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ABSTRACT OF THE DISCLOSURE 
A transformer includes boron nitride sheets inter 

spersed between adjacent winding layers and extending 
longitudinally to the housing to provide a medium for the 
longitudinal transfer of heat. 

This is a continuation-in-part of my application, Ser. 
No. 402,400, ?led Oct. 8, 1964, entitled “Power Trans 
former,” now abandoned. 

- In small transformers the surface area is relatively large 
compared to the overall volume, and hence cooling by 
radiation and natural air convection are generally su?i 
cient to keep the operating temperature below that which 
would otherwise deteriorate the winding insulation. As 
the size and k.v.a. rating of the transformer increases, 
however, the surface area increases at a slower rate than 
that of the volume and some means must be employed to' 
accelerate the‘heat dissipation. ' 

In many‘ cases paper or some equivalent organic ma 
terial, frequently impregnated with a liquid such as oil, 
have been employed in transformers for insulation and 
for heat dissipation. Oil is a far better heat dissipator than 

‘ the treated paper compound and has therefore been used 
for higher power transformers. However, even where oil 
is practical, several of its inherent characteristics require 
compensation and safeguards. For example, heating of the 
core leads to evaporation loss of the oil; moisture dras 
tically reduces oil’s efficiency; thermal expansion of oil 
stresses the casing; the low-?ash point of oil creates a ?re 
hazard (which precludes its use in many areas); poor 
thermal conductivity of oil requires its circulation (natural 
or forced); and its liquidity requires careful and hermetic 
sealing of all joints to prevent the exit of the oil and the 
entrance of moisture. 

, Accordingly, it is an object of this invention to devise 
transformers which exhibit few, if any, of the disadvan 
tages of transformers employing treated paper compounds 
or oil-?lled structures. 

-It is a further object of this invention to improve the 
e?iciency and/ or volumetric requirements of transformers 
generally regardless of their size or power-handling capac 
ity. 

In accordance with this invention, boron nitride (BN) 
in sheet or ?lm form is employed as a spacer between the 
current-carrying coils of transformers; and, as will be 
pointedlout more fully later, the length of the sheet or 
?lm is made so large that it will also provide good ther 
mally-conductive contact with the transformer casing or 
housing. So designed, it will convey coil-generated heat 
to the casing or housing to dissipate the heat. BN ma 
terial has exceptional properties for the above-noted func 
tion in that it exhibits, among other properties, relatively 
high thermal conductivity, which is superior to that of oil 
and treated paper compounds, and has relatively high di 
electric strength, comparable to, and indeed better than, 
the best of oil and paper compounds. 

In carrying out this invention, BN in sheet or ?lm form 
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of sufficient length may be inserted between adjacent coils 
of wire to freely dissipate heat generation and accumula 
tion and, in order to expand further the dissipation of 
heat generated by the coils, the BN material will be 
caused to make direct contact with the transformer casing 
which itself is usually a good heat conductor and radiator. 
The BN material will “soak up” the heat generated by the 
?ow of current through the coils and freely conduct the 
heat from the coils to the casing (and to its ?ns). The 
dissipation will be highly effective even against heat pro 
duced by the lower-most layers of coils—which in con 
ventional structures retain the highest temperatures. 
As an outstanding feature in the use of sheets of BN 

conductively connected to the casing, this invention will 
involve a transfer of heat from the coil heaters to the 
casing not only radially in the conventional manner (from 
coil layer to coil layer) but much more importantly, the 
heat will also be transferred axially, i.e., it will be chan 
nelized along the sheet materials to the casing proper. 
The longitudinal transfer along the BN material will be 
much greater and more effective than the radial heat 
transfer normally encountered but the radial transfer will 
itself be enhanced by the use of BN, and will result in a 
sharp increase in the overall et?ciency of the transformer. 

