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To all whom it may concern: -

Be it known that I, Eesont M. ToraIN,
a subject of the German Emperor, and &
resident of Newton Center, in the county of
Middiesex and State of Massachusetts, have
invented a new and useful Improvement in
Dynamos, of which the following is a speci-
fication. : '

The present invention relates to.dynamo
electric machines and more especially to di-
rect-current lighting machines.

The principal object of my invention is’

to provide a self-regulating variable-speed
dynamo, which may be subjected with im-
punity to excessively high rotational speeds
and which is especially adapted to be driven
by a motor vehicle such us an automobile
for generating current for the lamps and
other electrically-actuated devices carried
thercby. Preferably a storage battery is
“floated on -the line”, that 15, connected
across the external circuityand a speed-con-

“trolled cut-out provided; whereby the ex-

ternal circuit is held open until the dynamo

attains a certain minimym speed of rotation,.

such cut-out, however, constituting no part
of the present invention and comprising the
subject matter of my divisional application
Serial No. 712,504, diled' July 81, 1912.

Other objects of 'my invention are to im-
prove and simplify thie construction of the
machine and increase the efficienicy thereof
in the manner hereinafter more folly set
forth.

My invention comprses a direct current
dynamo eleetric machine so counstruefed and
arvanged that the current output will grad-

ually rise as the speed of rotation of the

armature or the rate of travel of the motor
vehicle increages  until a -certain - critical
speed or rate of travel has been reached be-
yond which /the current output will no
longer increase and may in fact decrease.
This is the éssence of my invention. Inas-
much as the armature of a motor-vehicle
Lighting-dynamo is often subjected to exces-
sively high rotational speeds, it is absolutely
necessary that means be provided to prevent
the current output from increasing with such

‘armaturé speed beyond a certain critical

point, for otherwise the machine would be
burnt cut by the excessive current generated.

Heretofore it has been proposed to em-
ploy centrifugally-operating devices where-
by the speed of the armature was rendered
independent of the rate of vehicle travel
and was prevented from increasing beyond
2 certain maximuam; but such devices were
subject te certain limitations and objections.
By means of the present invention they may
be eliminated because my dynamo is so ar-
ranged’ that beyond a maximum speed the
current output is rendered practically inde-
pendent of the rate of car travel.

An iltustrative embodiment of my inven-
tion is shiown in the drawings which accom-
pany and form a part of this specification.

In the drawings—Figure 1 1s a longitudi-

nal gection of a dynameo constructed in ac-
cordance with the present inveniion, Fig. 2
is a transverse seciion taken on the line
2—2 ot TFig. 1; Fig. 3 is an elevation of the
pele piece; Fig. 4 1s a diagram sho ving the
distribution of the magnetic flux in the
ustial bi-polar machine, when .the armature; 75
is stationery and the felds separately ex-!
cited, and I'ig. 5 is a diagram showing ihe:
distribution under similar conditions of the
magnetic flux in my improved machine.
_ In the particular drawings selected for
more fully disclosing the principle of my
invention, 1 is o shaft suitably journaled in
the frame 4 and carrying tfié armature core
2, which is preferably laminated and which
may be provided with the slots 3. Secured
to the shaft are the commutator 5 and the
speed-confrolled cut-out 6, such as described
in my divisional application above rve-
ferred to.

The field magnet 7, preferably laminated
and consisting as shown in the present in-
stance of soft iron disks held together by
the rivet 7" is secured to the frame in any
suitable manner, as for example, by the bolts
8, and it carries the winding 9 which prefer-
ably iz a shunt winding. Pole-pieces 10,
herein shown as solid, are secured to the
field-magnet i any suitable manner, as for
example by the bolts 11. The two pole-
pieces 10, 10 are separated preferably by the

- narrow gaps 12, 12, the peripheral length of
each of which is small with respect fo the
circumferential length of the pole-pieces
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may be inclined with respect to the axis of

‘the machine for the purpose hereinafter
more fully set forth. The angle a sub-

tended by the peripheral length of one of
the gaps 12 is equal to, or preferably as
shown, smaller than the angle of commuta-
tion ¥, 4. e., the angle subtended by the
peripheral length of a commutator brush
(see Fig. 2) so that a plurality of armature
coils is short-circuited under the pole-pieces
in a strong magnetic field by the brushes,
and therefore the back electromotive force
developed at their terminals by such short-
cireuiting is greater than if they were short-
circuited in a practically zero field as has
heretofore been customary.

