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BENTAMIN & LAMME, OF PITISBURSH, PENNEY LYVANIA, ASSICGNOR T0 WEIIING-
HOUSE BELECTRIC AND MANUFACTURING CONMPANY, A CORFORATION OF PREITNSY -

VANIA,
DYNAMO-ELECTRIC MACHINE,
1,031,009 Bpecification of Lefters Patent, Patenied July 2,1912.
Appiication fled September €, 1810, Serial Wo, 320,768, :

To all whom ¢ may concern:

Be it known that T, Bewsasw G L
a citizen of the United States, and a-resi
of Pittsburgh, in the county of Allegheny
and State of Pennsylvania, have invented a
new and useful Improvement in Dynsmo-

- Blectric Machings, of which the following is

a specification.
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tiple-wound armatures:

The object of my invention is to provide o

well” proportioned machine of the above-

indicated class that shall be adapted to op--
erate satisfactorily under severe operating

conditions and shall embody simple and
effective means for increasing the number of
commutator bars without Increasing the
number of armature ampers tutns, and. fur-
ther means for obtaining substantiaily equal
voltages between aiy two adjacent commu-
tator bars at the instant of commutation.

In the design of very high speed or very
low voltage machines, 1t frequently happens
that. the most suitable number of armature
conductors is such as to give tco small a
number of commutator bars, using one ar-
mature turn per bar.  Inmany cases, in very

‘high speed machines for a given output, the

desired voltage can only be obtained, either
with a very low induction per pole and the
required number of commutator -bars, or

" with a higher induction per pole and a re-
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duced number of armature conduetors and
commmutator bars. If a low induction per
pole is chosen, with a relatively large ntm-
ber of armature eonductors and commutator
bars, the ampere turns in the armature may
become unduly large, so that an abnormally
proportioned machine is obtained. On the
other hand, if & high induction per pole is
chosen, then, even with a muitiple wound
armature of but a single conduetor per coil,
there may still be so few armature conduce-

tors and so few commutator bars, that bad

proportions are obtained and operating diffi-
culties encountered, ¥or instance: too few
armature conductors per circuit, or commu-

‘tator bars per pole, may lead to pulsations

o

irregularities in the armature current.
Fuarthermore, such machines are likely o

commutate unsstisfactorily. In such cases,

an arvengement of armature winding which

.be substantially reduced.
‘much as the middle leads ars disposed in the

would donble the number of commutator

bars without doubling the number of arma- -

ture ampere turns has been found of very

-corisiderable advantage.

According to my mvention, I employ an
armature winding of the usual mulfiple-
wound type, and 1 provide additionsl con-

eads which are connected to the

duetors or
mid-points of the several armature coils and
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‘are brought through the slots which lie mid-
-way Between those that carry the outer con-

ductors of the respective coils and are con-

.nected to suxiliary commutaior bars which

are located intermediate the bars to which
the outer conduciors are connected. Hence,
it iy manifest, that double the number of
commutator bars is obtained, without doub-
Iing the armature ampere turns and also
that the potential between adjacent bars will
i Howeéver, inas-

armature slots and’ ave, therefore, rotated

‘under the active magnetic field produced by

the main field poles; additional means are
provided to rduce the elecirosnotive force
generated in said conductors at the moment
of commutation, so that the existing poten-
tial upon any intermediate commutator bar

‘shall be approximately half of tHe potential

between the immediately adjacent bars,
when said bars are short-civenited by the
brushes. . . o
Heretofore, dynamo - eledtric machines
have been constructed in which the mid-
vints of the armature coils have besn con-
nected to intermediate commutator
but, in such cases, the middle leads have
either been disposed inside of the armatuare

core or they have been arranged adjacent’

to one side of the main coil, so that, during
commutation, they did not lie in an active
feld. : '

The particular advantages of my inven

all of the con-
are disposed in
requUIre 1o spe-

tion reside in the facts that
ductors of the armature coils
the nsual armature slots and
cinl supportz; the number of
bars are increased without increasing the
nimber of avimature ampere turns: and, the
potential between any twé adjacent commu-
tator bars is substantially eqnal,
ment of commutation, so that particnlarly
advaniggecus commutating conditions ars
obtained,

ars, ¢

commutator

gt the mo- ;
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My invention may best be understood by
veference to the accompanying drawings, in
which—

Figure 1 is a diagrammatic view of a por-
tion of a dynamo-electric machine, showing
a single armature coil, constructed in accord-
ance with my invention, in its relation to the
field poles at the instant of commutation.
Fig. 2 is a partially diagrammatic side ele-
vation of a portion of a dynamo-electric
machine constructed in' accordance with my
invention. Fig. 3 is a complete diagram-