In order to brie?y explain the basic elements of the in 
vention, it may be applied, for simplicity of explanation, 
to cylindrical paramagnetic cores as follows: a ?rst sheet 
of BN material, say BN material woven into a tubular 
shape or otherwise formed into a cylindrical tube, will be 
slid over the outer surface of the core; then a ?rst layer 
of windings (i.e., a coil of flat or circular wires) will be 
wound helically immediately adjacent to the ?rst BN 
sheet; then a second sheet of tubular BN material, of 
somewhat larger diameter, will be slid over the ?rst coil 
layer, then a second coil of wire will be wound about 
the second BN sheet; and so on for as many layers of 
sheets and coils as desired. The sheets may have any 
desired thicknesses to meet the design requirements of 
the construction. The BN sheets, so formed into con 
centric tubes, preferably will be made su?iciently longer 
than the overall length of the coils so that the over 
hanging portions of the sheets may be brought into direct 
physical contact with each other and with the casing. This 
contact will enable generated heat to travel axially, i.e., 
along the BN sheets, relatively rapidly, to be dissipated 
by the casing. 
The above mentioned and other features and objects 

of this invention and the manner of attaining them will 
become more apparent and the invention itself will best 
be understood by reference to the following description of 
embodiments of the invention taken in conjunction with 
the accompanying drawings wherein: 

FIG. 1 illustrates schematically a perspective of a por 
tion of a transformer which may constitute one embodi 
ment of this invention as applied to a core construction 
which is of a square or rectangular cross-sectional shape; 

FIG. 2 illustrates a broken perspective of the core con 
struction when used with coil windings and BN sheet ma 
terials in the practice of the invention; 

FIG. 3 shows a top cross-sectional view of the con— 
struction of one form of the transformer arrangement 
taken along line 3—3 of FIG. 2; 

FIG. 4 shows the .shape of a form of the BN sheet ma 
terial which may be used in this invention; and 

FIG. 5 shows a perspective of one form of arrangement 
for providing good thermal contact between sheet BN 
materials and the casing. The ?gures are merely illustra 
tive and are not drawn to scale. Like reference characters 
are used throughout the drawing to represent like parts. 

Referring to FIG. 1 of the drawing, there may be seen 
a three-legged iron core construction, shaped in the form 

r of a ?gure 8, which may be used in this invention. 
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The FIG. 1 construction shows the central leg of the core 
arranged with one sheet of BN material labeled S1 which 
is wrapped circumferentially around the outer surface of 
the central core; a ?rst coil W1 helically wound about the 
?rst BN sheet S1 and therefore around the central core 
CO; a second sheet of BN material designated S2, which 
is positioned around the ?rst coil W1 and therefore also 
wrapped around the common core CO; a second coil W2 
helically wound above and about the second BN sheet 
S2 and so on. As will be apparent, additional layers of 
coils and sheets (not shown) may be surmounted one upon 
another over the common core, according to this inven 
tion, so as to provides a su?‘icient number of turns to meet 
the design requirements of the transformer. The construc 
tion just referred to will be enclosed in an appropriately 
shaped casing K (shown in FIG. 5), which is preferably 
made of good heat-conducting material, and the casing K 
may also include a plurality of ?ns F to increase the heat 
dissipating ability of the apparatus. 

It will be apparent that the coil W1 may be the primary 
winding of the transformer and A1 and A2 its terminals, 
and the coil W2 its secondary winding and B1 and B2 its 
terminals. Many more such coils are contemplated for 
typical transformer constructions. However, if there were 
a plurality of coils included in the construction, some of 
these, preferably the innermost coils of a predetermined 
number, would be interconnected with each other to con 
stitute the primary winding while the remaining coils 
would be interconnected with each other to constitute the 
secondary winding, as will be obvious to those skilled in 
the art. 
As already suggested in regard to the construction such 

as that shown in FIG. 1 employing a plurality of current 
carrying coils, the generated heat must be dissipated for 
the ei?cient operation of the transformer. This is accom 
plished in this invention by the employment of the sheets 
of BN material S1, S2, S3, etc., which are so designed and 
oriented as to fairly directly dispose of the heat. These 
sheets are good thermal conductors and also exhibit excel 
lent dielectric characteristics as already explained, and 
they serve to speedily conduct heat generated by the ad 
jacent coils along the lengths of the respective BN sheets 
to the common casing K to which they are intimately con 
nected. Hence the casing K and its ?ns F of FIG. 5 will 
serve as heat sinks to radiate heat supplied to them lon 
gitudinally along the several BN sheets. Any type of con 
struction may be employed to establish good thermal con 
tact between the sheet materials and the casing. 
The BN sheets are preferably elongated so that they are 

