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This invention relates to electro-magnets and
the method and apparatus for making the same,
and more particularly relates to the: insulation
and protection of the windings of electro-mag-

5 nets. .

In railway frain control apparatus and the
like, certain coils, such as the car-carried train
control receiver coils, are subjected to severe

_shocks and vibrations and are exposed to mois-
- 10 ture, acid, and other deteriorating foreign sub-
stances. It has consequently been found ex-~
pedient to completely enclose such coils by a
covering of resilient material, such as vulcanized
rubber, which covering is in turn protected by a
suitable coating which is resistant to acids and
other deteriorating foreign substances.

It has'been found however that the ordinary
methods of vulcanizing the covering after be-
ing applied around such coils causes the rubber
to blister and often forces the rubber out at the
ends of the coils underneath the outer protect-
ing layer of material, and during vulcanization
of the enclosure for the coils, considerable sol-
vent vapors and moisture develop which are
trapped within the windings and later cause
short-circuits and deterioration to the winding
insulation. It has also been found that the cov-
ering around the coils is not uniformly vulcan-
ized by the ordinary methods as considerable
oo time is necessary for the heat to penetrate to the

inner .or core covering of the coils, which re-

sults in the outer covering being more thorough-
ly vulcanized than the inner.

In view of the above and other consxderatlons,

5 it is proposed in accordance with the present
invention to provide an electro-magnet as well
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as the apparatus for and method of making the '

same which is substantially free from moisture,
solvent vapors and other deteriorating sub-
stances, and which is also protected against sub-
sequent entrance of such substances therein. It
is further proposed to provide such apparatus
for and method of vulcanizing the covering of
electro-magnets whereby the resulting covering
is uniformly vulcanized around both the inner
and outer surfaces, and wherein the covering
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material is of uniform density and thickness as

well as free from air pockets and blisters.
Other objects; purpcses and characteristic
features of the invention will appear as the de-
scription thereof progresses, during which, ref-
erences will be made to the accompanying draw-
ing which shows the invention in a manner to
55 make it easily understood rather than with the
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view to showing the particular construction pref-
erably employed in practice, and in which:—

Fig. 1 is an elevational view of a core with in-
sulation applied thereto preparatory to the wind-
ing of the coil thereon with parts of such in-
sulation broken away to more clearly show the
arrangement thereof.

Fig. 2 is an enlarged sectional view showing
a portion of a coil upon the core of Fig. 1.

Fig. 3 is an elevational view of the completely
covered electro-magnet preparatory to vulcani-
zation, with various parts thereof broken away to
illustrate the arrangement thereof.

Fig. 4 is a diagrammatic and conventional view
illustrating the apparatus employed in vulcaniz-
ing the covering around the coil of Fig. 3 in ac-
cordance with the present invention.

Fig. b is an enlarged sectional view of a por-
tion of a completed electro-magnet constructed
in accordance with the present invention.

"Referring now to the drawing, a magnetic
core 1| is shown with a pole piece 2 attached
thereto, such as by welding, or of course these
parts may be integral. This core | may be of
various other shapes and of solid or laminated
construction according to the requirement, and
the top portion may be adapted to retain a suit-
able member for holding a coil upon the body
of the core 1.
particular core construction chosen for the pres-
ent disclosure includes an end washer 3 of suit-
able rigid insulating material, which in assem-
bly, fits .over the end of the body of core | and
is retained by suitable brackets 4 clamped to the
opposite sides of a reduced end of core | by
bolts 5.

Before assembling the washers 3 and brackets
4 upon the core | however, the core 1, pole piece
2 and washer 3 are all sand blasted and thor-
oughly cleaned with benzine, or the like, after
which the body surface of the core [, inner sur-
face of washer 3 and the inner surface of pole
piece 2 are all coated with two coats of rubber
priming cement, such as the type sold under the
trade name of “Vulculock,” which is followed by
two coats of suitable rubber cement, with a dry-
ing time of approximately 15 minutes allowed
between each of such coats.

