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1,018,551,

Application filed April 10,

Specification of Letters Patent.

Patented Feb. 27, 1912.
1905. Serial No. 254,775.

To all whom it may concern.:

Be it known that I, Beserr M. TiNGLEY,
a citizen of the United States, and a resident
of Pitishurgh, in the county of Allegheny
and State of Pennsylvania, have invented a
new and useful Tmprovement in Dynamo-.
[lectric Machines, of which the following
is a specification. '

", My invention relates to dynamo-electric
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inachines,. and particularly to the structure
‘of the rotatable members of machines that
are operated at high speeds. . . A

The object of my invention is to provide
an improved laminated core structure for
dynamo-electric machines that is provided
with specially arranged slots for the recep-
tion of the winding and that may be ade-
quately ventilated for the purpose of getting
rid of large amounts of heat due to elec-
trical losses in the member. _

A further object is to provide a winding
that may be readily applied to the core and
which shall be well adapted to withstand
high centrifugal forces without  displace-
ment or rupture.

In the accompanying drawing, Figure 1
i« a longitudinal, sectional view of the ro-
tating member of a dynamo-electric machine
constructed in accordance ‘with my inven-
“tion, the section at the left of the broken and
dotted lines X+—X being taken on line I—I
and that at the right of the said lines on
line T—I1 of Tig. 2. TFig. 2 is a view, par-

_tially in section and partially in end eleva-
tion of the rotating member shown in Fig.
1. Tig. 8 is a perspective, sectional view
of a group of core laminwx employed in the

rotating member shown in Fig. 1. Fig. 47

is an enlarged, secfional view of another-
group of core lamin®. TFigs. 5, 6, 7, 8 and
9 are partial face views of core laminz.
I'ig. 10 is a sectional-view, on line X—X
of Fig.-9, of one of the core laming.. Fig.
11 is & view of one of the conductors. . Figs.
12 and 13 represent the manner in which the
conductors are applied to-certain, portions
of the magnetizable core. Fig. 14 is a view,
in perspective, of one of the wedges: for re-
taining the winding in position, and Fig. 15
is a diagramnmatié view of the windings as
applied to the core structure. e
The main portion of the rotatable member
comprises groups 1 of magnetizable core
laminz that are mounted upon a shaft2,and
spacing rings 8 that are also mounted upon

the shaft and interposed between the groups
of lamine. KFach group 1 comprises a plu-
rality of disks 4, as shown in Fig. 5, that
are provided with alternate sets of deep
radial slots 5, and shallow radial slots 6
that ave diametrically opposite each other,
with ventilating apertures 7 and with aper-
tures 8 for the reception of bolts 9. One of
the ends disks 10 of each set or group 1 is
of substantially the same form as the disks
4, (see Fig. 6) but is provided with bent-up

‘portions 11.and with strips 12 secured per-

pendicularly thereto that serve as additional
spacing pieces between the groups. The
ventilating laming 10 also differ from the
laminz 4 In that the apertures 13 are larger
in diameter than the corresponding aper-
tures 8 in the lamine 4. The laminz com-
prising ‘each group may, if desired, be se-
cured together by .rivets or by any other
suitable means. -

Surrounding the bolts 9 and located be-
tween adjacent groups, are bushings 15, the
smaller ends 16 of which are inserted in the
apertures 18 of the ventilating disks 10, the
remaining portions of the bushings being of

- greater diameter than the apertures. The

bushings-are provided for the . purpose” of

6¢

75

80

preventing the crusliing of the bent-up por- -

tions 11 of the lamine 10 when the laminse
are drawn together by means of the bolts
9 and-their nuts 9%

One or more of the outer groups of laminze
that comprise the main portion of the core
may be provided with: either one or a plu-

“rality of circumferential slots 17 formed, by

cutting away the teeth between the slbts
6 of some of the disks 4, these slots in com-
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bination with the slots 6, being adapted to .

contain damping coils 18 which will be here-
‘inafter more fully described. . '

Circamferential slots are provided in tihe
end portions of the rotatable member be-
tween groups 20 of core lamine that are
separated by means of disks 21 preferably
composed of non-magnetizable material, the
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outer peripheries of the disks forming. the

bottoms of the slots. -The disks 21 are
mounted upon rings 22 that are in turn
mounted upon the shaft 2, and are prefer-
ably composed of non-magnetizable metal
“which may be more conveniently and accu-
rately fitted to - the shaft than insulating
disks. .
The groups 20 comprise, as shown in Fig.

