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My irVention relates to the combination of 
armature Windings, slot structure, and commu 
tation for dynamo-electric machines of the com 
mutator type. 
One object of my invention is to provide for 

minimizing the inductive disturbances in coils 
undergoing commutation whereby commutation 
is materially improved. 
A n10re Specific object of my invention, relative 

to COminutatio:n, is to reduce the slot leakage 
and to improve the Sequence of commutation of 
the conductors in a slot, whereby the commuta 
tion of a dynamo-electric machine is improved. 
Another object of any invention is to secure 

for coils in the slots of a dynamo-electric na 
chine a substantially Inaximum Space factor for 
airy given Slot and also Secure a Substantially 
Ininimum Copper loSS and a minimum eddy cur 
rent loss in the coil Windings. 

It is also an object of my invention to design 
the slots and conductor cross-section in such a 
in anner 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 a minimum. 
Another 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 
ead connection, whereby the eddy currents are 
kept at a miilinurn 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 
section, 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 position 
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 fiatWise relation in the top of the slot, 
thus providing a stepped slot whereby the flux 
density in the armature teeth is maintained sub 
stantially constant throughout the length of each 
tooth, 

(C. 17-228) 
A further broad object 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 a stepped-slot airinature 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 bottom of another, so that there is no 
fixed relation between the widths of the top and 
bottom 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 ci'oss section of 
the copper bars. 

Other objects not specifically set forth above, 
but yet falling within the scope of my invention, 
Will become Inore apparent from a study of the 
following specification when considered in con 
junction. With the accorn panying dra Wings, in 
Which: 

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

Fig. 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 arnature core of a dynamo-electric machine 
diagrammatically; 

Fig. 4 is a perSpective View of a portion of the 
Subject matter shown in Fig. 3; 

Fig. 5 shows how a triple-deck coil, embodying 
one modification of my invention, may be posi 
tioned in a Speciali type of arnature Slot; 

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

Fig. 7 is a side view of the coil assembly shown 
in Fig. 6; 

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

Fig. 9 is a perspective view of a portion of 
the subject matter shown in Fig. 8: 

Fig. 10 is a diagrarinmatic developinent view 
of a coil arrangement illustrating the end-con 
nections and commutator-bars and showing the 
improved Sequence of commutation hereinafter 
described in detail; 
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Fig. 11 is a perspective view somewhat similar 
to that shown in Fig. 4 of a still further modi 
fied end connection for a triple-deck coil as Sembly; 

Fig. 12 is a plan view of an assembly of a 
double triple-deck coil, representiing a further 
modification of ray invention: 

Fig. 3 is an end view of the coil assembly 
shown in Fig. 12, looking from left toward the 
right, namely, as viewed from the commutator 
end of the coil assembly, and showing the arma 
ture core diagi'annatically; 

Fig. 14 is an end view, looking from the right 
toward the left, of the subject Yatter shown in 
Fig. 12, and also showing the armature core diagraminatically; 

Fig. 15 is a perspective view of part of the 
subject, (natter shown in Fig. 14, 

Fig. i3 is a cross-section of all the conductO'S 
in a single slot when using a coil assembly, 
such as is shown in Fig. 12; 

Fig. 7 shows a side view of the end portion 
of one outside conductor 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 risers leading to the CO3 
inutator barS; 

Fig. 18 is a plan view of the showing of Fig. 17; 
Fig. 19 is a side view, similar to that shown in 

Fig. 17, of the end portion of the middle con 
ductor of a triple-deck coil; 

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

Fig. 21 shows a side view of the end portion of 
the other outside conductor of a triple-deck Coil 
illustrating the transition from the active part of 
the conductor at the left to the portioi for tile 
connection of the riser leading to the CO; Almutator 
bars; 

Fig. 22 is a plan view of the showing of Fig. 21; 
Figs. 23 to 30, inclusive, show sections along 

lines A, B, C, l, E, F, G, and H, respectively, of 
the three conductors shown in Figs. 17 to 22, 
inclusive, showing them in assetiabled relation; 

