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3,075,893 ALUMINUM STRi'ÉÉcTROMAGNETC 

WHNDINGS AND METH0b 
Clarence F. Mangning, Goocéland County, and Thomas HE. 

iewis and John Stakey, ChesterfieldCounty, Wa, as 
signors to. Reynolds Metals Company, Richiond,'Wa, a corp0ration of IDedaware 

C9??tinuation of application Ser. No. 487,057, Feb. 9, 
1955. This application Now. 9, 1959, Ser. No.854,993 

3 Claims. (Cl. 204-29) 
For many years the desirability of aluminum foil and 

thin Sheet electromagnetic coils or windings for trans 
formers and other electromagnetic devices, has been rec 
ognized, but there are great difficulties in securing dielec 
tric coatingS Which will not only satisfactorily insulate 
the Surfaces of the strips, but which will provide adequate 
inSulation for the edges of the foil strips. In cutting the 
stripS from sheets of commercial width, sharp projections 
or burrS of microscopic dimensions are formed on the 
edges thereof. Attempts have been made to avoid the 
effects of the rough condition of the edges of the strips 
and produce coils therefrom by coiling the strips with 
paper interleaved between the turns to provide durable 
inSulation and thereafter cut back into the metal the strip 
at its edges, by treating the coil with chemicals neutral to 
the paper inSulation So as to leave between the outer edges 
of the turns overhanging or projecting edges of insulation. 

Further attempts have been made to coat the edges 
With enamel coating, and to apply an oxide coating to 
aluminum stripS, passing the strips through a bath, as for 
example, an electrolytic bath. All such attempts have 
failed because of lack of adequate insulation on the edges 
or the accumulation at the edges of the strips of applied 
inSulation material, when such material as resins are 
used, Such thickened edges preventing the strips from being 
made into coils in which the turns are symmetrically fiat 
and the final coil sufficiently compact. 

It has also been realized that an anodized film or alumi 
num coil stripS provides many advantages over other ap 
plied inSulation materials. Such inorganic anodic coating 
is not only more permanent inSulation but also allows 
Operation of the equipment at higher temperatures than 
Organic inSulationS and letS it compete with the more ex 
pensive glaSS, mica, and other inorganic insulations. 
AnOdic films also prowide adequate insulation with a mini 
mum of insulation thickness. 

in arriving at the article and method, subject of the 
present application, it was first endeavored to treat the 
inewitable burred edges of aluminum foil, say 0.008’, 
with an oxide film by both chemical and electrochemical 
processes, and also to coat the aluminum coil strips with 
enamel. These attempts were unsuccessful due to the 
lack of adequate inSulation on sharp projections on the 
sheet. Attempts have been made to deburr the edges by 
melting them but an electric arc produced beading even 
when wery close controls were employed. Such beading 
is undesirable due to resulting increased thickness of the 
edges and the space and insulation problems. Finally the 
method of the present invention arrived at success. 
The present invention is based upon the inability of the 

Oxidation method applied to slit thin aluminum strips for 
electromagnetic coils, such as used in transformers, to 
adequately provide dielectric oxide coatings on aluminum 
foil strips, even when slit from wider strips with great 
care, and inasmuch as microscopic burrs would imewiably 
be produced, and the solving of this problem after very 
extended experiments with various methods leading to the 
discovery that cut strips of aluminum foil of even 0.008'' 
and lower, when produced with a smooth rounded edge, 
visible upon magnification, will enable uniform oxidation 
ower the edges of the sheet as well as upon its major Sur 

2 
faces, and that the said rounded edges on the sheet may 
be produced mechanically, or preferably by a combined 
mechanical and chemical treatment of the said edges. 
The invention will be described with reference to the 

