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UNITED STATES PATENT OFFICE

My invention relates to the combination of
armature windings, slot structure, and commu-
tation for dynamo-electric machines of the com-
mutator type.

One cbject of my invention is to provide for
minimizing the inductive disturbances in coils
undergoing commutation whereby commutation
is materially improved.

A more specific object of my invention, relative
to commutation, is to reduce the slot leakage
and tc improve the sequence of commutation of
the conductors in a slot, whereby the commuta-
tion of a dynamo-electric machine is improved.

Ancther object of my invention is to secure
for coils in the slots of 2 dynamo-electric ma-~
chine a substantially maximum space factor for
any given siot and also secure a substantially
minimum copper loss and a minimum eddy cur-
rent loss in the coil windings.

t is also an object of my invention to design
the slots and conductor cross-section in such a
menner that the conductors are as shallow in
the rotor as can be provided for a machine of
a given rating to thus reduce the eddy currents
to 2 minimum.

Anocther object of my invention is to provide
a novel coil structure that may be easily manu-
factured and wherein the ratio of depth to thick-
ness is less for that part of the coil in the arma-
ture slot than for the part of the coil of the
end connection, whereby the eddy currenis are
kept at a minimum and the end connections are
simplified.

A further object of my invention is to provide
for a gradual transition from the arrangement
of a plurality of conductors, having a rectangular
sechion, disposed in a superposed relation in the
active portion of the conductor in the slot to an
edgewise side-by-side relation at the end portion
whereby the connection to the risers for the com-
mutator is facilitated.

A broader object of my invention, relative to
the transition, is to improve the mechanical
strength and increase the minimum section of a
coil at the transition point by using curvilinear
transition.

A further object of my invention is to rosition
half of the conductors for a given slot, and hav-
ing a given rectangular, but not square, section,
in edgewise relation in the bottom of the slot
and in fatwise relation in the top of the slot,
thus providing & stepped slot whereby the flux
density in the armature teeth is maintained sub-
stantially constant throughout the length of each
tooth.

A further broad cbject of my invention relative
to the armature slot design is to provide a slot
structure so designed at the opening that the
coils disposed in the slot may be very securely
retained therein with retaining wedges in which
the stress is largely one of compression and
whereby a greater mechanical retaining force is
provided to act against the centrifugal force act-
ing on the coils during operation of the armature.

A still further object of my invention is to
provide & stepped-siot armature of the lap-coil
type in which the conductor is twisted or rotated
through 90° in passing from the top of one slot
to the hottom of another, 8O that there is no
fAxed relation between the widths of the top and
nrottom portions of the stepped slot, thus making
it possible to change these dimensions, to suit
the conditions of design by the simple expedient
of changing the shape and the cross section of
the copper bars.

Other chjects not specifically set forth above,
but vet falling within the scope of my invention,
will become more apparent from a study of the
following specification when considered in con-
junction with the accompanying drawings, in
which:

Figure 1 is a plan view of an assembly of a
triple-deck coil;

Tig. 2 is a side view of the coil assembly shown
in Fig. 1;

Fig. 3 is an end view of the coil, looking from

the right toward the left in Fig. 1, and showing.

the armature core of a dynamo-electric machine
diagrammatically;

Pig.-4 is a perspective view of a portion of the
subject matter shown in Pig. 3;

Fig. b shows how a triple-deck coil, embodying
one medification of my invention, may be posi-
tioned in a special type of armature slot;

Pig. 6 is a plan view of an assembly of a triple-
deck coil of the type that can be positioned in a
slot such as is shown in Fig. 5;

Tig. 7 is a side view of the coil assembly shown
in Fig. 63

Tig. 8 is an end view of the coil, looking from
right toward the left in Fig. 6, and showing the
armature core of a dynamo-electric machine
diagrammatically;

g, 9 is a perspective view of a portion of
the subject mapter shown in Fig. 8;

Fig, 10 is a diagrammatic development view
of a coil arrangement jltustrating the end-con-
nections and ccmmutator-bars and showing the
improved sequence of commutbation hereinafter
deseribed in detail;

[

10

49

o
<

n
[N




10

[A]
[

o
574

40

<
1

60

2

Fig. 11 is a perspective view somewhat similar
to that shown in Fig. 4 of a still further modi-
fied end connection for & triple-deck coil gs-
sembly;

Fig. 12 is a plan view of an assembly of g
doukle triple~deck coil, representing a further
modification of my invention;

Fig. 13 is an end view of the coil assembly
shown in Fig. 12, lIooking from left toward the
right, namely, as viewed from the commutator
end of the coil assembly, and showing the arma.-
ture core diagrammatically;

Fig. 14 is an end view, locking from the right
foward the left, of the subject matter shown in
g, 12, and also showing the armature core
diagrammaticaliy;

Fig. 15 is a perspective view of part of the
subject matter shown in Fig. 14;

Tig. 16 is a cross-secticn of all the conductors
n a single slot when using a coil assembly,
such ag is shown in Fig. 12;

Fig. 17 shows a side view of the end portion
of one outside conductor of a trinle-deck coil
lustrating the transition from the active part of
the conductor at the lefs to the portion for the
connection of the risers leading t¢ the com-
mutator bars;

g, 18 is a plan view of the shewing of Fig, 17;

Fig. 19 is a side view, similar to that shown in
Tig. 17, of the end portion of the middle con-
ducter of a triple-deck coil;

Tig. 20 is a plan view of the conductor end
shown in Fig. 19;

