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DYNAMOC-ELECTRIC MACHINE.

Specification of Letters Patent. Patented Oct. 23, 1917,

1,243,966. '
Application filed January 22, 1915. Serial No. 4,069,
To all w?i < it may concern:

Be it known that I, Louvis C. NicHOLS, 2
citizen of the United States, residing at Nor-
wood, in the county of Hamilton and State
of Ohio, have invented a certain new and
useful Improvement in Dynamo-Ilectric Ma-
chines, of which the following is a specl-
fication.

This invention relates in general to dyna-
mo-electric machines, and has particular vef:
erence to such machines, as are of the pro-
jecting ;pole type and wherein it is desirable
that the reluctance of the magnetic cireuit
of a field pole be adjustable.

In designing the electrical and magnetic
features of a dynamo-electric machine so
that a certain flux density be produced in
the field poles, it is often diificult to obtain
exactly the desired maguetic conditions.
While it might be possible, where the ex-
citing winding is of the. shunt type, to
change: the number of turns or insert a re-
sistance ‘in series with the winding, never-
theless, where the winding is.of the. series

.type, a winding of which type very often

consists ‘of but a comparatively small num-
ber of turns or fractional turns, 1t 1s 1nex-
pedient and undesirable to vary the number

of turns or to insert a variable resistance in-
In some cases,.
“fairly good operation might be secured by

series with the winding.

arranging a reactance in shunt to the series
winding, provided such shunt has a time

‘constant equal to that of the winding itself,
so that a constant ratio would exist between.

the currents in the winding and in the shunt
reactance, without which condition the oper-
ation of the machine would be unsatisfac-
tory, for the flux produced would not always
be proportional to the current in the wind-
ing or, consequently, the load upon the ma-
chine. Again, under certain conditions,
even though the time constant of the shunt
reactance were designed to be cqual to that
of the winding, it is probable that, due to
the shunt reactance being ordinarily re-
moved from the immediate vicinity of the
machine, the temperatures of the winding
and the reactance would vary at different
ates, and, hence, the current in the winding
would not always be proportional to the
current supplied by the machine.

The best operating results along with the
most economical. construction - exists when
the winding is of just such dimensions as to

produce the proper flux at all times, as the
load on the machine varies, without resort to

- resistance or reactance in series with or in

shunt to the winding, and when the pole
and windings arve of as small dimensions as
possible to secure the desired results, since
ctonomy in construction is best attained by
maintaining the fleld structure of as small
size as possible, while securing the desired
results. Further, the air gap adjacent the
armature should be maintained at a mini-
mum to reduce leakage between adjacent
pole tips to a minimum.

The more desirable advantages of this in-
~vention are attained. in connection with
dynamo - clectric machines provided - with
commutating poles effective to produce a
magnetic flux in line with the armature coil
undergoing commutation and of such in-
tensity as to compensate for armature reac-
tion and. ordinarily, to produce a field of
the required amount to induce current in
such short-cireuited coil that is of approxi-
mately the same value as is present in the
effective armature coils when the short-cir-
cuit is removed from the coil undergoing
commutation. Unless this winding is of
the proper dimensions to produce the re-
quired commutating flux, which will vary
as the load varies, the commutating wind-
ing being in series with the mains, spark-
ing will occur at the brushes.

It is an object of this invention to pro-
vide an improved construction of dynamo-
clectric machine wherein the field - poles
are provided with flux producing windings
of u fixed number of turns, and wherein,
with constant current in such windings, the
flux produced thercby may be varied by
menns other than a resistance or reactance
associated with said winding.

Tt is a further object of this invention to
provide a construction of dynamo-electrie
machine embodying -improved means for
arying the reluctance of the magnetic path
of a field pole.

Tt is a further-object of this invention to
provide an improved construction of dyna-
mo-electric machine whereln the air gap
between a field pole and the armature may
be maintained constant and the reluctance
of the magnetic path of the pole may be
varied.

Tt is a further object of this invention to

provide an improved construction of dyna-
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mo-electric machine wherein the field poles
are of substantially solid construction and
are of variable reluctance.

These and other objecis are attained by
this invention, the various novel features of
which will appear from the description and
drawings forming a part of this specifica-
tion, and will m particularly pmqtnu out
in the claims.

