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57 ABSTRACT 
In fabrication of commutators by applying a thin insu 
lation coating on a cylindrical support and thereafter 
applying a thin conductive layer ultimately providing 
the conductive segments by plasma or flame spray 
techniques, a bonding layer is layed before the insulat 
ing layer; and further electrical connections for arma 
ture coil leads, either in the form of tangs or direct 
connections are provided by applying to the insulating 
layer either a tang-originating preform or the lead 
ends before flame spraying of a copper layer for the 
conductive bars or segments and thereafter slotting to 
define the tanged or lead-connected segments. Alter 
natively, bar defining slots can be produced by mask 
ing the insulation coated blank before the final layer 
flame spray, wholely or in part eliminating slotting 
operations. 
A dove tail interlock between the bars and core may 
be achieved by using a core with longitudinal 
trapezoidal section slots and carrying out the bar 
slotting centrally of each of the core slot locations. 

9 Claims, 15 Drawing Figures 
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METHOD OF FABRICATING A COMMUTATOR 
The present invention will be discussed in terms of a 

commutator for an electric motor, but it is to be under 
stood that a commutator or a similar structure for other 
environments are within the scope of various aspects of 
the invention. Also, though other metals may be used 
as specific requirements may dictate for the hereinafter 
referred to commutator segment building layer, for 
convenience and not restriction, the method here is de 
scribed in terms of copper as applied for the conductive 
commutator bars or segments. 
For motors or other dynamo-electric machines, it is 

obviously desirable that the costs be low both for fabri 
cation of a commutator itself and for assembling and 
functionally connecting it into the final armature struc 
ture; and that the commutator have as small a size as 
possible for the function, the performance, and life re 
quired. 
Especially for so-called "radial' commutators, to 

which the brush feed is directed more or less radially 
of the armature axis, conventional structures have lim 
ited possibility of size reduction, because in addition to 
metal thickness required in each commutator segment 
for conduction purposes, further depth or radial dimen 
sion is required for strength and particularly to provide 
inward projections anchoring the segments in an under 
lying core insulation. 

It has been proposed by the prior patented art to fab 
ricate a commutator by developing on a core blanka 
layer of insulating material, as by anodizing a cylindri 
cal aluminum surface provided on a core member, or 
otherwise depositing an insulating ceramic layer; and 
thereafter to the insulating ceramic base applying a 
continuous layer of conductive metal such as copper or 
the like to be subsequently longitudinally slotted to 
form the commutator segments. . . . . . 
Such prior art proposals or practices involving flame 

spraying of copper or similar metal, to become the con 
ductive segments of a commutator, onto a support or 
core provided with an insulating layer, especially ce 
ramic insulating layers, have entailed certain advan 
tages. Thus where an aluminum core or aluminum layer 
on a support is used as a source of alumina for the insu 
lating coating or layer, a special procedure such as an 
odizing must be used. On the other hand where a ce 
ramic material, such as alumina is deposited on the sup 
port as the insulating layer, it has been found that the 
ultimate composite structure, from the conductor seg 
ments to the base through such insulating layer, often 
fails in the commutator service or even in the fabrica 
tion step of slotting a circumferential continuously de 
posited copper layer. 
With respect to this problem the present invention 

has found advantageous and proposes that before the 
ceramic layer there be laid down a bonding coating, 
comprising for example, a flash coating of nickel alumi 
nide followed by a flash coating of copper, both appli 
cable by flame spraying, onto which bonding coating 
the ceramic insulating layer is then applied. 
By another aspect of the invention, it is proposed 

that, after a blank has been formed up to the comple 
tion of the ceramic layer, for example, with a partially 
formed commutator on the armature, the leads from 
the armature coil windings be located in appropriate 
spaced disposition on the ceramic layer, and then that 
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flame spray application of the final conductive copper 
layer be carried out, so that the leads are mechanically 

2 
and electrically connected to the commutator struc 
ture. 

Thus need for slotting to provide armature coil lead 
attachment points in the segments and further opera 
tions to secure the leads may be avoided. 

