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This invention relates to an improved multi-layer strip
conductor suitable for use in electro-magnetic coils as
employed in transformer, solenoids, motor and generators
fields, as well as in other forms of apparatus wherein elec-
trical conductors in a bent or curved form are used. - In
particular, the invention relates to an improved coil with

a winding including a multi-layer strip conductor having '

insulated and uninsulated electrically conductive com-
ponents adapted to be wound to provide an insulated coil

and with the several components of the conductor being -

physically separate from each other. 1t is well adapted
to use in heavy duty coils, as in large size transformers
wherein relatively thick conductors insulated by an in-
organic coating and capable of operatmg at ‘high tem-
peratures are employed

The advantages of an inorganic anodlzed film on a strip
conductor, such as aluminum oxide on aluminum foil,
over. other types .of applied insulation, are well known'.
In general, such anodic coatings not omly give more
permanent insulation, but also permit operation of the
electrical equipment at higher temperatures and provide
adequate insulation with a minimum of insulation thick-
ness.

By means of the methods of edge treatment of such
strip conductors, as disclosed in the co-pending applica-
tion for U.S. Letters Patent, Serial No. 487,457, filed
February 9, 1955, of which we are two of the three in-
ventors thereof, such slitted strip conductors may now be
provided with an anodically deposited insulation which
affords uniform insulating ability and such insulation
may be placed not only on both edges but, as desired,
upon one or both sides of the conductor. As is known,
however, even when the strip conductor is provided with
the uniform inorganic insulation, the appreciable cost
of that insulation and its inherent tendency to crack when
bent upon a small radius are still present and may con-
stitute disadvantages. It is these and similar limitations
of the electrical conductor art which our invention is in-
tended to overcome.

An object of our invention is to provide an 1mproved
multi-layer- strip conductor having insulated and unin-
sulated electrically conductive components,

Another object is to provide an 1mproved msulated
electrical coil having a winding comprising a multi-layer
strip conductor with insulated and uninsulated electrically
conductive components.

. Another object is to provide an improved multi-layer
strip conductor characterized by its mechanical flexibility.

A further object is to provide an improved multx-layer
strip conductor with a relatively small insulated surface in
proportion to its total cross section.

A further object is to provide an improved heavy duty
anodically insulated electrical coil adapted to be wound
with relatively small mechanical force and to conform
readily to a predetermined shape of coil.

Other objects and advantages will become apparent as
the description proceeds and when consxdered in con-
junction with the accompanying drawings in which
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Figure 1 is a perspective view of one form of coil em-
bodying the invention and having a single electrical circuit
therethrough;

Figure 2 is an illustration of the inner turn of the coil
winding taken along line 2—2 of Figure 1;

Figure 2A is an illustration of the inner turn of a modi-
fied form of winding for heavy duty usage in a coil such
as shown in Figure 1;

Figure 3 is a perspective view of a second form of coil
embodying the invention and having two electrical cir-

-cuits therethrough;

Figure 4 is an illustration of the inner turn of the coil
winding taken along line 4—4 of Fxgure 3;

Figure 4A is an illustration of the inner turn of a modl-
fied form of winding for heavy duty usage in a coil such
as shown in Flgure 3;

Figure 5 is a perspective view of a third form of coil
embodying the invention and having three electrical cir-
cuits therethrough;

Figure 6.is an illustration of the inner turn of the coil
winding taken along line 6—6 of Figure 5; and

Figure 6A is an illustration of the inner turn of a modi-
fied form of winding for heavy duty usage in a coil such
as shown in Figure 5.

In carrying out our invention we subdivide the strip
conductor into physically separate insulated and uninsul-
ated electrically conductive components which are so re-
lated that when wound into coil form the adjacent turns
of that coil are insulated from each other. We have found
that the ability of an anodically insulated strip conductor
to bend about a coil forming mandrel or the like, without
damage to the insulation, is in general inversely propor-
tional to the thickness of that conductor. In contrast, an
uninsulated conductor portion of the same material and
of comparable or much greater thicknesses may be freely
bent about the same mandrel without difficulty. By em-
ploying as the insulated componint a thin conductor strip
having its edges and at least one side covered by an anodic
insulation placed thereon following a suitable edge treat-
ing operation (as disclosed by the above patent applica-
tion) and by employing as the uninsulated component any
desired number of bare strip conductors of any desired
thicknesses, we provide a composite strip conductor which
achieves the objectives set forth above. One additional
advantage of our invention is that the eddy current losses
are lower than by using conventional techniques. It will
be ;noted particularly that each of the strip layers so em-
ployed is separate from the other layers and all are
s1multaneonsly bent into shape during the coil forming
operation. The composite strip conductor is referred to
herein as a multi-layer strip conductor.

