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UNITED STATES

PateEnT OFFICE:

JOIN . TOLMES, OF NEWCASTLE-ON-TYXNE, ENGLAND.

REGULATOR FOR DYNAMO-ELECTRIC MACHINES.

SPECIFICATION forming part of Letters Patent No. 445,448, dated January 27, 1891.

Application filed May 14, 1890, Serial No. 361,771, (No model.) Patented in England December 17, 1889, No. 20,244, and in
France March 31, 1890, No. 204,702.

To all whom it may concern.

Be it known that I, JouN 1IENRY 1LOLMES,
electrical engineer, a citizen of England, re-
siding at Portland Road, Newcastle-on-Tyne,
in the county of Northumberland, England,
have invented certain new and useful Im-
provementsin Electric Generating Machinery
for Use in Connection with the Klectric Light-
ing of Railway-Trains, (for which T have re-
ceived Letters Patent in England dated De-
cember 17, 1889, No. 20,244, and in France

dated March 31, 1890, No. 204,702,) of which

the following is a specification.

Thiy invention relates to improvements in
electric generating machinery for use in con-
nection with the electric lighting of railway-
trains, and has for its object to construet an
apparatus which will maintain a constant dif-
ference of potential at the terminals of the
dynamo-eleetric generator under a consider-
able variation in speed and when driven in
either direction. Practically speaking, the
electro-motive foree of anordinary separately-
excited dynamo varies directly as the speed
at which the armature revolves. So therefore,
if the speed be increased, say, from five hun-
dred revolutions per minute to one thousand
revolutions per minute, the electro-motive
forece will be doubled. The electro-motive
force, however, varies also directly as the
strength of the magnetic field, so that if the
strength of field of the separately-excited dy-
namo be reduced in the same proportion as
the speed at which its armature revolves be
inereased, then the electro-motive foree of the
armature will remain practically constant.

To this end, according to my invention, I
construct a dynamo-electrie machine with two
armatures arranged to revolve together, but
in separate magnetic fiells. The one is the
main generating-armature, the other being
for regulating te strength of the magnetic
field of the generating-armature.

I separately excite the magnets of the ma-
chine from some external source, such as a
set of accumulators, and provide the mag-
nets of the generating-armature with two dis-
tinet exeiting-cireuits. Onecircuit isa high-

resistance shunt-cirenit and the other is of
less resistance and is coupled up to the source
of current, so as to havethe small regulating-

armature in series with it. The regulating-
armature is so coupled up that its own elec-
tro-motive force opposes the electro-motive
force of the source of supply.
sistance shunt-circuitis preferably so propor-
tioned that at the highest speed at whichthe
generating-armature is intended to be run it
(without the aid of the second exciting-cir-
cuit) will give a magnetic fleld of an inten-
sity proper for the required electro-motive
force in the generating -armatare. When
thus arranged, the second exeiting-ecireuit
ought to have no current passing throughit—
a result which is brought about by the elec-
tro-motive force of the regulating-armature
being at the highest speed equal aund oppo-
site to the external source of electro-motive
force by means of which the exeiting of the
magnets is accomplished. TIf, however, the
speed falls, the electro-motive force of the
regulating-armature is lessened in the same
proportion, and, being no longer equal fo the
external electro-motive force, a current will
be permitted to flow through the second ex-
citing-cirenit of the magnets of the generat-
ing-armature, thus increasing the intensity of
the magnetic field to make up for reduction
of speed, with the result of maintaining a
practically uniform electro-motive force in
the generating-armature.

When the speed falls to the lowest limit,
which I will assume <o be half the highest
rate of speed, then the electro-motive force
of the regulating-armature in the case I am
considering will be half the electro-motive
force of the externalsource of supply, so that
it will be seen thatitis necessary to calculate
the proportions of the secondexciting-cireuit
of the generating-armature maguets upoun the
basis of only half the electric pressure of the
external souvce of electro-motive force being
available, and the resistance of the regulat-
ing-armature forming part of the cireuit-re-
sistance. At thelowest speed, therefore, half
the exeiting-power upon the generating-arma-
ture magnets will be produced by one coil
having the full difference of potential of the
external source of electro-motive force at its
terminals and by a second coil having half
the difference of potential of the external
source of electro-motive force at its terminals,

The high-re-
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less of course by the drop of potential due to
the resistance of the regulating - armature,
which forms a portion of thlS elrcm'r

In speaking of the proportioning of the
parts T assume that the magnets of the gen-
erating-armature are used w1th a low mag-
netic denmty well below the saturation- pomt;
for the iron of which they are composed. I
prefer to use them thus; but by careful al-
lowances a sufficiently neaw result might be
obtained with the iron in a eondltlon more
nearly saturated when the full exciting-power
is on. ‘

When I use an electric machine of the na-
ture described for generating electriccurrents
for the lighting of railway-trains in conjune-
tion with the storage-batteries, I use the lat-
ter for the external- source of electro-motive
foree, by which I excite the magnets, and drive
the arinature by means of gearing, which
transmits the power from the axle of thevan
or vehicle in which the machinery is placed.
I also arrange a centrifugal governor driven
from the same source, which is made to switch
on the circuit from the storage-batteries to
the magnet-coils as soon as the speed rises to
about the minimum speed at which the elec-

tric generatingapparatusis intended to come.

into action, and which also switches off the
current when the speed falls below the mnini-
mum speed.