As is well understood, in the bi-polar dy-
namo of the prior art, the “neutral line”
which is the line joining the “neutral
points ”, or the points at which the brushes
must be placed for minimum- sparking, is
not exactly at right angles to the line joining
the centers of the pole-pieces, but is shifted
a few degrees from such central line in the
direction of rotation on account of the con-
centration of the field - under'-the leading
pole-tip and its weakening under the trail-
ing pole-tip. In such machines; each ‘pole-

piece does not in general subtend at an an-.

gle greater than from ninety to one hundred
and twenty degrees, so that the angle sub-
tended by the peripheral length of each gap
between the pole-pieces is usually relatively
large, the peripheral length of such gap be-
ing ecomparable to the circumterential fength
of the pole-pieces themselves and the angle
subtended by such peripheral length of said
gap being of course very much larger than

the angle of commutation. An examjle of-

this construction is shown diagrammatically
in Fig. 4, in which a, ¢, represent the pole-
piedes and b the armature. The distribution
of the Jines of force when the armature is at
rest and the field separately excited is repre-
sented by the lines ¢. It will be scen that
the line n—n is the neutral line above re-
forred to and that there is practically no
flux in the gaps e—Ff, e—f; between the lead-
ing pole-tip ¢ of one pole of the trailing,

pole-tip f of the other. Therefore when the’

brushes are placed at points a few degrees
beyond the neutral points in the direction of
rotation, practically sparkless commutation
may be obtained because there is.a practi-
cally zero magnetic flux at these points, and
hence practically no current flowing in the
coils at the moment they are short-circuited
by the brushes. For this reason, practically
no back electromotive force is developed at
the terminals of the short-circuited coils
during commutation. Insuch a machine the
current output. caeteris paribus, is substan-
tially a linear function of the speed of rota-
tion of the armuture, the clectromotive force
increasing directly with the relative motion

~1,108,087

between the armature coils and the flux
lines, <. e., the “rate of cutting”, and such
back electromotive force as is developed in
the short-circuited coils during commutation .
correspondingly but not disproportionately ;4
inereasing. In my improved dynamo, how-
ever, I so arrange matfers that the coils shall

be short-circuited by the brushes in an in-
tense magnetic field, so that there shall be

a relatively large current in each coil at the
beginning of commutation and a relatively
large reverse current therem at the end of
commutation, and therefore a relatively
large back electromotive force developed at
the terminals:of such eoils during commu- g,
tation. The back electromotive force in my-
variable speed machine is produced in the
same way as in constant speed machines and
other direct current generators, namely; by
the closing and opening of the coil circuit
every time the segments to which the ter-
minals of such coil are connected make and
break contact with a brush and by the in-
ductive effect due to decrease, reversal, and
increase of current in the coil during com- g,
mutation. Inasmuch as this back electromo-
tive force opposes the direct electromotive’
force, it cuts down the current.output of the
machine. As the rotational speed of the ar-
mature is-raised, the current increases but gy
not proportionately with such increase in
speed, the current. increase being very grad-
ual as the armature speed approaches the
critical point, and after the critical point
has been passed the back electromotive force 149
inereases at a more rapid rate than the di-
rect electromotive force, thereby preventing:
any further increase in current strength and
keeping such strength practically constant
or, when excessive speeds are attained, grad- ;95
ually reducing the same. .

As above stated, a battery is preferably
connected across the line and the voltage
across the brushes is-therefore nearly con-
stant at all speeds. In such ecase the back 139
électromotive force alone rises as the velocity
of the armature increases and becomes un-
usually high- for ‘high velocities, thereby.
keeping the current output of the dynamo
practically constant, or even causing the jis
same to fall off for excessively high speeds
beyond the critical speed above referred to.

Tt will be understood of course that it is

by no means necessary to employ a battery
connected adross the line in order to accom- 3120
plish the object of my invention. ‘

The manner-in which I am enabled to in-
tensify the back electromotive force de-
veloped at the terminals of a short-circuited
coil during commutation may be more fully 125
explained by reference to Fig. 5. ' It will be
seen that the spaces ¢—F, ¢’/ are almost
completely occupied by the pole-pieces 10
and that there exists between said pole-
pieces but & narrow gap-12; the peripheral 13¢
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length of which is very much sinaller than
the circumferential length of the pole-vieces
and that the nngle subtended by the periph-
eral length of each gup is very much smaller
than the anele of commutation y, so that in
the commutation zone (here exists a strong
magnetic iy I7 whichenters the armature
Ly way of one pole piece and leaves it hy
way of the other.

