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To (t/l, it'll Oil it inctly concern. 
Be it known that I, JOHN IIENRY ILOLMEs, 

electrical engineer, a citizen of England, re 
siding at Portland Road, Newcastle-on-Tyne, 
in the county of Northumberland, England, 
have ill vented certain new and useful Im 
provements in Electric Generating Machinery 

ing of Railway-Trains, (for which I have re 
ceived Lette's Patent in England dated De 
Celmber 17, JSS), No. 20,244, and in France 
dated Niarch 31, 1890, No. 204,702) of which 

5 

the following is a specification. 
This ill vention relates to improvements in 

electric generating machinery for use in con 
nection with the electric lighting of railway 
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trains, and has for its object to construct an 
apparatus which will maintain a constant dif 
fei'el) Ce of potential at the terminals of the 
dynamo-electric generator under a consider 
able variation in speed and when driven in 
either direction. Practically speaking, the 
electro-motive force of an ordinary separately 
eXcited dynamo varies directly as the speed 
at which the al'mature revolves. So therefore, 
if the speed be increased, say, from five hun 
dred 'evolutions per minute to one thousand 
revolutions pet' minute, the electro-motive 
force 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 
llano be reduced in the same proportion as 
the Speed at which its armature revolves be 
increased, then the electro-motive force of the 
armature will remain practically constant. 
To this eld, according to my invention, I 

Construct a dynamo-electric machine with two 
al'matures arranged to revolve together, but 
in separate magnetic fiells. The one is the 
main generating-arnature, the other being 
for regulating the 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 
tinct exciting circuits. One circuit is a high 
l'esistance shunt-circuit and the other is of 
less resistance and is coupled up to the source 
of current, so as to have the small regulating 

for Use in Connection with the Electric Light 

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-circuit is preferably so propor 
tioned that at the highest speed at which the 
generating-armature is intended to be run it 
(without the aid of the second exciting-cir 
cuit) will give a magnetic field of an inten 
sity proper for the required electro - motive 
force in the generating - armature. When 
thus arranged, the second exciting - circuit 
ought to have no current passing through it 
a result which is brought about by the elec 
tro-motive force of the regulating-armature 
being at the highest speed equal and oppo 
site to the external source of electro-notive 
force by means of which the exciting of the 
magnets is accomplished. If, however, the 
speed falls, the electro-motive force of the 
regulating-almature is lessened in the same 
proportion, and, being no longer equal to the 
external electro-motive force, a current will 
be permitted to flow through the second ex 
citing-circuit 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-al'mature. 
When the speed falls to the lowest limit, 

which I will assume to 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 external source of supply, so that 
it will be seen that it is necessary to calculate 
the proportions of the second exciting-circuit 
of the generating-armature magnets upon the 
basis of only half the electric pressure of the 
external source of electro-motive force being 
available, and the resistance of the regulat 
ing-armature forming part of the circuit-re 
sistance. At the lowest speed, therefore, half 
the exciting-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, 
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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 this circuit. 

In speaking of the proportioning of the 
parts I assume that the magnets of the gen 
erating-armature are used with a low mag 
netic density well below the saturation-point 
for the iron of which they are composed. I 
prefer to use them thus; but by careful al 
lowances a sufficiently near result might be 
obtained with the iron in a condition more 
nearly saturated when the full exciting-power 
is On. 
When I use an electric machine of the na 