Referring now to Figs. 1 and 2 showing an elementary
form of our invention, a simple coil indicated at 10 may
comprise a winding havmg a number of turns and forming
a single electrical circuit. Terminal leads 11 and 12 ex-
tend laterally from the winding.

As shown in Fig. 2, the innermost turn of the multi-
layer strip conductor includes a thin metal strip 13
which may consist of aluminum foil for example, having
a width greatly in excess of its thickness. The strip 13
serves essentially as a mounting means for the coil insula-
tion although it also contributes to the electrical conduc-
tivity of the winding. The strip 13 may compnse alumi-
num foil or sheet having a thickness in the range of
0.00017 to 0.060 inch or higher and on a first side thereof
is covered with an anodic coating of aluminum oxide 14
have a thickness of about 0.0001 to 0.001 inch. The
rounded lateral edges of strip 13, having previously been
subjected to one of the aforemenhoned edge treating
operations, also are covered with the same anodic coat-
ing which preferably extends around those edges and
terminates on the second side of the strip along parallel
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lines disposed inboard of these edges at a distance equal
to about 2-3 times the thickness of the strip 13. As will
thus be seen, a substantial saving in the cost of depositing
the anodic insulation is gained without adversely affect-
ing the use of the coil, since the entire strip 13 need not
be insulated. By reason of the flexibility due to its small
thickness, the strip 13 may be bent upon the coil forming
mandre] without damage to the inorganic insulation 14.
In order to provide the necessary. electrical conductivity
for the coil when using the flexible thin strip 13, another
strip 15 which may comprise uninsulated aluminum foil
of greater thickness and of less width is disposed in con-
tact with the second side of strip 13 and is bent simul-
taneously therewith in the forming of coil 10. The strips
13 and 15 are physically separate aithough in frictional
contact with each other. Since no insulation is present
between the juxtaposed surfaces found at the second
side of strip 13 and the first side of strip 15, these strips
form a single electrical circuit through the coil and are
jointly attached to the leads 11 and 12, at the respective
ends therecof. It can be appreciated that strip 13 may
have insulation applied to both sides and still be in elec-
trical contact with uninsulated strip 15 by virtue of the
ends of the two strips being physically and electrically
united to the same terminations 11 and 12. On the inner
“or second side 16 of the innermost turn of the winding; as
seen in Fig. 2, a suitable separate insulating layer of
material indicated in dotted lines at 17 normally is inter-
posed between that side and the surface of the electrical
device upon which the coil may be used. However, in
some cases, it is desirable to leave this inner or second
side uncovered so that it may come into direct electrical
contact with an electrical conducting member onto which
it is mounted. It will be understod that Fig. 2 illustrates
only a single turn for simplicity and that in the adjacent
turn the uninsulated second side 16 will lie in contact
with insulated first side 14 of the first turn and that this
relation continues throughout the remainder of the coil.
We prefer to employ strip 16 with a width less than the
width of strip 13 so as to minimize the possibility of arc-
ing between adjacent turns. - However, if desired, the
strips 13.and 16 may be of equal width or strip 16 may
_be even of greater width and supplementary insulation may
be used over the edges of those strips when the coil is
formed. As used herein, the terms “uninsulated com-
ponent” and “uninsulated layer” are intended to apply to
strip 16 and similar components of the strip conductor
when its sides .are uninsulated regardless of whether its
edges may have such supplementary insulation, -