Fig. 21 shows a side view of the end portion of
the other outside conducior of a triple-deck coil
illustrating the transition from the active part of
the conductor at the left to the portion for the
connection of the riser Ieading to the coramutator
bars;

Pig. 22 is a plan view of the showing of Fig. 21;

Figs. 23 to 30, inclusive, show sections along
lines A, B, C, D, E P G, and H, respectively, of
the three conductors shown in Figs. 17 to 22,
inclusive, showing them in assembled relation;

Figs. 31 {o 38, inclusive, show the transition
portions, similar to the showings in Figs, 17 to
22, inclusive, of & quadruple deck coil;

Figs. 39 to 486, inclusive, show the four con-
ductors of the quadruple deck coil, shown in Figs,
31 to 38, in assembled relation when considered
along section lines ¢, b,e,d, e f 0, andh, respec-
tively;

Figs. 47 and 48 are a side view and plan view,
respectively, of the transition portions of an as-
sembly of a triple-deck coil; and

Figs. 49 and 50 are a side view and a plan
view, respectively, of the transition portions of g
quadruple deck coil.

The coil constructions shown in all of the
above-mensioned drawings are suitable for any
type of commutator dynamo-electric machine of
medium and large capacity, but are particularly
adapted for use in machines for railway use,
and especially for single phase railway motors
because of the need to utilize the space and
weight to the maximum advantage in all railway
machines, and because of the Special commutation
featurves of the single phase motor.

in single-phase commutator motors, the prob-
lem of commutation is rendered extremely diffi-
cult, especially at starting, because of the fact
that the feld Aux alternates and thus induces g
transformer voltage in the coils which are, during
commutation, short circuited by the brushes.

The voltage induced causes short-circuit cur-
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rents, for the coilg being commutated, to flow in
said coils and, when contact is broken at the
brush and the short-circuit current ig broken, g,
harmiful spark is produced at the corresponding
commutator segment, This spark will increase
in intensity with an increase of the self-induc-
tion of the short-circuited coil. For example,
for the six conductors shown in Fig. 5, the one
in the bottom of the slob, namely, condustor 277,
is the one most difficult to commutate s ark-
lessly because it has the highest self-inductance.

The magnetic Aux causing self-induction in
the short-circuited coils extends from one side
of the armature slot to the other and alss from
the top of a toetn to the stator iron ang back
to the top of the next tooth, It is thug evident
that the conductors in the bottom part of the
slot are surrounded by more lines of flux than
those in the top and thus have a greater self-
inductance. These magnetic lines must neces-
sarily die out wheneyer the short-circuit of g
coil is broken, and the disappearance of the fux
induces a voltage in the conductor which adds
to the short-circuit voltage and increases the
commutator spark. If it 50 hapvens, however,
that, when the short-circuit current in a con-
ductor in one slot is dying out, one or more other
conducters in the same slot form part of a coil
which is at that instant also being commutated
and, therefore, is short-circuited by the brushes,
there will be induced ga damping current in this
coil and the voltage induced in the first-men-
tioned conductor ig thereby very greatly reduced.
Thiz second condition brevails during the progess
cf commulating the varioug conductors in the
slot with the exception of the last one of the

enductors in a slot to commutate. When the

last conductor ig being commutated, however,
there is no such damping circuit available, so
that the voltage induced and consequently the
spark preduced is worse, or at itg maximum, for
this last coil than for any other.

A very desirable festure is, therefore, that the
self-inductance of the last conductor to com..
mutate be as small as possible. Therefore, one
further object of my invention is to provide for
a reversing dynamo-electric machine a seguence
of commutation of the conductors such that the
last one to commutate be the one that is ag near
the tov of the slot ag possible.

To minimize sparking because of self~induct-
ance, the conductors of a coil may be placed in
the slots as shown in Figs. 1 to 4, inclusive, It
will be noted that the conductor or coil portion
I is in the third position from the bottom in slot
No. 8 (see Fig. 3) and the conductor portion 2, g
continuation of { , enters the fourth Dosition in
slot No. {6. Conductor portion 3 is in the second
position in slot No. 8 and after making the bend
4 enters the top or sixth position of slot No. {17,
the slot adjacent the slot No. i3, Conductor
portion B is in the first position in slot Mo. ¢ and
after making the bhend 1 enters the siot No. {7
as conductor 8, in the ffth position. By the ar-
rangement shown the self-inductance of the last
conductor to commutate in the lower group is
much reduced since such last conductor for one
direction of rotation is the uppermost conductor
in the lower group. For the other, or reverse di-
rection of rotation, the last conducior to com-
mutate is the lowermost conductor in the top
group. Regardless of the direction of rotation of
the motor the commutation difficulties will he re-
duced to a minimum. This will become more ap-
parent from a later discussion of Fig, 10.
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Conductors { and 2, being in the third and
fourth slot positions, respectively, will have ap-
proximately the same self-inductance. Further,
the commutation is improved since conductor 2
is in o different slot with reference to the remain-
ing conductors that may undergo commutation
at the same time. Since conductors 3 and 5 have
slot positicns two and six, respectively, and con-
ductors & and @ have slot positions one and five,
respectively, the voltages induced in the respec-
tive conductors are halanced against each other.
The commutation is thus improved and such im-
provemens is cbtained for either direction of ro-
tation of the motor.

While the above discussion refers specifically
to the case of fhe single phase motor, the ad-
vantages of having this preferred sequence of
commutation holds for all other types of com-
mutator machines, as will e readily understood
by those skilled in the art.