Figs. 3i to 38, inclusive, show the transition 
portions, similar to the showings in Figs. 17 to 
2, inclusive, of a quadruple deck coil; 
Figs. 39 to 46, inclusive, show the four Con 

ductors of the quadruple deck coil, shown in FigS. 
3 to 38, in assembled relation when considered 
along section lines (t, b, c, d, e, f, g, and h, respec tively; 

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

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

he coil constructions shown in all of the 
above-mentioned drawings are Suitable for any 
type of cominutator dynamo-electric machine of 
medium and large capacity, but are particularly 
adapted for use in machines for railway use, 
and especially for single phase I’ailway motors 
because of the need to utilize the Space and 
Weight to the maximum advantage in all railway 
inachines, and because of the Special commutation 
features of the single phase motor. 

in single-phase commutator motors, the prob 
len of connutation is rendered extremely diffi 
cult, especially at starting, because of the fact 
that, the field flux alternates and thus induces a 
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 coils being commutated, to flow in 
said coils and, when contact is broken at the 
bitish and the short-circuit current is broken, a, 
harnaful Spark is produced at the COi'l'esponding 
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 slo, namely, conduct,01 35, 
is the One most difficult to coin mutate spark 
lessly because it has the highest Self-inductance. 
The magnetic flux causing self-induction in 

the short-circuited coils extends from one side 
of the arignature slot to the other and also from 
the top of a, tooth to the stator iron and back 
to the top of the next tooth. It is thus evident 
that the conductors in the bottom part of the 
Slot are Suri'ounded 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 Winenever the short-circuit, of a 
coil is broken, and the disappearance of the flux 
induces a Voltage in the conductor which adds 
to the Short-circuit voltage and increases the 
Coimmutator Spark. If it. So happens, however, 
that, when the short-circuit cuirrent in a con 
ductor in One slot is dying out, one or more other 
conductors in the same slot form part of a coil 
which is at that instant also being corninutated 
and, therefore, is short-circuited by the brushes, 
there Will be induced a damping current in this 
COil and the Voltage induced in the first-men 
tioned conductor is thereby very greatly reduced. 
This second condition prevails during the process 
Cf connautating the various conductors in the 
Slot. With the exception of the last one of the 
Congill CtorS in a slot to commutate. When the 
last Conductor is being conmutated, however, 
there is no Such damping circuit available, so 
that the Voltage induced and conseq2ntly the 
Spark produced is worse, or at its maxiinum, for 
tilis last coil than for any other. 
A Very desirable feature is, therefore, that the 

Self-inductance of the last conductor to conn. 
mutate be as Small as possible. Therefore, one 
further object of Iny invention is to provide for 
a reversing dynamo-electric machine a sequence 
of Coimmutation of the conductors such that the 
last one to commutate be the one that is as near 
the top of the slot as 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 coinductor or coil portion 

is in the third position from the bottom in slot, 
No. 3 (see Fig. 3) and the conductor portion 2, a 
continuation of , enters the fourth position in 
slot No. 6. Conductor portion 3 is in the second 
position in slot No. 9 and after imaking the bend 
é enters the top or Sixth position of slot No. 1, 
the slot adjacent the slot No. 3. Conductor 
polition 6 is in the first position in slot No. 9 and 
after making the bend enters the slot, No. 1 
as conductor 8, in the fifth 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 conductor to com 
mutate is the lowermost conductor in the top 
group. RegardleSS Of the direction of rotation of 
the motor the commutation difficulties will be re 
duced to a minimum. This will become more ap 
parent from a later discussion of Fig. 10. 
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conductors 3?'', 34'', 3 '', 33, 
the same; the conductor 3 '' has the greatest 
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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 a different slot with reference to the remain 
ing conductors that may Undergo commutation 
at the Saine time. Since conductors 3 and 5 have 
slot positions two and six, respectively, and con 
ductors 6 and 8 have slot positions one and five, 
respectively, the voltages induced in the respec 
tive conductors are balanced against, each other. 
The cominutation is thus improved and such in 
provement is obtained for either direction of ro 
tation of the notor. 
While the above discussion refers specifically 

