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This invention relates to an improved method
of assembling laminated structures for electri-
cal devices and partlcularly stators for electric
motors.

It is among the objects of the present invention
to secure together the stack of laminae forming
a stator in such a manner that the scale coating
on both sides of each lamina is maintained in-
tact thereby insuring the complete insulating
qualities of the scale between adjacent laminae.

A further object of the present invention is to
secure together the stack of lagminae forming a
stator in such a manner as to prevent distor-
tion of the assembled stator which results in
both electrical and mechanical losses.

A still further object of the present invention
is to rivet together the stack of laminae forming
a stator. The rivets, passing through channels
in the stack of laminae, are so treated and op-
erated upon that only the end portions thereof
are upset and swedged over to form clamping
heads, the shanks or body portions of the rivets
being maintained straight and in their original
shape, substantially coaxial with the respective
channels through which they pass thereby avoid-
ing contact of the rivet with the inside surface
of its respective channel.

Laminated structures for electrical devices and
particularly laminated stators for electric mo-
tors have been assembled and held together in
various ways. Sometimes the laminae are held
together by threaded bolts, cther laminae are
clamped together between hcusing members of
the respective device and still others are riveted
tegether before being assembled in the device in
which they are to be used.

The method of bolting the laminae together,
either directly or between housing members of the
device entails expensive processess particularly as
tc time of assembly and also complicates the in-
troduction of the stator windings into their re-
spective stator slois.

Riveting the stack of laminae together greatly
reduces time of assembly and facilitates the plac-
ing of the windings in the slots of the assembled
device. The usual manner of producing a lami-
nated stator by the riveting process is as follows;
the sheet metal from which the stator laminae
are punched is first heat treated to produce a
scale coating of an oxide character on both its
surfaces, said scale coating providing an insulat-
ing layer between adjacent lamina of the stack
forming the stator. The stacked laminae provide
passages into which . the rivets are inserted so
that the head of the rivet engages and rests upon
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the one outer lamina of the stack. While the
stack of laminae are held clamped together, each
rivet is placed between pressure exerting mem-
bers which, while the rivet is cold, will upset or
swedge the one end into a head formation against
the other outer lamina of the stack. In the pro-
duction of a stator for a one horse-power elec-
tric motor or less, these rivets are somewhere
around three sixteenths of an inch or less in di-
ameter and an application of pressure cf approxi-
mately six to eight tong is mecessary to form a
head on a cold rivet which will engage with and
exert a clamping pressure upon its adjacent
lamina to prevent relative slipping movement be-
tween the lamina in the stack, Such tremen-
dous pressure- exerted axially upon g rivet will
not only upset or swedge its end portion inte a
head formation but it will also distort the entire
length- thereof, sometimes bending the kody or
shank portion of the rivet as shown in Fig. 3 of
the drawing, so that portions thereof are pressed
into tight engagement with the inner surface of
the rivet receptive passage through the stack, and
other times actually expanding the body portion
of the rivet throughout its entire length so that
it engages the complete inner surface of its pas-
sage. This necessary tremendous pressure will
also distort the laminae in the stack out of their
normal flat shape causing a relative sliding move-
ment between the various laminae which causes
an irregular outer contour and most undesirakle
of all an irregular central opening which is in-
tended to receive the rotor of the motor so that
g constant ‘air gap thercbetween may be had.
Such distortion of the central opening requires an
extra machine operation to provide a true circu-
lar opening in which the rotor of the motor may
rotate.

The relative sliding movemesnt between adja-
cent laminae of the rotor stack will tend to break
down the insulating scale formation permitiing
an eddy current path to be sef up which affects
the efficiency of the motor. A motor to be of the
highest efficiency should have its magnetic lines
of force emanating directly from the inner pe-
ripheral edge of the stator laminae and not from
the sides thereof or perhaps frem the rivets
themselves which would be the case when the
bcdy of tha rivet is distorted so az 1o contact
with the openings in the laminae through which
said rivets extend.

