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To all vion it may conceri. 
ise it known that I, BEN TAMIN G, 3. 

a citizen of the United States, and a reside 
of Pittsburgh, in the county of Allegheny 
and State of Pennsylvania, have invented a 
new and useful improvement in Dynamo 
Electric Machines, of which the following is 
8 specification. - 
My invention relates to dynamo-electric 

inachines and it has speciai reference to ma 
chines of the commutator type having inui 
tiple-wound armatures. 
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The object of my invention is to provide a 
well proportioned machine of the above 

conditions and shali embody simple and 
effective means for increasing the number of 
commutator bars without, increasing the 
number of armature ampere turns, and fur 
ther means for obtaining substantially equal 
voltages between any two adjacent commu 
tator bars at the instant of commutation. 

In the design of very high speed or very 
low voltage machines, it frequently happens 
that... the most suitable number of armature 
conductors is such as to give too small a 
number of commutator bars, using one ar 
mature turn per bar. In many 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 

35 duced number of armature conductors and 
commutator bars. If a low induction per 
pole is chosen, with a relatively large nam 
ber of armature conductors and commutator 
bars, the ampere turns in the armature may 
become unduly large, so that an abnormally 
proportioned machine is obtained. Oil the 
other hand, if a high induction per pole is 
chosen, then, even with a multiple wound 
armature of but a single conductor per coil, 
there may still be so few armature conduc 
tol's and so few commutator bars, that had 
proportions are obtained and operating diffi 
cities encountered, or instance: too fety 
armature º conductors per circuit, or coinnti 
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or irTeguiarities in the armature current. 
Furthermore, such machines are likely to 
commutate unsatisfactorily. ... Stich cases, 
aii arrangement of armature windig which 

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

tator bars per pole, may dead to pulsations : 

Serial No. 580,'63, 

WCuld double the number of commutator 
bars: Svithout dioübling the number of arma- . 
ture ampere turns has been found of very 
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coilsiderable advantage. 
According to my invention, employ an 

armature winding of the usual multiple 
Wound type, ajid provide additional con 
ductors or leads which are connected to the 
mid-points of the several armature coils and 
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are brought through the slots which lie mid 
way setween those that carry the outer con 65 
dictors of the respective coils and are con 
.nected to auxiliary commutator bars which 
are located intermediate the bars to which 
the otter conductors are connected. Hence, 
it is manifest, that double the number of 
commutator bars is obtained, without doub 
ling the armature ampere turns and also 
that the potential between adjacent bars will 
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be substantially reduced. Biowever, inas 
much as the middle leads are disposed in the 75. 
ai'nature slots and are, therefore, rotated 
under the active magnetic field produced by 
the main field poles, additional means are 
provided to réduce the electro-motive force 
generated in said conductors at the moment 
of commutation, sc that the existing poten 
tial upon any intermediate commutator bar 
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shall be approximately half of tie potential 
between he immediately adjacent bars, 
when said bars are short-circuited by the 
brushes. . . 

Heretofore, dynamo - electric machines 
have been constructed iki which the mid 
points of the armature coils have been con 
nected to intermediate commutator bars, 9 
but, in such cases, the middle leads have 
either been disposed inside of the armature 
core or they have been arranged adjacent 
to one side of the main coil, so hat, during 
commutation, they did not lie in an active 
field. . 
The particular advantages of my inven 

tion reside in the facts that all of the con 
dictors of the armature coils are disposed in 
te lastia armature slots and require no spe 
cial Slipports; the number of commutator 
bars are increased without increasing the 
inalimber of ariature anipei'e tuirns; and, the 
potential between any two adjacent commu 
tator bars is substantially cquai, at the mo- i05 
ment of commutation, so that particiliarly 
advantagecius comintating conditions are 
obtained. 
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My invention may best be understood by 
reference 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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magnetizable core 3, 