To increase the rating of a given machine and
also to prevent magneiic leakage and thus high
flux densities, and to secure other advantages
that will be pointed out presently, the tyve of
slot and triple deck coil shown in Figs. 5 to 9,
inclusive, is provided.

As heretofore pointed out in connection with
Figs. 1 to 4, inclusive, the six conductors shown
in Fig. 5 may be so connected as to Improve com-
mutation. The last conductor, that is, 87", (re~
ferring, for the present, only to glot Mo. 17 in Fig.
5) is obviously the one most difficult to com-
mutate sparklessly. The gelf induckion of the six
84’7, 8%, 39, and 28 is not
27’ has the greatest
self induction and the top conductor 26 has the
least self induction; while conductors 3%’ and
33’ have intermediate values and there is rela-
tively little difference between the two. As many
types of commutator machines, such as railway
motors, operate in either a forward or @ Yeverse
direction, the commutating field strength must
Le adjusted for the average of the two conditions,
and the most ideal arrangement is to have con-
ductor 317’ to commutate last in one direction
and conductor 3’ to commutate last in the other
direction.

The shape of the slots shown in Fig. b is favor-
ahle to commutation, first, because of its low slot
constant, i. e., permeance for leakage flux across
the slot, resulting from the fact that the narrow-
est portion of the slot is at the hottom where the
ampere turns are the least and the widest por-
tion of the slot is near the top where the ampare
turns are a maximum, and second, because of the
narrow slot opening 21 at the air gap which thus
reduces the variations in the permeance of the
commutating pole air gap as the armature teeth
24 pass under this pole.

Referring more particularly to Fig. 5 and es-’

pecially to slot No. ig of Fig. 5, all the conductors
are shown as having the same cross-sectional
dimensions. The longer transverse gimension, as
2%, is b and the
shorter transverse dimension is a.

The bottom of the slot is dimensioned so that
three conductors, plus the insulation needed,
may be positioned therein on edge, that is, con-
ductors 87/, 84’, and 3t’ have, in Fig. 5, their
shorter, or o dimension, in a horizontal position
and their longer, or b dimension, in a vertical
position. The size of the upper portion of the
glot is such that conductors 33, 3%, and 36" may
be placed flatwise, that is, with their longer, or

3
b dimension, horizontal and their shorter, or a di-
mension, vertical.

This new type slot has
advantages.

(1) By proper selection of the ratio of the di-
mension a to the dimension b the overall depth
of the slot, compared to stots heretofore used, can
e reduced.

the following further

(2) By a proper choice of the difference in the

width and thickness of the copper conductors, or
even by using a differentially shaped conductor
for the top group than for the bottom group, de-
pending on the size of the armature and number
of slots, the tooth width can be approximately the
same at the three narrow points 25, 26 and 21.
This approaches a tooth of uniform section,
which, as is well known, gives the minimum of
both iren loss and magnetizing ampere turns, for
 given flux, depth of slot, and volume of iron.

(2) The shape of the conductors in the slot,
and the arrangement of the conductors in the
slot give a very high space factor and a very low
copper eddy current 1oss; that is to say, the con-
ductors, though oblong in section, have only
slightly more perimeter than a square conductor
having the best space factor, while the deeper
conductor in the bottom part of the slot where
the slot flux is low, with the shallower conductor
in the top part where the slot flux is higher
gives a copper eddy loss about as low as if the
shallower conductor had been used throughout.
However, the narrower slot allows & smaller slot
pitch at the root for the same fux density, there-
by permitéing a smaller armature diameter for
the same rating.

A further advantage of the type of coil and

slot shown in Fig. 5 is the matter of wedging

the coils in the slots. With. open type slots
which were necessary with series multi-decked
windings, prior to my invention, it was deemed
necessary to supplement the fiber or micarta
wedges with short metallic wedges as a safety
measure in case the fiber wedges should loosen or
become brittle or slightly charred through over-
heating. The new design, since the slot opening
91 is no greater than the dimension o plus the
insulation sbout the conductor, can be adequately
wedged with fiber wedges cnly, as the wedge ma-
terial 23 is stibjected to compression stresses very
largely.

A further important feature of the new slot
design is the method of placing the conductors
in the slot. The cenductors 377, 34’7, and 31’7,
referring to slot No. {1, are placed in the bottom
of the slot without any special movements but the
hree upper conductors 88, 39 and 36 are moved
through the upper or restricted portion 21 of
the slot while the shorter dimension ¢ is in a
horizontal position and then, as shown for con-
ductor 35, each conductor is turned through an
angle of 90° in the hollowed out portion 22 at the
upper end of the slot. After making the turn
the conductors are forced into place. Conductors
33’ and 39 are shown in position, whereas con-
ductor 88° is shown in full line in the turning po-
sition and in dotted line when in working posi-
tion.

When the arrangement of the conductors in
the glots and the configurations of the conduc-

tors and the slots are to be as shown in Fig. 5 7

then the coils, as a whole, cannot be form wound.
Each conductor is separately formed and proper-
1y shaped at the transition so that each group of
econductors may interfit in the manner indicated

in Figs, 23 to 30, inclusive, and in Figs. 39 to 46,
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4

inclusive, or in the manner indicated in Figs. 47
to 50, inclusive.

