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2 Claims 

ABSTRACT OF THE DISCLOSURE 
A method of heating articles made of nonmagnetic ma 

terial ?rst providing a thin layer of magnetic material on 
the workpiece and thereafter employing electric induction 
to heat the article. 

Background of invention 

There are many heating operations in which it is de 
sirable to use induction heating rather than some other 
form of heating. In induction heating, the induction coil 
acts as a transformer primary Winding while the article 
to be heated forms the secondary circuit. The alternating 
current passes through the induction-coil induces cur 
rents by transformer action in the secondary circuit, in 
cluding eddy currents. Heating results primarily from 
the PR losses in the secondary circuit, or article, par 
ticularly from the eddy current losses. The eddy current 
losses are generally concentrated near the surface of the 
secondary circuit and are commonly referred to as the 
“skin e?ect.” 
An induction heating system generally includes a high 

frequency AC generator connected to an induction coil. 
The induction coil may be a circular or an open or U 
shaped con?guration. In either case, the coil comprises a 
number of turns of wire or water-cooled tubing. It is 
apparent that an open or U-shaped coil will provide less 
inductive coupling to the secondary circuit than the cir 
cular coil. 

In the past, induction heating has been limited to those 
situations where the article to be heated was made of a 
metal, either a magnetic material or an electrically con 
ductive material. In the latter case, the good electrical 
characteristics of the material decreased the ef?ciency of 
induction heating and required greater power input and 
the more ef?cient inductive coupling provided by a cir 
cular coil. Since there are many operations where it is 
undesirable or physically impossible to place a circular 
coil around the apparatus to be heated or a coil had to be 
specially designed for a particular heating operation and 
in many cases left in place after heating was completed, 
some other less desirable method of heating has been 
used. 

It has been a particular problem in the past to solder 
electrical connections or braze a pressure seal around elec 
trical leads in a pass-thru sleeve (usually of copper) 
through a pressure vessel, particularly where work is per 
formed out in the ?eld, since the length of the electrical 
leads prevent the use of a circular coil and the conductive 
material secondary circuit for the induction heater pre 
vents or renders undesirable the use of a U-shaped coil. 
Where induction heating has been used, it has required 
relatively long heating times to reach brazing tempera 
tures and large power inputs. 

Summary of invention 

In order to overcome the limitations in the prior art 
noted above, it is an object of this invention to provide 
a method of induction heating which will e?iciently heat 
nonmagnetic material. 

It is a further object of this invention to provide a 
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method of inductive heating which will e?iciently heat 
electrically conductive material. 

Various other objects and advantages will appear from 
the following description of one embodiment of the in 
vention, and the most novel features will be particularly 
pointed out hereinafter in connection with the appended 
claims. 

This invention comprises a method of heating nonmag 
netic material by the steps of ?rst plating the material 
with a layer of magnetic material, thereafter position 
ing an induction coil in inductive relationship with the 
material and energizing the coil. 

Description of the drawings 
The accompanying drawings illustrate the application 

of the present invention, as it may be employed with ref 
erence to a hollow member, wherein: 
FIG. 1 is a perspective view of a pass-thru sleeve in in 

ductive relationship with a U-shaped induction coil; and 
FIG. 2 is a cross sectional view of the pass-thru sleeve 

of FIG. 1 along line 2—2. 

Detailed description 

The applicant has discovered that a nonmagnetic article 
or workpiece can be e?iciently heated with an inductive 
coil heating system if there is ?rst applied a thin layer of 
magnetic material on the surface of the workpiece. It 
has been found that the layer of magnetic material pro 
vides good inductive coupling and sustains high 12R losses. 
Further, the magnetic material has good heat conduct 
ing properties and readily conducts the heat generated 
therein to the workpiece. It is preferred that the magnetic 
layer be applied or plated on the article, e.g., by electro 
plating or some other form of plating which will provide 
good heat conduction between the magnetic layer and 
the article. 

This invention can be utilized to heat e?iciently any non 
magnetic article or workpiece. The article is ?rst coated on 
the outer surface thereof with a layer of magnetic ma 
terial. The article can be coated on all surfaces but for 
the purposes of this invention description, the working or 
heating surface is the outer surface for all practical pur 
poses due to the “skin effect.” An induction coil, either 
circular or U-shaped, is thereafter positioned in inductive 
relationship with the workpiece and connected to a 
source of alternating current, such as a high frequency 
generator. When energized by the alternating current 
source, the induction coil induces electric currents in the 
article (if it is electrically conductive) and the layer of 
magnetic material. Due to the “skin effect,” the eddy 
currents losses are concentrated in the magnetic material 
layer imparting heat to the magnetic material which in 
turn imparts heat by conduction to the article. If the ar 
ticle to be heated is a nonconductor, all currents will be 
induced in the magnetic material layer. 
The invention can be practiced on any nonmagnetic or 