Thus, cne of the objects of the present inven-
tion, as has been stated, is to so treat and op-

- erate upon the end of the rivet that only said end
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is deformed to provide a clamping head, the body
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of the rivet being maintained substantially spaced
from, and coaxial with, the stator bore through
which it extends.

‘Further objects and advantages of the present
invention will be apparent from the following
description, reference being had to the accom-
panying drawing wherein a preferred embodiment
of the present invention is clearly shown.

In the drawing:

Fig. 1 is a diagrammatic view 111ustrat1ng the
improved methods of assembling a motor stator.

I¥ig. 2 is an enlarged, fragmentary section of a
stator and one rivet assembled by the present
method.

Fig. 3 is a fragmentary sectional view illus- ;

10

trating the undesirable results obtaining from ~ »

improper assembly methods.

Referring to the drawing, the numeral 28
designates a core fixture adapted to fit snugly
into the central cpening of the laminae stack 2¢
forming the stator. This core 20 has a platform
portion 22 upon which the stack of laminae may
rest. A clamping ring 23, fitting about the core
23, is adapted o be moved to exert a predeter-

mined clamping pressure upon the top of the ;

laminae stack 21, Any suitable mechanism may
ke used to move ring 23 relatively to the core
28 and its platform base 22.

The stator stack usually provides a se1 ies of
through passages or openings 25 arranged in a
circular row. Each passage 25 has a rivet in-
serted therein, only one of which designated by
the numeral 28, being shown in the diagrammatic
Fig. 1. As shown, the body of the rivet 2§ is of

less transverse dimension than the opening 28 so

that a clearance space is provided, the rivet not
contacting with the edge of the opening of the
various laminae, and a head 27 is provided on the
rivet which engages the one outer lamina of the
stack 21.
yond-the confines of the stack.

An anvil-electrode 3§ is provided which, in the
complete machine is in the form of a ring the
surface of which, adjacent the laminas stack 21,
is' provided with indents equal in number and
spaced similarly to the rivets 28 so that each rivet
head 27 may seat in an indent in ring 38 when
the stator stack Z{ is clamped upon the fixture.

Directly opposite the anvil-electrode 38 there is
provided a ring shaped presser-electrode 3i
which may have any suitable machinery attached
thereto to move it toward the anvil-electrode
38. This presser-electrode 3i has a series of in~
dents similar to anvil-electrode 88, each indent

coaxially aligning with a respective rivet end ex- ;:

tending from the stator laminae stack in the
fixture. Electrodes 30 and 3§ are-connected -to
any suitable source of electrical energy &3 so that
when the presser-electrode 3! is moved into en-
gagement with the end of rivet 25 current will
tiow from one electrede, through the rivet to the
other electrode. A current of approximately
15,000 amperes ftraverses this circuit and inas-
much as a good fitting and broad contact is had
between the head 21 of the rivet 26 and electrode
38 while the contact between the end of the
rivet 26 and electrode 8{ is initially substantially
a-line contact, very narrow, more resistance to
the flow-of current at electrode 3i will conse~
Guently be had, therefore a much greater heating
- up of the end of the rivet at electrode 31 will
obtain. 'The main body portion of the rivet being
comparatively large and of slighi resistance,
heating thereof will be substantially coufined to
the .extreme end, particularly so since the cur-

The other end of the rivet extends be- 1
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rent flow, sufficient to heat the rivet to permit
its end to be upset and swedged into a head for-
mation requires the circuit to be closed only for
a fraction of a second, this limited time prac-
tically preventing the heating up of any sub-
stantial portion of the main body of the rivet 28.

By electrically heating the end portion of the
rivet 26 it becomes sufficiently ductile that only
a pressure of approximately 560 pounds is neces-
sary to upset and swedge this heated portion of
the rivet into a head formation against the ad-
jacent surface of the outer lamina of the stack.
This comparatively small pressure of 500 pounds
is insufficient to distort the main body of the
rivet 26, maintained comparatively cool during
this operation, thus said body portion will remain

‘substantially coaxial with its respective passage

in the stack of laminae and the space between
the rivet and passage suriace retained. The
ductility of the heated end of the rivet not only
requires less pressure to be gpplied to form a
head; but also permits the application of pres-
sure to be more completely - controlled  thereby
substantially eliminating any disfiguration of the
laminae out of their flat state.  This practically
prevents relative sliding movement of the vari-
cus laminae- and the consegquent breaking down
of the insulating scale as well as distortion of the
inner and outer circular contours of the assem-
kled stator all of which occur when the rivets are
swedged or upset cold.