Since each conductor must be turned about its
own axis in the working range of the conductors
the curvilinear transition must be brovided for
both the front, or commutator end of the arma-
ture and the back end of the armature. Figs. 6,
7, 8, and 9 show the coil arrangement when the
type of slot shown in Fig 5 is used:

It should be noted that the top or third con-
ductor, or top coil-side, in the bottom half of slot
No. 9 has a back connector, or neck 3%, connect-
ing 31 to the lowermost, namely number four,
coil-side, or conductor 33, in the top half of slot
No. 16. The second coil-side 34 in the bottom of
slot No. 8, by connector 35, is connected to the
coll-side 3§ in the sixth position of slot No. 17,
and the number cne coil-side, i. e., the conductor
in the bottom of slot No. 9, by connector 38, con-
nects to the coil-side in the fifth position of siof
No. i1. The commutating sequence for the type
of coil shown in Figs. 6, 7, 8, and 9, is thus ex-
actly 1ike that for the coil shown in Figs. 1 to 4,
Inclusive.

Two important advantages of the type of coil
shewn in Figs. 6 to 9, inclusive, over the one shown
in Figs. 1 to 4, inclusive, are (1) that a stepped
slot, such as shown in Fig. 5 can be utilized, and
(2) the smaller slot opening reduces flux pulsg-
tions and provides a more secure wedging of the
coils.

The clearest understanding of the sequence of
commutation can probably be had from g study
of the diagrammatic showing in BFig. 10. The
diagram shows the entire slot, No. 8, showing all
its coil sides in superposed relation, and it shows
conductors in the top half of slots, Nos, 18 and 17,
and the bottom half-of slot No. f. If the move-
ment of the conductors, namely, the armature
core, be assumed to be in the direction indicated
by the full line arrow shown in the uprer portion
of the figure, then it should be noted that the
commutator brush 4{ has just passed out of con-
tact with number 5 commitator segment. In
other words, the short~cireuit for commutator
segments 4 and 5 through brush &1 is just broken
and the result is that commutation ceases for
conductor 81 in the third position of slot No, §
and conductor 3% in the fourth position of siot
No. 8. At the left, segments numbered 3 and 4
are shown completely in contact with brush a1,
Commutator segment number 8, through conduec-
tor 87 in the lowermost position of slot No. 4,
and connector 38 is shown connected to the fifth
coil-side in the top half of slot No. 7, that is to
conductor 34, Similarly the commutator seg-
ment number 4 is connected through conductor
84, in the second position in slot No. 9, and con-
nector 35 to the sixth coil-side, that is the con-
ductor 3§ in the uppermost position in slot No. {7,

The uppermost conductor, or coil-side 38, in
slot No. {7 and the conductor 84, in the secend
Position of slot No. §, undergo commutation at
the same time; the conductor 53 in slot No. 7
and conductor 37, in the bottom of slot No. §,
undergo commutation at the same time ; and con-
ductors 3{ and 33 in slots MNo. § and No, I8, respec-
tively, undergo commutation at the same time,
When segment 3 breaks contact with brush 4
the short circuit opened is between conductor §2
having good commutation characteristics and
conductor 37 having the poorest commutation
characteristics. Similarly, when the contact be-
‘tween the brush 41 and the segment numbered 4
is broken the short-circuit broken is between con-
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ductor 36 having the best
teristics and the conductor 34 having poor com-
mutation characteristics. When the commuta-
tor segment number 4 and brush 4§ break contact,
the shorb-circuit between conductors 3! and 33
is broken. Since these two conductors have ad-
Jacent positions with reference to the slots, the
commutation is good.

At the back, as has been stated, the lowermost
coil-side in slot No. 9 is connecied to the coil-side
in the fifth position of slot No. {7, When the cir-~
cuit for the lowermost coll-side, for the direction
of rotation assumed, is broken the stored energy
in the conductor is transferred to the coil-side
number five in the upper portion of slot No. {7
still undergoing commutation,

When contact between segment 4 and the brush
4! is broken, the stored energy in coil-side num-
ber two in the slot Ng. § is transferred to the

commutation charac-

uppermess coil-side or conductor 28 in the slot No. =4

7. Similarly, when contacs between the brush
4f and segment number § ig brokern, the stored
energy of coil-side number three in the Iower half
of the slot INo. 9 ig transferred to the coil-side
number four position in the slot No. 15.

from the foregoing discussion, the order in
which the conductors in g given slot are subjected
to commutation should be apparent. For the di-
rection of rotation assumed, which may be desig-
nated the forward direction, the conductors 3,
34, 27, 86°, 39, and 33’ in slot No. 9 undergo com-
mutaticn in the order named as shown in the
Upper portion of ¥ig, 10, With reference to the
slot itsels, counting position from the bottom up
as indicated in Fig, 10, the order is 3,2 1,8,5,
and 4.

When the rotation of the machine is reversed,
the sequence of commutation will be changed.
The conductors 38’, 89, 36’, 31, 24, and 31 in slot

No. 8 will be commutated in the order named.

With reference to the slot itself the order for
reverse operation of the machine will be 4,5, 6,
f,2,and 8. The coil-side last to commutate will
thus never be the cne in the bottom of the slot.
In the forward direction it will be conductor 33,
or the one in the fourth position, and in the
reverse direction it will be conductor 31, the one
in the third position.

Pig. 11 shows in perspective how the conduc-
tors may be connected at the back end of the
machine to also secure improved commutation.
It should be noted thag conductor {3{, which wil]
be in the top, or number three position in the
lower half of a slot i connected to conductor (39
in the fifth position of another slot. Conductor
i34, in position two of one slot, connects to con-
ductor {83 in the fourth position of another slot.
Cenductor {37 connects to a conductor in the
sixth position whereas conductor {3% connects to
a conductor in the frst bosition in a slot adjacent
to the slot that would be housing conductors
137, 134, and ist.