In heavy duty usage for this form of coil wherein a
substantial cross section of .conductor is required, the
multi-layer strip. conductor may.include a large number
of uninsulated strips all comprising a single electrical cir-
cuit through the coil but capable of being readily wound
as a unit. As shown in Fig. 2A, the multi-layer conduc-
tor may include not only the thin strip 13! insulated at
14! and the adjacent uninsulated strip 15!, but also other
uninsulated and physically separate strips 18 ‘and 19,
as well as others, if so desired. As will be apparent, by
subdividing the required conductor cross section into a
plurality of separate strips, not only is it possible to bend
the anodized portion without damage thereto, but also
the mechanical force required to bend the uninsulated
portion is reduced and the separate strips or layers at the
same time permanently conform more readily to the
formation .dictated by the winding mandrel. Of special
significance, the amount of surface of the composite con-
ductor covered by the anodic coating, when compared
to the total cross section of the composite conductor, is
relatively small and this factor is most noticeable in heavy

duty forms of coils wherein an integrally formed strip-
conductor would necessarily be thick and subjected to

insulation damage during the coil formation. . .

Referring now to Figs. 3 and 4, a form of coil is shown-

in which two circuits may be established therethrough.

10

15

20

25

30

35

40

45

50

Coil 20 is provided with duplicate terminal leads 21, 22
and 23, 24 at the ends of the multi-layer strip conductor.
This conductor, as shown in Fig. 4, includes as its insu-
lated component a thin strip of metal 25 completely
covered with an anodically deposited insulating coating
26, such as aluminum oxide. At its ends the strip 25 is
connected to terminals 22 and 24, thus forming an insu-
lated electrical circuit through the coil. As its uninsulated
component, the conductor includes at least one. separate
strip 27 whose sides are uninsulated and one side 28 of
which is adapted to contact the insulation 26 of strip 25
on one of the sides of that insulated strip and the other
side 29 of which is adapted to contact the insulation 26
of strip 25 on the other side of that insulated strip in the
wound arrangement of the conductor. As in the form
of .¢oil shown in Fig. 1, a separate insulating member
30 ‘may be provided on the innermost section of the
inntr turn of the coil. At its ends the strip 27 is con-
nected to terminals 21 and 23 thus forming a second
electrical circuit through the coil, which separate circuit is
insulated by reason of the relation of the uninsulated com-
ponent of the strip conductor with respect to the insulated
component thereof. As in the case of the coil in Fig. 1,
the thin, anodically insulated strip 25 may be bent with-
out damage to its insulation, but in this modification,
the ratio of the insulated surface of the composite strip
conductor to its total cross section is greater and thus
a more expensive conductor is required. However, in
usages wherein two circuits through the coil are needed,
the expense of -anodizing the uninsulated layer is avoided.

For heavy duty usages of coils having two circuits
therethrough, a modified form, as shown in Fig. 4A, may
be used. The strip 25! with its insulation 26! forms the
insulated component of the multi-layer conductor, but
strip 27! with its bare sides 28! and 29! forms only a
portion. of the uninsulated component. Depending upon
the metal employed and the total cross sections required,

“additional uninsulated strips, such as shown at 31 and 32,

are fised. It will be understood that in this modified
form of coil, strip 25! is connected to terminals 22 and
24 to form one circuit and that strips 27!, 31 and 32
are jointly connected to terminals 21 and 23 to form
the second circuit.

In certain cases more than two circuits through the same
coil may be required and in Fig. 5 a coil is shown em-
bodying our invention and in which three circuits are
used. - It will be understod that the number of circuits
may be multiplied indefinitely in coils of this type with-
out departing from the invention, but, for brevity, only
three variations of coils are described herein. :

Referring to Figs. 5 and 6, coil 40 is provided with trip-

. licate terminal leads, 41, 42, 43, and 44, 45, 46 at the
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- on the innermost section of the inner turn of the coil.

(]

ends of multi-layer conductor. As seen in Fig. 6, this

- conductor includes as its insulated component two spaced

thin strips of suitably insulated metal 47 and 48. Strip
47 may be completely covered with an anodically de-
posited insulating coating 49 in which event strip 48 is
covered with the coating only on the confronting side 50.
However, if desired, the strip 48 can be completely cov-
ered, in which event, the other strip 47, is covered only
on the side confronting the strip 48. At its ends the
strip 47 may be connected to terminals 41 and 44 to form
one circujt and the strip 48 at its ends may be con-
nected to terminals 43 and 46 to form a second circuit.