In such cases with currently used magnet wires hav 
ing polyurathane or Formvar-Nylon insulating coat 
ings, there is no need to remove such insulation at the point of bonding. 
For commutator structures upon which unusual pre 

formance demands are placed, further it is proposed 
that similar procedures be carried out on a core blank 
having, in appropriate number corresponding to the 
commutator segments desired, circumferentially 
spaced longitudinal slots of a dove-tailed type or trape 
zoidal cross section with the bonding coating and ce 
ramic layer being carried continuously down the slot 
walls and bottom, and the flame sprayed conductive 
material filling the slots and integrally continuing to a 
circumferential continuous cylindrical layer. After tru 
ing operations, the slotting of the outer copper layer is 
carried out centrally at the core slot locations down to 
the ceramic layer, thereby to define commutator seg 
ments each longitudinally locked along respective 
edges in successively adjacent slots. - 
Further for a commutator with lead attaching tangs, 

the above described fabrication is carried out to com 
pletion of the ceramic layer, and then a grommet-like 
flanged short sleeve element, perforated in its cylindri 
cal portion, is press fitted onto the ceramic insulated 
blank, and then with the flame spraying of the final 
copper layer carried out over the entire blank, the ap 
plied sprayed copper builds not only the commutator 
segment material, but also applied over the "grommet' 
bonds the latter not only endwise, but also through 
such apertures to the underlying insulating layer. 
Thereafter slotting carried out through the flange de 
fines the tangs for the corresponding bar segments; the 
slotting being confined to the grommet region where 
masking is used to define the major intersegment slots. 

It is the general object of the present invention to 
provide an improved method of forming a commutator 
for a dynamoelectric machine and the like. 

It is another object of the invention especially to pro 
vide improvements in that method for fabricating the 
commutators, wherein there is applied to a metal sup 
port a thin spray-applied ceramic insulation base for a 
flame sprayed copper layer ultimately forming commu 
tator segments. 
A further object is the provision of a commutator 

forming method including flame spraying application 
of the segment-forming conductive material where the 
latter operation is carried out on a ceramic insulated 
commutator core positioned on an armature being fab 
ricated after winding, whereby armature coil leads are 
electrically and mechanically connected to the commu 
tator structure. 
A still further object is the provision of novel forms 

of commutator structures of improved characteristics. 
Other objects and advantages will appear from the foll 
lowing description wherein: 
FIG. 1 is a generalized perspective view of a commu 

tator, 
FIG. 2 is an enlarged fragmentary view of a portion 

of a commutator blank indicating completion of a first 
step of fabrication with a first layer for bonding coating 
applied; 
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FIG. 3 is a view similar to FIG. 2 showing completion 
of a second step applying a second layer completing a 
bonding coating, 
FIG. 4 is a view similar to FIGS. 2-3 showing a third 

step of ceramic coating application completed; 
FIG. 5 is a view similar to FIGS. 2-4 showing a com 

pletion of a further step of application of the conduc 
tive layer; 
FIG. 6 is a view similar to FIGS. 2-5 showing comple 

tion of a slotting step; 
FIG. 7 is a fragmentary view showing modification of 

the method aspects by masking for slot formation and 
in lead attachment; 
FIGS. 8-9 are fragmentary views showing further 

modification in method from that of FIG. 7; 
FIG. 10 is an axial fragmentary section showing a fur 

ther modification of the method to provide lead attach 
ing tangs, at completion of a step interpolated after 
completion of the insulation layer; 
FIG. 11 is a view similar to FIG. 10 showing structure 

after flame spray application of the final copper layer; 
FIG. 12 is a fragmentary plan view after completion 

of the commutator in process in FIGS. 10-11; 
FIG. 13 is a fragmentary end view indicating a core 

and a method modification for a modified commutator 
Structure; 
FIG. 14 is an end view similar to FIG. 13 but further 

enlarged, indicating progression of the method to com 
pletion of application of the conductive layer; and 

FIG. 15 is an end view similar to FIGS. 13-14 indica 
tive of the finished form after slotting. 