As it is desirable that when the railway-
train runs backward the dynamo would still
be able to do its work properly, I prefer to
make the brushes which collect ecurrent from
the two armatures of copper-wire gauze and
placed in positionsradial to the commutators,
being held in brush-holders attached to flat
springs lying parallel to a tangent drawn to
the surface of the commutator at the points
at which the brushes bear. I also reverse

the lead of the brushes of the generating-
armature when the direction of rotation

changes by means of mechanism of the fol-
lowing deseription: The brush-holders are
carried by arms which, in the usnal manner,
can be rotated together around the axis of

the armature, the motion in either direction-

being limited by stops. The motion is trans-
mitted from the axle of the machinethrough
gearing coupled to the axle and by means of
a friction-cluteh which slips round as soon as
the brush-carrying arms are hard up against
their stops.

To prevent any wearof the friction-clutch
faces occurring excepting when the speed of
the axle is very low, I arrange on the axle a

- centrifugal governor, the balls of which at a
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slow rate of revolution fly otit "and separate
the faces of the friction-clutch, so'that they
do not touch excepting at speeds below this
slow rate of revolution. When the direction
of rotation of the armatures is changed the
polarity of the brushes is also chantred I
therefore utilize the motion which reverses
the “lead” to work reversing switches of a
kind well understood, so as to alter the con-
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nections and keep the polarity at the termi-
nals of the machine the same.

I do not find itnecessary to make provision
for reversing the lead of the brushes of the
regulating-armature, because thecurrentrun-
ning through this armature is usually small,
and at maximum speed is, in fact,nil. 1there-
fore place these brushes in ﬁxed positions at
the neutral points.

In order that my invention may be thor-
oughly understood, I will now proceed to de-
seribe an apparatus constructed in accord-
ance therewith, for which purpose I will refer
to the accompanying drawings, in which—

Figure 1 shows a side elevation of the com-
bined generating and regulating dynamo-ma-
chines; Fig. 2, a cross-section on line T P;
Fig. 3, a plan; Fig. 4, a view of the brush-
reversing gear on an enlarged scale; Fig. 5,
a diagram planof thecircuit and connections.
Figs. 6 and 7 are enlarged detail views of the
switch for coupling the exciting-circuits of
both dynamos with the accuniulators. Figs.
8 and 9 are respectively a plan and an eleva-
tion of the automatic switeh hereinafter re-
ferred to.

The generating- dynmna Q has its field-
maguets L excited first by an ordinary high-
msistzmce shunt-circuit @, and secondly by a
cirenit b, of less resistance, coupled upto the
accumulator C, which is charged bythe dyna-
mo, and having the armature of the regulat-
ing-dynamo R inseries with it, the regulating-
dynamo being so coupled up that its own elec-
tro-motive force opposes the electro-motive
force of the accumulator. The armature of
the generating-dynamo and that of the regu-
lating-dynamo are both fixed on the same
shaft ¢, driven by pulleys d from an axle of
the vehicle.. This shaft carries the ecommu-
tator A of the generating-dynamo, and the
commutator B of the regulating-dynamo.
The Dbrushes D of the commutator A are
mounted in spring-holdets D’, carried by bars

F’, projecting from shiftablearms ¥ F, mount-

ed loose on the armature-shaft ¢, so-that, ac-
cording as these arms are brought from one
inclined position——such as that shown at Fig,
4—to an opposite one, the brushes which are
held in a radial position on the commutator
have the requisite lead imparted to them on
the one or the other side of the vertical cen-
ter line, according as the armature-shaft is
rotating in the one direction or the other,
The arms F F are connected together by
pins F? and these pins are made to enter he-
tween the one or other pair of contact-jaws
S 8 or 8’ 8, connected, respectively, to the
screw-terminals T T for the circuit-wires, so

‘that as the polarities of the brushes are re-

versed, on the reversal of the motion of the
armature-shaft their connection with the cir-
cuit is at the same time reversed by the move-
ment of the arms F. The jaws S 8’ on the

right-hand side arecoupled; respectively,with
the jaws S 8" on the left-hand side by means
of copper bars 8% 82,
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The reversal of the position of the arms.

