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ABSTRACT: Apparatus for uniformly coating metallic foil 
with liquid insulating material, wherein air pressure is used to 
gently press the foil against a coating applicator roll. The air 
pressure against the foil enables it to be uniformly coated, 
without disturbing a liquid coating which may already have 
been applied to the side subjected to the air pressure. 
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APPARATUS FOR COATING METALLCFOL 

BACKGROUND OF THE INVENTION 

1. Field of The Invention 
The invention relates in general to metallic foil, and more 

specifically to apparatus and methods for uniformly coating 
metallic foil with electrical insulating means. 

2. Description of the Prior Art 
Metallic foil, such as aluminum, is used to form the windings 

of certain types of electrical apparatus, such as transformers. 
The metallic foil is tightly wound into a coil, with the turns of 
the coil being superposed. Thus, some form of electrical insu 
lating means must be used to separate the turns of the coil 
from one another. Since the turn-to-turn voltage is relatively 
low, the insulation should be as thin as practical, in order to in 
crease the space factor of the coil. While separate extremely 
thin film like insulating materials, such as those of the 
polyester type, have been bifilarly wound with uninsulated 
metalic foil, to form an electrical coil, the development of ex 
cellent insulating coating materials for metallic foil, as well as 
techniques for applying uniform, thin coatings on metallic foil 
has made it more economical to apply a thin coating of insu 
lating material to each side of the foil. For example, coatings 
of one-half to 1 mil thick per side are practical in production. 
When the coating techniques were being developed, and 

coated foil was used on a limited basis, the speed of the coat 
ing lines was not important, and in general was under 25 feet 
per minute. With the increased usage of coated foil, the speed 
of the foil or strip is very important as it directly affects the 
capital investment required to produce the required amount 
of coated foil, and the floor space required. For example, it 
would be desirable to increase the strip speed while it is being 
coated with insulating means, up to about 100 feet per minute. 

Increasing the strip speed through the coating process, how 
ever, is not as simple as providing the oven capacity for drying 
and curing the insulating coatings. It was found that the 
methods and apparatus used for applying the coatings were 
not suitable when the strip speed was increased, especially for 
the very thin foils, or were not suitable for coating both sides 
of the foil before drying and curing the insulating coatings. For 
example, running the metallic foil through a bath of liquid in 
sulating material at high speeds was found to produce a dif 
ferent coating thickness on the two major sides of the foil, and 
passing the foil over metering pins caused tearing of the foil 
when certain strip speeds were exceeded. Spraying the insulat 
ing material on both sides of the foil and passing the foil over 
metering pins suffers the same disadvantages. It provides 
satisfactory results at strip speeds below about 25 feet per 
minute, but results in tearing of the foil at higher speeds. 
Applying the liquid insulating material to an applicator roll, 

passing the foil over the applicator roll such that the foil con 
tacts about 10° of the circumference of the applicator roll, and 
rotating the applicator roll in opposition to the advancing foil, 
enables thin coatings to be applied to the foil at high strip 
speeds. However, any imperfections in the foil, or irregulari 
ties in foil flatness such as due to gage bands, or floppy edges, 
and/or faulty foil tension adjustment of the foil drive, allows 
the foil to lift from the applicator roll which results in un 
coated areas. Increasing the foil tension is not a satisfactory 
solution to this problem, as the maximum strip tension is 
determined largely by the drying and curing temperatures. 
Too high a tension in the foil will stretch, wrinkle, or break the 
foil, when it is subjected to the elevated oven temperatures. 
A backup roller arranged to press the foil against the ap 

plicator roll may be used to coat the first side of the foil, but 
judicious use of the coating apparatus and floor space requires 
that the other side of the foil be coated before the foil is in 
troduced into the drying and curing ovens. A backup roll can 
not be used when the second side is being coated by an ap 
plicator roll, as the backup roll would disturb the wet coating 
on the first side of the foil. Passing the foil through two ap 
plicator rolls arranged such that each is the backup for the 
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2 
other, severely limits the degree of wrap of the foil on each 
roller, and also may introduce a "pinch" effect, which limits 
the line speed. In order to successfully coat thin foil, such as 
two milfoil, at strip speeds over 25 feet per minute, the degree 
of wrap on the foil must be limited, and restrictions in the line, 
such as those due to pinch rollers, must be avoided. 
Thus, it would be desirable to provide a new and improved 

