor and e?iciency by the use of a 
relatively high resistance sheath-a result con 
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2 
trary to that which would be predicted by the 
teachings of previous investigators. 
As a result of numerous experiments and cal 

culations the following conclusions were estab 
lished. 
To obtain maximum electrical e?iciency from 

an induction heater we have discovered that the 
secondary resistance should be chosen according 
to the equation 

where T2 is the resistance of the sheath and wL: 
is the secondary inductive reactance. 
To obtain maximum secondary power from a 

heater regardless of the e?iciency and power 
factor the sheath resistance should be chosen 
according to the equation 

Bil - 
2'1‘ . 

is the ratio of primary inductive reactance to 
primary resistance and the coupling factor=1. 
To construct a heater which will exhibit the 

best ‘possible combination of e?‘iciency and power 
factor-that is, high e?iciency and high power 
factor the sheath resistance should be chosen 
according to the equation 

“ WLg 

’’ (EL * 
1'1 

To construct a heater which will provide the 
highest secondary heating power at the best effi 
ciency possible the secondary resistance should be 
chosen according to the equation 

It is to be understood the values of r: de?ned 
by the above equations are not excessively critical 
and that the value of sheath resistance may de 
part to some extent from the value predicted 
by any one of the above equations by a reasonable 
extent without seriously affecting the operation 
of the heater for the purpose desired or depart 
ing from the‘spirit of our invention. 
The principles of our invention will apply to 

any induction heating device having any arrange 
ment of its component parts whatsoever as long 

where 

‘as the arrangement ful?lls the condition that 
current flowing in the part designated as the 
primary will induce heating currents in the part 
designated as the secondary and the secondary 
is composed of a magnetic and a non-magnetic 
portion. 
What is claimed is: 
1. In an induction heater, a primary portion 

and a secondary portion, said secondary portion 
comprising a magnetic portion and a non-mag 
netic portion, the resistance of said non-magnetic 
portion being substantially equal to the induc 
tive reactance of said secondary portion. 

2. In an induction heater, 2, primary portion 
and a secondary portion, said secondary portion 
comprising a magnetic portion and a non-mag 
netic portion, said non-magnetic portion being 
composed of brass and having an electrical re 
sistance substantially equal to the inductive re 
actance of said secondary portion. 
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3. An induction heater composed of a core of 

magnetic material, a primary winding around 
said core, and connected to a source of electric 
current'supply, and a single turn secondary wind 
ing between said core and said primary winding, 
said secondary winding being in the form of a 
non-magnetic electrically conductive sheath and 
having a resistance substantiallyequal to the 
secondary inductive reactance divided by the 
square root of the ratio of the primary inductive 
reactance and the primary resistance squared 
plus 1. 

4. An induction heater comprising a primary 
winding and a secondary winding, said secondary ~ 
winding being composed of non-magnetic, elec 
trically conductive material and having a re 
sistance substantially equal to the secondary in 
ductive reactance divided by the cube root of the 
ratio of primary inductive reactan‘ce to primary 
resistance. 

5. An induction heater composed of ‘a comet 
magnetic material, a primary winding around 
said core, and connected to a source of electric 
current supply, and a single turn secondary 
winding between said core and said primary 
winding, said secondary winding being in the 
form of a non-magnetic electrically conductive 
sheath and having a resistance substantially 
equal to the secondary inductive reactance di 
vided by the cube root of the ratio of Primary 
inductive reactance to primary resistance. 

6. The method of designing the secondary of an 
induction heater for maximum electrical e?l 
ciency comprising a magnetic and a nommagnetic 
portion which consists in selecting the resistance 
of said non-magnetic portion such that it is sub 
stantially equal to the reactance of said sec 
ondary. 

7. The method of designing for maximum sec 
ondary power an induction heater having a sec 
ondary composed of a magnetic and non-mag 
netic portion which consists in selecting the re 
sistance of said non-magnetic portion according 
to the formula 

W 

11 

where m is the resistance of said non-magnetic 
portion, 1.0L: is the secondary inductive reactance, 

L111 
1'1 

is the ratio of the primary inductive reactance 
to the primary resistance. 

8. The method of designing for the best pos 
sible combination of efficiency and power an in 
duction heater having a secondary composed of a 
magnetic and a non-magnetic portion which con 
sists in selecting the resistance of said non 
magnetic portion according to the formula 

where r: is the resistance of said non-magnetic 
portion, wLz is the secondary inductive reactance 
and 

1'1 

is the ratio of the primary inductive reactance 
to primary resistance. 
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