A large bakelite-varnish impregnated cloth
ring 8 is now placed over the core and pressed
down tightly against the inner surface of the
pole piece 2, as shown, and a smaller washer 9
of uncured rubber having an outside diameter

slightly larger than the completed coil and an-

inside diameter approximately equal to the di-

The coil retaining means in the
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ameter of core I, is placed over the core { and
pressed down and cemented tightly on the wash-
er 8. The inside diameter of the ring 8 is suf-
ficiently greater than the inside diameter of the
5 washer 9 to allow an inner circular portion of
washer 9 which is within the hole in ring 8 to
cement to the pole piece 2. A second washer 10
of uncured rubber similar to the washer 9 is
now pressed down and cemented tightly on the
10 end washer 3, and the washer 3 together with
washer 0 is now placed on the end of core | and
the brackets 4 are assembled as shown in Fig. 1.
A sheet of uncured rubber 13 is now wrapped
around the body of core 1, which sheet of rubber
{3 is to be wide enough to abut the rubber wash-
ers 9 and 10 and long enough so that its ends
slightly overlap. In wrapping the rubber sheet
{3, the surface should be kept clean and should
be carefully ironed in place with suitable tools
20 to eliminate all air pockets and to fit tightly
against the end washers 9 and 10. Strips of un-
cured rubber (not shown) may be applied around
each end of the sheet 13 in a manner to re-en-
force the joints between this sheet 13 and the
25 rubber washers 9 and 10.

In order to protect the outer portion of the
rubber washers 9 and 16 from dirt while wind-
ing the coil, narrow rings Il of thin material
such as linen are applied to each surface of the

30 outer portions of these washers 9 and 10. Two
varnished cambric washers {5 having inwardly
extending flanges around their inside circumfer-
ences are placed over the core and pressed tight-

_ly against the inner surface of the rubber wash-

35 ers 9 and 10 respectively. In as much as it has
been found expedient to assemble these washers
5 after the rubber washers 9 and 10 have been
sealed to the core covering 13, it is necessary
to cut one side of the washers 15 thereby allow-

40 ing their installation by twisting in a manner
to open this cut sufficiently to slide over the
body of core I. ’

A hole through a mid-portion of the end wash-
er 3 is slightly counter-bored, and a hole of the

45 same size in register therewith is cut through
both the rubber washer (0 and washer 15 to
receive a flanged bushing 12 constructed -of in-
sulated material. The outer surface of the
bushing 12 is first thoroughly coated with both

50 priming and rubber cement and a small var-
nished cambric washer T is cemented to the
flanged end of bushing {2, after which the

;smaller end of bushing 12 is placed through the
holes in washers 15, {0 and 8 so that its inner

55 flange presses the surrounding portion of wash-
ers 10 and 15 into the counter-bored portion of
washer 3 is shown in Fig. 1.

A sheet of varnish impregnated cloth 16 is
now wrapped around the body of the core | over

60 the rubber sleeve 13 so that its edges overlap
the inner flanges of washers 15. The ends of the
cloth 16 should overlap slightly and these over-
lapping end portions are cemented and tem-
porarily bound with a few turns of ‘tape until

65 the coil is wound therecwer.

In winding the coil a suitable machine of any
well known type may be used and of course the
size of wire and number of turns are to be chosen
in accordance with the requirements of the par-

70 ticular application. The insulation on the wire
used in the present coil should be impregnated
with insulating varnish before winding. Dur-
ing the winding of the coil, vents or air passages
are formed for conducting vapors from within

75 the coil to the outlet provided by the bushing 2.
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These passages may be conveniently formed by

inserting fibre strips 20 in intermediate portions’

of the coil during winding thereof, the strips
20 extending the full length of the coil and sep-
arating the layers of the winding in a manner
to form voids or passages adjacent each edge
thereof. One of the strips 20 is located as shown
in Fig. 2 so that the void in the winding formed
at an edge thereof aligns with the hole in the
bushing 12 (represented by the dotted circles),
and another strip 20 (not shown) may be simi-
larly located in the windings at a position di-
ametrically opposite.

In winding the outer layers of wire, an annular
recess, or that is, a space having a lesser outside
diameter than the center of the completed wind-
ing, is left at each end adjacent the washers 8
and {0 for a purpose which will later be obvious.
The method of bringing out the coil ends or leads
is not herein shown in detail, but it has been
found expedient to cover the beginning of the
coil or the first turn with varnished cambric tub-
ing, and in bringing this lead to the outer sur-
face, a radial slot (not shown) may be provided
in the end washer 3 into which is pressed the
rubber washer 10 to allow this bottom lead to be
brought to the outer surface of the coil through
this slot in order to prevent it from interfering
with the other turns of the coil. The outer end
is preferably terminated diametrically opposite
the inner end, and flexible rubber covered lead
wires 23 may be soldered to these coil ends, which
lead wires 23 are brought around the outer top
surface of the coil to a common point as shown
in Fig. 3. :

The lead wires 23 are cleaned thoroughly and
wrapped with rubber tape, after which these
leads 23 and the entire outer surface of the
coil are coated with rubber priming cement and
allowed to dry. A sheet of uncured rubber 24
similar to that applied to the core | is now tight-
ly wrapped around the entire outer surface of
the coil, beneath the extending portion of leads
23 as shown. The ends of the sheet 24 should
overlap to form a tight joint, and should be
carefully ironed down with suitable tools, mak-
ing sure that all air pockets are removed. In
ironing down the sheet 24, the edges are rolled
down into the peripheral recesses left at the ends
of the winding.