105
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" The disks 26 differ from ‘the disks 23 only
_in having dpertures 81 that are larger in |.

e 11,018,531

4, two disks 23, of the form shcwn in Fig.
7,-a" disk 24 that is mounted directly upon
‘the shaft 2 arid that is of smaller diameter
than the other core lamine, a spacing disk
25 as shown in Figs. 9 and 10 and a disk 26
such as shown in Fig. 8, the disks being

" riveted or otherwise secured together.

10

The disks 23 (Fig. 7), are similar in form
to those shown in Fig. 5; except that- the

middle slot 27 of one of the sets of slots 6-is -

of substantially the same depth as the slots
5. They are also provided with additional

. apertures 28 similar in dimensions and loca-
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tion to the apertures 7 in the disks 4. The
spacing disks 25 dre similar to the disks
23 but the apertures 29 are larger in diam-
eter than the corresponding apertures 8 in
the disks 23, and they are provided with
suitably located raised portions 80 which-
serve as spacing devices between the groups.

diameter than are the corresponding aper-
tures 8 in the disks 23." The disks 24 are
placed between the laminz 23 and 25 in or-
der to prevent crushing of the raised por-
tions 30 of the lamina 25, and bushings 82
are provided, the smaller ends of which are.
located in the apertures 29 and 81 in the
disks 25 and 26 and ‘the large portions of
which are located in corresponding aper-
tures 33 in the insulating disks 21. ‘

While I have shown specific forms of
spacing and ventilating disks, it is to be un-
derstood that other suitable forms may be
employed, and also that the compositions of
the core groups and the forms of the indi-.
vidual disks may be modified considerably
without altering the essential features of
the structure. T

The core groups are clamped between end |

plates 34 and 85, the former of which rests
against a shoulder 36 on the shaft 2 and the
latter of which rests against a collar 87
that is screw-threaded upon the shaft 2.
The bolts 9 and nuts 9%, above mentioned,
provide additional means for clamping the
groups of core lamine between the end
plates. o )

It will be observed: that spacing rings and
bushings are provided for the purpose-of
prevénting crushing of the spacing lamina
at all points where the greatest pressures are
applied. The apertures 7 provide longitu-
dinal ventilating passages in the core and

these communicate with the transverse pas- .

sages that are provided by the spacing lami-
nz, so that the structure may be easily and
effectually ventilated. =~ . .

One of the principal advantages of my in-
vention lies in the fact that the winding may

“be readily applied to the core; the placing
.of the conductors in the core slots being

65

facilitated by the character of the conduc-
tors employed. The winding is composed

of L-shaped pieces 38 of thin, pliable strips
of conducting material which are placed in

the slots one above the other with overlap-

ping ends until conductors of the desired
.thickness have been composed, strips of in-

~sulating material being placed between the

proper conducting strips in order to sepa-
rate the turns of the conductor. The L-
shaped pieces are made by folding the con-
ducting strips upon themselves as shown in
Fig. 11, with the straight end portions 39
and 40 at right angles to each other, the por-
tions at the corners being of double ‘thick-

'ness. In order to compensate {or the double

thicknesses at the corners the end portions
39 and 40 of consecitively applied con-
ducting strips are caused to overlap, or
else straight strips 41 are supplied to fill
the spaces between the folded portions and
the ends of the strips, as shown.in Fig. 12,
a_conductor of uniform thickness beirg ap-
plied to the core in this manner. No solder
or other connecting material or means is

-employed between the conducting strips,

only the pressure of the strips” upen one
another due to centrifugal force being re-
lied upon to effect good electrical connection
between the strips. :

Before the winding is applied to the core
the slots are lined with suitable insulating

material 42. The conductors are first placed
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in longitudinal slots 48 and 44 and 1in the -

circumferential slots 45 and 46, terminal
connection being made with a collector ring

by means of a conductor 48 that is carried
through a radial passage 49 in insulating
disk. 50 and -the apertures 28 in the core
lamine 23, 25 and 26 and insulating disks