GENERAL STRUCTURE AND METHOD 

In FIG. 1 of the drawings there is shown in general 
ized form a "radial' commutator C on the shaft S of an 
electric motor armature. The commutator includes a 
cylindrical core 20 which, for some applications of the 
invention, may be a shouldered enlarged diameter por 
tion of the shaft S or a separate core element press 
fitted and secured on the shaft as is conventionally 
done. Core 20 supports through an intervening contin 
uous circumferential composite bonding and insulating 
layer 21, as hereinafter described and shown more par 
ticularly on other drawings, an external layer of copper 
material separated by equi-spaced longitudinal slots 23 
into the conductive commutator bars B. 

It is here noted that in the drawings the layer thick 
ness are exaggerated for clarity and that there is no 
strict mutually scaled relation. 
As shown by fragmentary FIG. 6 for the completed 

commutator structure the composite insulating and 
bonding layer 21 actually is comprised of three contin 
uous circumferential layers of distinct materials, 
namely quite thin layer 24 of nickel aluminide applied 
directly to a core 20 (where the core is aluminum); a 
second thin but somewhat heavier layer 25 as a flash 
coating of copper applied to layer 24; and the yet 
heavier but still comparatively thin layer 26 of ceramic 
insulating material such as alumina, i.e., aluminum ox 
ide. These may be considered as comprising but two 
functionally distinct layers, namely the ceramic layer 
26 with the insulating function; and the layers 24-25 as 
a composite layer 21a having the primary and impor 
tant function of ensuring a secure bond between the ce 
ramic insulating layer 26 and the core 20. 
By the process of fabrication, for example, of a frac 

tional horsepower motor commutator of a diameter of 
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about 1.28 inches, to a hollow cylindrical aluminum 
core of about 1.13 inch outside diameter with the core 
concentric and appropriately sized for the intended 
shaft, by flame spraying there was first applied nickel 
aluminide as a continuous and substantially even cir 
cumferential layer 24 about 0.001 inches thick, (by a 
single relative rotational pass between core and flame 
spray nozzle) as indicated by FIG. 2; and a flash coating 
of copper next was similarly flame spray applied to a 
thickness of about 0.005 inches, thus producing com 
posite bonding layer 21 indicated in FIG. 3. However, 
a lighter “flash' copper layer on the order of 0.002 
inches thickness would be suitable. Thereafter plasma 
spray applied alumina was built up to a depth of 0.010 
inches as the circumferentially continuous ceramic 
layer 26 as indicated by FIG. 4. Finally again by flame 
spraying, copper. was applied evenly to a thickness of 
about 0.010 inches to form a continuous circumferen 
tial layer 27 as shown in FIG. 5. After the resulting 
commutator blank was turned down in a truing opera 
tion resulting in a final thickness of the external copper 
layer of about 0.007 inches, the outer copper layer was 
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longitudinally slotted down to the insulating layer to 
provide the slots 23 thus resulting in a finished commu 
tator with the bars B defined between the slots 23. The 
particle spray fusion operations, i.e., the operations of 
flame spraying and the plasma spraying of the various 
applied materials, were carried out by known tech 
niques and equipment for these operations; and so also 
the turning and slotting were effected by methods and 
equipment conventional for such operations on com 
mutators. Where the particle spray fusion applications, 
especially the final copper application, are carried out 
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with close control, e.g., with proximity sensors, and 
good chucking of the blank internally, the turning to 
true may be avoided. 

MASKING MODIFICATION 

To eliminate the specific slotting operation, after the 
blank fabrication has reached completion of the stage 
of ceramic application as shown in FIG. 4, on a ceramic 
covered circumference, there is placed a spider mask 
providing elongated thin bars or legs 30 extending lon 
gitudinally over the blank's ceramic surface and having 
mutual spacing and cross section dimensions corre 
sponding to the desired bar- defining slots as fragmen 
tarily represented in FIGS. 8 and 9. Thereafter the final 
copper layer is flame sprayed on and after the turning 
operation to true the commutator, the mask is re 
moved. 
The mask may have a cage-like form, and be molded, 

for example, of a suitable plastic for a single-use throw 
away type; or made of a tool steel for more permanent 
reuseable tooling. In either case as required a suitable 
release agent, such as one of the known mold release 
agents, is used on the mask to facilitate removal with 
out unduly stressing the applied copper. As may be 
needed the copper layer 27 is turned down to appropri 
ate dimension and concentricity; and for this purpose 
the throw away type mask is particularly useful, since 
less concern is then required for the character and use 
of the cutting tools. 