The linen protecting rings (! are now re-
moved from the rubber washers 9 and 10, and
the extending portions of these washers are
thoroughly cleaned and then folded inwardly
over the portion of the rubber covering 24 which
enters the peripheral recesses and ironed down
tightly in order to knit thoroughly thereto, thus
making the outer surface of the coil of substan-
tially uniform diameter throughout, as shown in
Fig. 3.

The leads 23 are now placed part-way down
the sides of the coil covering 24, as shown, and
rolls of uncured rubber are placed tightly around
the sides cf the leads 23, and the point at which
the leads leave the coil is also carefully sealed
and re-enforced by pieces of uncured rubber. A
small square of uncured rubber 25 is placed over
the leads 23 and rolled down tightly to the coil
covering 24.

The entire outer surface of the coil may now
be temporarily covered with water-soaked cot-
ton tape (not shown) wound tightly thereon
while wet and tied. The coil is then allowed
to stand overnight, during which time the wet
tape dries to apply pressure to the rubber cov-
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enng with the result that the rubber covering
is compressed evenly and to -a predetermined
dimension.

When the cotton tape has thus dried, it is

5 removed from the coil and the extending por-
tions of washer 8 are notched and folded in-
wardly over the rubber coil covering. The outer
surface of the coil covering is now coated with
a suitable rubber cement followed by a cover-

10 ing of rubberized tape 26 wound tightly over
the rubber coil covering. In order to more thor-
oughly compress the coil covering, water-soaked
cotton tape may again be temporarily applied
in the same manner as before but over the rub-

15 berized tape 26, and the vulcanizing of the rub-
ber covering should be started while this cotton
tape is still wet in order to permit the shrinkage
of the tape to compress the rubber covering
against the windings during vulcanization.

20 The apparatus required for vulcanizing the
rubber covering of the coil in accordance with
the present invention includes an oven diagram-
matically represented by the dotted rectangle
enclosing the coil in Fig. 4, which oven should

25 be thermostatically regulated and capable of
maintaining a temperature of 275° Fahrenheit,
with provisions included therein for conducting
electrical energy from an external source into
the interior thereof, and also with an external

30 conduit 30 arranged for conveniently connect-
ing to the threaded hole in the bushing 12 of the
coil being vuleanized. Of course in practice an
oven will be provided which will accommodate
several coils at one time, and consequently a

% manifold within the oven will be provided and
connected suitably to the conduit 30.

A vacuum pump P is also required and is
connected to the conduit 30 through a suitable
condenser as shown. The outlet 30 is arranged

40 to0 be connected eithér to the vacuum pump P
and condenser or to an air drier by valves A and
B, which air drier may be of the calcium chlo-
ride type. The interior of the oven used in vul-
canizing the present coils should be heated to a

45 temperature of 275° Fahrenheit  prior to plac-
ing the coils therein, and while the coils are be-
ing, placed therein, the temperature should not
drop below 200° Fahrenheit.

In arranging the coils in the oven, the leads

50 23 are connected such as by a suitable recep-
tacle or plug connecting means to the external
electrical circuit including an ammeter A and
a switch S, whereby current of a predetermined
value may pass through the windings of the

55 coil from an energy source, conventionally in-
dicated by the symbols B} and B—. The con-
duit 30 within the oven is also connected to the
threaded bushing 12, and it is necessary to make
all of these connections as quickly as possible

60 50 that the temperature within the oven does
not fall below 200°, otherwise the time required
to again raise the temperature to 275° will be
greatly increased.

When the coil is thus arranged in the oven,

65 current is passed through the windings of a
value which is found to heat the coil throughout
in a period of one hour to a temperature of
275° Fahrenheit. The value of this current must
of course be predetermined in accordance with

70 the total resistance and the size of wire used
in the coil.