Tnasmuch as the aiv-gap o1 the
tween the armature and pole piece is much
smaller than one-half the length of the gap
12 between the pole-pteces, as clearly shown
in Fig. 2, the reluctance of the circutt a7ross
the-gaps 12 is greater then that {roin on2 p
to the arnature to the sther tip, and while
there may in fact he a certain small amount

of Tenknge acress the tips, such lfeakage will’

not materially atfect the creation of an in-
tense magnetic field in the cormutation zone
as distinguished from the practically zero
field in sneh zone as shown in Fig. 4. How-
ever, as above pointed out, for sparkless
commuutation it is necessary to place the
brushes at the neutral points of zero or prac-
tically zero flux, and inasmuch as the brushes
40 in the present case are located at points
where the flux is intense. undue and in fact
destructive sparking would take place at
caid brushes during commutation unless suit-
able precautions were taken to prevent or
minimize the same. In order to reduce such
sparking 1 preferably provide the armature
with a relatively large number ¢f coils, for
example, fifty, so that by virtue of this large
subdivigion, a comparatively small counter
electromotive force will be developed at the
terminals of each coil on short-circuit and a
relatively small and practically harmless
spark be thereby created between the brushes
and the armature segments with which the
coil undergoing commutation is connected.
Tf the total electromotive force of the ma-
chine as measured across the brushes, he di-
vided among fifty coils, the electromotive
force as well as the counter electromotive
foree per ccil will be only half us great as if
twenty-five coils were used, only one-fitth
as oreat as if the armatuve were wouni! with
ten coils, and so on.  On account oif this
hich sub-division, & compa atively large
munber of commutator segments, for ex-
ample, as many as four, will simultaneously
be in electrical contact with each brush.
This iz, rendered necessary because a nar-
rower brush, for example one spanning only
two segments, would not have a sufficiently
large cross-gection to carry the current out-
put. In this ease a relatively large number
of armature coils, as many as three, are
simnltanconsly short-cireuited. By means
of this large sub-division of the armatare
winding. sparking at the brushes is reduced
below the danger point, being in fact prac-
tically eliminated.  Such reduction or elimi-

gay be-

nation of sparking is assisted by the use of
(e wide brush necessarily emploved, whieh
lengthens the time the coil is undergoing
commuutation, for the amount of sparking
produced on commutation is well known to
he an inverse fupction % the time during
which a coil remsine <borciventiod. 1f the
aaps 12 were parailel sith the axig of the
arpiatare and theseiore with fhe avmatice
slots 5. the sudden passage of eacty slot with
its included coil across the gap 12 would
produce & load hummirg acise; but by
placing the armature slofs and said gaps
at an angle with ench othoer, as for examplie
by inclimmg the gup own in g, 3, a
portien ouly of cach winding is under a
rap as shown af 37, and thie by the gradual
pessage of an armature winding neross the
cap, the hunming noise above referred fo is
eliminated.

Tt will be understood that T do not limit
myself to the particular embodinent of my
invention which T have described and illus-
trated, ipasmuch as varicis modifications
may be made by those slilied in the act in
the apparatas specificaily deseribed without
departing from the principle of my inven
tion: but

Having thus described one liustrative
embodiment of my invention, wihout, how-
ever, limiting the sume thereto, what 1 claim
as new and dexire to secure by Letters Pat-
eut 15— »

1. Tn a direct cnrrent dyname electric
machine, n tield magnet and pole picces
socnred thercto, the pole pieces being sepa-
rated by narrow gaps of which the periph-
eral length is very short compared to the
cirenmference of Eaid pole pieces and said
gaps being ipclined to the axis of the ma-
chine.

0. In a variable-speed dynamo electric
machine, the combination with a field mag-
net hiaving pole-pieces sad means for di-
recting a portion of the magnetic flux de-
veioped by said field-magnet into the com-
mutation zone, of bruslies haviug the mini-
mum cross-sectional area required to carry
the current output and an ariature having
snch n relatively large number of ceils that
a comparatively lurge nuniber theveof will
be simultanecizly short-cireuited by said
Lenshes, the angle subtended by the periph-
erul length of the gaps between said pole-
pieces being equal to or smaller than the
angle of commutation.

3. Tn avariable-speed dynamo electric ma-
chine, comprising means whereby the cur-
rent output for rotational speeds of the
armature beyond a given critical speed is
either constant or decreases with such speed
of rotation, the combination with brushes
having the minimum cross-sectional area re-
quired to carry the current output and an
armature having such a relatively large
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number of coils that a comparatively large | In testimony whereof, I have hereunto
number thereof will be  simultaneously | subscribed my name this 22nd day of Janu-
short-circuited by said brushes, of a field- | ary, 1912.

magnet having pole-pieces, the angle sub- EGMONT MAX TORMIN.

¢ tended by the peripheral length of the gaps | Witnesses: '

between said pole-pieces being equal to or T. W. NEss,

smaller than tﬁe angle of commutation. Epw. C. Newcoms.



