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To all whom 1t May CONCETrnN:

Be it known that we, BERNARD A. Br-
REND, a citizen of the United States, and
Arrax B. Freip, a subject of the King of
England, residents of Pittshurg, in the
county of Allegheny and State of Pennsyl-
vania, have invented certain new and use-
ful Tmprovements in Dynamo-Electric Ma-
chines, of which
clear, and exact specification.

- Qur invention relates to dynamo-electric
machines. '

In the operation of dynamo-electric ma-
chines, it is found that the density of the
inducing magnetic flux, or that flux whach

cuts the active portions of the armature

less toward the ends of such
active portions than toward the middle
parts thereof. 'That is, in the ordinary
types of machines, this inducing flux is less
dense at and near the ends of the armature
core than in the middle. This action 1s espe-
cially marked in rotating field machines and
in machines in which covers of magnetic
material are used for supporting against

conductors, 1s

the action of centrifugal force the parts of
project beyond the

the rotor winding which \

ends of the rotor core. Perhaps 1t 1s most
marked in alternating current turbo gener-
ators. It is probably due to magnetic leak-
age at the ends of the machine, this leakage
being greatest in the types of machines
“hove referred to. This non-uniform den-
sity of the inducing flux
core is undesirable for several reasons, not
the least among which is the fact that m
consequence of 1t the core losses and the
heating are greater at the middle of the
Lrmature than at the ends. This 1s particti-
larly bad because it 15 mozre difficult to ven-
tilate a machine at the middle than at the

‘ends.

It is the object of this invention to obtain
aniform density of the inducing magnetic
flux in a dynamo-electric machine through-
out the length of the active portions of the
crmature conductors. In attaiming this ob-
ject, the air gap of a dynamo-electric ma-
“Line is made less at the points along the
~rmature core where the density of the mag-
netic flux which cuts the active portions of
he armature conductors tends to be less,
and greater at pomnts along such core where

the following is a full,

along the armature

{here would be some leakage through the

such flux density tends to be greater. In

other words, in the ordinary types of ma-
chines the air gap is made wider at the mid-
dle, axially of the armature, than at the
ends, and preferably oradually decreases 1n
width as the ends are approached. In these
ordinary types of machines, this difference
i width of air gap may be obtained either
by making the rotor core of less diameter
ot the middle than at the ends, or by mak-
ing the internal diameter of the stator core
greater at the middle than at the ends, or
both. - | o
The various novel features of our 1nven-
tion will appear from the description and
drawing and will be particularly pointed
out in the claums. | |
~ Figure 1 is a sectional view of a dynamo-

olectric machine embodying our invention;

and Ifig. 2 1s a somewhat similar view show-
ing a modification.

The figures of the drawing illustrate

turbo generators which in the various de-
tails apart from our invention may be of
any desired or usual construction. The
ctator core 10 is supported in a frame O
housing 11, and is provided with armature
coils 12. .

~ve embedded in slots in the core 10, while
the end turns thereof project beyond the
core. The rotor core 13 is mounted on the
shaft 14, and 1s
having parts 9 embedded in slots in the core
13 and projecting end tarns which are sup-
ported against the action of centrifugal
force by the end covers 16. In high speed

machines such as here illustrated, these end

~overs 16 are made of steel of special com-
position in order to obtain the necessary
strength, no suitable non-magnetic material
having yet been discovered which has the
requisite strength. As a result, a consider-

able part of the flux produced by the field

winding 15 in the rotor core 13, 1s short-
circuited by the end covers 16, and does not
onter the stator core 10 and act upon the
armature windings 12. This short-circuit-

ing action would be present to some extent

16 were not used, as
a1r
from pole to pole of the field member 13, As

even if the end covers

| {his leakage is most pronounced at the ends of
| . _ - _ '
the rotor core, the flux which cuts the arma-

The active portions of the coils 12

provided with field coils 15
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ture coils 12 at the ends of the armature
core 10 tends to be less dense than that which
cuts satd

consequently the reluctance of the air oap
between the stator and the rotor is nyade fess
at the ends of the stator core than at the
middle thereof, and preferedly decreases in
width and reluctance from the middle to
the ends. In the machine shown in Ig. 1,
this 1s accomplished by making the rotor
core 15 of larger diameter at the ends than

at the middle, the diameter prefe ably
eradually decreasing from the ends to the
middle. In the machine shown in I 12, 2, 1t

18 accomplished by making the internal di-
ameter of the stator core greater at the mid-
dle than at the ends, this internal (hameter
gradually decreasing as the ends of the cope
are approached. The action in the two
cases 1s precisely the same.

