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10 all whom it may concern: o

Be it known that I, CHRISTIAN W. KRAGH,
a citizen of the United States, residing at
Madison, in the county of Dane and State of
Wisconsin, have invented a certain new and
useful Improvement in Regulating Devices
for Dynamo-Electric Machines, of which the
following is a specification. '

My invention relates to regulating devices
for dynamo-electric machines, and has for its
object to provide a new and improved device
for this purpose.

My invention is illustrated in the accompa-
nying drawings, wherein—

Figure 1is a view showing one form of my
regulating device in position upon a dynamo-
electric machine. Fig. 2 is a plan view of
the construction shown in Fig. 1. Fig. 8 is
an enlarged sectional view on line 3 3, Fig. 2.
Fig. 4 is an enlarged sectional view on line
4 4, Fig. 5. Fig. 5 is a section on line 55,
Fig. 4. Fig. 6 is an enlarged detail view of
one of the contact-plates used in the control-
ling device. Fig. 7 is a diagrammatic view

showing the various electrical connections.

Like letters refer to like parts throughout
the several figures. | |

My invention is adapted to be used in con-
nection with dynamo -electric machines of
any description used as generators.

I have illustrated my invention as used in
connection with a given generator, and when
soapplied myinvention is particularly adapt-
ed to automatically regulate the machine, s
as to permit it to be driven at varying speeds
without materially affecting its proper opera-
tion. As a common instance 1llustrating the
effect of a varying speed upon dynamo-elec-
tric machines, reference may be had to the or-
dinary ‘‘constant-potential” machine, which
operates in connection with a system of trans-
lating devices requiring a current having a
constant electromotive force. It will be seen
that such a machine cannot be properly
driven at varying speeds, for the reasonthat,
other conditions being equal, the electromo-
tive force varies with the speed.. When such

a machine is used, for example, for lighting
~ rallway-trains, and is driven from the axle

——

—~

1ng.

| speed of the machine.

| or some other part, so that the speed varies

as the speed of the train, the variation in the

electromotive force due to the variation in

speed prevents the successful operation of
the machine. This is also the case, for ex-
ample, when such a machine is driven b

50

y 55

means ot a windmill, water-wheel, or the like.

I have suggested the foregoing examples
for the purpose of more clearly presenting
my 1nvention; but it is of course evident that
various other evils, which will readily occur
to those versed in the art, may be remedied
by means of my invention. |

Referring now to the drawings, wherein I
have shown my regulating device in connec-
tion with a dynamo-electric machine for gen-
erating currents with a constant electromo-
tive force, I have illustrated a compound dy-

‘namo-electric machine having a series and
a shunt winding.

In addition to the series
and shunt windings I provide a divided or
variable resistance in series with the shunt-
coil and adapted to be automatically con
trolled as the speed varies, so as to keep the

_electromotive force substantially constant.

I prefer to arrange this resistance as illus-
trated in the drawings, wherein it is applied
to the field-magnets and wound in a counter
or opposite direction to the main shunt-wind-

‘Ing—that is, so that the current in said ¢oil
travels 'in one direction around the field-

magnet, while the current in the main shunt-

60
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winding travels in the opposite direction, so

as to produce a double or compound resisting
effect—namely, the resistance due to the con-
ductor itself and the resistance due to the
magnetic opposition to the main shunt-wind-

tion may betermed the ““counter-shunt” coils,
1s divided into sections and connected with
a series of contacts, so that the number of
coils or the amount of resistance produced

may be varied by connecting different con- -
&
These contacts are connect- -

tacts together.
ed by means of brushes or contacts operated
by an automatiec device controlled by the

This resistance, which in this construe-

Q0

935

It is of course evi-

dent that various constructions for this par-- -

| pose may be used, and I have illustrated
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rotating with the shaft. Some suitable de-

o construction of simple form in order to] )
vice is associated with the sliding collar C°,

make my invention clear.