With this current flowing in the windings of.

the coil, the valve A is closed, valve B is opened
and a third valve C is opened sufficiently to al-
75 low the vacuum pump P to maintain a vacuum

3

corresponding to-an absolute pressure of about
380 millimeters of mercury in the interior of
the coil, while the temperature of the coil is
being raised to 275°. This condition is main-
tained for epproximately one hour, after which
time the electrical energy is removed from the
windings of the coil by opening the switch S,
and the valve C is fully opened to raise the vacu-
um within the coil to the maximum obtainable
by the pump P.

The temperature within the oven is still main-
tained at 275° for a second period of 2% hours
with the electrical energy removed from the
windings of the coil and under the maximum
vacuum, after which time the oven heat is shut
off and the valves B and C closed and valve A
opened slowly to break the vacuum within the
coil with dry air from the air drier. The oven
door may now be opened and with the valve A
still opened the coil is allowed to cool to room
temperature.

When the coil has thus cooled to room t(emper-
ature, the conduit 30 is disconnected from the
bushing 12 and the electrical connections re-
moved from the leads 23. The threaded opening
in the bushing {2 must now be closed immediate-
1y, and if it is not found to be practical to perma-
nently close this opening immediately, a tem-
porary plug may be inserted. The method of
permanently closing the opening in the bushing
{2 is shown in the enlarged sectional view in Fig.
5, and consists in first thoroughly coating the
entire inner surface of the threaded hole with one
coat of rubber priming cement followed by one
coat of suitable rubber cement, with a drying
time of approximately 10 minutes left between
these applications, after which, a disc of uncured
rubber 32 is pressed into the hole in the bushing
i2 and further forced down and retained by a
threaded fibre plug 33. The temporary covering
of cotton tape is now removed and the coil cover~
ing is finally completed by the application of two
coats of suitable acid-proofing paint to the entire
outer surface.

It will now be seen that the process thus out-
lined provides a method of completely enclosing
a coil by a covering of uncured rubber with the
exception of a small vent communicating with
all parts of the interior of the coil by air passages
formed during the winding thereof, thereby per-
mitting moisture and - solvent vapors to escape
from the interior of the coil during vulcanization.
The present invention-also provides a novel ar-
rangement of apparatus whereby vulcanization
of the coil covering is greatly expedited by heat-
ing from within the coil by passing electrical
current through its windings, and whereby the
removal of a!l moisture is insured by evacuating
the interior of the coil during vulcanization, and
finally the pressure within the coil covering is
raised to atmospheric by incoming air taken
through an air drier.

The coil thus vulcanized is then completely
sealed against the entrance of moisture or air by
tightly and permanently plugging the vent so
that the completed coil may then be maintained
indefinitely in its moisture-free condition. The
method and apparatus used in vulecanizing the
covering of the present coil have the further ad-
vantage of creating a difference in air pressure
between the outside and the inside of the coil
¢overing which results in a denser and more uni-
form covering of rubber. In other words, the
vacuum within the coil results in a compressive
effect of the normal air pressure on the outer
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surfaces, and of course, the possibilities of blis-
tering of the coil covering due to the building up
of pressure within the coil is entirely eliminated
by the vacuum employed in the present process.

§ The above rather specific description of one
form of the present invention is given solely by
the way of example, and is not intended, in any
manner whatsoever, in a limiting sense. It is
also to be understood that various modifications,

10 adaptations, and alterations may be applied to
meet the requirements of practice, without in any
manner, departing from the spirit or scope of the
present invention, except as limited by the ap-
pended claims.

15 What I claim is:—

1. A method of making electro-magnets, com-
prising, applying an inner sleeve of uncured rub-
ber to an iron core, applying end washers of
uncured rubber to the inner sleeve, providing a

20 vent in one of the end washers, winding a coil on
the rubber spool thus formed leaving a longitu-
dinal void in the coil aligning with the vent in the
end washer, applying an outer sleeve of uncured
rubber around the coil, folding the edges of the

25 rubber washers over onto the outer sleeve, sub-
mitting the coil thus formed to a temperature of
275° Fahrenheit for 2% hours or more to vul-
canize the rubber parts into & unitary covering,
and permanently sealing the vent in the end

30 washer.

2. A method of making electro-magnets, com-~
prising, applying an inner sleeve of uncured rub-
ber to an iron core, applying end washers of un-
cured rubber to the inner sleeve, providing a vent

35 in one of the end washers, winding a coil on the
rubber spool thus formed leaving a longitudinal
void in the coil aligning with the vent in the end
washer, applying an outer sleeve of uncured rub-
ber around the coil, folding the edges of the rub-

40 ber washers over onto the outer sleeve, passing
electrical current through the coil for one hour or
more of a value effective to raise the tempera-
ture of the coil to 275° Fahrenheit, submitting
the coil thus formed to a temperature of 275°

45 Fahrenheit for 2% hours or more to vulcanize
the rubber parts into a unitary covering, and
permanently sealing the vent in the end washer.