In some cases it may be acdlvantageous to
combime the arrangements shown in I 128, 1
and 2 and to make both the external diame.
ter of the rotor core less at the middle than
at the ends and the internal diameter of the
stator core greater at the middle thap af
the ends. By properly proportioning the
air gap aleng the machine, the density of
the flux cutting the armature conductors

along the armature core 10 and the electro- |

motive force generated in each unit of
length of the active portions of the arma-
ture coils 12 may be made substantially uni-
form. TIn order to produce this uniformity,
it 1s generally found best to make the change
i the width of the air gap greater toward
the ends of the core than toward the mid-
cle, as illustrated.

While both the stator and rotor cores n
the arrangements illustrated are shown as
laminated without any provision for venti-
lation, these features are not necessary.
Eather or both of these cores may be made
solidd or built up of dicks of any desired
thickness, and air duets for ventilating pur-
poses may be provided as desired. These
changes, while they may affect quantita-
tively the distribution of the magnetic flux,
o not affect qualitatively the general action
of the machine. Practically uniform induec-
tion may be cbtained in ail eaces by prop-
erly proportioning the width of the air gap
at the various points along the core.

While we have shown our mvention as
apphed to alternating current turbo genera-
tors, 1t 1s not limited to such application.
Lurbo generators were taken as n type for
ilustration, because the tendency to a non-

umform distribution of flux along the ar-

mature 1s perhaps more pronounced in this
type of machine than in any other. The
mvention is applicable to any other form
of machine, though in most other forms the

aifference in the air gap at the middle and ¢

coils at the center of the core 10.
To counteract this tendency, the width and |

between the rotor and stator agraclually

- near the retaining rings

ends need not be so great as in turho gener-
ators,

Many medifications may be made in the
precise arrangements here shown and de-
scribed and all such which do not mvolve
a departure from the spirit and scope of
our mvention we aim to cover in the fol-
lowing claims:

What we claim as new is:

L. In a dynamo-electric machine, a rotor,
and a stator separated from said rotor by
an air gap which is greater thronghout the
middle portion of the stator than at the end
portions thereof. '

2. In a dynamo-electric machine, a stator,
a rotor within the stator, said rotor having
colls which project beyond the ends of the
rotor core and end covers of magnetic ma-
tertal for holding the projecting portions
of the rotor coils against the action of cen-
trifugal force, the air gap between the
stator and the rotor being less at the ends
of the rotor core than elsewhere.

3. In a dynamo-electric machine, a stator,
a rotor core within the stator and sepa-
rated from the latter by an air gap which is
greater through the middle portion of the
rotor core than at the end portions thereof,
and coils embedded in slots in the rotor
core.

4. In a dynamo-electric machine, a stator,
and a rotor cooperating with said stator
and separated therefrom by an air gap
which gradually increases in width from
the ends to the middle.

O. In a dynamo-electric machine, a stator,
and a rotor within the stator, the air gap
_ v de-
creasing in width as the ends of the stator
are approached.

6. In a dynamo-electric machine, a stator,
a rotor within said stator, coils located in
slots in the rotor core and projecting De-
yond the ends of the rotor, and retaining
rigs of magnetic material for holding the
projecting parts of the rotor coils against
the action of centritugal force, the air gap
between the stator and the rotor being less
than at the middle
and gradually increasing as the middle is
approached.

7. In a dynamo-electric machine, a sta-
tionary member COMpPrising a core, a ro-
tary member comprising a core and coils
which project beyond the ends thereof,
means formed of magnetic material for pro-
tecting and holding in position the project-
Ing portions of the coils, the clearance be-
tween the stationary and rotary cores being

less at the ends of the machine than between
the ends.

5. In a dynamo-electric machine, a sta-
tionary armature member COMPrisme a core
and coils, a rotary field member located
within the stationary member and compris-
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ing a core and coils which project beyond | In testimony whereof we affix our signa-
the ends of the core, end rings of maghnetic | tures, in the presence of two witnesses.
aterial surrounding the projecting parts. ~ BERNARD A. BEHRIEND.
of the field coils and holding them against | B ALLAN B. FIELD. o
5 displacement, the clearance between: the | Witnesses: -
rotary and stationary cores being less near M. CiEvE,

the end rings than at a distance therefrom. | Hexrirrra Liucas.
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