Referring now to Figs. 1 and 2, I have | by means of which it is automatically moved 7o
shown the dynamo-electric machine A, hav- | along the shaft in response t0 variations in
5 ing its armature - shailt A’ operatively con- | the speed of the armature of the dynamo-
nected with the shaft C, associated with the | electric machine. Any desired construction
regulating device. It is of course ovident | for this purpose may be used, and, as herein
that this connection may be made In any shown, I have provided a centrifugal gov- 75
way that permits the speed of the shaft C to | ernor comprising the two balls G adjustably

10 vary in proportion to the speed of the arma- | connected to the arms G', which are pivoted
ture-shaft. Theshaft C may consist simply | to the collar G?, attached to the shaft C, so as
of the armature-shaft A’ prolonged. In cases | to rotate therewith. Said balls are also con-
where such a construction is not desirable nected, by means of the pivoted arms G2, with 8o
anid shaft C may be located in some different | the sliding collar C?, to which the contact de-

ig position. In Fig. 11 have shown this con- | vice is connected. A suitable resisting de-

® jection as being made by an intermediate vice—such, for example, as the spring G*—
shaft B, which is connected by the gear B' | is associated with the parts so as to resist the
with the armature-shaft and by the gears movement of the sliding collar. A suitable 85
B2 B3 with the shaft C. This shaft C 1s spring or springs G° may be connected with

-0 mounted in suitable bearings in the plates | the balls G, so as to aid the spring G* I
(' C? and carries a contact device C3 adapt- | will be seen that by this construction the
od to move therealong. This contact device | parts may be arranged so that when the
may be constructed in any desired manner, | speed increases above a predetermined go
and, as shown, consists of a gplit block C%, | amount the governor-balls will fly out and

25 connected with a sliding collar C° on the | move the contact device forward, so as 1o
shaft, the connection being such that the | connect certain of the contacts D and E, the
collar may be rotated within the block, but | distance which the contact deviceis moved de-
moves the block with it when moved along pending, of course, upon the speed of the shaft 95
the shaft. This result may be obtained by | C. If the speed decreases, the springs will tend

3o providing the collar with an annular groove, | to move the contact device back to its initial
as shown, the block being provided with pro- | position. I prefer to have the collar G* ad-
jections which extend into this groove. At- | justably connected with the shaft C in order
tached to this block and insulated therefrom that the device may be adjusted for different 100
by the insulating - pieces C® are contact- variations in speed. This result may be ob-

35 brushes or the like, 7 (8. These brushes are | tained in any desired manner—as, for exam-
electrically connected together by means of | ple, by providing a series of holes G* for the
come suitable conductor—as, for example, fastening-pin which connects the sleeve tothe
the insulating-conductor C°. (Shown in Fig. | shaft. When my inventionis usedinconnec- 105
4.) Associated with this contact device are a | tionwitha compound-wound machine, I prefer

40 series of insulated contacts D E, which are | to provide a means for controlling the series
suitably connected in cire ait with thedivided | field-windingso as to regulate its effect tocor-
resistance, the parts arranged so that the re- respond with the change of speed. Anysuit-
sistance may be varied by moving the contact | able means for this purpose may be used. As 110
device along said contacts, so that the brushes | shown in the drawings, I provide a mechan-

45 C7and C° engage them. 'These contacts—as | ism for varying the effect of the series wind-
shown, for example, in Figs. o and 4—are | ing of the field-coil, said mechanism being
mounted upon the insulating pieces or plates operated through the same means as the con-

D' E. Itisofcourseevidentthatany desired | tact deviceforthe shunt-circuit. ©~ This mech- 115
number of contacts may be used and that they anism consists of a pivoted arm H, connect-

s» may bearranged in any suitable manner,such | ed to the plate C', preferably by means of
details depending upoun the conditions to be | the insulating-piece H' and provided with a
met. In the present instance 1 have shown | suitable retracting -spring H> Opposed to
twenty-eight of these contacts. The contact- | this arm are a series of contacts H?® H?, &e., 120
plates are held in proper relation to the con- | the number depending upon the conditions

¢z tact device In any suitable manner. As | to be met. The arm H 1s so arranged with
herein illustrated, said contact - plates are | relation to said contacts that it may be suc-
mounted upon the brackets Cl C!° which | cessively brought into contact with them.
arerigidly fastened tothe end plate C'. When | One arrangement to produce this result 18 125
the contacts are raised above the surface of | shown in Figs. 4 and 5. Inthis construetion

6o the plates, as shown, 1 prefer to provide at | the contact device C? carries an insulating-
each end of the series of contacts the insu- roller H. The arm His arranged so as to be
lating-plates C, which are substantially on | in the path of this roller and is in an inclined
a level with the engaging faces of the con- | position, so that as the roller is moved for- 130
tacts. Attached to the block C*is a snitable | ward thearmis moved gradually downwardly