to the case of the single phase motor, the ad 
Wantages of having this preferred sequence of 
commutation holds for all other types of com 
mutator machines, as Will be readily understood 
by those skilled in the art. 
To increase the rating of a given machine and 

also to prevent magnetic leakage and thus high 
flux densities, and to Secure other advantages 
that will be pointed out presently, the type 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 conductor's shown 
in Fig. 5 may be so connected as to improve com 
mutation. The last conductor, that is, 3 '', (re 
ferring, for the present, only to slot No. in Fig. 
5) is obviously the one most difficult, to con 
mutate sparklessly. The self induction of the six 

39, and 38 is not 

self induction and the top conductor 36 has the 
least self induction; while conductors 3 '' and 
33 have intern ediate values and there is rela 
tively little difference between the two. As many 
types of cornmutator in a chines, such as railway 
motors, operate in either a forward or a reverse 
direction, the commutating field strength must 
be adjusted for the average of the two conditions, 
and the most ideal arrangerinent is to have coin 
ductor 3' to commutate last in one direction 
and conductor 33' to commutate last in the other 
direction. 
The shape of the slots shown in Fig. 5 is favor. 

able to commutation, first, because of its low slot 
constant, i. e., perimeance for leakage flux acroSS 
the slot, resulting from the fact that the narrow 
est portion of the slot is at the bottom where the 
ampere turns are the least and the widest por 
tion of the slot is near the top where the annpare 
turns are a maximum, and second, because of the 
narrow slot opening 2 at the air gap which this 
reduces the variations in the perineance 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. 6 of Fig. 5, all the conductors 
are shown as having the Sane cross-sectional 
dimensions. The longer transverse dimension, as 
shown at conductors 35' and 33, is b and the 
shorter transverse dimension is d. 

the bottom of the slot is dirnensioned so that, 
three conductors, plus the insulation needed, 
may be positioned therein on edge, that is, con 
ductors 37, 34, and 3 have, in Fig. 5, their 
shorter, or d, dimension, in a horizontal position 
and their longer, or b dinnension, in a vertical 
position. The size of the upper portion of the 
slot is such that conductors 33, 38', and 36' may 
be pla, Ced fiatWise, that is, with their longer, or 

3 

b dimension, horizontal and their shorter, or a di 
mension, vertical. 
This new type slot has the following further 

advantages. 
(i) Ey proper selection of the ratio of the di 

mension C. to the dimension b the overall depth 
of the slot, compared to slots heretofore used, can 
be reduced. 

(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 
foi' 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 27. 
This approaches a tooth of uniform section, 
Which, as is Well known, gives the minimum of 
both iron loss and magnetizing ampere turns, for 
a given flux, depth of slot, and volume of iron. 

(3) 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 loss; 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 fiux 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 a smaller slot 
pitch at the root for the same flux density, there 
by germitting a smaller armature diameter for 
the same rating. 
A further advantage of the type of coil and 
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slot shown in Fig. 5 is the matter of Wedging 
the coils in the siots. With open type slots 
which were necessary with series multi-decked 
Windings, prior to my invention, it was deemed 
ReceSSary to supplement the fiber or micarta, 
Wedges With Short metallic wedges as a safety 
neaSure in case the fiber wedges should loosen or 
become brittle or sightly charred through over 
heating. The new design, since the slot opening 
2 is no greater than the dimension a plus the 
insulation about the conductor, can be adequately 
Wedged with fiber Wedges only, as the wedge ma 
terial 23 is subjected 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 conductors 37’’, 34'', and 3 '', 
referring to slot No. 7, are placed in the bottom 
Of the slot without any special movements but the 
hree upper conductors 33', 39 and 36 are moved 
through the upper or restricted portion 2 of 
the Slot While the shorter dimension a is in a 
hOírizontal position and then, as shown for con 
ductor 36, 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 36' 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 slots and the configurations of the conduc 
tors and the slots are to be as shown in Fig. 5 
then the coils, as a Whole, cannot be form Wound. 
Each conductor is separately formed and proper 
ly shaped at the transition so that each group of 
conductors may interfit in the manner indicated 
in Figs, 23 to 30, inclusive, and in Figs. 39 to 46, i. 
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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 provided 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 arirangenerat 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 3 to the lowermost, namely number four, 
coil-side, or conductor 33, in the top half of slot 
No. 6. The second coil-side 34 in the bottom of 
slot No. 9, by connector 35, is connected to the 
coil-side 36 in the sixth position of slot No. 7, 
and the number one 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 Siot 
No. . ihe commutating Sequence for the type 
of coil shown in Figs. 6, 7, 8, and 9, is thus ex 
actly like that for the coil shown in Figs. 1 to 4, 
inclusive. 
Two important advantages of the type of coil 