INTEGRATION OF COMMUTATOR 
FABRICATION 

WITH GENERAL ARMATURE FABRICATION 

With further economic advantage, the application of 
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the copper layer 27 may be carried out by the previ 
ously described particle spray process on a partially 
fabricated armature assembly. A commutator core 
blank, with the ceramic layer applied, is positioned and 
secured on an armature shaft carrying the armature 
lamination stack and ready for winding with modern 
magnet wire insulated by a polyurthane or Formvar 
Nylon insulation coating. The armature coil winding is 
carried out producing coil leads which are placed in ap 
propriate locations on the proximate blank ceramic 
layer margin. The flame spray application of the copper 
penetrates and destroys the wire insulation on the ends 
of the leads and embeds the lead ends in the built up 
thickness of the sprayed on copper layer, thus effecting 
both the electrical and the physical mechanical con 
nection of the leads to the commutator. Thereafter the 
remaining prior described steps are carried out, with 
turning to true and dimension concentrically the com 
mutator surface; and finally either slotting or removal 
of the mask depending upon the approach taken to pro 
duce the bar -defining slots. Hence, end slotting or 
other formation or treatment of the bars for lead at 
tachments and the specific operations for connecting 
the individual leads and bars are eliminated. 

In the following examples the portion of the lead to 
each bar is so connected. 
The fragmentary view of FIGS. 7,8, and 9 commonly 

indicate first the circumferentially equi-spaced legs 30 
of the mask defining successive commutator slots and 
therebetween space to be filled in with the sprayed on 
copper so to form respective bars. These legs 30 are 
joined into an integral cage-like structure by at least 
one end ring 30a at the outward commutator blank 
end; and against the other blank end, disposed towards 
the lamination stack, a disk of insulating material 31 in 
FIG. 7, 32 in FIGS. 8-9, supports the coil lead ends L. 
Midway between each pair of successive legs, the end 
disk 31 has a respective lead anchoring projection 31a 
about which the coil wire is looped in forming the re 
spective lead L during the winding; while in disk 32 
there are similarly located notches 32a through each of 
which is laid and wedges the respective lead L from the 
core winding. . . 
For the usual armature, the end disk31 (or 32), pref 

erably a permanent element, is first placed on the shaft 
against a stop shoulder and the core blank pressed on 
thereagainst, either already provided with the bonding 
layer 21, or with this applied to the core on the shaft 
before lead placement. Then the mask is appropriately 
positioned on the insulated core blank and set in angu 
lar as well as axial sense either before or after the core 
winding operation; with the possibility that the leads L 
in the case of disk 32 may be machine-laid directly into 
the locating slot 32a as a part of the overall winding 
operation; or thereafter the leads may be bent down to 
their appropriate receiving notches. The flame spray 
application of the copper on to the edge of disk 31 em 
braces the lead loop and is sufficient. . 
For this purpose a throw-away or one-shot type mask 

made of a suitable plastic is applicable, preferrably 
molded with a slight taper in longitudinal and radial di 
rections to provide "draft” for safe, easy removal. In 
the case of a steel tooling type mask, obviously a re 
lease agent is to be applied before placement on the 
core blank to afford a simple mask form to be axially 
withdrawn from the finished armature, rather than a 
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complex mask designed to achieve a clearance with the 
sprayed on copper before axial withdrawal. 
A plastic mask might be left in place as a permanent 

part of the structure where the commutator service is 
not demanding. 