method of uniformly coating both sides of metallic foil with 
liquid insulating means, prior to the curing of the coatings, as 
well as new and improved apparatus for performing the new 
method, which enables the line speed to be substantially in 
creased above 25 feet per minute, for example as high as 100 
feet per minute, when coating metallic foil in the size range of 
2 to 8 mils. Further, the new and improved method and ap 
paratus must be able to uniformly coat imperfect foil, i.e., foil 
having gage bands or other irregularities in foil flatness. 

SUMMARY OF THE INVENTION 

Briefly, the invention is a new and improved method, and 
apparatus for performing the method, which enables both 
sides of imperfect metallic foil to be uniformly coated by two 
spaced applicator rolls, prior to drying and curing the applied 
coatings. The new and improved method of roll coating in 
cludes the steps of applying liquid insulating means to an ap 
plicator roll, advancing the metallic foil over a predetermined 
circumferential length of the applicator roll, rotating the ap 
plicator roll in opposition to the advancing strip, and pressing 
the foil against the applicator roll with air directed to the side 
of the foil opposite to the side in contact with the applicator 
roll. The force exerted by the air on the foil is selected to be of 
sufficient magnitude to hold the foil against the coating roll 
and insure uniform coating of the imperfect foil, but not of 
such magnitude that the air velocity would disturb and ripple a 
liquid coating previously applied to the side of the foil against 
which the air is directed: 
The apparatus for performing the method includes 

manifolds or air pads connected to an appropriate air supply, 
with the air pads being constructed to apply the desired pres 
sure to the foil when spaced a predetermined dimension 
therefrom, without disturbing a wet coating of insulating 
material previously applied thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages and uses of the invention will become 
more apparent when considered in view of the following 
detailed description and drawings, in which: 

FIG. 1 diagrammatically illustrates a method of coating 
metallic foil material according to the teachings of the inven 
tion: 

FIG. 2 is a perspective view of an air pad or manifold con 
structed according to an embodiment of the invention; 

FIG. 3 is a perspective view of an air pad constructed ac 
cording to another embodiment of the invention; and 

FIG. 4 is a perspective view of still another air pad con 
structed according to the teachings of the invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring now to the drawings, and FIG. 1 in particular, 
there is illustrated a diagrammatic view of a coating line 10, 
which uniformly coats both major sides of a web of metallic 
foil 12, such as aluminum or copper, with a liquid insulating 
material or enamel. FIG. illustrates the steps of coating 
metallic foil according to the teachings of the invention, which 
enables imperfect foil in the range of 2 to 8 mils to be coated 
at line speeds up to about 100 feet per minute. The foil 12 may 
be any suitable commercial width. 
The foil 12 is unwound from storage reel 14 and guided into 

first and second vertically spaced applicator stations 16 and 
18, respectively, via idler roll 20, which successively coats the 
first and second major sides 13 and 15, respectively, of the foil 
12. Applicator or coating station 16 includes an applicator roll 
22, a pickup roll 24, a reservoir 26 which contains the liquid 



3,589,331 
3 

insulating means or enamel, means 28 for applying the enamel 
to the pickup roll 24, such as a plurality of pipes 30 spaced 
across the length of the pickup roll 24, with the pipes being 
connected to a supply manifold 32, and means 34 for collect 
ing the enamel which drops from the pickup roll 24 and for 
returning the enamel to the reservoir 26. 
The applicator and pickup rolls 22 and 24 are connected to 

suitable adjustable speed drive means (not shown), such as a 
gear motor, which rotates the applicator roll 22 in opposition 
to the direction of the advancing strip or foil 12. Thus, as 
shown in FIG. 1, the foil 12 advances past the applicator roll 
22 in an upwardly direction, with its first major side 13 con 
tacting a predetermined circumferential length of the applica 
tor roll, while the applicator roll 22 is driven in a clockwise 
direction, as indicated by the arrow. 