shown in Sigs. 6 to 9, inclusive, over the One ShoWin 
in Figs. 1 to 4, inclusive, are (1) that a stepped 
slot, such as shown in Fig. 5 can be utilized, and 
(2) the Sinaller slot opening i'educes flux pulsa 
tions and provides a more secure Wedging of the 
coils. 
The clearest understanding of the Sequence of 

commutation can probably be had fron a Study 
of the diagrammatic showing in Fig. 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. 3 and , 
and the botton half of slot No. . If the move 
ment of the conductors, namely, the ari nature 
core, be assumed to be in the direction indicated 
by the full line arrow shown in the upper portion 
of the figure, then it should be noted that the 
commutator brush 4 has just passed out Of con 
tact with number 5 commutator segment. In 
other words, the short-circuit for commutator 
segments 3 and 5 throughbrush 4 is just broken 
and the result is that commutation ceases for 
conductor 3d in the third position of Slot No. 9 
and conductor 33 in the fourth position of Slot 
No. 3. At the left, segments numbered 3 and 4 
are shown completely in contact with brush . 
Cominutator Segiment number 3, through conduc 
tor 3; in the lowerin Ost position of slot No. 9, 
and connector 33 is shown connected to the fifth 
coil-side in the top half of slot No. 7, that is to 
conductor 39. Similarly the commutator seg 
ment number 4 is connected through conductor 
34, in the second position in Siot No. 9, and con 
nector 35 to the Sixth coil-Side, that is the con 
ductor 36 in the uppermost position in slot No. 2. 
The uppermost conductor, or coil-side 36, in 

slot No. 7 and the conductor 33, in the second 
position of Slot No. 3, undergo commutation at 
the same time; the conductor 33 in slot No. 3 
and conductor 3', in the bottom of slot No. 9, 
undergo coin mutation at the Same time; and con 
ductors 3 and 33 in slots No. 9 and No. 6, respec 
tively, tindergo Conlinultation at the Same time. 
When segment 3 breaks contact with brush AS 
the short circuit opened is between conductor 33 
having good commutation characteristics and 
conductor 37 having the poorest commutation 
characteristics. Similarly, when the contact be 
tween the brush 4 and the segment numbered 4 
is broken the short-circuit broken is between con 

in tie fifth position of another slot. 
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ductor 36 having the best commutation charac 
teristics and the conductor 34 having poor com 
mutation characteristics. When the commuta 
tor Segment number 4 and brush 4: break contact, 
the short-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. 3 is connected to the coil-side 
in the fifth position of slot No. 1 . When the cir 
Cuit for the lowermost coil-side, for the direction 
of rotation aSSurned, is broken the stored energy 
in the conductor is transferred to the coil-side 
number five in the upper portion of slot, No. 
still undergoing commutation. 
When contact between segment 4 and the brush 

8 is broken, the stored energy in coil-side num 
be; two in the slot No. 9 is transferred to the 

O 

5 

lippei'nost coil-side or conductor 36 in the slot No. 2; 
A'. Similarly, when contact between the brush 
if and Segment number 5 is broken, the stored 
einergy of coil-Side number three in the lower half 
of the Slot iVo. 9 is transferred to the coil-side 
number four position in the slot No. 6. 