My invention is not limited to triple-deck coils
as hereinabove described but it is susceptible to
be embodied in quadruple-deck coils, or ni~deck
coils, or a twelve~conductor triple-deck coil as
shown in Figs. 12 to 16, inclusive, or m~-conductor
n-~deck coils.

In Figs. 12, 13, 14, and 15, the conductors are
shown as disposed with reference to a slot as
the six conductor triple-deck shown in Figs, 1,
2, 3, 4, and 5. The commutating advantages
are thus also secured. Further a new type slot,
somewhat like the slot shown in Fig. 5, may be
used as is apparent from a study of Figs. 15
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and 18 where conduetors 57, 54, 51, 157, 154, and
{91, are shown to be positioned edgewise in the
bottom of the slot whereas conductors 53, BY,
587, 153/, 15%, and 188’ are shown as square,

 thus taking up much less space radially of the

slot. The upper conductors may be flat, or rec-
tangular, and positicned flatwise in the top of
the slot.

One of the valuable improvements of my in-
vention is the design of the conductors so that
they have a certain, nearly square, section in
the active portion thereof and are disposed flat-
wise in the slet and have a flat rectangular sec-~
tion at the commutator end of the conductors,
said rectangular portions being turned through
an angle of 90° with reference to the section in
the slot so that a smooth curvilinear transition
ig secured with substantially no decrease in sec-
tion of the conductors at the trangition region.
Stress concentration is thus avoided and danger
of breakage due o bending during the process
of insulating and winding or due to long con-
tinued vibration in service is greatly reduced.

Tor the modification shown in Figs. 1 to 4,
inclusive, three conductors are grouped in one
insulating sheath. The end connections, where
the risers for the commutator bars are to he
connected, are of different configuration as i3
necessary where three conductors are wound as
a unit and yet are required to occupy a mini-
mum of space at the end and at the same time
provide an effective, simple and efficient con-
nection.

Figs. 17 and 18 show the change from left to
right, in configuration for the end of conductor
{; Figs. 19 and 20 show the change from left to
right, in configuration for the end of conduc-
tor 3; and Figs. 21 and 22 show the change,
from left to right in the configuration of con-
ductor 6.

The change in the configuration for each
conductor may, of course, be effected by form-
ing a separate piece for each conductor and
welding such pieces onto the conductors. The
preferred method of producing the change in
configuration is to drop forge or hot press the
ends of each conductor separately. The con-
ductors may also be assembled as a unit and
the ends then first fiattened, next twisted 90°,
and finally pressed into the shape desired. With
this last process, the ends automatically take
the shape desired and fill & rectangular space of
the same cross sections throughout the transi-
tion.

Tor instance, Figs. 23 to 30, inclusive, show
the change in the shape of the cross-section of
each conductor, when the three conductors are
considerad as assembled and while so assembled
are turned and rolied out to the desired shape.
1t should be noted that the cross-sectional area
of each conductor for Figs. 23 to 30, inclusive,
which represent sections on lines A to H, re-
spectively, remain subhstantially the same. Fur-
ther there is no sbrupt change in the section
por configuration of each conductor. The
copper losses ab the transition are thus kept ab
2 minimum and no hot spots are found at this
region during operation. Moreover the me-
chanical strength of the conductor at the tran-
sition is unimpaired, particularly since 10 stress
conzentration occurs.

Further advantages secured by the fransition
explained are that no additional space is need-
ed to make the transition and no vacant pockets

“are produced just back of the commutator necks

5

or visers of the motor, and the taping of the
conductor as for example with mica tape is
facilitated due to no abrupt change in shape.

A square conductor has the maximum space
factor but such conductors require slots that
may be deeper than is desired, and further de-
crease the section of the magnetic material in
the teeth at the bottom of the slots to such an
extent that the flux density is high, iron losses
are great and the magneto-motive force is e€x-
cessive.

No lengthy discussion of Figs. 31 to 46 and
Figs. 49 and 50, showing a guadruple-deck coil,
is thought to be necessary in view of the de-
tailed discussion heretofore given of a triple-
deck transition structure. Figs. 31 to 46 corre-
spond to Figs. 17 to 39, inclusive.

Tigs., 47 and 43 show & side view and plan
view resnecctively of an assembled triple-deck
coil at the transition, such as was discussed
hereinabove whereas Figs. 49 and 50 show 2 side
view and plan view respectively of an assembled
quadruple-deck coil at the transition, such as
was generally referred to hereinbefore.

Althouegh I have shown and described certain
specific embodiments of my invention, I am
fully aware that still other modifications there-
of are possible. My invention, therefore, is not
to be restricted except insofar as is necessitated
by the prior art and by the spirit of the ap-
pended claims.

T claim as my invention:

1. In a dynamo-electric machine having a
magnetizable core member provided with slots,
ecach slot having a rectangular bottem portion
of a given area and a given depth, an upper rec-
tangular portion of substantially the same area
but of lesser depth, and a top portion having &
lower relatively wide portion and a top neck
portion whose width is substantially equal to the
width of the bottom nortion, a plurality of con-
ductors, provided with insulation disposed t0
fit in the bottom porticn, and a like number of
conductors, provided with insulation disposed
to At in the upper portion of the slot.