In order to coat imperfect foil at line speeds substantially 
greater than 25 feet per minute, it is essential that the degree 
of wrap of the foil 12 about the applicator roll 22 be limited. If 
foil 12 was perfectly flat, the degree of wrap could be reduced 
to almost a line contact. The foil, howevcr, is not perfectly 
flat, having gage bands and other imperfections which dictate 
a greater degree of wrap for uniform coating. If the degree of 
wrap is reduced in an effort to reduce the restriction in the 
coating line, and thus enable the foil speed to be increased, the 
imperfect sections of the foil will not contact the applicator 
roll and thus will not be coated. Increasing the foil tension will 
not solve this problem, as even a slight increase in tension may 
cause stretching, wrinkling, or tearing of the thin foil when it is 
subjected to the drying and curing temperatures. A backup 
roll may be used in the first coating station 16, since the 
second side 15 of the foil 12 has not yet been coated. 
The foil 12 may be advanced over applicator roll 22 with a 

small degree of wrap, such as 10, and obtain a uniform coat 
ing of enamel thereon, without increasing the strip tension, 
and without utilizing a backup roll, by using the teachings of 
this invention which include the step of pressing the metallic 
strip material 12 against the applicator roll 22, with air 
directed against the second side 15 of the strip A2. As illus 
trated in FIG. 1, air pressure is applied to the second side 15 of 
the foil 12, immediately adjacent the applicator roll 22, by 
means 39 which includes a manifold or air pad 49 connected 
to means 42 for supplying air to manifold 40. Manifold 40, as 
will be hereinafter described in detail, has a plurality of 
openings which direct air against the second side 5 of the 
strip 12. Since the second side 15 of the foil or strip 2 has not 
yet been coated with liquid insulating means, the force applied 
to the foil 12 is not critical. It should merely be of sufficient 
magnitude to press the foil 12 uniformly against the applicator 
roll 22. The pressure of the air supply, the number of openings 
in the manifold 40, the size of the openings, and the spacing of 
the manifold 40 from the foil 12, are all selected to provide the 
desired force on the foil. 

After the first side 3 of the foil 12 has been uniformly 
coated with enamel, the foil immediately advances into the 
second coating station 18 where the second side 15 of the foil 
12 is provided with a uniform coating of enamel. The second 
station 18 is similar to the first, except in this station it is essen 
tial that an air pad be used to press the second side 15 of the 
foil 12 against the applicator roll, as a backup roll is now 
completely unacceptable due to the fact that it would disturb 
the wet coating of enamel already applied to the first side 13 
of the foil 12. Also, the construction of the air pad is now im 
portant, as the air pad must provide the desired force on the 
foil without disturbing or rippling the wet coating of enamel. 
More specifically, the second coating station 18 includes an 

applicator roll 44, a pickup roll 46, a reservoir 48 of liquid 
coating material or enamel, means 50 for applying the enamel 
to the pickup roll, such as a plurality of spaced pipes 52 con 
nected to a distribution manifold 54, and means 56 for collect 
ing the enamel which drops from the pickup roll and for 
returning it to the reservoir 48. The horizontal and vertical 
spacings of the centerlines of the applicator rolls 44 and 22 are 
adjusted, to obtain the desired degree of wrap of the foil about 
each applicator roll, such as 0. 
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4. 
While the method of pressing the foil 12 against the applica 

tor roll using air was desirable in the first coating station 16 
because it enables the degree of wrap to be reduced while still 
obtaining a uniform coating, without resorting to mechanical 
backup rolls, the method of pressing the foil against the ap 
plicator roll using air as taught by this invention, is very impor 
tant in the second coating station 18. Thus, means 57 which 
includes an air pad or manifold 58 is disposed near the first 
side 13 of the foil 12, immediately adjacent applicator roll 44, 
with manifold 58 being connected to receive air at a predeter 
mined pressure from air supply 60. The air pressure means 57 
of the second station requires a construction which will pro 
vide the desired force on the first side 13 of the foil 12 without 
disturbing the wet coating of enamel just applied to the first 
side. Thus, air pressure means 57 must meet requirements not 
imposed on the first air pressure means 39. However, both 
may bc constructed in a similar manner, if desired, for pur 
poses of interchangeability, such that air pressure means 39 
has the same characteristics as air pressure means 57. Suitable 
air pressure means will be described in detail hereinafter. 
Similar to the first coating station 16, the applicator roll 44 is 
driven or rotated in a direction which is in opposition to the 
direction of the advancing foil 12. 