Fi'On the foregoing discussion, the order in 
Which the conductors in a 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, 37, 36', 39, and 33 in slot No. 9 undergo com 
inlitation in tile order named as shown in the 
lipper polition of Fig. 10. With reference to the 
slot itself, counting position from the bottom up 
as indicated in Fig. 10, the order is 3, 2, , G, 5, and 3. 

When the rotation of the machine is reversed, 
the Sequence of commutation will be changed. 
The conductors 33, 39, 36', 3, 34, and 3 in slot, 
No. 9 Will be commutated in the order named. 
With reference to the slot itself the order for 
feverse operation of the machine will be 4, 5, 6, 
A, 3, and 3. The coil-side last to commutate will 
thus never be the one 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. 

Fig. 11 ShoWS in perspective how the conduc 
tol's may be connected at the back end of the 
machine to also Secure improved commutation. 
It Should be noted that conductor 3, which will 
be in the top, or number three position in the 
lower half of a slot is connected to conductor 39 

Conductor 
i34, in position two of one slot, connects to con 
ductor 33 in the fourth position of another slot. 
Conductor 32 connects to a conductor in the 
Sixth position whereas conductor 38 connects to 
a conductor in the first position in a slot adjacent 
to the Slot that Would be housing conductors 
35, 34, and 3 . 
My invention is not limited to triple-deck coils 

as hereinakove described but it is susceptible to 
be embodied in quadruple-deck coils, or n-deck 
Coils, or a twelve-conductor triple-deck coil as 
shown in Figs. 12 to 16, inclusive, or n-conductor 
n-deck coils. 

In FigS. 12, 13, 14, and 15, the conductors are 
ShoWin 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 16 where conductors 5A, 54, 5, 15, 5A, and 
3, are shown to be positioned edgeWise in the 

bottom of the slot whereas conductors 53', 39', 
56', '53", 259, and 33' are shown as square, 
thus taking up much less space radially of the 
Slot. The upper conductors may be flat, or rec 
tangular, and positioned 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 slot, and have a flat rectangular Sec 
tion at the commutator end of the conductors, 
Said 'ectangular portions being turned through 
an angle of 90° with reference to the Section in 
the slot so that a Smooth curvilinear transition 
is Secured With Substantiaiy rio decrease in sec 
tion of the conductors at the transition region. 
StreSS Concentration is thus avoided and dange 
of creakage due to bending during the process 
of insulating and Winding or due to long coin 
tinued vioration in Service is greatly reduced. 

FCr the modification shown in Figs. to 4, 
inclusive, three conductors are grouped in Oile 
insulating Sheath. The end Connections, Where 
the risei's for the commutator bars are to be 
connected, are of different configuration as is 
necessary Where three conductors are Wound aS 
a unit and yet are required to Occupy a mini 
inunn 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 
S; FigS. 19 and 20 show the change from left to 
right, in configuration for the end of COIndu C 
to 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 coin 
ductors Inay also be assembled as a unit and 
the ends then first flattened, next twisted 90°, 
and finally pressed into the shape desired. With 
this last process, the ends automatically take 
the shape desired and fill a rectangular space of 
the same cross sections throughout the transi 
tion. 

For instance, Figs. 23 to 30, inclusive, show 
the change in the shape of the croSS-Section of 
each conductor, when the three Conductors are 
considered as assembled and While So aSSembled 
are turned and rolled out to the desired shape. 
it 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 Substantially the same. Fur 
ther there is no abrupt change in the Section 
noir configuration of each conductor. The 
copper losses at the transition are thus kept at 
a minimum and no hot Spots are found at this 
region during operation. Moreover the line 
cin&rical Strength of the conductor at the tran 
sition is unimpaired, particularly since no stress 
concentration occurS. 

Further advantages secured by the transition 
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 risers 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 
She teeth at the bottom of the slots to such an 
eXtent that the flux density is high, iron losses 
are great and the magneto-notive force is ex 
cessive. 
No lengthy discussion of Figs. 31 to 46 and 

FigS. 49 and 50, showing a quadruple-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 30, inclusive. 