and brushes on the reversal of the motion of
the shaft is effected as follows: T.oose upon
the shaft is a friction-disk N, to which is
fixed a pinion N’, gearing with a toothed sec-
tor I° fixed on a spindle passing through
the standard carrying the rocking arms F,
which spindle has fixed on its other end a
pinion FY gearing with a toothed sector F?on
the boss of the arms T,

A second friction-disk N2 is carried 1'ound
by the shaft, but can slide longitudinally
upon it. This disk has a neck, into which take
the ends of the arms of the governor M, fixed
on the shaft, the weights of which are drawn
together by springs O, so as, when at rest or
moving very slowly, to cause the arms to
press the disk N7 against the disk N with a
certain amount of frictional contact. From
this arrangement it will be seen that if, after
having revolved in one direction, the arma-
ture-shaft is made to revolve in the contrary
direction by the reversal of the motion of the
carriage the disk N3 will earry round with it
the disk N, and in thus turning the pinion
N’, the scetor %, and pinion It will cause the
arms F to be brought into the opposite in-
clined position, thereby reversing the position
of the brushes and contacts, as above de-
seribed.  As soon as the arms I have passed
as far as they can into the jaws S or 8/, so as
to be arrested in that pOSlLIOll, the disk N*
will slip upon the disk N until the speed of
the shaft ¢ has increased su 'ﬁciently to cause
the governor M to draw the disk N? backward
out ot contact with the disk N, in which po-
sition it will continue as long as the machine
is running.

The diskk N*has a groove which is embraced
by the fork of an arm N which, when the
disk is slid backward to a certain extent by
the governowwill act upon the switeh I1, Figs.
G and 7, that couples up the exciting-circuits
of both dynamos with the accnmulators, the
resistance of the governor-springs O being so
arranged that these contacts are not made
until Lhe armature-shaft has attained a cer-
tain speed slightly under the minimum speed
at which the dynamo is intended to generate

current, The switch I may be a double-
break bridge-over switch, made of two bars

n n, rigidly connected by a cross-bar o and
turning on insulated pivots p p.  Asthe gov-
ernor-arms diverge the arm of the fork Ntis
drawn back and forces the bars n n into the
jaws j° 7% and the cireuit is then complete
through j’, n, 0, n, and 7~ When the gov-
ernors converge, the arm N* returns and
frees the switeh, which is thrown off by the
spring =

The spindle carrying the sector F and pin-
ion F* also carrvies loose upon it an arm G/,
which acts upon a switch G, so as to reverse
the conmection of the armature B with the
coils b of the fleld-magnets Liat the same time
that the polarity of the brushes D isreversed
on the reversal of the motion of the train, the

[

motion. of the arm G’ beinw lccte d by pins
G* on' the pinion K
As beforc stated, the brushes E of the reg-

wlating-dynamo ave held stationary on the

commutator B.

As Dbefore explained, I plefel to arrange
the shunt-cirenit ¢ of the field-magnets L so
that when the generating-armature is ranning
at its highest speed this cirenit will unaided
give a magnetic field of the Intensity proper
for the required electro-motive force in the
generating-armature. In the circuit b the

electro-motive force of the accumulators
should be entirely balanced by the opposing
electro-motive force of the regulating-arma-
ture when running at the same maximum
speed. On a reduction of the speed the re-
sulting reduction of electro-motive foree in
the (nmdtme A will be entirely compensated
for by an increase of magneticintensity pro-
duced by the circuit b, as the opposing elec-
tro-motive force of the regulating-armatur-
will now be decreased to suchan extent asto
allow a sufficient current from the accamu-
lators to pass through the circuit to effect
such increase of intensity.

TFor switehing the armatures of the gener-
ating-machine onto the lamp or charging cir-
cuit, B prefer to use an automatic sw1teh I,

Figs. 8 and 9, which couples up the circuit as
soon as the electro motive force rises to the
proper amount, and which breaks the circuit
again when the electro-motive foree falls be-
low the proper amount. The switeh IC con-
sists of a rocking lever [, having an ad]ust-
ably-weighted tail dnd carrying an iron
armature 7, wound with a thick wire coilf,
below which is an electro-magnet, the fine-
wire coils S 8 of which isconnected asa shunt
to the dvxmmo eireuit, so that on the produc-
tion of a curreut of a certain strength in the
latter the armatureis attracted in opposition
to the weight 1, causing the ends e e of the
coil £ todip into the mereury-cups mm, which
are eonnected to the leads of the main eir-
cuit, so that this circuit is now closed. The
current which now flows through the coil £in
increasing the polarity of the armature as-
sists the coils S S in holding the lever down;
but when the electro-motive force of the dy-
namo fallsbelow a certain minimum the main
current in £ and the shunt-current in 58 will
not have sufficient force to cause the lever
to be held against the weight w, (or it might
be a spring,) and this consequently in over-
coming the attraction will tilt the lever and
cause the main circuit to be broken,

It will be obvious thatany other known con-
struction of automatic switch having similar
action might be nsed in place of the above,
and I make no claim to the said construction
as part of my present invention.