6 accompanying drawingS, in which: 
FIGURE 1 represents a reproduction of a microphoto 

graph of the right-hand edge portion of a cross section at 
a cut edge of a first specimen of an aluminum foil strip of 
0.008° thickness, showing the burred edge obtained even 

k0 after very careful slitting of the strip; 
FiGURE 2 is a reproduction of a microphotograph of 

the specimen of FIG. 1 after anodizing, and showing that 
while the burrs are somewhat reduced in sharpness they 
Still remain, so that the anodizing will not adequately in 

l5 Sulate the edge as has been found in unsuccessful attempts 
to produce magnetic windings from Such strip; 
FIGURE 3 is a view similar to FIG. 1, showing the 

croSS section through the right-hand edge of a second 
specimen cut strip of 0.008° thickness even after special 

20 attention is given to the slitting in order to minimize the 
burr; 
FIGURE 4 is a view of the specimen of strip edge 

shown in FiG. 3 after mechanical rounding of the edge in 
accordance with the method of the present invention; 
FHGURE 5 is a view of the same edge specimen shown 

* in preceding FIGS. 3 and 4 after chemical polishing; 
#FiGURE 6 is a much more highly magnified view of 

the right-hand corner portion of the specimen shown in. 
FiG. 4, a leSSer amount of edge rounding having been 

*0 applied than in FIG. 5 and after anodic coating; ~ 
FiGURE 7 is a chart showing the dielectric properties 

of an inSulating coating applied to strips in accordance 
with this invention; 
FIGURE 8 is a perspective view of a brush apparatus 

35 for mechanically treating the edges of the strips; 
FiGURE 9 is a diagrammatic view illustrating the 

brushing Operation with respect to action on the edges at 
the top of the strip. ^ 

Referring to FIG. 1 there is shown a highly. magnified 
40 fragment representing a microphotograph of the right 

hand edge of a strip 20 of aluminum carefully cut from 
a relatively Wide strip or sheet by conventional slitting 
methods, the fragment being designated generally as 21 

45 In the normal course of the slitting operation, the ' re 
produced microscopic sharpity pointed projections such 
as 22, a sharp corner 24 and sharply convergent pockets 
or recesses 25, are found. | ''; 

In accordance with methods heretofore used for insulat 
0 ing the cut strip, the fragment 21 of FIG. 1 is shown 

after treatment by an anodizing process in FIG. 2, the 
anodizinag proceSS producing an integrally formed coating 
of insulation 26. In FIG. 2 the coating 26 is shown in 
a highly exaggerated manner for purposes of emphasis and 

55 diagrammatic illustration. In actual microphotographs, 
howewer, the actual coating is not clearly discernible. 
It will be noted that at the sharply convergent pockets 

' or recesses 25 after anodizing as shown in FiG. 2 and 
at the remaining sharply pointed projections 22 and the 

60 corner 24, the electrostatic field distribution during the 
anodizing process is Such as to prewent the formation of 
any appreciable inSulative coating. ~ 
As a result of this irregular distribution of the insula 

tive coating 26, any attempt to wind electromagnetic 
65 coils using anodized aluminum strips hawing the lateral 

edge configuration shown in FIGS. 1 and 2, will result 
in a structure in which the extreme lateral edges of the 
strip are effectively, if not actually, devoid of any insula 
tion. This, of course, will result in short circuited 

0 turns even though the voltage per turn may be relatively 
low. FIGS. 1 and 2 clearly illustrate the inherent prob 
lems encountered in attempting to form an electromag 

25 
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netic winding using thin anodized aluminum strip mate 
rial slit by conventional slitting methods and apparatuS. 

FIG. 3 is similar to FHG. 1 illustrating a fragment 
of the extreme right-hand edge of a different specimen, 
of strip as produced by slitting apparatus. AS in the 
case of FiG. 1, the fragment of the strip Specimen is 
designated generally as 27 in FIG. 3 and comprises the 
usual sharp corners 28 and 29, sharply pointed irregular 
ities 3{} and sharply convergent pockets or receSSeS 31. 
Instead of proceeding directly to apply an electrically 
insulative coating to the specimen shown in FiG. 3, the 
edges of the strip. 20 of which the fragment 27 is rep 
resentative are first subjected to a special mechanical 
brushing process as described in greater detail below. 
This brushing process produces a relatively straight wer 
tical-corner-edge 32 contiguous With Smoothly rounded 
upper and lower edges 33 and 34. The wertical edge 32 
is joined to upper and lower rounded edgeS 33 and 34 
at corners 37 and 38 respectively. The strip is then Sub 
jected to a chemical polishing proceSS Which lesSens the 
corners 37 and 38 in the course of the chemical polish 
ing process. In the condition shown in FIG. 5, the Strip 
edge is ideal for anodizing as described in greater detail 
beloW. ~ 