By maintaining the rivets eoaxial of their re-
suective passages, avoiding distortion of the vari-
ous laminae and consequeni breaking down of
the insulating scale between adjacent laminae,
eddy current paths are practically eliminsted
and consequently the full efﬁcwmcy of the motor
is attainable.

By this process all the undesirable features of.
the cold riveting process are eliminated and the
stator laminae are held as rigidly togsther in
assembled relation as by said cold riveting proc-
ess. 'The time for assembiling is somewhat re-
duced and the extra time reguired tc machine
the-outer and inner peripheral surfaces of the
assembly to eliminate irregularities due to dis-
tortion and consequent slippage is entirely
avoided.

While the embodiment of the present inven-
vion as herein disclosed, constitutes a preferred
form, it is to be understood that other forras
might be adopted, all coming within the scope
of the claims which follow.

What is claimed is as follows:

1. The method of producing low-eddy-current-
loss induction motor stators and the like, com-
prising: providing a multiplicity of stator-com-
ponent laminae of magnetic sheet material each
having thereon a thin frangible electrically non-
conductive coating and having therein a piurality
of similarly located perforations, arranging said
multiplicity of perforated coated laminae in the
form of a’stack having a high degree of inter-
laminal insulation and having aplurality of bores
therethrough defined by registry of the several
perforations of the component laminae, provid-
ing a plurality of stay rods each of greater length
but no. greater shank cross-section than the
length and breadth, respectively, of a corre-
spondent stack bore, freely disposing a stay rod
in each stack bore with the terminal portions of
each rod extended outwardly thereof, anchoring
one terminal portion of each stay rod against
the adjacent end face portion of the stack, mo-:
mentarily " locally heatmg and softening each
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cther said terminal portion of each stay rod by
passing a heavy electrical current thereto
through a ‘high-resistance contact therewith,
and forging each of said thus-softened terminal
rod portions into the form of a head bearing
upon the adjacent end face portion of the lami-
nated stack with a light pressure sufficient to
compact and immobilize said stator-component
laminae relative to one another but insufficient
to set up therein localized stresses capable of
effecting fracture of their respective coatings
and impairment of the high interlaminal stack
insulation provided thereby.

2. The method of producing low-eddy-current-
loss induction motor stators and the like, com-
prising: providing a multiplicity of stator-com-
ponent laminae of magnetic sheet material each
having thereon a thin frangible electrically non-
conductive coating and having therein a plurality
of similarly located perforations, arranging said
multiplicity of perforated coated laminae in the
form of a stack having a high degree of inter-
laminal insulation and having a plurality of bores
therethrough defined by registry of the several
perforations of the component laminae, provid-
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ing a plurality of stay rods each of greater length
and materially lesser shank cross section than
the length and breadth, respectively, of a corre-
spondent stack bore, disposing a stay rod in each
stack bore in spaced relation to the wall thereof
and with the terminal portions of each rod ex-
tended outwardly thereof, anchoring one termi-
nal portion of each stay rod against the adja-
cent end face portion of the stack, momentarily
locally heating and softening each other said
terminal portion of each stay rod hy passing a
heavy electrical current thereto through a high-
resistance contact therewith, and forging each
of said thus-softened terminal portions of said
bore-spaced rods into the form of a head bear-
ing upon the adjacent end face portion of the
laminated stack with a light pressure sufficient
to compact and immobilize said stator-compo-
nent laminae relative to one another but insuffi-
cient either to buckle the shank of the stay rod
or to set up in said component laminae localized
stresses capable of effecting fracture of their re-
spective coatings and impairment of the high
interlaminal stack insulation provided thereby.
CHARLES O. ADAMS.