3. A method of making electro-magnets, com-
prising, forming a spool of uncured rubber, pro-

50 viding a vent in the spool, winding a coil on the
spool, providing a longitudinal passage in the
coil communicating with the vent, covering the
outer surface of the coil with uncured rubber so
as to unite with the edges of the spool, connect-

55 ing the vent in the spool to an evacuating means,
submitting the coil still connected to the evacu-
ating means to a temperature of 275° Fahrenheit
for 21, hours or more, then breaking the vacuum
within the coil by permitting the entrance of dry

60 2&ir, and sealing the vent in the spool.

4. A method of making electro-magnets, com-
prising, forming a spool of uncured rubber, pro-
viding a vent in the spool, winding a coil on the
spool, providing a longitudinal passage in the

65 coil communicating with the vent, covering the
outer surface of the coil with uncured rubber
so as to unite with the edges of the spool, con-
necting the vent in the spool to an evacuating
means, passing a value of electrical current

7¢ through the coil which raises the temperature
throughout the interior thereof to approximately
275° Fahrenheit, then removing the electrical
current and submitting the coil still connected to
the evacuating means to a temperature of 275°
75 Fahrenheit for 22 hours or more, then breaking

2,091,234

the vacuum within the coil by permitting the en-
trance of dry air, and sealing the vent in the

spool.

5. A method of making an electro-magnet com-
prising, forming a spool of uncured rubber around
an iron core, providing an outlet means in the
spool communicating with the interior thereof,
winding a coil on the spool, providing a passage
extending longitudinally through the interior of
the coil and communicating with the outlet
means, applying a sleeve of uncured rubber to

. the spool in a manner to completely enclose the

coil except for the outlet means, placing the coil
thus covered in an oven previously heated to ap-
proximately 275° Fahrenheit, passing electrical
current through the coil for one hour of a value
which raises the temperature throughout the in-
terior thereof to approximately 275° Fahrenheit,
then disconnecting the electrical current and al-
lowing the coil to remain in the oven at 275°
Fahrenheit for approximately 2% hours, and
permanently sealing the outlet means when the
coil has cooled.

6. A method of making an electro-magnet com-
prising, forming a spool of uncured rubber around
an iron core, providing an outlet means in the
spool, winding a coil on the spool, providing
transverse voids in the interior of the windings
of the coil communicating with the outlet means,
applying a sleeve of uncured rubber around the
outer surface of the coil, folding the outer edges
of the rubber spool over onto the rubber: sleeve
in a manner to completely enclose the coil ex-
cept for the outlet means, placing the coil thus
covered in an oven previously heated to ap-
broximately 275° Fahrenheit, connecting a vac-
uum pump to the outlet means and effecting a
vacuum of approximately 15 inches within the
coil covering, passing current through the wind-
ings of the coil for one hour with the oven tem-
perature at 275° Fahrenheit and with the vacuum
of 15 inches maintained, the current being of
a value effective to produce a temperature of
275° Fahrenheit throughout the interior of the
coil within the one hour period, then interrupt-
ing the electrical current in the coil and increas-
ing the vacuum therein to the maximum obtain-
able for a period of 2% hours or more with the
oven temperature maintained at about 275°
Fahrenheit, then closing the connection from
the vacuum pump to the coil outlet means and
permitting only air passing through a drying
means to enter the coil through the outlet means,
and closing the outlet means against the fur-
ther entrance of air or other substances.

7. The process of making a moisture-free en-
closed coil, consisting in forming a spool of un-
cured rubber, winding a coil on the spool, cover-
ing the spool with uncured rubber so as to com-
pletely enclose the coil with the exception of a
small vent, heating the coil thus formed in g
manner to vulcanize all the rubber into a unitary
covering, and completing the coil enclosure by
sealing the vent. ’

8. The process of making a moisture-free en-
closed coil, consisting in forming a spool of un-
cured rubber, winding a coil on the spool, cover-
ing the spool with uncured rubber so as to com-
pletely enclose the coil with the exception of a
small vent, evacuating the interior of the coil
thus covered through the vent, heating the coil
while evacunated in a manner to vulcanize all
the rubber into a unitary covering, and complet-
ing the coil enclosure by sealing the vent.

: EDWARD H. BRANSON.,
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