2. A commutator-type dynamo-electric ma-
chine having a slotted armature core and an ar-
mature winding having 7 coils per slot, n being
greater than two, half of the coil-sides, herein-
after called ““top coil-sides”, being disposed in the
top halves of the slots, and the other half of the
coil-sides, hereinafter called “bottom coil sides”,
being disposed in the bottom halves of the slots,
each bottom coil-side being electrically continu-
ous with a corresponding top coil-side, the bot-
tom coil-gides in any slot being disposed in a
plurality of superposed ranks, a group of n top
coil-sides in any given slot being connected to n
consecutive eommutator bars, the bottom coil-
sides corresponding to both the 1st and nth of
these n top coil-sides, being disposed in a rank
or ranks cther than the bottom rank.

3. A commutator-type dynamo-electric ma-
chine having a stepped slot armature core and an
armature winding having 7 coils per slot, n be-
ing greater than two, half of the coil-sides, here-
inafter called “top coil-sides”, heing disposed in
the top halves of the slots, and the other half of
the coil-sides, hereinafter called “hottom coil-
sides”, being disposed in the bottom halves of
the slots, the bottom halves of the slots being
deeper and narrower than the top halves of the
slots, each bottom coil-side being electrically con-
tinuous with a corresponding top-coil-side, the
bottom coil-sides in any slot being disposed in &
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plurality of superposed ranks, a group of n top
coil-sides in any given slot being connected to n
consecutive commutator bars, the bottom coil-
sides corresponding to both the 1st and nth of
these 7 top coil-sides being disposed in g rank or
ranks other than the bottom rank.

4. A dynamo-electric machine comprising an
armature winding and a slotted armature core,
characterized by the coil-sides of one pair of ar-
mature-winding coils being disposed in super-
bosed edgewise relation in the bottom portion of
one slot and in superposed flatwise relation in
the top portion of another slot.

5. A dynamo-electric machine having a rotor
comprising a core having gtepped slots,
the top portion of the slots being shallower than
the bottom portion but having a sectional area
substantially egual to the sectional area of the
bottom portion of the slots, and an armature
winding cooperating therewith, said armature
winding being composed of portions of uniform
rectangular cross-section in the active portions
thereof, said winding being arranged with g plu-
rality of portions disposed on edge and in super-
posed relation in the bottom portions of the slots,
and with g corresponding plurality of portions
disposed in flatwise and in superposed relation in
the top portions of the slots.

6. A dynamo-electric machine having a rotor
member comprising a core having stepped slots,
the top portion of the slots being shallower than
the bottom portion but having a sectional areg
substantially equal to the sectional area of the
bottom portion of the slots, and an armature
winding ccoperating therewith, said armature
winding being composed of portions of uniform
rectangular cross-section in the active portions
thereof, said rectangular section having a longer
“b” dimension and a shorter “a” dimension at
right angles to the “p” dimension, said winding
being arranged with a plurality of portions in
Superposed edgewise relation in the hottom of the
slots, and with g corresponding plurality of por-
tions disposed in superposed flatwise relation in
the top portion of the slots, said slots having outer
openings whose circumferential dimension is
nearly equal to the said “g” dimension.

7. A dynamo-electric machine having a rotor
member comprising a core having stepped slots,
the top portion of the slots being shallower than
the bottom portion but having a sectional ares
substantially equal to the sectional area of the
bottom portion of the slots, and an armature
winding cooperating therewith, said armsature
winding being composed of portions of uniform
rectangular cross-section in the active portions
thereof, and end windings of the diamond type
formed to shape prior to placing of said winding
in said slots, said winding keing arranged with a
plurality of portions in superposed edgewise re-
lation in the hottom of the slots, and with a cor-
responding plurality of portions disposed in su-
berposed flat-wise relation in the top of the slots,
said slots having outer openings whose circum-
ferential dimension is less than the circumferen-
tial dimension of the top portion of the slots.

8. A commutator-type dynamo-electric ma-
chine having a slotted armature-core and an ar-
mature winding having 7 coils per slot, n heing
greater than two, half of the coil-sides, herein.
after called “bottom coil-sides”, being disposed
in superposed relation in the bottom halves of the
slots, and the other half of the coil-sides, here-
inafter called “top coil-sides”, being disposed in
superposed relation in the top halves of the

2,085,099

slots, & group of # bottom coil-sides in any given
slot being connected to # consecuiive commuta-
tor-bars and being electrically continuous, re-
spectively, with g corresponding group of top
coil-sides all lying in the top halves of other

given slots, characierized by the two top coii-sides

which correspond to the (n—1)th and #nth coil-
sides of said group of » bottom coil-sides being
disposed in the top portion and bottom portion,
respectively, in the top halves of said slois with
the remaining coil-side or coil-sides in the top
half of said slots disposed between the top coil-
sides that correspond to the said (n—1)th and
7nth coll-sides.

9. A commutator-type dynamo-eleciric ma.-
chine having a slotied armature core and an ar-
mature-winding having n ceils per slot, n being
greater than two, half of the coil-sides, herein-
after called “top coil-sides”, being disposed, in
superpesed relation, in the top halves cf the slots,
and the other half of the coil~sides, hereinafter
called “bottom coil-sides”, heing disposed in su-
perposed relation in the bottom halves of the
slots, o group of = top coil-sides in any given
slot being connected o 7 consecutive commu-
tator-hars and being clectrically continuous, re-
spectively, with a corresponding group of hottom
coil-sides all lying in the bottom halves of other
given slots, characterized by the two bottom
coil-sides which correspond to the first and
(n—1)th coil-sides of said group of 7 top-coil
sides being disposed in the top portion and hot-
tom porticn, respectively, in the bottom half of
said slots, with the Tremaining bottom coil-side or
sides disposed between said two bottom coil-sides.