Referring. to FIG. 6, the edge rounding proceSS has 
been applied to a lesser extent than in the case of FIG. 
5. Only the lower right hand portion of the Section is 
visible in FIG. 6 which is more highly magnified than 
FIG. 4. In FiG. 6 the fragment. 27 is shown after 
anodizing and bearing a thin continuous coating 4{} of 
electrically insulative material completely covering the 
surfaces of the strip. ~ ~ ~ ^ 

Because of the smooth Surfaces 32 and 33 and rounded 
corner 38 are effectively free from sharply pointed ir 
regularities or sharply convergent pockets or recesses 
such as 30 and 3 in FiG. 3, a fairly. uniform thickneSS 
of coating is obtained. The dielectric properties of this 
coating are Sufficient at its points of minimum thickneSS 
to provide the required degree of electrical inSulation. 
This may be seen at FIG. 7 as explained in greater detail 
below. ~ 

Referring now to FIGS. 8 and 9, the strip of aluminum 
20 is shown after slitting wound in the form of a roll 
88 mounted on a suitably braked or otherwise restrained 
mandrel shaft 89 from which it is pulled by conventional 
pulling and reWinding means (not shown), thereby keep 
ing the strip 20 in continuous longitudinal mowement 
under Suitable tension. `A pair of oppositely revolving circular brushes. 9{} and 
91 mounted on spaced parallel power driven shafts 92 
and 93, respectively, engage the lateral edge portionS 
of the strip 20 at '' the upper Surfaces thereof. The 
action of the brushes 9é} and 91 is preferably symmetrical, 
the Shafts 90 and 91 being individually driven at equal 
speeds from a common source of power by means of 
gearing or the like which has been omitted from the 
drawing for simplicity of illustration. 
A fixed rectangular back-up block 95 is disposed 

beneath the mowing strip 20 in engagement therewith at 
the location, where its · edges are engaged by the brushes 
90 and 91. The upper surface. of back-up block 95 
Symmetrically Supports the strip 20 for limiting transwerSe 
bending at its edge portions which are in contact With 
the brushes 90 and 9l and thereby permitting an ap 
preciable amount of brushing pressure to be applied to 
the edges of the 'comparatively thin strip 20, without re 
quiring an undue amount of tension in the strip. 

After treatment of its upper · edge Surfaces by brushes 
90 and 91, the strip 20 proceeds to a second pair of 
oppositely, revolving brushes 96 and ? 97 which brush the 
lower surfaces of the edge portions of the strip 20. The 
brushes.96 and 97 are arranged similarly to the brushes 
90 and 91 except that the back-up block 98 associated 
therewith is disposed above the strip 2{} instead of beneath 
the strip as in the case of back-up, block 95 asSociated 
with brushes 90 and 91.. " " ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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Only two pairs of brushes 9{}-9 and 96-97 have 

been shown. It is to be understood, hoWewer, that one 
or more further sets of brushes may be provided if de 
sired. Ordinarily, two complete sets of brushes as shown 
in FIG. 11 will serve to remove the irregularities at the 
strip edges to an extent sufficient to prepare the strip 
for subsequent chemical polishing of its edges as described 
below. ~ 