- matic development of a portion of an arma-
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ture winding arranged in accordance with:
my invention, and ¥Fig. 4 is a view similar
to that shown in Fig. 2, with the exception
that suxiliary commutating poles are pro‘
vided intermediate the main field poles.
“Referring to Figs. 1,2 and 3, an armature
coil 1 is'mounted upon a magnetizable core
9 and is connected to a commutator cylinder
9, the outer conductors of said coil being
located midway between a plurality of field
poles 4. The armature coil 1 comprises stb-
«tantially parallel outer conductors 5 and 6
disposed, respectively, in slots 7 and 8, In
the magnetizable core 2, and connected to
commutator bars 9 and 10, respectively. An
intermediate lead or conductor 11, which is
connected at one end to the main coil 1 at
its mid-point 12, is disposed within 2 slot 13
whicli lies midway between slots 7 and 8 and
s connected, at its oppdsite end, to a commu-
tator bar 14 intermediate the bars 9 and 10.
Asg shown, the coil is in position to be com-
mutated and the commutator bars 9, 16 and.
14 are bridged by 2 brush 15, '
Since the intermediate conductor 11 is
located in o slot in the periphéry of the
magnetizable core g, an electromotive force
will at times be generated in it, by reason of
its movement throngh the magnetic fields
produced by the imain feld poles 4. If no
such electromotive force were generated, the

- commutator bar 14, to which the conductor

i1 is connected, would always lie at a po-
tential midway between those of the two
adjacent bars ¢ and 10. However, since an

. electromotive force is generated in the con-
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ductor 11, when moving through the mag-
netic field, the intermediate bar 14 is not
slways maintained at a mid-potential; boby
as this conductor and the commutator bars
9, 10 and 14 carry no current except when

s short-circuited by & brush, it is not impor--

tant that & midway potential be maintaimed
upon the par 14, except at the time of com-
mutatior. g

It will be observed that, at the time of
commutation, the intermediate conductor 11
lies under the middle of 2 field pole 4 and,

" therefore, is generating an electromotive

85

force when the two sides 5 and 6 of“the

‘coil 1 are passing through the neutzal or |

interpolar spaces 16 and 17, respectively.

1,031,009

It is at just this time that the intermediate
conductor should generate the least voltage.

The side. conductor 8 and the intermediate
conductor 11 mey be considered-as a half-
coil. which is commuitited first, while the 49
other side conductor 5 and the intermediate .
conductor 11 may be considered gs a second
half-coil which is commutated immediately
afterward. Inasmuch as this conductor cuts
the active magnetic field; it has generated in 7¢
it an electromotive force which assists com-
mutation and reversal of current for one of
these half-coils, and opposes the reversal in
the remaining half coil, as will be readily~
understood. It is, therefore, desirable to g;
reduce this electromotive-force to as low a
value as possible, in order to prevent the op-

- posing action in commutating one or the

- other of said half-coils. In order to over-
comé this difficulty, I propose to cut a notch g5
or slot 20 in the middle of each of the main
field pole pieces to correspond to the posi-
‘tions of. the intermediate conductor at the
instant of commutation, By this means, a
great reduction in strength of the maguetic go
field under the middle of the pole faces is
obtained, so that the intermediate conductors * .
generate but very small electromotive forces .

at this instant, and hence, satisfactory com-
mutation may be secured. This electromo- g5
tive force, however, can not well be reduced

tc zero value, as it is impracticable, in most
cases, to obtain a zero magnetic field under

the center of the main field poles. It is evi-
dent, therefore, that a weak magnetic field 100
is obtained directly over -the intermediate
-conductor 11 at the moment of commutation. -
Hence, only a very small voltage is gener-
ated therein and, consequently, good commu-
tation may be effected. - :

Those skilled in the art will readily under-’
stand that, sinee the polarity of the mag-
netic field is the same at both edges of the
polar notches 20, shown in Fig. 2, that the:
magnetic fringing into the armature under 110
said notches is such as to add to one another
at all positions, so that there is no position
vnder said polar notches which has zero field
and, hence, a very slight electromotive force
is generated. In most cases, the reduction
in magnetic field under the middle of the

pole faces is sufficiently low to secure good

commutation. However, cases may arise in

which a further reduction in-the electromo- .
tive force than is practicable to secure by.
means of polar notches, may be obtained by
the use of commutating poles of suitable
proportions. - o L

‘In Fig. 4, commutating poles 23 are pro-
vided between the main field poles 4. The
other parts of the drawing. are similar to
those shown in Fig. 2 and bear like reference
pumerals, ' . -

It will be evident to those skilled in the

105

115

120

125

-art that the effect of any slight electromo~ 130



15

20

Lo
o

30

wo
Tt

60

" tive forces generated in +he infermediate con-
]

_projections at the time of conmmntation.