After the second side 5 of the foil 12 has been uniformly 
coated with enamel, the foil is directed into heating means, 
such as oven 64, via idler roller 68, where the liquid insulating 
coatings are dried and cured. The temperature to which the 
foil is heated will depend upon the specific coating material 
utilized. For example, using an oil modified polyester enamel, 
as disclosed in U.S. Pat. No. 3,389,015, which is assigned to 
the same assignee as the present application, typical drying 
and curing temperatures are 300° C. and 350°C., respectively. 
When the foil 12 leaves over 64 and idler rolet 68 it is 

directed via idler rollers 70 and 74 through cooling means 72, 
which may be a plurality of pipes disposed on both sides of the 
foil 12, which are connected to a supply of air, which circulate 
air over the foil to remove the heat therefrom. The cooled foil 
12 may then advance about idler rollcrs 76 and 78 into an 'S' 
bridle drive arrangement, which includes driven rollers 80 and 
82, and then the foil 12 is wound into a roll 84 on an adjusta 
ble speed, controlled tension recoiler. 

Thus, the coating line it) uniformly coats both sides of the 
metallic foil 12, utilizing a process which enables imperfect 
foil to be satisfactorily coated. Even 2 mil foil may be 
processed up to a speed of about 100 feet per minute, or more, 
as there are no large degree wraps about metering pins, or 
other small rolls. 

While FIG. 1 illustrates only one coat of insulating material 
being applied to the metallic foil 12, it will be understood that 
the foil 12 may be subjected to any desired plurality of coating 
and heating steps, to obtain the total build desired. For exam 
ple, four coats may be applied 4 mil at a time, to achieve a 
total build dimension of 4 mil per side. 
As hereinbefore stated, the force applied to the foil 12 must 

be sufficient to press the foil uniformly against the applicator 
roll, and when the air is applied against a side of the foil which 
has a wet coating of insulating enamel thereon, the air must 
develop a force of the desired magnitude without disturbing 
the enamel coating. If the air movement across the wet enamel 
is such that there is movement withing the wet film, the 
enamel will ripple. 
The construction of the air pad or manifold, and factors 

such as the pressure of the air supply, the cross-sectional area 
of the manifold, the size and number of apertures in the 
manifold, the spacing of the manifold from the foil, and the 
viscosity and thickness of the coating, all must be coordinated 
to provide the desired results. Further, the force against the 
foil may be selected to be largely due to the velocity of the air 
from the apertures or orifices, or largely due to pressure buil 
dup, or due to a combination of both, depending upon the 
construction of the manifold or air pad. Thus, thc manner in 
which one desires the force to be developed will dictate the 
range of certain of the variables hereinbefore enumerated, or 
the ranges chosen for the variables will dictate the manner in 
which the force is developed. 
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FIG. 2 is a perspective view of an air pad or manifold 100 
constructed according to a first embodiment of the invention, 
which develops a force on the foil due almost entirely to the 
velocity of the air. Manifold 100 includes an enclosure 102, 
having a cross-sectional configuration which is about 2 inches 5 
square, with a length determined by the width of the foil. The 
enclosure 102 is closed except for fitting 104 adapted for con 
nection to the air supply, and a plurality of openings or aper 
tures 106 disposed through one of the sides of the enclosure. 
in a specific embodiment of manifold 100 two rows of aper 
tures, each having a diameter of .040 inches were utilized, 
with the rows being three-eighths of an inch apart, and the 
apertures being spaced three-eighths inch apart. The fitting 
104 was connected to a source of compressed air having a 
pressure of about 80 pounds per square inch. The manifold 
was spaced from the foil, adjacent the applicator roll, with a 
spacing of about one-half inch between its surface which con 
tains the apertures iO6 and the foil. The resulting velocity of 
the air which emanates from the small apertures 106 was 
found to be sufficient to press the foil into intimate contact 
with the applicator roll, without disturbing a wet coating of 
enamel already applied to the side of the foil subjected to the 
force of the air. 