65 cuide-piece C, which normally slides along | and successively engages the opposed con-
the upper bracket CY, as shown in Fig. 4, | tacts. In order to insure proper contact be-

and which prevents the contact device from

| tween the parts, I provide the arm H with a
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knife-edge, whleh is received between the | which in the present instance eonsmtutes the

two spring parts of the contacts. The con-

tacts H® HY, &c., are mounted upon an insu-

latin ﬂ'-strlp H, which is attached to the plate
C' by means of the brackets H'. As shown
in the drawings, the series winding 18 pro-
vided with a
across its terminals, and the winding and

shunt are so arranged that the series winding
develops the proper strength for a minimum-

speed of the machine when all the shunt re-
sistance is in circuit. Thisshunt resistance
is divided up into sections—as shown, for ex-
ample, in Fig. 7—and these sections arecon-
nected to the contacts H? IT4 H>, &c., by
means of the conductors 1’ I4 &e. It will
thusbeseenthatasthearm Il is moved down-
wardly, so as to successively engage the op-

posed contacts, portions of this bhunt resist- |

ance are sucecessively eut out of circuit, thus
permitting more current to flow across the
shunt and less to flow through the series wind-
The series winding wﬂl thus be corre-
8p0ndlnﬂ*l} reduced 1in strenﬂ'th
lating mechanism aseomated with the shafu
C may be inclosed in a suitable case A~

I have illustrated in Fig. 7 in a diagram-

matic manner the various cireuits when the

parts are connected in operative relation to
each other. In this view 1 have shown the
contacts D and K flattened outb, so as to be
in the same plane inorderto show them upon

one sheet and have omitted the mechanism

for moving the contact device. I have also
omitted all the other mechanism which would
tend to complicate this figure. Asillustrated,
the circuit leading from the armature J is
connected with the binding-posts J' J*. The
series coil K has its terminals connected to
the binding-posts K' and K%, while the main
shunt-winding L has its ter minals connected
to the bmdmw-posts L’ L*, the connection to
the terminal L' being made through the con-
ductor 1, connected with the first of the con-
tacts D. The shunt resistance lis connected
across the terminals K’ K?, as shown.
main shunt-winding is connected with the
series circuit by the conductor L?, which con-
nects the binding-posts L'and K', and the con-
ductor L% which connects the binding-post
1.2 with the main-line conductor M. The
other conductor M’ of the main line is con-
nected to the terminal K?, the translating de-
vices M? being connected with the two main
conductors. I have illustrated the circuits
in this figure so that the current may be re-
versed, and have shown for this purpose a
reversing-switch N. This switch -may be of
the nusual construction, having the two piv-
oted contact-arms N’ N? one of which is con-
nected with the main-line conductor M, while
the other is connected with the binding-post
K’. The binding-post J' is connected to the
binding-posts J® and J* of the switch, while
the bmdmfr-post J? is connected with the
binding-posts J® and J° of the switeh. The

resistance-shunt I, connected

The regu-

The:

3

counter shunt-coil O, is wound upon the field-

- magnets, so as to act in opposition to the main
shunt-winding.

- The coutacts D and H are
connected to the counter shunt-coil at differ-
ent points, so that parts of this coil may be
successively cut ont of circuit by moving the
brushes C? and C?® along said contacts. In
order to facilitate the tracing of the circuits,
I have indicated the conductors which lead
from said contacts to the counter shunt-coil

by the figures from 1 to 28, inclusive, there

bemrrtwenty eight.econtacts, ‘and Thave placed
these figures on the dlawmn*s at both ends of
these conduetors——namely at the ends where

they connect with the counter shunt-coil and

at the ends where they connect with the con-
tacts D and L.

I have shown in detail a construction em-
bodying my invention and have illustrated
such construction in a partly-diagrammatic
manner to make its application clear; but it
is of course evident that the parts may be
ogreatly varied in form, construction, and ar-
rangement and that some of the parts may
be ommted and others used with parts not
herein shown without in any manner depart-
ing from the spirit of my invention. These

various constructions and the various appli-

cations of my invention will readily occur to
those versed in the art, and I have therefore

not considered it necessary to set them out

m further detail.
The use and Opera‘nlon of my invention are
as follows: When the dynamo-electric ma-

.chine is used as a generator, it is connected

with the driven device, which runs at a vari-
able speed, in any suitable manner, so that
the armature is rotated. Since the shaft C
is connected with the armature-shaft of the

machine, said shaft will in turn be rotated at

a speed which varies as the speed of the arma-
ture-shaft. The regulating mechanism 1is
prefembl;y SO ad;]usted and arranged as to
remain substantially inoperative until the

75
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90

95
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Speed of the armature-shaft approximatesthe

minimum speed at which the dynamo-electric
machine is to operate. Up to this point I

- prefer to have all the counter shunt-coils in
eircuit.