In the accompanying drawings:

Figure 1 is an end ek‘wtlon with parts
in se«’tlon, of a pmhon of a dhnamo electric
machine embodying features of this inven-
tion. '

Fig. 2 is a perspective view of a portion
of a field poie of the machine shown in
Fig. 1.

Fig. 3 is a perspective view of a modified
form of a detail of the construction shown
in Tigs. 1 and 2.

In the drawings, there is. disclosed a dy-
namo-electric machine having a 101 ting ar-
mature 11 and a field frame or yoke 125 pro-
vided with projecting main poles 13 hfL ving
windings 14. Also secured to the frame 19,
intermediate the main poles 13, are commu-
tating poles 15 provided with windings 186,
Edch commutating pole comprises a body
portion 17, to the radially inner end of
which may be secured a pole shoe 18, and
plurality of separate disks or laminations
19, 19,, secured in position intermediate the
bedy portion 17 and the frame 12 by a bolt
or screw 21, which passes through the frame
12 and the laminations 19, 19,, and
threaded into body portion 17 this bolt serv-
ing to hold the parts of the commutating
pole in operative position.

The laminations or disks 19, 19, ave, ovdi-
narily, of both magnetic material and non-
nmagnetic material, . It may be considered
that 19 indicates those of magnetic material
and 19, those of non-magnetic material,
While, in order to maintain the air gap be-
tween the pole shoe 18 and the armature 11
constant, it is necessary thal the space ocou-
pied by the lawinations 19, 19,, at all times,
be of the same radial extent, nevertheless,
it will be obvieus that by varying the pro-
portion of magnetic Iaminations to nen-

s

magnetic ](\.mnﬂtmm, the rveluctance of the
commutating pole may be varied. As will

be apparent, this may be wccomplished by
substituting for a certain number of lamina-
tions of magnetic material an equal aum-
ber of laminations of non-magnetic material,
or vice versa.

These laminge 19, 19,, are of t:hh,,mn‘i iy
the same cross-sectional area as that of the
body portion 17, and. w nik they may be
provided with closed slots for the receptic
of the serew or bolt 21, which const ruction
requires insertion and removal of the lai-
nations by u movement parallel to the axis
of the screw or the insertion of the screw

1,243,068

through the previously assembled body por-
tion 17 and laminations, they ave, prefer-
ably, provided with an open slot, as indi-
cated at 28, this slot extending parallel to
the axis of the machine when the lamina-
tions are in operative position on the bodv
portion 17. Such an arrang gemeit provide
for the utmost facility in removing Jamlnﬁ—
tions from and imserting the same to oper
tive position from the end of the nmcnme,
which operation may be accomplished on
loosening the bolt or screw 21 to a slight
extent. However, as indic liod in Fig.
these laminations 191 may be slotied &lmm
the longer sule, s0 as to pernif tasertion and
TeMGVS 1 of the same in & cireumferential
dirvection, 1t desived, the slot being desig-
nated as 231,

It will be obvicus that, af all fimes, n-
dependently of the number and magnetic
qualities of the laminw, the cross-sectional
ares of the pole is the same throughout its
length from the pole shoe to the frame 12,
and that this pole iz m'wta;m(dly solid
throughout its 'ieno*h Tlog Iatter featnre
is of advantage ¢hat theve is a solid and
substantial bczu'h,b' for the comparatively
heavy boov yortion 17, and such a bearing
that, while can"-,ﬂc of being vavied, wili
offer no difficalty in maintaining the air g gap
between the pole shoe and the armature sub-
stantially constant. There is a decided ad-

D3
€3y

1,
331

vantage in having the pole plece of sub-
stantially the same ecross-sectional area
thronghont its entire length, in that the

smallest and most cconomical type of series
coil ean be Luh/m. the coil mtm'» readily
over either the body portion 17 or the lam-
nations 19, 19,.

