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This invention relates to electric coils and
more particularly to an improved method of in-
sulating such coils.

Multi-Tayer electric coils usually have spacing
means of solid insulation between the conductor
layers. This co-called layer insulation usually
extends beyond the edges or margins of the con-
ductor layers it separates so as to increase the
creepage distance between those layers. A com-
paratively recent way of treating coils, especially
relatively small coils such as are used in the com-
munication and control fields as distinguished
from the electric power consumption and distri-
bution fields, so as to improve their dielectric and
mechanical properties is to impregnate them
with a polymerizable material containing no
volatile solvent. The impregnation is made very
complete by a vacuum-pressure process and the
material is then polymerized by means of heat
into a rock-hard, strong, stable, void-free and
water-resistant matrix in which the conducting
and insulating layers are solidly embedded.
However, the above described thermosetting
material, which for the sake of brevity will here-
after be referred to as solventless varnish, has a
tendency to shrink when ‘it hardens and this
shrinkage often produces minute cracks which
usually start at the layer insulation and some-
times extend out to the margins of the matrix,
the cracks following the contour of the layer in-
sulation. Consequently, it has heretofore been
hecessary to extend the margins of the insulai-
ing matrix considerably beyond the margins of
the conductor layers so as to provide adequate
creepage distance through the cracks between
the margins of the conductor layers and the
margins of the coil or matrix. This abnormally
" wide coil margin results in an uneconomical de-
sign which for certain applications, such as pulse
transformers, is also inefficient. Furthermore,
the cracks provide a path for moisture to pene-
trate into the interior of the coil and thus fur-
ther reduces its dielectric strength.

In accordance with this invention the crack-
ing of the matrix at the layer insulation is elimi-

nated, thus making it possible substantially to .

reduce the width of the coil margins so as to
provide a shorter and more efficient coil of
equivalent dielectric strength. This is accom-
plished by extending the margins of the layer
insulation a substantial distance beyond the
edges of the conductor layers and then folding
the extended margin of the layer insulation up
and back over the top conductor layer. In this
way any crack following the contour of the layer
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insulation will in effect be doubled back on itself
and will be turned inwardly instead of outwardly
toward the coil margins. However, the tendency
toward cracking at the margins of the layer in-
sulation is practically eliminated because the
margin of the layer insulation now extends radi-
ally instead of axially as heretofore, and the layer
insulation is mechanically much stronger in di-
rections along its surface than in a direction per-
pendicular to its surface.

An object of the invention is to provide a new
and improved insulated. electric coil.

Another object of the invention is to provide a
new and improved layer insulation for coils which
have been impregnated in polymerized solvent-
less varnish.

A further object of the invention is to provide
a new and improved method of insulating an
electric coil.

Still another object of the invention is to pro-
vide a new and improved method of preventing
cracks in the polymerized solventless varnish in
which a multi-layer coil is embedded.

The invention will be better understood from
the following description taken in connection
with the accompanying drawing and its scope
will be pointed out in the appended claims.

In the drawing Fig. 1 is a part sectional view
of an electrical apparatus having two coils con-
structed in accordance with the present inven-
tion, Fig. 2 is an end sectional view of one of the
coils shown in Fig. 1 taken on line 2—2 thereof,
and Fig. 3 is a sectional view illustrating the
principal step in practicing my novel method.

Referring now to the drawing and more par-
ticularly to Fig. 1, there is shown therein by way
of example a pulse transformer of the type
which is used in high frequency.communication
circuits. This transformer is shown as compris-
ing a two-legged magnetic core | on the respec-
tive legs of which are mounted duplicate coils
2 and 3. As these coils are duplicates, only coil
2 will be described in detail. This coil consists of
an inner spool 4 of solid insulating material on
which is wound an inner conductor layer or
winding § which may be the low voltage primary
winding of the pulse transformer and thus is
shown as having relatively few turns of rela-
tively large cross section conductor. Over the
inner conductor layer 5 is wound an outer con-
ductor layer which may be the high voltage sec-
ondary winding of the transformer and which is
shown as having a relatively large number of
turns of relatively small cross section conductor.
The layers § and 6 are separated by layer in-
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sulation 7 which may consist of several layers of
paper, preferably crepe paper. The ends or mar-
pins of this layer insulation are folded outwardly
and back over the edges of the outer layer as
shown at 8. The entire coil is insulated and in-
tegrated by solid homogenous insulation 9 which
was originally liquid and in which the various
coil parts have been impregnated prior to hard-
ening of the insulation. _

The reason it is preferable to Use crepe paper
for the layer insulation 7 is that as the margins
of the layer insulation are bent outwardly its ra-
dius is increased, and therefore, its circumference
will have to increase and this can only be ac-
complished by stretching of the layer insulation
or else by slitting it in & number of places. How-
ever, it is preferable to use material which will
streteh rather than slitting inelastic material be-
cause the slits will tend to produce weaknesses
in the insulation. Furthermore, once the out-
wardly bent margins have moved past the radial
plane of the coil, the resilience of the crepe paper
will contract the folded over ends 8 and hold
them snugly against the outer surface of the
outer conductor layer 8. ‘

Fig. 2 shows how the layer insulation 1 extends
311 around the coil between the conductor layers
% and § and how it is folded outwardly so as to
enclose the ends of the outer conductor layer 1.