nonconductive material such as copper, aluminum or 
stainless steel or even to cure or heat a plastic article 
using a layer of any magnetic material disposed thereon 
such as iron or steel, though iron is preferred since it has 
greater heat producing magnetic and electric losses. As 
noted above, the induction coil can be either circular or 
U-shaped depending on the con?guration and acces 
sibility of the workpiece. A circular coil is generally more 
eiiicient and preferred, however, the improved inductive 
coupling provided by the magnetic material layer enables 
the e?icient use of a U-shaped coil in many applications. 
The drawings illustrate one application of this invention 

where a circular coil could not conveniently be used be 
cause of the con-?guration of the article or workpiece and 
associated apparatus. It is apparent that any article, either 
solid or hollow, can be heated by this invention and the 
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description below is not intended to limit the invention 
to the disclosed article or article con?guration. 

In FIGS. 1 and 2, a conventional pass-thru sleeve 10 
acts as a single turn secondary winding to U-shaped induc 
tion coil 12. Coil 12 is connected to a high frequency 
power supply 13. Sleeve 10 comprises a generally cylin 
drical member 14 which has been plated in any con 
ventional or suitable manner with a thin magnetic layer 
16. Magnetic layer 16, in FIG. 2, has been shown for pur 
poses of illustration as having an exaggerated thickness. 
For purposes of this invention, the magnetic layer de 
sirably need not be thicker than about 0.03 inch. A plural 
ity of electrical leads 18 pass through sleeve 10 into a 
pressure vessel (not shown). Brazing alloy can be posi 
tioned in a manner well known in the art within sleeve 
10 so that the brazing alloy will melt when heated to the 
brazing temperature and ?ll the interstices 20 between 
leads 18 and the interior of sleeve 10 to form a pressure 
seal therein upon cooling. 
Member 14 is usually a nonmagnetic material such as 

copper or stainless steel_ Layer 16 is a magnetic mate 
rial such as a form of iron. If it is desired, magnetic layer 
16 may be removed after brazing in any suitable manner 
such as by etching, abrasion, etc. The brazing alloy can 
be a lcad‘tin solder or any commonly available brazing 
alloy such as a silver brazing alloy (45% silver, 15% 
copper, 16% zinc, 24% cadmium) which has a brazing 
temperature of about 1200° F. 

In order to braze leads 18 to the interior of sleeve 10 to 
provide a pressure seal, coil 12 is energized by power 
supply 13 thus inducing secondary and eddy currents in 
member 14 and layer 16. Due to the “skin effect” most of 
the eddy currents and consequently the PR losses are 
in layer 16. The resulting heat generated in layer 16 is 
conducted through member 14 to the brazing alloy and ‘ 
leads 18. 
By way of example, a copper pass-thru sleeve without 

a magnetic material layer was heated to the brazing alloy 
temperature of about 1200° F. with conventional circular 
and U-shaped induction coils using about the same power 
input for each test and the results compared with the 
method of this invention. A circular induction coil took 
a total of 2 minutes and 10 seconds to melt solder and 
braze the leads to the copper sleeve while the U-shaped 
induction coil was unable to heat the sleeve and solder to 
a brazing temperature after more than 3 minutes in a 
similar copper sleeve. With the present invention, a circu 
lar induction coil took a total of only about 8 seconds 
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to melt solder and braze the leads to a copper sleeve hav 
ing a magnetic material layer, while a U-shaped induc 
tion coil took a total of about only 15 seconds to melt the 
solder and to braze the leads to a similar copper sleeve 
having a magnetic material layer. 

If it is desired to heat only a selective portion or part 
of an article or workpiece, the surface of the article in 
juxtaposition with the portion or part to be heated can 
be plated in any conventional or suitable manner with a 
thin magnetic layer. When an energized induction coil is 
placed adjacent the magnetic layer the selected portion 
or part of the article will be heated, generally to the exclu 
sion of adjacent portions or parts. 

It will be understood that various changes in the details, 
materials and arrangements of the parts, which have been 
herein described and illustrated in order to explain the 
nature of the invention, may be made by those skilled in 
the art within the principle and scope of the invention as 
expressed in the appended claims. 
What is claimed is: 
1. A method for inductively heating and sealing a 

copper sleeve having a plurality of electrical leads there 
through comprising the steps of: 

(a) applying a layer of magnetic material on the sur 
face of said sleeve, 

(b) applying fusible metal to the interior of said sleeve, 
(c) positioning inductor coil heating means adjacent 

said sleeve, and 
(d) energizing said inductor coil. 
2. The method of claim 1 in which said sleeve is an 

nular and said inductor coil is U-shaped. 
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