21 in whicn is Jacated an insulating and sup- 105

porting block - 51 for the conductor 48.
After the slots 43, 44, 45 and 46 have been
filled, the winding is applied in like manner
in the next adjacent slots and the process of

forming concentric coils continned until all ‘119

of the slots have been filled, the sanie method
of winding being also employed on the op-

-47, that is suitably mounted on the shaft 1q¢

posite side of the core. Connections between |

the coils in adjacent circumferential slots

are madé by means of cohducting strips 52 115

which are twice folded upon themselves, as
shown in Fig. 13, the portions 53 between
the folds being located in the slots 27 in'the
core laminee 23, 25 and 26. While, in order

to insure balancing of the structure, I pre- .12¢

fer to place the connections between concen-
.tric coils in the slots 27, they may, if desired,
be placed in the slots § without materially
unbalancing the member, in ‘which case the

-slots 27 need only to be of the same depth- 1‘25

as the slots 6. When all of the winding has -

been applied to the core terminal connection
(not shown) is made with collector ring 54
in a manner similar to that shown and de-

scribed for-the first connection. Insulating 130
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material and protecting metallic strips 55
therefor are then laid in the tops of the slots
and .wedges 56 (Fig. 14) are inserted in
groovés 57.in the sides of the slots for re-
taining the windingin position. 0

Dynamo-electric machines -which operate

in synchronism with other machines 1 the

- same system, should, ‘for most satisfactory

10

_field magnet polar extremities; and it is for-

operation, be provided with closed circult
damping coils surrounding portions of the

the reception of such devices that the slots
6 and 17 -have been provided in the core

. structure, . The damping coils 18 may be

15

20

e
<

composed of laminated conductors which are
applied to the core in a manper very similar
to that described for the excitig winding
and they preferably comprise a plurality of

straight, longitudina} portions 58 located in-

the radial slots 6 that are connected at their
ends. by means of transverse portions 59 lo-

cated in:the circumferential slots 17, in this-

manner forming grid-shaped structures, If
desired, there may bé more than one pair of

6 the transverse portions 59, though 1 have’

_shown only a single pair. ~The conductors

B0
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- spaces between the middle groups, and spac-

of the damping coils may be placed in the

core slots without :insulation between them
and the core.. .The damping coils are re-
tained in position by means of the wedges 56
which also serve to retain the end portions
of the exciting winding in the circumfer-
éntial slots. Additional damping effect is
provided by the metallic protecting strips,
which aré located in the samie slots as the ex-
citing winding since they form closed cir-
cuit coils surrounding portions of the polar
extremities. - E o '
While I have shown and described a struc-
ture having only two poles, I desire it to be
understood that structures having more than
two poles may be constructed in accordance

with my invention, and many other of the-

details of construction and arrangement of
the parts may be varied within wide limits

from what is herein specifically shown and

described without departing from the scope
of my invention. ' E

I claim as my inventjon: :
- 1. A structure for dynamo-electric ma-
chines ‘comprising slotted core laminaz ar-
ranged in groups -and*having ventilating

_ing pieces bétween the end groups to form

66

, circumferential slots for

g the reception of
-coil ends. : - :
.2, A structure

- chines comprising slotted core laminz ar-

80,
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_groups to form circumferential slots for the

ranged in groups and having ventilating
spaces between the middle groups, and non--

magnetizable spacing disks between the -end

reception of coil ends.

3. A structure for dynamo:electric ma-'|

chines comprising slotted core lamine ar-

for dynamo-electric ma-

ranged in groups and having ventilating
spaces between the middle groups and in the
end groups and spacing pieces between the
end groups. -

4. A structure for dynamo-electric ma-

chines comprising slotted core lamina ar-.
ranged in groups and having ventilating -

spaces between the middle groups, and spac-
ing disks between.the end groups to form
circumferential slots for the.reception of
coil ends. . ’ ' ' :

5. A structure for dymimo-‘ele_'cvtric ma-

chines comprising slotted core laminge ar-
ranged .in groups and having ventilating
spaces between the middle groups, spacing

70
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pieces between .the end groups to form cir- .