10. A cemmutator-type dynamo-electric ma-
chine having a slotted armature-core and an
armature-winding having 7 coils per slot, n be-
ing greater than two, half of the coil-sides, here-
inafter called “top coil-sides”, being dispssed in
the top halves of the slots in a plurality of tiers
of superposed coil-sides, and the other half of
the ccil-sides, hereinafter called “bottom coil-
sides”, keing disposed in the bsttom halves of the
slots in a corresponding number of tiers of su-
perpesed coil-sides, a group of top coil-sides
in any given slot being connected to 7 consecu-
tive commutator-bars and being electrically con-
tinuous, respectively, with a corresponding group
of bottom coil-sides all lying in the bettom halves
ol other given slots, characterized by the two
bottom coil-sides in one tier which correspond
to the first and (n—1)th coil-sides of said group
of n top eoil-sides heing disposed in the top por-
tion and bottom portion, respectively, of a given
tier in the bottom half of gaid slots, with the
remaining bottom coil-side or sides of each tier
disposed between said two bottom coil-sides.

11. A commutator-typs dynamo-electric ma-
chine having g slotted armature-core and an ar-
mature winding having 7 coils per slot, n being
greater than two, half of the coil-sides, herein-
after called “hotiom coil-sides”, being disposed
in superposed relation in a plurality of tiers the
bottom halves of the slots, and the other half
of the coil-sides, hereinafter called “top coil-
sides”, being disposed in superposed relation in
a corresponding plurality of tiers in the top
halves of the slots, a2 group of 7 bottom
ccil-sides in any given siot and tier being con-
nected to n consecutive cemmutator-bars and
being electrically continuous, respectively, with
a corresponding group of top coil-sides all
Iying in the top halves of other given
slots, characterized by the two top coil-sides
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which correspond to the (n—1)th and the nth
coil-sides of said group of 7 bottom coil-sides
a given tier being disposed in the top portion and
bottom portion, respectively, of a given tier in
the top half of said slots, with the remaining top
coil-side or coil-sides corresponding, respective-
ly, to the first and (n—2th bhottom coil-sides
disposed between said two top coil-sides.

12, A commutator-type dynamo-electric ma-
chine having a slotted armature-core and an
armature-winding having n coils per slot, n be-
ing greater than two, half of the coil sides, here-
inafter called “bottom coil-sides”, being disposed
in the hottom halves of the slots, and the cther
half of the coil-sides, hereinafter called “top coil-
sides”, being disposed in the top halves of the
slots, the bottom coil-sides in any slot being dis-
posed in superposed relation the bottom coil-side
of the first coil being in the lowermost positicn
in the bottom half of the slot and the remaining
bottom coil-sides being consecutively positioned
in the slot so that the bottom coil-side for the
nth coil is in the uppermost position of the bot~-
torm half of the slot, the top coil-sides connecied
to the nth coil-gide in the bottom halves of the
slots are positioned in the bottom portion of the
top halves of the slots and the top coil-sides from
the nth down fo the second are positioned in
the top halves of other slois and are connected,
respectively, from the (n—1)th down to the first
coil-sides in the boftom halves of the siots,
whereby the sequence of commutation is such
that the coil-sides in the bottom of the gslots
are not commutated last.

13. A commutator-typs dynamo-electric ma-
chine having & slotted armature-core and an
armature winding having 7 coils per slot, n be-
ing greater than two, the active portions of said
armature winding being rectangular in section,
half of the coil-sides, hereinafter called “bot-
tom coil-sides”, being disposed in superposed
edgewise relation in the bottom halves of the
slots, and the other half of the coil-sides, here-
inafter called “top coil-sides”, being disposed in
the top halves of
the slots, a group of 7 bottom coil-gides in any
given slot being connected to n consecutive com-
mutator-bars and heing electrically continuous,
respectively, with a corresponding group of top
coil-sides all lying in the top halves of other
given slots, characterized by the two top coil-sides
which correspond to the (n—1)th and nth coil-
sides of said group of # bottom coil-sides being
disposed in the top portion and bottom portion,
respectively, in the top half of said slots, with
the remaining top coil-side or top coil-sides cor-
responding, respectively, to the first and (n—2) th
bottom coil-side or coil-sides disposed between
said two top coil-sides.

14, A commutator-type dynamo-electric ma-
chine having a slotted armature-core and an ar-
mature winding having conductors rectangular
in section in the active portion thereof, and hav-
ing n coils ped slot, n being greater than twe,
half of the coil-sides, hereinafter called “bot-
tom coil-sides”, being disposed in superposed re-
lation in a plurality of tiers and in edgewise
relation in the bottom halves of the slots, and
the other half of the coil-sides, hereinafter called
“top coil-sides”, being disposed in superposed
flatwise relation in a corresponding plurality of
tiers in the top halves of the slots, a group of
n bottom coil-sides in any given slot and tier
being connected to 7 consecutive commutator-
pbars and being electrically continuous, respec-
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tively, with s corresponding group of top coil-
sides all lying in the top halves of other given
slots, characterized by the two top coil-sides
which correspond to the( n—1)th and nth coil-
sides of said group of n hottom coil-sides in a
given tier being disposed in the top portion and
the bottom portion, respectively, of o given tier
in the top half of said slots, with another top
coil-side or coil-sides corresponding respectively,
to the first and the (n—2)th bottom coil-side
or coil-sides disposed between said two top coil-
sides. :