Figs. 47 and 43 sinow a side view and plan 
view respectively of an assembled triple-deck 
coil at the transition, such as was discussed 
hereihabove whereas Figs, 49 and 50 show a side 
view and plan view respectively of an assembled 
quadruple-deck. coil at the transition, such as 
Was generally referred to hereinbefore. 
Although I have shown and described Certain 

specific embodiments of my invention, I am 
fully aware that still other modifications there 
of are possible. Miy 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. 

I claim as my invention: 
i. In a dynamo-electric machine having a 

magnetizable core member provided with slots, 
each slot having a 'ectangular bottom portion 
of a given area, and a given depth, an upper rec 
tangula; portion of Substantially the Same area, 
but of lesser depth, and a top portion having a 
lower relatively Wide portion and a top neck 
portion whose width is Substantially equal to the 
Width of the bottom portion, a plurality of Con 
ductors, provided with insulation disposed to 
fit, in the bottom portion, and a like number of 
conductors, provided with insulation disposed 
to fit in the upper portion of the slot. 

2. A commutator-type dyinang-electric ina 
chine having a slotted airmature core and an ar 
nature Winding having in coils per Slot, 2 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 botton halves of the slots, 
each botton coil-side being electrically continu 
ous with a corresponding top coil-side, the bot 
ton coil-sides 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 7. 
consecutive commutator bars, the bottom coil 
sides corresponding to both the 1st and nth of 
these 7 top coil-sides, being disposed in a rank 
or ranks other than the bottom rank. 

3. A commutator-type dynamo-electric ma 
chine having a stepped slot armature core and an 
arrinature Winding having m. coils per slot, in be 
ing greater than two, half of the coil-sides, here 
inafter 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, 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 
botton coil-sides in any slot being disposed in a 
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6 
plurality of superposed ranks, a group of 1 top 
coil-sides in any given slot being connected to 12. 
consecutive commutator 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 other than the botton rank. 

4. A dynaino-electric machine coinprising an 
armature winding and a slotted armature Core, 
characterized by the coil-sides of one pair of ar 
nature-Winding coils being disposed in Super 
posed 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 
5 member comprising a core having Stepped slots, 
the top portion of the slots being shallower than 
the bottom portion but having a Sectional area. 
Substantially equal to the sectional area of the 
bottom portion of the slots, and an armature 
winding cooperating therewith, said al'mature 
winding being composed of portions of uniforin 
rectangular cross-section in the active portions 
thereof, said winding being arranged with a plul 
rality of portions disposed on edge and in Super 
posed relation in the bottom portions of the slots, 
and with a 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 area, 
substantially equal to the Sectional area of the 
bottom portion of the slots, and an al'mature 
winding cooperating therewith, Said armature 
winding being composed of portions of uniforn 
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 'b' dimension, Said Winding 
being arranged with a plurality of portions in 
superposed edgewise relation in the bottom of the 
slots, and with a 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 'a' 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 area, 
substantially equal to the sectional area of the 
bottom portion of the slots, and an armature 
winding cooperating thereWith, said arnature 
winding being composed of portions of uniforn 
rectangular cross-section in the active politions 
thereof, and end windings of the diamond type 
formed to shape prior to placing of Said Winding 
in said slots, said winding being arranged With a 
plurality of portions in superposed edgewise re 
lation in the botton of the slots, and With a coir 
responding plurality of portions disposed in Su 
perposed flat-wise relation in the top of the SlotS, 
said slots having Outer OpeningS Whose circulin 
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 arnature-core and an ar 
mature winding having n coils per slot, being 
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 
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slots, a group of in bottom coil-sides in any given 
slot being connected to 12 consecutive commuta 
tor-bars and being electrically continuous, re 
spectively, with a corresponding group of top 
coil-sides all lying in the top halves of other 
given slots, characterized by the two top coii-sides 
which correspond to the (12 -l) th and alth coil 
sides of said group of n botton coil-Sides being 
disposed in the top portion and botton portion, 
respectively, in the top halves of said slots with 
the remaining coil-side or coil-sides in the top 
half of said slots disposed between the top coil 
Sides that coi'respond to the Said (2-1) th and 
7th coil-sides. 