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 auxiliary 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 
2 and is connected to a commitator cylinder 
3, the outer conductors of said coil being 
located midway between a plurality of field 
poles 4. The armature coil 1 comprises sub 
stantially 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 is at 
its mid-point 12, is disposed within a slot 13 
wiich lies imidway between slots 7 and S and 
is connected, at its opposite end, to a commi 
tator bar 14 intermediate the bars 9 and 10. 
As shown, the coil is in position to be com 
mutated and the commutator bars 9, 10 and 
14 are bridged by a brish 15. 
Since the intermediate conductor 11 is 

located in a slot in the periphery of the 
an electromotive force 

will at times be generated in it, by reason of 
its movement through the magnetic fields 
produced by the main field poles 4. If no 
sitch electromotive force were generated, the 

5 commutator bar 34, to which the conductor 
it is connected, would always die at a po 
tential midway between those of the two 
adjacent bars 9 and 10. However, since an 

i electromotive force is generated in the con 
50 

55 short-circuited by a brush, it is not impor 
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ductor 11, when moving through the mag 
netic field, the intermediate bar 14 is not 
always maintained at a mid-potential, but, l: 
as this conductor and the commutator bars 
9, 10 and 14 carry no current except when 
tant that a midway potential be maintained 
upon the bar 14, except at the time of com 
mutatior. 

it will be observed that, at the time of 
commutation, the intermediate conductor 11 
lies under the middle of a field pole 4 and, 
therefore, is generating an electromotive 
force when the two sides 5 and 6 of the 
coil 1 are passing through the neutral or 
interpolar spaces 16 end 17, respectively. 

l,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 may be considered as a half 

half-coil which is commutated immediately 
afterward. Inasmuch as this conductor cuts 
the active magnetic field, it has generated in 
it an electromotive force which assists com 
mutation and reversal of current for one of 
these half-coils, and opposes the reversal in 

understood. It is, therefore, desirable to 
reduce this electromotive force to as low a 
value as possible, in order to prevent the op 

- posing action in committating one or the 
other of said half-coils. In order to over 
come this difficulty, I propose to cut a notch 
or sot.20 in the middle of each of the main 
field pole pieces to correspond to the posi 
tions of the intermediate conductor at the 

great reduction in strength of the magnetic 
field under the middle of the pole faces is 

at this instant, and hence, satisfactory com 
mutation may be secured. This electromo 
tive force, however, can not well be reduced 
to 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 
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 th?t, 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 
Inagnetic fringing into the armature under 
said notches is such as to add to one another 
at all positions, so that there is no position 
under 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 
ive force than is practicable to secure by. 
means of polar notches, may be obtained by 
the use of commutating poles of suitable 
proportions. ? . 

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 
numerals. , . 

It will be evident to those skilled in the 
art that the effect of any slight electromo 

obtained, so that the intermediate conductors 
generate but very small electromotive forces. 

which a further reduction in-the electromo- . 

coil, which is commutated first, while the no 
other side conductor 5 and the intermediate 
conductor J may be considered as a second 

the remaining half coil, as will be readily 
8 
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Finstant of commutation. By this means, a 
90 

95 

100 

105 

110 

5 

120 

25 

30 



O 

5 

20 

2 5 

30 

40 

O 

5 s 

60 

tive forces generated in the intermediate con 
dnciors under the polar not?ies 2), at the 
in Onnent of coin mutatio, ay be elitiniated? 
by a proper design ()f colli; lilting poles, 
so that good commutation inay be secured 
inder the host adverse operating conditions. 

I desire that my invention sinail not be 
limited to the arrangement a structi ral 
details shown and described; til at modifica 
tions which do not depart frt in the Spirit 
of inly invention shall be included within its 
scope; and t'llat only sileh lii bitations si ai i 
be imposed as are indicated in the appeniled 
claims. - 

1 claim as my invention: 
1. n dynano-electric machine, ühe com 

bination with a field magnet having polar 
projections provided with centially disposed 
face slots, a magnetizable core having a plu 
ality of slots, and a commutator cylinder 
comprising a plurality of bars, of an arma 
ture winding comprising a plurality of coils 
disposed in said slots, the side conductors of 
which are connected to alternate commuta 
for bars, and an intermediate conductor for 
each 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 intern ediate the bars to 
which the side conductors of said coil are 
connected, said intermediate conductors be 
ing directly beneath the slots in the polar 
projections at the time of commutation. 