‘cumferential slots, and conductors located in
the core slots. ~

6. A. structure for dynamo-electric ma-

chines comprising slotted core lamine ar-
ranged in groups and having ventilating

spaces between the middle groups, spacing

pieces between the end groups to form cir-

- cumferential slots, and laminated conductors

located in the core slots.

85
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7. A structure for dynamo-electric ma:

chines comprising slotted core.laminz ar-
ranged in groups and having ventilating
spaces between the middle groups and in
the end groups, spacing pieces between the
end groups and laminated conductors lo-
cated in the core slots. .

8. A structure for dynamo-electric ma-
‘chines comprising slotted core laminwx ar-

.ranged in groups and having ventilating

spaces between the middle groups and ir
the end groups, spacing pieces.between the

end groups, and conductors located in the -

“core slots. o
9. A structure for "dynamo-electric ma-
chines comprising core lamin havinglongi-
tudinal slots, spacing pieces between certain
of the end laminx forming circumferential
slots, and conductors located in the said
longitudinal ‘and circumferential slots: -

10. A structure for dynamo-electric ma-

_chines comprising slotted core laminze, spac-
Jng disks located between certain of the end

lamine and forming annular.spaces, and

conductors located in the core slots and in
the annular spaces between the end laminze.
. 11. A structure for dynamo-electric ma-
chines comprising core lamine having ra-
_dial slots; spacing pieces between certain of
-said. lamina: whereby circumferential slots
are provided in siid core, and conductors
located in said core slots.. - .= . .

12. A structure for dynamo-electric mui-
chines comprising core lamine having ra-
dial slots, spacing pieces between certain
of said lamine whereby circumferential
slots are provided in said core; and lami-
nated conductors located in said core slots.

13. A structure for dynamo-electric ma- -

chines comprising core laminz having ra-

95
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dial slots, spacing pieces between certain of

said lamine whereby circumferential slots
are provided in said core, and radial slots of-

greater depth than the aforesaid radial slots

5 connecting the circumferential slots.
14. A laminated core for dynamo-electric
machines having longitudinal slots, spacing
piedes between certain of the lamin to form
" circumferential slots, longitudinal slots of

.10 greater depth than the aforesaid longitudi-

* nal slots for connecting the circumferential
slots, in combination with conductors loca-
ted in said core slots.

15. A core structure for dynamo-electric
15 machines having longitudinal and circum-
ferential coil slots and longitudinal slots of

greater depth than- the first named longi- -

tudinal slots to connect the circumferential
slots. :

20 16. In a dynamo-electric machine, a core
structure having longitudinal and circum-
ferenti+' lots, radial slots of greater depth
than t... jongitudinal slots that connect the
circumferential slots, and laminated con-

25 ductors located in said slots.

17. In a dynamo-electric machine, a core
stracture having longitudinal and circum-

ferential slots, radial slots of greater depth’

than the longitudinal slots that connect the
30 slots, in combination with conductors lo-
cated in said core slots.. "

18. A laminated core structure for dyna-
mo-electric machines having longitudinal
and circumferential slots, radial slots of

35 greater depth than the. longitudinal sldits
that connect the circumferential slots, and
ventilating spaces located between certain
of the core lamina. -

* 19. A laminated core structure for dyna-

40 mo-electric machines having longitudinal
and circumferential slots, slots of greater
depth than the longitudinal slots that con-
nect the circumferential slots, ventilating
spaces located between certain of the core

£ laminwe, and longitudinal “apertures that
communicate with the ventilating spaces.

20." A core structure for dynamo-electric
machines having longitudinal slots, cireuni-

ferential slots in proximity to its ends and’

30 radial slots of greater depth than the longi-
tudinal slots that connect the circumferen-
tial slots. ,

21. A structure for dynamo-electric mia-
chines comprising slotted corée lamine ar-
ranged in. groups and having ventilating
spaces between the middle groups-and in the
end groups. . :

22. A laminated core structure for dyna-
mo-electric machines having longitudinal
and -circumferential slots, ventilating spaces

located between certain of the core lamine,.

and longitudinal apertures-that communi-
cate with the ventilating spaces.

23. A core structure for dynamo-electric

85 mychines having longitudinal slots and

lateral annular slots with which the ends of

{.the longitudinal slots communicate.