FIG. 3 is a perspective view of the manifold 100 shown in 
FIG. 2, modified with a pressure chamber 108 disposed about 
the apertures 106. In this embodiment, the outwardly extend 
ing edges of the members which form the pressure chamber 
108 are spaced about one-sixteenth of an inch from the foil, 
which confines the air withing the boxlike pressure chamber 
to buildup a pressure against the foil. Thus, the force against 
the foil in this instance is a combination of the velocity of the 
air from the openings and the elevated pressure in the partially 
closed pressure chamber. Since the air pressure now aids in 
pressing the foil against the applicator roll, the velocity of the 
air escaping from the apertures may be reduced, by reducing 
the pressure of the air in the manifold. 

FIG. 4 is a perspective view of an air pad or manifold 110 
constructed according to still another embodiment of the in 
vention. Manifold 10 is constructed such that it does not 
require compressed air from the plant compressor system, 
which is nominally 80 pounds per square inch. Manifold 110 
has a greater cross-sectional area than the manifolds shown in 
FIGS. 2 and 3, and includes a plurality of small pressure cham 
bers, each of which have at least one aperture which commu 
nicates with the inside of the manifold. In a specific embodi 
ment of this manifold, a 4 inch O.D. pipe 112 having a closed 
end 113, and an open end 115, had its open end 115 con 
nected to an air supply having a pressure of 15 to 20 inches of 
water, such as developed by a fan type blower. A plurality of 
three-sixteenths inch diameter openings or apertures 114 were 
longitudinally spaced about 1 inch apart across the pipe 1 12, 
with each opening being surrounded by an open end pressure 
chamber. The outwardly extending open ends of the pressure 
chambers where disposed about one-sixteenth of an inch from 
the surface of the foil. The pressure chambers may be formed 
by an assembly 116 which is bolted to the pipe 112, with a 
resilient gasket member 118 being disposed between the as 
sembly 116 and the pipe 112 to insure that the air will escape 
from the manifold 110 only through the plurality of openings 
il4. The assembly 116 has a plurality of open ended boxes or 
pressure chambers 120, each of which have an opening 114 in 
its closed end which is aligned with similarly sized openings in 
the gasket 118 and pipe 112. The open ended pressure cham 
bers 120, which have an opening about 2 inches square, are 
formed by two apaced upstanding members 122 and 124, 
which extend outwardly from a base member 126, with the 
two spaced members 122 and 124 being joined by a plurality 
of parallel spaced members 128. 
Each of the individual pressure chambers 120 develop a 

pressure therein, when their open ends are spaced about one 
sixteenth of an inch or less, from the foil, with the pressure 
developed on the surface of the foil being in the range of .05 to 
1 ounces per square inch. The pressure developed may be ad 
justed to provide the desired force without rippling the 
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6 
enamel, by adjusting the air pressure in the pipe 112 from the 
air supply, and/or changing the spacing from the ends of the 
plurality of pressure chambers 120 and the foil. 

Utilizing a spacing of about one-sixteenth of an inch, or less, 
from the ends of the open pressure chambers 120 to the foil, 
develops pressure at thc foil which is self-adjusting, automati 
cally increasing when the foil is raised from the applicator roll. 
The pressure increase due to the foil being raised from the ap 
plicator roll is a function of the size of the opening or openings 
in each pressure chamber which communicate with the inside 
of the manifold, with the larger the aperture the greater the 
pressure buildup due to raised foil. Thus, the pressure will be 
increased when the foil is not in contact with the applicator 
roll, which forces the foil into intimate contact with the ap 
plicator roll. 

In the embodiment of the invention shown in FIG. 4, a por 
tion of the force developed on the foil is due to the velocity of 
the air from the aperture. By disposing baffles in the pressure 
chamber which are spaced from the aperture and located such 
that the air from the aperture strikes the baffles, the effect of 
the velocity of the air may be substantially eliminated, with the 
force developed against the strip being almost wholly due to 
the pressure developed in the plurality of partially closed pres 
sure chambers 120. Therefore, the manifolds or air pads may 
develop a force almost completely due to the velocity of the 
air from the apertures, such as the air pad 100 shown in FIG. 
2, the air pads may develop a force almost completely due to 
pressure developed in partially closed pressure chambers, or 
almost any ratio of velocity and pressure may be used depend 
ing upon the specific structure of the air pads. 