Hm practice, satisfactory results have been obtained 
using brushes of approximately 12” diameter with closely 
rhassed filaments, in the case of bronze filaments prefer 
ably about 0.005 in thickness and with an effective length 
of 3%''. · Hn the case of brushes with fiber filaments it 
has been found satisfactory to enimploy a filament thickneSS 
of 0.010-0.025, with the same active filament length as in 
the case of the bronze filaments. The ''' brushes with 
bronze filaments were operated at speeds of 400-600 
r.p.m. bristies and 1500-1800 r.p.m. when using fiber fila 
ment brushes and any suitable abrasive, preferably of 
-200 mesh. The direction of rotation of each brush is 
Such as to exert a force tending to defiect the strip trans 
wersely as indicated in FiG. 12, the brushing forces 
exerted by the two brushes of each pair being Substan 
tially equal and oppositely directed so that the strip is not. 
puiled laterally in either direction. Preferably, the 
brushing force is exerted on the edges of the strip at an 
angle of approximately 45° with respect to the horizontal 
point of engagement with the · edge of the strip 2{} as 
shown in FIG. 12. ~ ~ ~ 

After brushing, the strip 2{} is chemically and mechani 
cally cleaned and thereafter rinsed with water, and the 

| water rinse is followed by a chemical polishing in an 
aqueous Solution of acid at 170-200° F. As an example, 
the solution may consist of a mixture of phosphoric and 
mitric acids consisting of 95% of HPO4 at a concentra 
tion of 85% and 5% of HNOg at a concentration of 65%. 
The duration of the · chemical polishing treatment is of 
the order of 1 to 2 minutes and the treatment need be 
applied only to the edge portions of the strip. 

After the chemical polishing, the strip is rimsed with 
water and air dried. After air. drying, the · strip is then subjected to an 
anodizing treatment, for example With Sulphuric acid, 
using direct current at a current density of 25 to 30 
|amperes per Square foot of total strip area to be coated, 
with the positive terminal connected to the strip. The 
bath may be an aqueous solution of Sulphuric acid at a 
concentration of 15-18% and a temperature of about 
70°. F. The · time of treatment may be about ·6 to 13 
minutes which causes the formation of an oxide coating 
integral with the strip and of sufficient thickness to serve 
as adequate insulation when the strip is wound into a roll 
for use as a transformer winding. · After completion of the amodizing treatment, the 
insulated strip may, if desired, be sealed by immersion in 
hot water at. 200° F., and a further sealing with steam 
may be employed. The strip is then air. dried. At this 
point it may be coated with silicone. ~ 
' FIG.7 is a graph showing the dielectric strength of a 
coating produced by the foregoing method both on the 
face of the strip and at its edges. As shown by the graph, 
the dielectric strength increases with increasing duration 
of the anodizing treatment. A test of the dielectric 
strength at the edges of the strip using a mercury pool 
electrode clearly shows the presence of a substantial and 
effective inSulating coating as indicated by the lower 
curve. After drying, the .strip may be wound by means of con 
Wentional Winding machinery into a transformer coil in 
the form of a roll of hollow cylindrical shape, a suitable 
silicone oil being applied as a lubricant during the course 
of the winding operation. " " ~ ~ 

Connections are then made to the coil ends and the 
transformer thereafter assembled and tested in the usual 
1001.311.162 ? ~ ? 
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Preferably the invention is practiced with aluminum. 
of Substantially pure grade commercially known as '2S', 
one quarter hard to full hard. Although it has been 
stated that the invention can be practiced on cut strips 
of aluminum of even 0.008''' and lower thickness, it also 
can be practiced on strips of greater thickness, e.g., 
0,0}15”. 

This is a continuation of our copending application, 
Serial No. 487,057, filed February 9, 1955, and now 
abandoned. 
We claim: 
1. The method of making an inSulated electrical com 

ductor, the steps comprising: slitting a thin sheet of alumi 
num to form a strip; brushing the edge portions of the 
strip to remowe burrs formed in the slitting step and im 
part thereto a generally rounded cross-Sectional configura 
tion and a smooth Surface finish; and anodizing the strip 
to provide both sides and the edges thereof with a thin 
continuous electrically-insulating film. 
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2. The method defined in claim 1 in which the sheet 

of aluminum is of the order of about 0.008''' to about 
0.015° thickness. 

3. The method defined in claim 1 including the step, 
between the polishing and anodizing steps, of chemically 
polishing at least the edge portions of the strip. 
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