When the speed of the armature-
shaft reaches the minimum speed at which
the machine is to operate, the regulating de-
vice acts to move the contact device C® so
that the brushes C' and C® connect the first
of the contacts D with the first of the con-
tacts K. When the parts are in this position,

I prefer to have all of the counter shunt-coils
short-circuited, so as to be out of circuit. If
now the speed of the armature-shaft rises, the
brushes C* and C®are drawn farther along the
contacts; each movement cutting in a po‘rtion
of the eounter shunt-coil, so as to throw re-
sistanceintheshunt field-circuit. Thisadded

115

120

125 .

130

resistance counteracts the effectof theinereas- -

ing speed by decreasing the strength or effect
of the shunt field-circuit. As the contact de-

LOIltIOlllI]D‘ resistance in the shunt-circuit, | vice is moved forward by the increase .in
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speed the arm H is moved dowii, so as to cut
out a portion of the resistance across the ter-
minals of the series winding, thus decreas-
ing the strength of said winding. It is of
course evident that the parts may be so ad-
justed as to keep the strength of the series
and shunt windings in proper relation to each
It is farther evident that the several
circuits may be so arranged as to produce,
for example, a constant electromotive force,
and yet permit a great variation in speed.
Referring now to Fig. 7, I have shown the
brushes C?and C® in full lines in the position
which they occupy when the machine is at
rest or before the armature has attained the
minimum speed at which the machine is to
operate. |
stated, all of the counter shunt-coils are in
circuit with the main shunt, and the circuits
will be traced as follows: from the armature
J to binding-post J', thence to switch N and
binding-post K'. The circuit here divides, a
portion passing around the series winding K
from binding-post K’ to binding-post K-
Another portion of the current passes through
the resistance-shunt I across the terminals
K" and K? These two portions then unite
and pass out on the main conductor M,
thence through the translating devices M-,
thence through main conductor M to switch
N, and thence to binding-post J° and back to
the armature J. Another portion of the cur-
rent passes from the binding-post K’ by con-
ductor 1.2 to binding-post L' and thence by
way of conductor 1 to the inner end of the
counter shunt-coil, thence through all of said
coils and through the main shunt-winding to
binding-post L?, and thence by conductor L*
back to the main circuit. When the speed
reaches the minimum speed at which the ma-
chine is to operate, the governor-balls fly out,
so as to move the brushes C? and C® until
they connect the first contacts of the series
D and K, as shown in the first dotted position
in Fig.7. All of the counter shunt-coils are
now cut out of cirecuit. The main circuit will
be traced as hereinbefore set out. Theshunt
field-circuit will be traced as follows: from
binding-post K’ to binding-post L, thence to
conductor 1, thence to brush C7, thence to
brush C%, thence by conductor 2 to the main
shunt-winding at the point where said con-
ductor connects therewith, and thence in the
direction of the arrow around the main shunt-
winding L to the binding-post L%, and thence
by conductor L* to the main circuit. - If now
the speed increases sufficiently to move the
brushes C*and C®in contact with the contacts
connected with conductors 4 and 5, a portion
of the counter shunt-coils will be cut in cir-
cuit with the main shunt-winding. The field

- shunt-cireuit will then be traced as follows:

from binding-post XK' to binding-post L/,
thence through conductor 1tothe point where
it connects with the counter shunt-coil O,

Under these conditions, as before |

| counter shunt-coils will be in cirenit.

714,382

coil in the direction of the arrow to the point
where the conductor 4 is connected there-
with, thence through conductor 4 back to the

' brush C7, thence to brush C?, thence through

conductor 3 to the point where said condue-
tor connects with the counter shunt - coil,
thence in the direction of the arrow through
said counter shunt-coil to the main shunt-
winding at the point 2, thence through said
main shunt-winding back to the main circult.
It will be noted that the current while pass-
ing through the two portions of the counter
shunt-coil is passing around the field-mag-
nets in a direction opposite to that in which
it passes around them while traversing the
mainshunt-winding. Thisarrangement pro-
duces a double or compound effect in reduc-
ing the strength of the field, as hereinbefore
stated, due, first, to the resistance of the con-
ductoritself, and,second, tothe counteracting
effect on the field-magnets. If the speed now
continues to increase, the brushes will be
moved farther along and more of the counter
shunt-coils inserted in the shunt-circuit until

70

75

30

Q0

the maximum speed at which the machine -

operates is reached, in which event all of the
‘These
circuits will bereadily traced anditis thought
need no further explanation. In the mean-
time the resistance across the terminals of
the series winding will be gradually cut out
of cireuit by the arm H, so as to keep the two
field - windings in proper relation to each
other. After the speed has risen above the
minimum speed at which the machine oper-
ates and the speed is then decreased the
brushes C7 and C® will be moved back over
the contacts, so as tocutout a properamount
of the counter field-coils, thus keeping the et-
fect, as it were, of the field-coils substantially
constant throughout the variations in speed
for which the regulating device is adapted.