In summary, there has been disclosed a new and improved 
method of uniformly coating metallic strip or foil, which ena 
bles imperfect foil to be satisfactorily coated, and which 
removes restrictions placed on line speed by prior art arrange 
ments. Further, both sides of the foil are coated before the 
coatings are dried and cured, without disturbing the coating 
applied to either side. The new and improved method 
eliminates passing the foil through a bath of enamel, or spray 
ing the enamel onto the foil, as well as running the foil over 
metering pins to remove excess enamel, by utilizing a process 
which includes advancing the foil over an applicator roll, with 
only about a 10° wrap. Imperfections and nonflatness in the 
foil surfaces are overcome by pressing the metallic foil against 
the applicator roll with a force developed by air. 

Further, new and improved apparatus for coating the foil 
according to the new method is disclosed, which enables the 
desired force to be developed against the foil without disturb 
ing a wet coating of enamel previously applied to the side the 
air is being applied to. Depending upon the specific require 
ments of the application, the force due to the air may be either 
largely due to air velocity, or largely due to air pressure, or a 
combination of velocity and air pressure, in any desired ratio. 

Since numerous changes may be made in the above 
described apparatus and different embodiments of the inven 
tion may be made without departing from the spirit thereof, it 
is intended that all matter contained in the foregoing descrip 
tion or shown in the accompanying drawings shall be in 
terpreted as illustrative, and not in a limiting sense. 
We claim as our invention: 
1. Apparatus for uniformly applying a coating of liquid insu 

lating means to metallic foil, comprising: 
roller means, 
means for applying liquid insulating means to said roller 
means; 

metallic foil, means for moving said metallic foil over a 
predetermined portion of said roller means, 

and means for forcing one side of said metallic foil into 
uniform contact with said roller means, including an air 
pad member spaced a predetermined dimension from the 
opposite side of the metallic foil, adjacent said roller 
means, and means for supplying air to said air pad 
member, 
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said air pad member including a manifold having a plurality roller means, respectively, to sequentially coat the first 
of apertures therein which direct air against the metallic and second sides of said metallic foil with liquid insulating 
foil, and means disposed on said manifold which at least means, 
partially surround the plurality of apertures, said means and means for pressing the first and second sides of the 
extending outwardly from the manifold to define a par- 5 metallic foil into intimate contact with the first and 
tially closed pressure chamber when the manifold is second roller means, respectively, without disturbing the 
disposed adjacent to the metallic foil. liquid coating on the first side of the metallic foil, includ 

2. The apparatus of claim 1 including means for drying and ing first and second air pad members spaced predeter 
curing the liquid insulating means on the metallic foil. mined dimensions from the second and first sides of the 

3. The apparatus of claim 1 wherein the number and size of 10 mctallic foil, respectively, adjacent to the first and second 
the apertures, the pressure of the air supplied to the air pad, roller means, respectively, and means for supplying air to 
and the spacing from the air pad to the foil, arc selected to said first and second air pad members, 
provide a pressure against the foil which is between .05 and 1 said first and second air pad members each including a 
ounces per square inch. manifold having a plurality of apertures therein which 

4. The apparatus of claim 1 wherein the means which ex- 15 direct air against the metallic foil, 
tend outwardly from the manifold define a plurality of par- at least said second air pad member including means 
tially closed pressure chambers, each containing at least one disposed on its manifold which extend outwardly 
of the apertures. therefrom to at least partially surround the plurality of 

5. Apparatus for uniformly applying a coating of liquid insu- apertures and define at least one partially closed pressure 
lating means to the first and second sides of metallic foil, com- 20 chamber, when disposed adjacent to the metallic foil. 
prising: 6. The apparatus of claim 5 including means for drying and 

first and second spaced roller means, curing the liquid insulating mcans on the metallic foil. 
means for applying liquid insulating means to said first and 7. The apparatus of claim 5 wherein the means which ex 
second roller means, tends outwardly from the manifold of the second air pad 

metallic foil having first and second sides, means for moving 25 member define a plurality of partially closed pressure cham 
the first and second sides of said metallic foil over a bers, each containing at least one of the apertures. 
predetermined portion of said first and second spaced 
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