COMMUTATION WITH LEAD CONNECTOR 
TANGS 

(FIGS. 10-12) 
To produce a lead attaching tang construction, the 

structure and process may be modified as indicated in 
FIGS. 10-12, for either the preparation of the total 
commutator apart from the armature, or as above de 
scribed partially incorporated in the armature assem 
blying procedure. 
Again after the method has advanced to completion 

of the ceramic layer application as represented by FIG. 
4, a grommet -like short copper sleeve 40 reflexly 
flanged at one end. (as indicated by the longitudinal 
cross section appearing in fragmentary FIG. 10) is ap 
plied to one end of the blank. The short cylindrical 
body 41 has a multiplicity of apertures 43 over much 
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of its area, up to the somewhat inwardly reflected 
flange 42 at the right. 
The grommet may be produced directly in annular 

form or be made as perforated strip formed and curled 
to the ring. 

Preferably the sleeve 40, with at least a light press fit, 
is pushed on to one end of the ceramic coated blank to 
bring the flanged outer end slightly inward of the com 
mutator edge. The copper is flame sprayed over the 
length and circumference of the commutator including 
the sleeve to the depth indicated by the dotted line 27. 
This thus builds not only the commutator bar or seg 
ment material, but in penetrating the extensively aper 
tured area of the sleeve body 41 and by application 
near its outboard end, also secures the element 40 in 
position. Where no masking has been used, after truing 
turning, the longitudinal slotting, being carried through 
the layer 27 and through the now incorporated inte 
grated element 40 and beyond the flange 42, not only 
provides the separate commutator segments, but also 
produces respective tangs resulting by the slotting divi 
sion of the flange portion. 
The slotting tool may be shaped not only to cut the 

slot as such through the layer 27 but also to work on 
each side to cut a triangular notch at the flange 42 to 
give a narrower tang projection for more convenient 
wire application. 
On the other hand, if a masking procedure is used as 

might be done to define at least the major part of the 
length of the longitudinal slots, then after the turning 
operation, slotting may be carried out only as then re 
quired across the region formerly occupied by the ele 
ment 40 to complete the slots and define the tangs. 
Also it may be noted that the flame spray application 

of copper or other conductive metal may be used to se 
cure individual lead tangs to carbon commutator seg 
ments or bars; or the described "grommet' structure 
may be bonded thereto as described above and thereaf 
ter slotted. 

COMMUTATOR MODIFICATION AND 
FABRICATION 
(FIGS. 13-15) 

For a commutator requiring a more rugged structure, 
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or intended for heavier duty or demands of one type or 
another, rather than having the simple cylindrical sur 
face as in the aforedescribed forms and methods, the 
core, as indicated for the core 120 in FIG. 12 and FIG. 
14, corresponding to the spacing of the ultimate slots 
dividing the commutator bar segments, has longitudinal 
slots 50 of a dove tailed type slot cross section, that is, 
with opposite longitudinal sides sloping towards each 
other. 
Following the procedure previously described, for 10 

example, with respect to FIGS.1-6, except as hereinaf 
ter noted, the layers 24, 25, 26 and 27 may be succes 
sively applied each not only to the cylindrical circum 
ferential surface but also continuously, there -with 
through the sides and bottom of each slot 50 to arrive 
at the structure shown in FIG. 14 wherein, for simplic 
ity and clarity of representation, the resultant so-called 
"bonding insulating' layer is designated as the single 
layer 21. The final copper layer is flame sprayed not 
only for its circumferential continuity but also to fill 
completely the residual space of the coated slots 50. 
After the blank is turned to dimension and concen 

tricity as previously, the slots are now cut longitudinally 
through the copper down to the insulation layer at the 
bottom of groove locations 50, and precisely centrally 
of the location of each of the grooves 50 as indicated 
at 123 (dot-dash lines in FIG. 14; full lines in FIG. 15) 
providing then a finished commutator. Here it will be 
observed that the blank surface or core surface region 
between the successive grooves 50 now has formed in 
effect a dove tail type engagement with each commuta 
tor segment B, that is, opposite longitudinal edges of 
each segment B have a wedged interlock under the 
sloping shoulders of the respective grooves 50. 
Certain aspects in the aforedescribed processes and 

structures are as well applicable especially to commu 
tators for lower performance demand where, for exam 
ple, a bonding and insulating layer may be provided on 
a base core of aluminum, steel or other material, for ex 
ample, by fluidized bed coating an epoxy resin on a 
blank such as that for the FIG. 1 type commutator or 
a FIG. 12-14 type commutator. To this as a simple in 
sulating and bonding layer, there is then again flame 
sprayed the copper material to the appropriate thick 
ness to provide the copper segments with the bar defin 
ing slots provided either by the masking or by slotting 
as previously described for FIGS. 1-15 inclusive. 