9. A cornmutator-type cynano-electric ima 
chire having a Slotted air nature Coie and an ar 
mature-winding having 7 coils per slot, in being 
greater than two, half of the coil-sides, herein 
after called “top coil-sides', being disposed, in 
Siiperposed relation, in tile top halves cf the Slots, 
and the other half of the coil-sides, hereinafter 
called “botton coil-sides', being disposed in Su 
perposed relation in the botton halves of the 
Siots, a group of 22 top coil-sides in any given 
slot being connected to 12 consecutive commu 
ta, or-cars and being electrically continuous, re 
spectively, with a corresponding group of bottom 
coil-sides all lying in the botton halves of other 
given slots, characterized by the two bottom 
coii-sides which correspond to the first and 
(i.-. ) in coil-Sides of Said group of 72 top-coil 
sides being disposed in the top portion and bot 
ton portion, respectively, in the botton half of 
said slots, with the remaining bottom coil-side or 
sides disposed between said two bottom coil-sides. 

10. A coin Inuitator-type dynamo-electric Ina 
Chine having a slotted arnature-core and an 
armature-winding having 72 coils per slot, m be 
ing greater than two, half of the coil-sides, here 
jnafter called “top coil-sides', being disposed in 
the top halves of the slots in a plurality of tiers 
of Superposed coil-sides, and the other half of 
the coil-sides, hereinafter called “bottom coil 
sides', being disposed in the bottom halves of the 
slots in a corresponding number of tiers of Sul 
perposed coil-sides, a group of 12 top coil-sides 
in any given slot being connected to 72 consecul 
tive commutator-bars and being electrically con 
tinuous, respectively, with a corresponding group 
of bottom coil-sides all lying in the botton halves 5 
of otiner 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 coil-sides being disposed in the top por 
tion and bottom portion, respectively, of a given 
tier in the bottom half of said slots, With the 
remaining botton coil-side or sides of each tier 
disposed between said two bottom coil-Sides. 

11. A commutator-type dynamo-electric ma 
chine having a slotted arnature-core and an air 
nature Winding having a coils per slot, 1 being 
greater than two, half of the coil-Sides, herein 
after called “bottom coil-sides', being disposed 
in superposed relation in a plurality of tiers the 
botton 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, a group of 7 bottom 
coil-sides in any given Siot and tier being con 
rected to 12 consecutive commutator-bars and 
being 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 
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which correspond to the (n-1)th and the 12th 
coil-sides of said group of n, bottom coil-sides in 
a given tier being disposed in the top portion and 
botton 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 (7-2)th bottom coil-sides 
disposed between said tWO top coil-sides. 

12. A cominutator-type dynamo-electric ina 
chine having a slotted armature-core and an 
armature-winding having in coils per Slot, 12 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 other 
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 position 
in the botton 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 upper nost position of the bot 
ton half of the slot, the top coil-sides connected 
to the nth coil-side in the bottom halves of the 
Siots are positioned in the bottom portion of the 
top halves of the slots and the top coil-sides from 
the 12th down to the Second are positioned in 
the top halves of other slots and are connected, 
respectively, from the (12-1)th down to the first 
coil-sides in the bottom halves of the Siots, 
whereby the sequence of commutation is such 
that the coil-sides in the botton of the slots 
are not commutated last. 