I claim—

1. Thecombination with a dynamo-electric
machine of a regulating device comprising a
coil of wire of sufficiently high resistance to
act as a controlling resistance and wound
upon the field-magnet of the machine in an
opposite direction to the exciting field-mag-
net coil, and means for cutting this resist-
ance-wire into the circuit so that it simul-
taneously acts in two ways to reduce the ef-
fect of the exciting field-magnet coil, first, by
decreasing the current flowing therethrough
due to the resistance interposed, and, second,
by decreasing the magnetic effect of the ex-
citing-coil. |

2. A regulating device for dynamo-electric
machines, comprising a variable resistance
connected in circuit with the machine, a con-
trolling device therefor, comprising a rotata-
ble shaft operatively connected with a mov-
ing part of the machine, a device responsive
to variations in the speed of sald shaft, a se-
ries of separated contacts on each side of the

thencethrough a portion of the counter shunt- I shaft, a connecting device movably mounted
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on the shaft and adapted to connect said
separated contacts, said connecting device
attached to the deviece responsive to varia-
tions in the speed of the shaft, so as to be
moved thereby, substantially as desecribed.

3. A regulating device for dynamo-electric
machines, comprising a variable resistance
connected in circuit with the machine to be
regulated, a shaft connected with the arma-
ture of the dynamo-electric machine so as to
be rotated thereby, a speed-reducing mech-
anism between said shaft and said armature,
a contact device mounted on said shaft and
adapted to be moved therealong, a series of
contacts codperating with said contact device
and connected with said variable resistance,
and a controlling device connected with said
contact device and responsive to variations
in the speed of the armature of the dynamo-
electric machine.

4. The combination with a compound-
wound dynamo-electric machine of a regulat-
ing device, comprising a counter shunt-coil
connected in series with the main shunt-wind-
ing, a varying device for varying the effect
of the counter shunt-coil, a circuit-varying
device for simultaneously varying the effect
of the series winding, and a controlling de-
vice connected with said varying devices,
said controlling device responsive to varia-
tions in the speed of the armature of the dy-
namo-electric machine.

5. The combination with a compound-
wound dynamo-electric machine of a regulat-
ing device, comprising a counter shunt-coil
in series with the main shunt-winding, a se-
ries of contacts connected with said counter
shunt-coil at different points, a contact de-
vice adapted to codperate with said contacts
so as to vary the effect of the counter shunt-
coil, a varying device for varying the effect
of the series winding, and a controlling de-
vice responsive to variations in the speed of
the armature of the machine, said controlling
device connected with the parts so as to si-

multaneouslyactuate said varyingdevice and |

L

5

produce a relative movement of said contacts
and contact device.

6. The combination with a dynamo-electric
machine of a variable resistance wound upon
the field-magnets of said machine, so as to act
counter to the energizing-coils of said field-
magnets, a series of contacts connected with
sald resistance at different points, a rotatable
shaft carrying a contact device adapted to be
moved along said contacts so as to vary said
resistance, a centrifugal governor on said
shaft and connected with said contact device
S0 as to move 1t along said contacts when the
speed varies in a predetermined manner.

.7. The combination with a compound-
wonnd dynamo-electric machine of a counter
shunt-coil in series with the main shunt-wind-
ing, a series of contacts connected at differ-
ent points to said counter shunt-coil, a rota-
table shaft carrying a movable contact de-
vice adapted to codperate with said contacts,
a centrifugal governor connected with said
contact device so as to move it along said
contacts when the speed varies in a prede-
termined manner, a varying device for vary-
ing the effect of the series winding, and a
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connection between said centrifugal governor

and said varying device so that it is oper-
ated simultaneously with said contact de-
vice, whereby the series and shunt windings
are kept in proper adjustment during the
varying speed.

8. The combination with a compound-
wound dynamo-electric machine of a regulat-
ing device, comprising a variable resistance
connected in circuit with the shunt-winding,

a varying device therefor, a circuit-varying

device for simultaneously varying the effect
of the series winding, and a controlling de-
vice connected with said varying devices and

responsive to variations in the speed of the

machine. | |
CHRISTIAN W. KRAGH.

- Withesses:
FRANK L. STAGG,
AUG_UST J. BUENZLLI.
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