In n-'dmu v design, the eross-section of
the series Wmdmo 1s fixed to a great extent
by the maxinmwn current which the muchine
1s intended to furnish. Thig winding should
be of such cross-section tlat it can sadely
carry this masimum current without any
considerable heating. Considering the cross-
section of the series winding as fixed, and
that the preliminary design indicates that
sav 3¢ tuvns of winding ave necessary io

cure® the 1 “(]mrc(! q()/ln‘}“tai{ﬂ” flux, the
cmnmutarmo poles bemng congidered as be-
ing of magne stic material throughout the full
lcngth, it will be Apparent d} o sinee it is
not at all feasible to provide a fractional
tun ebout the ¢t a‘mu ‘ml the re-

must be produe 0*} mLh f(m: full

quived fiux
turns of the \\ruuunw Were the full line

current to pass through these four full
turns, the exe itation vroduced would be
greater than %h;u i cqm,ad. and hience, 16 is
necessary o reduce this excitation.  This
might bn dene by placing o vesistance, in-
ductive or non-induetive, in shunt to the

avinding, but, as stated above. both of these
expedients have undesivable features. In
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accordance with this invention, the required
flux may be secured by using four full turns
of winding and by increasing the reluctance
of the poleto the extent that the magnetic
effects due to the four turns are the sume
as that which might be obtained with 3§
turns, using a pole wholly of magnetic ma-
terial. This required effect is produced by
replacing a portion of the laminations of
magnetic material 19 by laminationus of non-
magnetic material 19,, without varying the
total radial space occupied Uy these lamina-
tions. :

In most cases, the proportion between
these laminations 19 and 19, is caleculated in
advance, and the pole, made up of the bodv
portion 17, the pole shoe 18, and the lamina-
tions 19 and 19,, and the winding 16, is se-
The machine is then
tested, and, if the commutating flux pro-
duced is not exactly that required, adjust-
ment is made by exchanging one or more
laminations of “magnetic material for a
number of laminations of non-magnetic ma-
terial whose total thickness is equal to that
of the laminatiors of magnetic material
which have been removed, or vice versa.
Again, adjustmen; may be made by substi-
tuting for one lunination, a lamination of
equal thickness and of magnetic properties
that differ to the requized extent to produce
the desired rvesult. It will also be obvious
that further adjustment may be made by
substituting for two laminations,two other
Jaminations, one of magnetic material and
the other of non-magnetic material, cr two
laminations of different material and of
such relative thickness as to produce the re-
quired result.

Tt will be obvious that those laminations

-that have been described as being of non-

magnetic material need be only of material

“having different magnetic properties from

the material of the other laminations.

Where the machine is of a type requiring
comparatively few series turns, it may be
desirable that the so called “non-magnetic”
lamninations be actually of a comparatively
non-magnetic material, such as brass, and
Lience be capable, on substitution of oue
non-magnetic lamination for a maguetic
lamination, of causing considerable change
in the total reluctance of the magnetic cir-
cuit of the pole; and, where a greater num-
ber of series turns are required, it may be
desirable that the “non-magnetic” lamina-
tions, while of considerably less permealiility
than the magnetic laminations, be of & ma-
terial, possibly an alloy, of greater per-
meability than air.

Tt will be obvious that, in accordance with
this invention, the required amount of se-
ries field flux may be produced, and that the
flux produced by a winding of given dimen-
sions mey be varied other than through the

use of resistance, either in series or in shunt
to the winding, and that the air gap be-
tween the field pole and the armature is
maintained constant and the pole is sub-
stantially solid and of the same’ cross-sec-
tional area throughout its full length. -

Tt should be understood that it is nog de-
sired o be limited to the exact details of
construction shown and deseribed, for ob-
vious modifications will occur to a person
skilled in the art. -

It is claimed and desired to secure by
Letters Patent:

1. In & dynamo-clectric machine, a frame,
and a field pole secured in position vela- gg
tively to said frame, said pole being of
substantially uniform cross-section through-
out its entire length and one portion of said
pole being made up of a plurality of lamine
having different magnetic properties and g
extending substantially perpendicular to the
axis of said pole throughout substaniially
the full cross-sectional area of the pole.

9. In a dynamo-electric machine, a irame,

a field pele secured in position relatively to e
said frame, said pole being of substantially
uniform cross-section throughout its entive
length, one portion of said pole being made
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up of a plurality of laminm disposed in

planes substantially perpendicular to the o
axis of said pole and extending throughout
the full cross-sectional area of the pole, said
laming being renovable from and insertible
to position without removing another por-
tion of said pole from said framé, and coni-
mon mesns for holding the latter portion
and said laminze in operative position.