Having thus described the natare of my
invention and the best means I know for car-
rying the sameinto practical effect, I claim—

1. In electric machinery for lighting raii-
way-trains, a generating - dynamo 1he field-
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magnets of which have,in addition to the ordi-
nary shunt-wound exciting-circuit, a supple-
Inental circuit connected to an independent
source of current, and havingin series with it
the armature-circuit of a regulating-dynamo
driven at the same speed or subjectto the
same degree of speed variation as'the gener-
ating-dynamo, the electro-motive force of the
regulating-armature being made to oppose
the electro-motive force of the independent
source of current, so that its variation in pro-
portion to the variation of speed will prac-
tieally maintain constant the electro-motive
force of the dynamo, substantially as de-
seribed.

2. In agenerating-dynamofor lighting rail-
way-trains,the combination, with the ordinary
shunt exeiting-circuit for the field-magnets,
of a supplemental exciting-cireuit connected

to an external independent source of electric

current and to thearmature-circuit of a regu-
lating-dynamo subject to the same'variations
of speed as the generating-dynamo, the elec-
tro-motive forece of the armature-circuit being
opposed to that of the independent source of
current, so as in counteracting it'to a greater
or less degree, according to the speed of the
regulating-armature, to maintain the electro-
motive force of the generating-dynamo prac-
tically uniform.

3. In agenerating-dynamo for lighting rail-
way-trains,the combination, with the ordinary
shunt execiting-circuit for the field-magnets,
of a supplemental exciting-circuit which is
sttbjeet to two opposing electro-motive forces,
the one proceeding from a constantindepend-
ent source of current and the other from the
armature-cireuit of  a regulating-dynamo
whose armature revolves at the same speed
or is subject to the same speed variation as
that of the generating-dynamo, so that as the
electro-motive force of the regulating-arma-
ture increases with an increase of speed it
will tend toneutralize the electro-motive foree
ol rhe constant source of current, substan-
tially as and for the purpose deseribed.

4. Inelectric generatingmachinery forlight-
ing railway-trains, the combination of a gen-
erating-dynamo I, having a shunt exciting-
cireuit ¢ and a supplemental exciting-cirenit
b connected to an external source of current

-C and in series with the armature of a regu-
lating-dynamo I, driven at the same speed or
subject to the same speed variation as the
generating-dynamo, the last-named armature
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being so connected to the execiting-cireuit b
that its electro-motive force acts in opposition
to the electro-motive force of theindependent
source of current, substantially as and for

“the purposes described.

5. Indynamo-electric generating machinery
wherein-the armature is required to operate
when revolving in either direction for effect-
ing thereversal of thelead of the commutator-
brushes when the direction of rotation is re-
versed, a friction-clutch,partof whichrevolves
with the armature-shaft, while the other part
is-attached to the brush-gear, and which oper-
ates in combination with a governor so as to
be kept in gear when the shaft is stationary
or revolving at a very slow speed, but which
is moved out of contact by means of the gov-
ernor-as soon ‘as a certain slow speed is ex-
ceeded, substantially as herein described.

‘6. The combination, with a governor, of a
friction-cluteh for actuating the commutator-
brushes, which is moved out of gear by the
governor 'when a certain rate of speed is ex-
ceeded, a contact device acted upon by the
governor when the speed requisite for pro-
ducing a certain electro-motive force is at-
tained, so as to couple up the exciting-circuits,
the governor being made to act upon the said
contact device 0 as to uncouple the exeiting-
circuits when the speed falls below the said
rate, substantially as described.

7. The combination of agenerating-dynamo,
a regnlating-dynamo whose cirenit includes
a regulating-coil on the generating-dynamo,
mechanism for reversing the position of the
commutator-brushés on the reversal of the
motion of the armature-shaft, and a switeh
connected to said mechanism, so that when
this reverses the position of the brushes it
also reverses the connections of armature of
the regulating-dynamo with the regulating-
coil on the field-magnets of the generating-
dynamo, substantially as described. '

Intestimonywhereof I havesigned myname
to this specification, in the presence of two
subseribing witnesses, this 1st day of May, A.
D. 1890.

JOHN II. HOLMES,

Witnesses:
PERCY CORDER,
Solicitor and Notary Public, Newcastle-upon-
Tyne.
HARRY BENSON,
Solicitor,41 Moslen St., Newcastle-upon-Tyne.