24. In a dynamo-electric machine, a core
structure having communicating longitudi-
nal and circumferentially curved slots and 7;
conductors having straight -sides and ecir-
cumferentially curved ends to fit the cor-
responding portions of said slots. -

25. In a dynamo-electric machine, a-core
structure having communicating longitudi- 75
nal and circumferentially curved slots and
laminated conductors having straight sides
and circumferentially curved ends to fit the
corresponding portions of said slots.

26. A core structure for dynamo-electric. so
machines having longitudinal and circum-
ferential slots and longitudinal ventilating
apertures- and communicating transverse
ventilating spaces. : : ‘

27. In a dynamo-electric machine, a core 85
structure having alternate groups of rela-
tively deep and shallow slots, an exciting
winding located in the deep slots, and closed-
circuit coils located in the shallow slots.

28. A core structure for dynamo-electric 90
machines having alternate groups of rela-
tively deep and shallow radial slots and cor-
responding circumferentially curved slots.

29.'A core structure for dynamo-electric
machines having alternate  groups of rela- 95
tively deep and shallow radial slots and cor-
responding transverse slots.

30. A care structure for dynamo-electric
. machines having sets of concentric, deep
slots and sets of relatively shallow slots sur- 100
rounded by the deep slots. '

-81. In a dynamo-electric machine, a core
structure having sets of concentric, deep
slots, sets of velatively shallow slots sur-

ing located in the deep slots, and closed cir-
cuit coils located in the shallow slots.

32. A core ‘struclure having deep longi-
tudinal slots, relatively shallow longitudinal
slots, and correspond:ng transverse slots. 110

33. A core structure having deep longi-
tudinal slots, relatively shallow longitudinal
slots, and corvesponding transverse, cireum-
ferentially curved slots, S
- 84, A rotor having longitudinal channels 116
‘in its periphery to receive and retain the
conductors of the winding and also having
| a series of transverse channels and teeth ex-
tending circumferentially around the pe-
riphery near the ends and connecting said 120
lengitudinal channels in pairs, to receive
and- retain the end-connecting portions of.
thie winding, and retaining members outside
| snid end portions of the winding united to.
said teeth. - -~ o

35. A rotor having a series of longitudinal -
channels and transverse circumferential con-
necting grooves in its periphery, the active.
and end-connecting portions of a winding,

being embedded in said channels and 130

rounded by the deep slots, an exciling wind- 105
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grooves, respectively, and keys interlocking
with the transverse ribs between said cir-
cumferential grooves and overlying the end-
connecting conduetors. therein to retain the
same in place against centrifugal force.
36. A rotor having longitudinal channels
in its periphery, a winding embedded in
said channels, and retaining plates at the

ends of the rotor extending radially between

the end-connecting portions of said wind-
ing, and providing circumferential channels
to receive and hold said end-connections, and
retaining members ontside said end portions
of the winding united to said plates.

37. A rotor having longitudinal channels
in its periphery, a winding embedded in
said channels, transverse disks assembled at
the ends of said roter extending radially
between the different end-connecting por-
tions of thewinding, and keys interlocking
with said disks and overlying said end-con-
nections to retain the same in place against
centrifugal force.

38. A rotor having longitudinal channels
and transverse disks assembled at the ends
of the rotor, with circumferential grooves
hetween said disks uniting said channels in
pairs, and conductor-bars in said longitu-
dinal channels, the end portions of said bars
being bent to lie in said circumferential
grooves, and united by a lap-joint, and re-
taining members outside said end portions
of the conductor-bars and united to said
digks. )

39. A rotor having a winding with active
end-connecting portions, a transverse retain-
ing plate consisting of a central portion sur-
rounding the shaft and having tecth passing
radially between different end-connecting
portions of the winding, notches or grooves
in said teeth and keys interlocking with the
said notches, whereby the windings are ve-
tained in place. .

40. In a rotor for electric machines, a
winding baving end-connections, retaining

plates extending radially between the dif- |,

ferent end connections and between the body
of the core and the innermost set of end con-
nections, and keys for interlocking said
plates and windings, the plates located near
the body of the core being made of magnetic
material. .