3. In a dynamo-electric machine, a frame,
a Geld pole comprising a plurality of por-
vions of different magnetic properties, and
means for securing said portions together to
form a pole of substantially solid construe-
tion and for securing said pole in operative
position telatively to said frame, one of said
portions being removable and replaceable 3
without necessitating shifting of another
portion. ‘

4. Tn a dynamo-eleciric machine, a yoke,
a pole piece, means for supporting said
pole piece from said voke, said pole piece
comprising a body portion of magnetic ma-
terinl spaced from said yoke, and means oc-
cupying substantially the entire space be-
tween said body pertion and said yoke for
spacing said body portion from said yoke, 1
stid Iatter means comprising a phuality of
Taminations held in position by the suppoit:
ing means for said body portion.

5, In » dynuno-electric machine, a yoke,
a pole piece, means for supporting said pole ¥25
piece from said yole, said pole picce com-
prising - body portion of magnetic material
spaced from said yoke, and means occupy-
ing substantinlly the entire space hetween
said bedy portion and said yoke for spacing 130
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said body portion from said yoke, said lat-
ter means compyising a plurality of lunina-
tions of material having different magnetic
properties.

6. In a dynamo-electric machine, a yoke,
a pole piece, means for supporting said pole
piece from said yoke, said pole piece com-
prising a body portion of magnetic material
spaced from said yoke, and means oceupy-
ing substantially the entire space between
sald body portion and said yoke for spacing
said body portion from said yoke, said lat-
ter means cofuprising a plurality of lamina-
tions of the sime cross-sectional ares and
shape as said body portion and of different
magnetic properties.

7. In a dynamo-clectric machine, a yoke,
a pole piece, means for supporting said
pole piece from said yoke, said pole piece
comprising a body portion of magnetic ma-
terial spaced from said yoke, and means
oceupying substantially the entire space be-
tween said body portion and said yoke for
spacing said body portion from said yoke,

25 said latter means comprising a plurality of

laminations of substantially the same cross-

~ sectional arvea as said body portion and of

40

45

50

different magnetic properties, and said lami-
nations being held in operative position by

30 the supporting means for said body por

tion.

8. In a commutating dynamo-electric ma-
chine, the combination with the yoke of the
machine and its main polar projections, of

35 commutating polar portions interposed be-

tween said main polar portions and secured
to said yoke, and windings surrounding said
commutating polar portions, each of said
commutating polar portions comprising a
‘body portion of magnetic material adjacent
the armature of said machine and a plural-
ity of laminations of different magnetic
properties and the same cross-sectional area
and. shape as said body portion and dis-
posed similarly to said body portion, said
laminations being secured m position be-
tween said body portion and said yoke.

9. In a commutating dynamo-electric ma-
chine, the combination with the yoke of the
machine, of a commutating pole piece at-
tached to said yoke and comprising a body
portion of magnetic material adjacent the
armature of said machine and a plurality

1,243,866

of laminations of different magnetic prop-
ertics and of the same cross-sectional area
as said body portion and disposed between
said body portion and said yoke, and com-
mon means for holding said body portion
in operative position and for securing said
laminations between said body portion and
said yoke. :
10. Ir{ a commutating dynamo-electric
machine, the combination with an armature
and a yoke, of a commutating pole piece,
& winding therefor through which substan-

tially all of the current gencrated by the. -

inachine passes, said pole piece comprising
portions of different magnetic properties
and being of substantially solid construction
when in assembled condition and of uniform
cross-section throughout its entire length,
and means for secnring said portions to-
gether and said pole piece to said yoke.

11. In a dynamo-clectric machine, a yoke,
a pole piece, means for supporting said pole
piece from said yoke, said pole piece com-
prising a body portion of magnetic material
disposed adjacent the armature of the ma-
chine, and means occupying substantiaily
the entive space between said body portion
and a portion associated with said yoke and
spacing sald portions apart, sard latter
means comprising a plurality of lamina-
tions held in position between said body
portion and the portion associated with said
yolze.

12, ¥Tn a dynamo - electric machine, a
frame, a field pole of substantially solid
construction. and comprising a body por-
tion disposed adjacent the armature of the
machipe, and a portion disposed between
said body portion and said frame and com-
prising o plurality of Jaminations of sub-
stantially the same cross-sectional area as
said body portion, and means disposed with-
m_the periphery of said pole for securing
said body portion in position adjacent the
armature and said luminations in position
between said body portion and said frame.

In testimony whereof, the signature of
the inventor is affixed hereto in the presence
of two witnesses. ]

LOUIS C. NICHOLS.

Witnesses:

Josrx C. Davenvonr,
Gro. K. Renr,
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