-midway between the vespective side conduc-

& plaraity of bars and a set of cobper.

ductors under the polar notchies 20, atb the
moment of commutation, may be oliminated
by a proper design of comuialing poles,
so that good commutation may be secived
under the most adverse operatin o conditions.

I desive that my invention shall nol, be
limited to the arrangement nid steactural
detnils shown and described; that modifica-
tions which do not depart from the spivit
of my vvention shall be included within its ‘.
scope; and that only sneh linitations shall
be 1mposed as ave indicated in the appended
claims. i

I claim as my invention:

L Inn dynamo-clectric machine, the com-
bination with a f¢ld magnet having polar
projections provided with centvall v disposed
Tace slots, a’ magnetizable core having a plu-
ality of slots, and a comwmutator cylinder
comprising a plurality of bars, of an arma-
ture winding comprising a piurality of eoils
disposed in said slots, the side conductors of
which arve comnected to alternate commuta-
tor bars, and an intermediate conductor for
cach coil disposed in a slot- approximately
midway between the respective side conduc-
tors and connected at one end to the mid-
point of said coil and at the other end to a
commutator bar intermediate the bars to
which the side conductors of said coil are
connected, said intermediate conduetors be-
ing directly beneath the slots in the polar

the com-
having a

2. In a dynamo-clectric machine
bination with a magnetizable core
plurality of slots, a commutator cylinder
comprising a plurality of bars, and an arma-
ture winding comprising a plurality of coils
disposed in said slots, tach coil comprising
two side conductors connected to alfernata
commutator harvs, and an intermediate con-
ductor disposed in a slot ‘approximately

tors and connected at one end fo the mid-
point of said coil and at the other to a com-
mutator bar intermediate the bars fo which
the side condnctors are connected, and a field
magnet provided with means for ohtaining o
potential on each intermediati bar which is
substantially one half of the notential be.
tween the two immediately adl:
at the instant of commutation.

3. In a dynamo-electric machine, the com-
bination with u magnetizable core having a
plurality of slots, a commmnintor comprising

ating Drushes, and an armature wine ing
comprising separate coils disposed in saic

[

slots, each formed of threc

equaily spaced

parallel conductors, the onter conductors be- | A

ing connected, at their extremities, to-alter-
nate commutator bars and the intermediate
conductor being conneeted o an intermedi-
ate bar, of a field magnet provided with
means for reducing the electromotive forces
generated in said mtermediate conductor at
the instant of conmutation.

4. In a dynamo-electric machine, the com-
bination with a magnetizable core, a com-
mulator comprising a cylinder and a set of
brushes, and an armature winding eompuris-
ing a plurality of coils disposed upon said
core and severally comprising two side con-
ductors and a centrally located Intermediate
-conductor connected to separate commutator
bars, of a field magnet provided with means
for reducing the influence of said poles upen
satd intermediate conductors when the coils
are short cirenitcd by the broghes.

5. In a dynamo-clectric machine, the com-

“bination with a magnetizable core having =»

plurality of slots, a commutator eylinder
comprising a plurality of bars, and an arma-
ture winding comprising a plurality of coils,
ecach formed of three parallel equally spaced
conductors disposed in sepavate siots and
connected to separate commutator bars, of «
field magnet having a plurality of polar
projections, slots parallel to the armature
cove slots and located in the middle of the
respective pole faces, and a plurality of com-
mutating poles intermediate snid polay pro-
jections, :

6. In a dynamo-electric maching, the com-
bination with a field magnet having a plu-
ality of péle pieces, a magnetizable core
having a plurality of slots, a commutator
comprising a plurality of havs and o set of
brushes to codperate therewith, of an arma-
ture winding comprising a plurality of sep-
arate coils disposed in said slole, tach coil
comprising {wo outer conductors connected
to alternate commutator bavs-and an inter-
mediate conductor loeated mids
suid outer conductors and connected o an
intermediate commmntator bar, the pitch of
enach cotl heing suely that its outer conductors
lic midway between the field magnes pole
pieces at the moment it is shovi-circnited by

1 ] .
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the brushes, and the field magnet pole pieces

being provided with notches that, are located
midway between the pole tips and parallel
to the armature core slots, '

In testimony whercof, T have herennto
subscribed my name this 18th day of Anugust,
1910, :

BENJ. G. LAMME.

VWitnesses: )
C. W. McGurs, -
R. J. Drarporm.,

-1
<

80

85

BNe]
(923

100

95

115