2. m a (ynamo-electric nachine, thecom 
bination with a magnetizable core having a 
plurality of slots, a conmutator cylinder 
comprising a plurality of bars, and an arma 
turc winding comprising a plurality of coiis 
disposed in said slots, each coil comprising 
two side conductor's connected to alternate 
commutator hal's, and all inteli'imediate coin 
dictor disposed in a slot approximately 

- midway between the respective side conduc 
tors and connected at one eind to the mid 
point of said coil and at the other to a com 
inlitator bar interneciiate the bai's to which 
the side conductoi's are connected, and a field 
magnet provided with heans for oitaining a 
Potential on each interaediatis hat which is 
substantially one half of the potential be 
tween the two in mediately adjacent bars 
at the instant of comitation. 

3. In a dynamo-electric machine, the colm 
bination with a magnetizable core having a 
plurality of slots, a commatator comprising 
a plurality of bars and a set of coãper 
ating brushes, and in a nature winding 
comprising separate coil's dis!) 0sed in said 
slots, each formed of three equaily spaced 
parallel conductor's, the conter conductors be 

3,031,009 

ing connected, at their extrelnities, to alter 
nate commutat om’ bars and the intermediate 
cond ticto' being connected to an intermedi 
ate ba', ()f a field magnet provided with 
means for reducing the electromotive forces 
generated in said intermediate conductor at 
the instant of commutation. 

td. in a dynaimo-electric naciine, the coin 
bination with a magnetizable core, a coin 
nu tator comprising a cylinder and a set of 
brushes, and an a nature winding compris 
ing a plurality of coils disposed upon said 
core and severally comprising two side con 
ductors and a centrally located intermediate 

7. ( 

conductor connected to separate conmutator 
bars, of a field magnet provided with inneans 
for reducing the influence of said poles upon 
said intermediate conductors when the coils 
are short circuited by the brushes. 

5. in a dynamo-electric machine, the con 
S 

bination. With a magnetizable core having a 
plurality of slots, a commutator cylinder 
comprising a plurality of bars, and an arma 
ture winding comprising a plurality of coils, 
each formed of three parallel equally spaced 
conductor's disposed in separate slots and 
connected to separate commutator bars, of a 
field magnet having a plurality of poli: 
projections, slots parallel to the al'mature 
core slots and located in the middle of the 
l'espective pole faces, and a plurality of coin 
mutating poles intermediate Said polar pro jections. 

6. In a dynamo-electric machine, the com 
bination with a field magnet, hayring a plu 
'ality of pole pieces, a magnetizable core 
having a plurality of slots, a commutator 
comprising a plurality of bat's arci a set oË 
brushes to coöperate there With, of in arma 
ture winding comprising a plurality of sep 
arate coils disposed in said slots, teach coil 
comprising two oute 1 conductors connected 
to a terat commutator oars - a ni intez'- 
mediate conductor located midway betwee: , , ); 
said outer conductors and connected to ai 
intermediate commutator bar, the pitch o: 
each coil heing such that its often conductoi's 
lie midway between the field magnet pole. 
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pieces at the monent it is short-circrited by 10. 
the brushes, and the field magnet hole pieces 
being provided with notches that, are located 
midway between the pole tips and parallel 
to the armature core slots. 

in testimony whereof, I have here into 115 
subscribed my name this 18th day of Altigrist, 
1?1(). 

BENJ. G. LAMME. 

Witnesses: 
C. W. McGHEE, 
R. J. DEARBORN. 

  