much longer than the overall length of the core construc- , 
tion, and it is this surplus of sheet material that serves to 
make physical contact with the inner surface of the cas 
ing K, as shown in FIG. 5. The free ends of the .sheets 
preferably may be bunched or tied together so as to in 
crease the overall thickness of the several heat conductors 
at the exit to the sink. Thus, they jointly cooperate to in 
crease conduction of heat away from the coils. 
The wires composing the coils may be of any desired 

cross-section, circular or square or otherwise, and the 
wires may be ordinary insulated wires of any well-known 
type. On the other hand, the wires may be bare copper or 
aluminum or other conductors, in which case insulation 
for the wires would be provided in order to minimize short 
circuiting potentialities. Such insulation may be effected 
by sputtering boron nitride in whatever form over the 
outer surfaces of the wires. As another alternative, boron 
nitride powder composed, for example, of boron nitride 
particles of 5 to 100 microns, may be inserted into the 
voids between the core structure and the lowermost coil 
W1, and between each boron nitride sheet, such as S1, and 
the adjacent coils, W1 and W2, etc. Boron nitride powder 
or wire sputtered with boron nitride, when used along 
with boron nitride sheets, would considerably enhance the 
thermal distribution properties of the transformer con 
struction. 
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FIG. 2 is furnished merely to show a perspective of 

part of the inner laminated core construction CO, the 
coils W1, W2 and the BN sheets 8;, S2, S3, etc. The sheets 
5;, S2, S3, etc., although separated from each other, may 
be joined together for a considerable distance at or near 
their free ends (see FIG. 5) to increase their heat carry 
ing capacity so that they may transfer the heat rather 
freely to the casing K and there dissipated. The boron 
nitride sheets may be thin layers or ?lms of 5 to 15 mi 
crons thick, or indeed they may be sheets of considerably 
greater thicknesses, up to at least one-quarter of an inch. 

FIG. 3 shows a partial cross-sectional view of the 
laminated core and related construction for a square type 
of core, showing the BN sheets S1 and S2 butted and the 
coils W1 and W2. It will be observed that all of the com 
ponents have a common center. 

FIG. 4 shows a preferred layout of a sheet of BN ma 
terial which may be used in the above-noted construc 
tions for a core arrangement which is square or rectangu 
lar in cross-section. The spacings w1 may be approxi 
mately equal to the overall width of the core or coil over 
which the sheet is to be applied. The widths W2 may be 
somewhat longer than the width W1 if the sheet is to be 
lapped. The length 11 of the central segment of the sheet 
may approximately equal the overall length of the coil 
construction. The lengths l2 and 13 should be suf?cient to 
enable the ends of the sheets to be fastened‘ together if 
desired and then joined to the inner surface of the trans 
former casing to provide good thermal contact there 
with. Naturally, the widths wz would be shorter as shown 
if a butt connection is desired for the sheets. 
FIG. 5 shows a perspective of the general transformer 

combination. It will be observed that the elongated strips 
of the various sheets, such as S1, S2, etc., are arranged 
in physical contact with each other and together are 
brought into intimate physical contact with the inner 
surface of the outer casing K. The casing K and its ?ns 
F provide the heat sink. 
The high thermal conductivity of a BN sheet as above 

described, its high dielectric strength and also its low 
thermal coe?icient of expansion render this material 
especially suitable for efficient transformer construction. 
These properties combine to make available a transform 
ers which is much smaller than conventional trans 
formers of the same or even substantially higher power 
rating. A transformer constructed in accordance with this 
invention may be overloaded to a high degree without 
undergoing decomposition. Its weight is relatively light 
and, when manufactured even in small quantities, the cost 
of manufacture will be low. Signi?cantly, it completely 
avoids any ‘organic or other readily decomposable ma 
terials. Hermetical sealing becomes unnecessary. The 
above-noted properties are suitable for all ranges of trans 
formers no matter what the rated power, but are espe 
cially valuable in higher power ratings. 
While pure BN is a practical material to carry out this 

invention, the material may be manufactured with liquid 
or solid additives, if desired, to enhance the several ad 
vantageous properties without degrading effects. The BN 
material may have a very high purity, such as 90 to 100 
percent pure BN material. 