13. A commutator-type dynamo-electric ma 
chine having a slotted armature-core and an 
armature winding having in coils per Slot, m 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 
superposed fatwise relation in the top halves of 
the slots, a group of n bottom coil-sides in any 
given slot being connected to in consecutive con 
nuitator-bars and being electrically continuelis, 
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 n botton coil-sides being 
disposed in the top portion and botton 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 
chile having a slotted armature-core and an ar 
nature Winding having conductors rectangular 
in section in the active portion thereof, and hav 
ing in coils ped slot, 12 being greater than two, 
half of the coil-sides, hareinafter called “hot 
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 
in bottom coil-sides in any given slot and tier 
being connected to n consecutive commutator 
bars and being electrically continuous, respec 
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tively, 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 ( -1)th and 12th coil 
sides of said group of in botton Coil-SideS in a 
given tier being disposed in the top portion and 
the bottom portion, respectively, of a 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 
arnature winding having conductors rectangular 
in section in the active portion thereof and having 
12 coils per slot, in being greater than two, half of 
the coil sides, hereinafter called “bottom coil 
sides', being disposed in Superposed edgeWise 
relation in the botton halves of the slot and in 
Side-by-side relation in the non-active portion 
thereof, the transition from the active portion to 
the non-active polition being effected by rotating 
the group, one to m, inclusive, through an angle 
of 90° and having the ends thereof fiattened 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 flatwise relation in 
the too halves of the slots and in side-by-side 
relation in the non-active portion thereof, the 
transition f:On the active portion to the non 
8. Ctive portion being effected by rotating the 
group, one to 12 inclusive, through an angle of 90 
and having the ends thereof fiattened to thus lie 
in a plurality of radial planes with reference to 
the arrinature-core, a group of 12 bottom coil-sides 
in any given slot being connected to 7 consecur 
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-1)th and 
nth coil-sides of said group of n 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)th bottoms coil-side or coil-sides disposed 
between Said two top coil-sides. 

16. In a commutator-type dynamo-electric 
na,Chine having a slotted armature-core and an 
arnature 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 
botton 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 through an angle of 90° 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 area. 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 
arnature 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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posed flatwise relation in the top portion of other 
SlotS. 

18. A dynamo-electric nachine comprising an 
arnature Winding and a slotted arrnature core, 
characterized by the coil-sides of one pair of 
arnature-winding coils being disposed in Super 
posed edgeWise relation in the botton portion of 
one slot and in Superposed flatWise relation in the 
top portions of other given slots displaced Sub 
stantially 180 electrical degrees from the first 
mentioned slot. 

9. In a commutator-type dynamo-electric 
machine having a slotted arnature-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 being positioned on 
edge and the coil-sides in the top portion of the 
slot being positioned flatwise, said conductors 
being turned through an angle of 90° 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 a commutator-type dynaimo-electric 
machine having a slotted armature-core and an 
arnature Winding having conductors rectangul 
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 poition of 
the slot being positioned fiatwise, said conductors 
being turned through 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 a 

Inagnetizable coire or a nature linenber pl’ovided 
with slots, and conductors in each slot, each con 
ductor being substantially rectangular in Section 
and having digitudiinal and transverse dinein 
Sions of the section equal to t and (i, respectively, 
and where a, is less than b and where a, and b 
I'epresent ninher's designating a dimension in a 
Systein of linear measurere:hts, each of said slots 
having a reactangular botton portion having a 
depth equal to 72b and a Width equal to Ct and a 
top rectangular portion having a depth equal to 
na, and a width equal to b, where in designates the 
number of Conductors in a file counting from 
botton) to top disposed in the said bottoin portion 
Of the slot. 

22. In a dyna::io-electric machine in a wing a 
magnetizable core or arrnature member, provided 
With slots, and Conductors in each slot, each con 
ductor being Substantially rectangular in Section, 
aind having longitudinal and transverse dimen 
Sions at the Sections equal to t aid C, respectively, 
and Where a is less than to and where d, and b rep 
l'esent, illnbers designatiing a dinnerision in a Sys 
tem of linear ineasurements, each of said slots 
having a rectangular bottorn portion having a 
depth equial to 725 and a Width equal to ma, and a 
top rect3nguiar portion having a depth equal to 
na, and a width equal to alb where n designates 
the in unbei. Of conductors in a file, conting from 
botton to top, disposed in the said botto:m portion 
Of tile slot, and Where 77 designates the number of 
conductors in a row, counting from side to side of 
the slot, disposed in the slot. 

MAURCE. E. JONES. 
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