41. In a dynamo-electric machiné, a core,
coils thereon, an end plate at the extremities
of the coils, and means for holding the end
turns in place comprising a plurality of
members extending from the end plate to
the core. ,

492. In a dynamo-electric machine, a rota- .

table element comprising a laminated core
having two or more poles, an end member at
the end of the core, windings on the core
having end turns or connections, an end

member at the ends of the coils, and means

for retainine~ seid end-turns in place com-

S

prising a plurality of independently mov-
able members extending between said end-
members at the periphery of said rotatable
element. :

43. In a dynamo-electric machine, a slot-
ted core, windings thereon having end turns
or connections; an end cover or plate forsaid
end turns, and means for retaining said end
turns in place comprising binding elements
secured to said end cover and to said core:

44. In a dynamo-electric machine, a rota-
table member comprising a core, windings
thereon, said windings having end turns or

connections, an end cover for said end turns,.

said end cover having at its periphery a plu-
rality of undercut grooves or notches, said
core having. corresponding grooves or
notches, and wedges located therein and ex-
tending from said end cover to said core.

45. In a dynamo-electric machine, a core,
windings thereon having end turas or con-
nections, an end cover or plate for said end
turns, and means for retaining the end turns
in place coniprising a plurality of binding
elements secured to the end cover and core
and extending across the end turns at inter-
vals around the entire core.

46. Tn a dynamo-electric machine, a rota-

‘table elemernt comprising a core, windings

thereon having end turns or connections, an
end cover or plate for the end turns, said
core and end plate having opposite corre-
sponding slots or openings, and coil retain-
ing elements extending across the end turns
from the end plate to the core, said elements
being secured in said slots or openings.

47. In a dynamo-electric machine, a rota-
table element, comprising a slotted core,
windings in the slots thereof having end
turns or connections, and plates for said
windings; undereut slots in the periphery
of said plates and core, and coil retaining
elements extending across the end turns and
fitting ‘in the slofs of the end plates and
core. : :

48. In a dynamo-electric machine, & rota-
table member comprising a slotted core,
windings in said slots having end turns or
connections, and means located in the core
slots for retaining the windings in place and
extending beyond the core over the end
turns, '

49, In 4 dynamo-electric machine, a rota-
table member comprising a slotted core,
windings in said slots having end turns or
connections, an end plate or cover for said
end turns, said end plate having openings

! corresponding to said core slots, and means

r retaining said windings in place located
in said core slots and extending over.sald

end turns into the openings in the end cover.
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50. In a dynamo-electric machine, a rota- .

table member comprising a slotted core, the
slots being undercut to receive wedges, coils
in said slots having end-turns, an end-cover
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for the end-turns located at the end of the
rotatable member and having notches in its
periphery, and coil retaining wedges in said
undercut slots extending across the end-
turns and emgaging the notches in said
cover. B

51. In a dynamo-electric machine, a rota-
table element comprising a slotted core,
coils in said slots having end turns, end
covers for said end turns on said shaft,

wedges in the core slots for retaining the:

coils in place, and wedges extending from
the end covers to the core for holding the
end turns in place.

52. In 2 dynamo-electric machine, a shaft,
a rotatable laminated slotted core thereon,
coils in the slots having end turns, means
for supporting the end turns comprising
disks or collars, spacing plates between the
end turns at each end of the rotatable ele-
ment, end covers on the shaft, said end cov-
ers and spacing plates having openings at
or near their peripheries, and binding ele-
ments extending across the end turns and

located in said openings. ,

53. In a rotatable element of a dynamo-

electric machine, a core, coils thereon, a

separable end plate for the coils at the end
of the element, means Yor retaining the end
turns in place comprising a plurality of
members extending over the end-turns from
the core to the end plate, and means for pro-
viding a gotd ventilation around the end
turns. . '

54. In a rotatable element of a dynamo-
electric machine having axial ventilating
passageways, a -core, coils thereon, wedges
for retaining the coils in place, said wedges
extending over the end turns, said element
having ventilating passageways communi-
cating with the axial ventilating - passage-
way and-the spaces between the wedges.

In testimony whereof, T have hereunto’

subscribed my name this 31st day of March,
1905. ) : |

EGBERT M. TINGLEY. .

Witnesses:
C. d. Yartes,
Birxey Hines.
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