15. In a commutator-type dynamo-electric
machine, having a slotted armature-core and an
armature winding having conductors rectangular
in section in the active portion thereof and having
1 coils per slot, n being greater than two, half of
the coil sides, hereinafier called “hottom coil-
sides”, being disposed in superposed edgewise
relstion in the bottom halves of the slot and in
side-by-side relation in the non-active portion
thezeof, the transition from the active portion to
the non-active portion being effected by rotating
the group, one to 7, inclusive, through an angle
of 90° and having the ends tnereof flattened to
thus be in a plurality of radiai planes with refer-
ence to the armature-core, and the other half of
the coil-sides, hereinafter called “top coil-sides”,
being disposed in superposed fAatwise relation in
the top halves of the slois and in side-by-side
relation in the non-active portion thereof, the
transition from the active portion to the non-
sctive portion being effected by rotating the
group, one to 7 inclusive, through an angle of 90°
and having the ends thereof fiattened to thus lie
in & plurality of radial planes with reference to
the armature-core, a group of n bottom coil-sides
in any given slot being connected to n consecu-
tive commutator-bars and being electrically con-

tinuous, respectively, with a corresponding group !

of top coil-sides all lying in the top halves of
other given slots, characterized by the two top
coil-sides which correspond to the (n—1th and
nth coil-sides of said group of 7 bottom coil-sides

being disposed in the top portion and bottom por- ¢

tion, respectively, in the top half of said slots,
with the remaining top coil-side or coil-sides cor-
responding, respectively, to the first and the
(n—2)%h bottoms coil-side or coil-sides disposed
between said two top coil-sides.

16. ITn a8 commutator-type dynamo-electric
mechine having a slotted armature-core and an
armature winding having conductors rectangular
in section in the active portion thereof, a plural-
ity of coil-sides in each slot, the coil-sides in the
bottom portion of the slot heing positioned on
edge and the coil-sides in the top portion of the
slot being positioned flatwise, said conductors
heing turned through an angle of 9¢° and changed
in configuration in the non-active portion of the
conductors so that a smooth curvilinear transi-
tion is effected without any abrupt change in
configuration or substantially any change in
sectional areas whereby the conductors are posi-
tioned in a side-by-side relation in the non-
active portion thereof.

17. A dynamo-electric machine comprising an
armature winding and a slotted armature core,
characterized by the coil-sides of one pair of
armature-winding coils comprising flat conduc-
tors disposed in superposed edgewise relation in
the bottom portion of one slot and the respective
sides of each coil of a, pair displaced from said one
slot by no less than 90 electrical degrees nor more
than 270 electrical degrees and disposed in super-
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Dosed Hatwise relation in the top portion of other
slots. :

18. A dynamo-electric machine comprising an
armature winding and a slotted armature core,
characterized by the coil-sides of one pair of
armature-winding coilg being disposed in super-
bosed edgewise relation in the bottom portion of
one slot and in superpesed flatwise relation in the
top portions of other given slots displaced sub-
stantially 180 electrical degrees from the first
mentioned slot,

19.In a commutator-type dynamo-electric
machine having a slotted armature~core and an
armature winding having conductors rectangular
in section in the active portion thereof, a plural-
ity of coil-sides in eac slot, the coil-sides in the
bottom portion of the slot being positioned on
edge and the coil-sides in the top portion of the
slot being positioned flatwise, said conductors
heing turned through an angle of 80° and changed
in configuration in the non-active portion of the
conductors so that the conductors are disposed in
side-by-side relation.

20. In g commutator-type dynamoe-electric
machine having a slotteq armature-core and an
armature winding having conductors rectangu-
lar in section in the active portion thereof, a plu-
rality of coil-sides in each slot, the coil-sides in
the bottom portion of the slot being positioned
on edge and the coil-sides in the top portion of
the slot being positioned flatwise, said conductors
being turned threugh an angle of 90° and changed
in configuration in the non-active portion of the
conductors so that the conductors are disposed in
a side-by-side relation and the turned portion
presents a smooth curvilinear transition,
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21. In a dynamo-electric machine having s
magnetizable core or armature member provided
with slots, and conductors In each slct, each con-
ductor being substantially rectangular in section
and having longitudinal and transverse dimen-
sions of the section equal t¢ b and ¢, respectively,
and where ¢ is less than b and where ¢ and b
represent numhers designating a dimension in a
system of linear measursinents, each of said slots
having a restangular bottom portien having a
depth equal to #b and g width equal to ¢ and a
top rectangular portion having a depth equal to
na and a width equal to 5, where 7 designates the
number of conductors in g file counting from
bottom to top disposed in the said bottom portion
of the slot,

22.In a dynamo-electric machine having g
magnetizable core or armature member, provided
with slots, and conduciors in each slot, each con-
ductor being substantially rectangular in section,
and having longitudinal and transverse dimen-
sions at the sections equal to b and @, respectively,
and where ¢ is less than b and where ¢ and b rep-
resent numbhbers designating a dimension in a Sys5~
tem of linear neasurements, each of said slots
bhaving a rectangular bottom portion having a
depth equal to nb and g width equal to ma and 2
top recianguiar portion having a depth equal to
no and a widih equal 0 mb where n designates
the nuraber of cenductors in g file, counting from
bottom to top, disposed in the said bottom portion
of the slot, and where m designates the number of
conductors in a row, counting from side to side of
the slot, disposed in the slot.
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