I claim: 
1. A method of making a cylindrical metal-cored 

commutator, comprising the steps of: 
providing a generally circularly cylindrically surfaced 
metal core, and applying a boning layer on the cy 
lindrical surface of said core; 

depositing a circumferentially continuous metal 
oxide insulating layer on the bonding layer, by par 
ticle spray fusion; 

forming a plurally axially interrupted conductive 
layer of sprayed-on molten conductive metal parti 
cles fused together and fused onto said insulating 
layer, thereby to provide a circumferential array of 
commutator bars. 

2. The method as described in claim 1, wherein 
said circumferential array is formed by masking said 
metal oxide layer with spaced thin longitudinally 
extending elements, then spraying on said molten 
particles, 
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8 
and removing said elements after solidification and 
cooling of the sprayed on material. 

3. The method as described in claim 1, wherein 
said circumferential array is formed by spraying on 

said molten particles to form a circumferentially 
continuous outer layer, and thereafter axially plu 
rally slotting the last said layer down to the said 
metal oxide layer at equi-angularly spaced loca 
tons. 

4. The method as described in claim 3, including the 
further step of turning said outer layer to concentricity 
with a rotational axis of said core before slotting. 

5. A method as described in claim 2, including the 
further step of turning said outer layer to concentricity 
with a rotational axis of said core before removal of 
said elements. 

6. The method as described in claim 3, wherein 
as said core there is provided an aluminum cylinder; 
said bonding layer is applied by flame spray deposi 

tion of first a thin layer of nickel aluminide onto the 
surface of said core 

and then a layer of copper; 
said insulating layer is aluminum oxide; and 
said conductive layer is copper. 
7. The method as described in claim 6, including 
a step of longitudinally dove-tail slotting said alumi 
num cylinder at equi-angularly spaced locations 
corresponding in number and spacing to desired 
commutator bars, before applying said bonding 
layer, 

said bonding layer carried continuously down into 
and out of the resultant dove-tail slots, 

said molten particles being applied to said insulating 
layer in said dove-tail slots to fill the dove-tail slots 
as well as to build up said circumferentially contin 
uous outermost layer to a substantially cylindrical 
form; 

the plural slotting being carried out at the respective 
centers of the dove-tail slots. 

8. The method as described in claim 6, including the 
further steps of 
forming an outwardly flanged copper collar having a 

cylindrical body with numerous generally uni 
formly distributed apertures therethrough, 

the body having a length appreciably less than half 
the length of said core and an inside diameter to 
closely fit on said core after said insulating layer is 
applied; 

fitting said collar, with flanged end trailing, onto one 
end of the insulated core with the flanged end 
slightly inboard of the core end face; 

then carrying out the forming of the plurally axially 
interrupted layer by first flame spraying molten 
copper particles on the exposed portions of the in 
sulating layer and over the body of the collar 
thereby to embed the body leaving the flange pro 
jecting from said outer layer, and then carrying out 
said slotting through the entire collar as well as the 
outer layer to define, by the slotting of the project 
ing flange, coil lead attaching tangs for respective 
commutator bars. 

9. The method as described in claim 2, wherein 
at least the step of forming the interrupted conduc 

tive layer is carried out with said core emplaced on 
a shaft carrying an armature stack; and including 
the steps of winding the armature coils onto the ar 
mature stack, and placing the coil leads in equi 
spaced locations to project over the said insulating 
layer at one end of the core, and 

thereafter spraying on molten copper particles as said 
conductive metal particles to mechanically and 
electrically connect said leads into the resultant 
commutator structure. 
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