While this invention has been shown and described 
with reference to a transformer, the general principles of 
this invention may equally be applied to any other forms 
of electromagnetic structures, especially coils which gen 
erate heat and including loading coils. 
The sheets of BN may be made in a polymer form, 

that is, similar to the forms of Te?on. Such materials 
would have maximum densities. Such a material yields a 
very high degree of purity and renders such materials 
especially suitable for this invention. On the other hand, 
woven sheets may be made with varying densities, that 
is, loose or tight weaves. Such woven sheets, lacking the 
higher densities, would have lower thermal conductivity 
as well as reduced dielectric strength. A transformer 
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utilizing low density sheets might preferably be evacuated 
to minimize breakdown possibilities. 

While this invention has been shown and described in 
certain particular embodiments merely for the purpose of 
illustration, it will be vunderstood that the general prin 
ciples of this invention may be applied to other and 
widely varied organizations without departing from the 
spirit of the invention and the scope of the appended 
claims. For example, while one type of heat sink arrange 
ment has been shown and described, it would also be 
possible to group the sheet ends and lead them to radiat 
ing towers appended to the conventional cylindrical con 
struction. Further, the casing may abut the core portion of 
the transformer, i.e., the center of the outermost sheet of 
BN, so that the central portion of the sheet will be in 
direct physical contact with the casing. In that way, good 
thermal dissipation will also be provided from the central 
portions of the core, i.e., in a radial direction (inde 
pendently of the elongated terminal portions). Hence 
radial thermal emission from sheet to sheet will also be 
dissipated by the casing. 
What I claim is: 
1. A transformer comprising: a core; a pair of wind 

ings mounted on said core; an elongated sheet of boron 
nitride interposed between said windings; and a housing 
enclosing said core, said windings and said sheet; said 
sheet being fastened to said housing to provide a me 
dium for the longitudinal transfer of heat from said 
windings to said housing. 

2. A transformer according to claim 1 in which a 
second elongated sheet of boron nitride is interposed 
between said windings and said core and is also fastened 
to said housing to provide a longitudinal heat transfer 
medium. 

3. A transformer according to claim 1 in which pow 
dered boron nitride is ?lled into the spaces between the 
windings and the sheet. 

4. A transformer according to claim 1 in which boron 
nitride material is sputtered on the surfaces of said 
windings. 

5. A transformer comprising: a core; a plurality of 
coils of wire some forming a primary winding and the 
others a secondary winding; a plurality of elongated 
sheets of boron nitride each of a length which exceeds 
the length of the coils, each sheet being inserted be 
tween two adjacent coils; a casing enclosing said trans 
former and having a good conductive connection to all 
sheets of boron nitride; whereby heat generated in said 
coils will be transferred longitudinally to said casing 
and ‘dissipated. 

6. A transformer according to claim 5 in which boron 
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nitride powder is ?lled into the spaces betwen said coils, 
said core and said casing. 

7. In a transformer of the type including at least one 
multilayer coil wound upon a core of paramagnetic 
material and an external heat sink for carrying away coil 
and core heat, the improvement comprising: electrically 
insulating thermally conducting inorganic sheets inter 
posed in the coil layers and separating them one from 
another, said sheets extending from said coil layers and 
being thermally coupled to said heat sink. 

8. The transformer claimed in claim 7 wherein said 
electrically insulating thermally conducting inorganic 
sheets comprising boron nitride. 

9. In an electromagnetic structure including a coil 
wound upon a core of paramagnetic material and an ex 
ternal heat sink for carrying away coil and core heat, 
the improvement comprising: electrically insulating ther 
mally conducting inorganic sheets, one of which sepa 
rates the coil from the core and another of which sepa 
rates the coil from the sink, said sheets being thermally 
coupled to said heat sink. 

10. An electromagnetic structure according to claim 
9 in which the sheets therein recited are composed of 
boron nitride over 90% pure. 

11. An electromagnetic structure according to claim 
9 in which the sheets transfer heat both radially and 
longitudinally to the heat sink. 
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