Fig. 3 shows how the edges or margins of the
layer insulation 7 .are formed. First the layer
insulation may be wound several times around
the inner conductor layer § so as to produce a
laminated cylinder of solid insulation. The
length of this cylinder is substantially in excess
of the length of the conductor layers. Affer the
outer conductor layer 6§ has been wound on, the
protruding margins of the layer insulation 7 are
folded radially outward until they are in sub-
stantially a radial plane of the coil as shown by
the dashed lines at the left and then the folded
out extensions are folded back over the edges of
the coil & until they assume the position shown
at 8 in Fig. 3.

The impregnation of the coil may be carried
out in any suitable and well known manner. For
example, the coil may be placed in a chamber
which is surrounded by 2 helical pipe and the
interior of which is connected to pipes for filling
it and for subjecting it to & vacuum and to great-
er than atmospheric pressure. Typically, the
parts as shown in Fig. 3, with the layer insula-
tion folded back to the dotted position shown at
8, are placed in this chamber and steam or other
suitable heating fluid is passed through the helix
to heat the interior of the tank. At the same
time, the interior tank is evacuated. These oper-
ations are for the purpose of completely drying
the insulating spool 4 and the layer insulation 7
and also removing any other moisture which may
be in the coil. After a suitable drying time has
elapsed a cooling fluid is passed through the helix
for reducing the temperature in the tank. This
is to prevent premature setting of the solventless
varnish which is presently to be admitted. The
vacuum is, however, still maintained on the in-
side of the tank. The polymerizable material con-
taining no volatile solvent is then introduced into
the tank under vacuum, This material may be
of any suitable type such, for example, as com-
prising a resin obtained by the esterification of
an alpha, beta unsaturated organic acid with a
polyhydric aleohol and an organic substance
which contains at least one polymerizably reac-
tive allyl group, or any other specific example
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which is described in British Patent 540,168, dated
October 8, 1941, The vacuum is now released,
thus allowing atmospheric pressure to drive the
liquid into the solid insulation parts 4 and 7, thus
thoroughly impregnating the entire coil structure.
If necessary, the pressure can be raised above at-
mospheric by applying high pressure nitrogen to
the tank. After a suitable length of time elapses
so as to insure $horough impregnstion, the tank
is opened and the coil is removed to a baking oven
where it remains long enough for the solventless
varnish to be polymerized into a hard, strong
matrix in which the coil parts are embedded.

.- It will be observed from the drawing that by
folding the layer insulation outwardly, there is
in effect & barrier of solid insulation which is ad-
jacent the ends or margins of the layer insula-
tion and which extends in & radial direction in-
stead of in the usual axial direction of the layer
insulation. This feature alone will materially
reduce the tendenecy for cracking to occur. How-
ever, it is preferable to have the ends of the layer
insulation long enough so that they can also be
bent inwardly again to the positions 8.

While there has been shown and described a
particular embodiment of this invention, it will
e obvious to those skilled in the art that various
changes and modifications can be made therein
without departing from the invention and, there-
fore, it is aimed in the appended claims to cover
all such changes and modifications as fall within
the true spirit and scope of the invention.

What I claim ss new and desire to secure by
Letters Patent of the United States is:

1. An electric coil comprising, in combination,
at least two conductor layers, layer insulation
extending between said layers, said layer insula-
tion being curved around and back over the edges
of the outer layer, and & matrix of hardened lig-
uid insulation by which said layers have been
impregnated, said insulation being characterized
by shrinkage as it hardens and cools, said matrix
of insulation completely surrounding said con-
ductor layers with its boundaries extending be-
yond the curved back portions of the layer in-

. sulation.
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2. An electric coil comprising, in combination,
at least two substantially coaxial conductor lay-
ers, resilient layer insulation extending between
said layers, said layer insulation being curved
around and back over the edges of the outer layer,
and & matrix of hardened solventless varnish by
which said layers have been impregnated, said
varnish being characterized by shrinkage as it
hardens and cools, said matrix of hardened var-
nish completely surrounding said conductor lay-
ers with its boundaries extending beyond the
curved back portions of the layer insulation.

"8. An electric coil comprising, in combination,
at least two substantially concentric conductor
layers, crepe paper layer insulation extending be-
tween said layers, said layer insulation being
curved around and back over the edges of the
outer layer, and a matrix of polymerized insu-
lating material containing no volatile solvent by
which said layers have been impregnated,
said insulating material being characterized by
shrinkage as it hardens and cools, said matrix
of polymerized insulating material completely
surrounding said conductor layers with its bound-
aries extending beyond the curved back portions
of the layer insulation.

HAROLD W. LORD.

' (References on following page)
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