As its uninsulated component, the conductor includes
at least one separate strip 51 whose sides are uninsulated,
one side 52 being in contact with the insulation 49 of strip
47 and the other side 53 being in contact with the insula-
tion 50 of strip 48. As in the case of the coils of Figs. 1
and 3, a separate insulating member 54 may be provided
At
its ends the strip 51 is connected to terminals 42 and 45
thus forming a third circuit through the coil.

For heavy duty usage of coils having three circuits, a
modified form, as shown in Fig. 6A, may be used. The
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strip 47! with its insuating 491 forms the first circuit.
The second circuit is formed by strip 48! and one or
more uninsulated strips 55, 56 in contact with the uninsu-
lated side of strip 481. Between the spaces confronting
insulated sides 49! and 50! of the insulated component
of the conductor, uninsulated strip 51! and one or more
similar strips 57, 58 are disposed in contact with each
other. It will be understood that in this modified form
of coil strip 47! and strips 55,. 56 are jointly connected
to terminals 43 and 46 and strips 511, 57, 58 are jointly
connected to terminals 42 and 45, thus to form three sep-
arate circuits through the same coil.

It will be appreciated that in each of the figures depict-
ing the several forms of coil embodying our invention,
the respective strips or layers of the conductor are not
drawn to scale. In general, the thickness of the insulated
component or components of the composite multi-layer
strip conductor is appreciably less than the thickness of
the uninsulated component or components and in the
preferred forms of coils the total cross section of all in-
sulated components is less than the total cross section of
all of the uninsulated components. The thin insulated
component in all cases is flexible and may be bent into

- the desired coil shape withouf damage to the insulation.

We prefer to employ for all strips an aluminum foil
or sheet with rounded edges although if desired the
rounded edge strips may be used only for the insulated
components of the multi-layer strip. Moreover, ‘in its
broader aspects, the invention may be carried out with
other insulation material or with other electrically con-
ductive materials than aluminum, such as copper, or may
be employed with some layers of the conductor formed of
aluminum and other layers formed of copper.

Therefore, while we have shown particular embodi-
ments of our invention, it will be understood of course,
that we do not wish to be limited thereto, since many
modifications may be made; and we therefore contem-
plate, by the appended claims, to cover any such modi-
fications as fall within the true spirit and scope of our
invention, : ,

What we claim as new and desire to secure by Letters
Patent of the United States is: !

1. Ar electrical coil construction including a multi-
layer flexible strip conclluctor wound in turn layer form,
said conductor compriiing a first layer consisting of a
single aluminum strip having first and second sides and
rounded edges, and a second metallic layer having un-
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6

stantially coterminous and being arranged in side-by-side
contact with each other, each of said layers being physi-
cally separate from each other and readily bendable
around a forming mandrel, said first layer having an
aluminum oxide insulation covering said first side thereof
and establishing an insulating relation with respect to the
second side of said second layer in the next succeeding
turn of said coil and being uninsulated on at least a por-
tion of the second side thereof for uninsulated contact -
with the first side of said second layer, and terminals for
said coil attached at at least one of said layers at the ends
thereof and serving to connect said layers in parallel.

2. An electrical coil as defined in claim 1 and adapted
for heavy duty usage and wherein said second layer com-
prises a plurality of uninsulated strips of material.

3. An electrical coil construction including a multi-
layer flexible strip conductor wound in turn layer form,
said conductor comprising a first layer consisting of a
single aluminum strip having first and second sides and
rounded edges, and a second metallic layer having un-
insulated first and second sides and with a thickness
greater than and width less than that of said first layer,
said layers being substantially coterminous and being
arranged in side-by-side contact with each other, each
of said layers being physically separate from each other
and readily bendable around a forming mandrel, said first
layer having an aluminum oxide insulation covering said
first side and the edges thereof and establishing an in-
sulating relation with respect to the second side of said
second layer in the next succeeding turn of said coil and
being uninsulated on at least a portion of the second side
thereof for uninsulated contact with the first side of said
second layer, and terminals for said coil attached to at
least one of said layers at the ends thereof and serving to
connect said layers in parallel.
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