ture described for generating electric currents 
for the lighting of railway-trains in conjunc 
tion with the storage-batteries, I use the lat 
ter for the external-source of electro-motive 
force, by which I excite the magnets, and drive 
the arimature by means of gearing, which 
transmits the power from the axle of the van 
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 generating apparatus is intended to come. 
into action, and which also switches off the 
current when the speed falls below the mini 
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 current from 
the two al'matures of copper-wire gauze and 
placed in positions radial 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 
arnature when the direction of rotation 
changes by means of mechanism of the fol 
lowing description: The brush-holders are 
carried by arms which, in the usual 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 machine through 
gearing coupled to the axle and by means of 
a friction-clutch which slips round as soon as 
the brush-carrying arms are hard up against 
their stops. 
To prevent any wear of 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 
slow rate of revolution fly oit 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 changed. 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 it necessary to make provision 
for reversing the lead of the brushes of the 
regulating-armature, because the current run 
ning through this armature is usually small, 
and at maximum speed is, in fact, nil. I there 
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 
scribe an apparatus constructed in accord 
ance there with, 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 TP; 
Fig. 3, a plan; Fig. 4, a view of the brush 
reversing gear on an enlarged scale; Fig. 5, 
a diagram plan of the circuit and connections. 
Figs. 6 and 7 are enlarged detail views of the 
switch for coupling the exciting-circuits of 
both dynamos with the accumulators. Figs. 
S and 9 are respectively a plan and an eleva 
tion of the automatic switch hereinafter re 
ferred to. 
The generating - dynamo Q has its field 

magnets L exeited first by an ordinary high 
resistance shunt-circuit (, and secondly by a 
circuit b, of less resistance, coupled up to the 
accumulator C, which is charged by the dyna 
mo, and having the armature of the regulat 
ing-dynamo R, in series 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 c, driven by pulley's d from an axle of 
the vehicle. This shaft carries the commu 
tator A of the generating-dynamo, and the 
commutato' B of the regulating - dynamo. 
The brushes D of the commutator A are 
mounted in spring-holders D', carried by bars 
F', projecting from shiftable arms FF, mount 
ed loose on the armature-shaft c, 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 requisile 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 FF are connected together by 

pins F, and these pins are made to enter be 
tween the one or other pair of contact-jaws 
SS or S'S', connected, respectively, to the 
screw-terminals TT 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 S on the 
right-hand side are coupled, respectively, with 
the jaws SS on the left-hand side by means 
of copper bars S*S*. 
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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: Ioose upon 
the shaft is a friction-disk N, to which is 
fixed a pinion N', gearing with a toothed sec 
tor F. fixed on a spindle passing through 
the standard carrying the rocking arms F, 
which spindle has fixed on its other end a 
pinion F, gearing with a toothed sector F on 
the boss of the arnas F. 
A second friction-disk N is carried round 

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 MI, fixed 
On the shaft, the weights of which are drawn 
together by splings (), so as, when at rest or 
moving very slowly, to cause the arms to 
press the disk Nagainst the disk N with a 
certain annot it of fictional contact. From 
this arrangement it will be seen that if, after 
having revolved in one direction, the arma 
til re-shaft is made to revolve in the contrary 
direction by the reversal of the motion of the 
carriage the disk N will carry round with it 
the disk N, and in thus turning the pinion 
N", the sector F, and pinion F will cause the 
arms F to be brought into the opposite in 
clined position, thereby reversing the position 
of the brilshes and contacts, as above de 
Scribed. As soon as the arms IF have passed 
as far as they call into the jaws S or S', so as 
to be arrested in that position, the disk N' 
will slip upon the disk N until the speed of 
the shaft (: has increased sufficiently to cause 
the governoi i to draw the disk N backward 
out of contact with the disk N, in which po 
Sition it. Will coll till lie as long as the machine 
is l'uinning. 
The disk N' has a groove which is embraced 

by the folk of an an N, which, when the 
disk is slid back Ward to a certain extent by 
the governo!", will act upon the switch II, Figs. 
G and 7, that couples up the exciting-circuits 
of both dynanos With the accumulators, the 
resistance of the governor-springs () being so 
arranged that these contacts are not made 
until the al'mature-shaft has attained a cer 
tain speed slightly under the minimum speed 
at which the dynamo is intended to generate 
current. The switch II may be a double 
break bridge-over switch, made of two ba's 
7 , rigidly connected by a cross-bar O and 
turning Ol) insulated pivots 1) p. As the gov 
ernor-arms diverge the arm of the fork N is 
drawn back and forces the bal's n, into the 
jaws jj, aid the circuit is then complete 
through j', , (), , and f. When the gov 
ernors converge, the aim N' returns and 
frees the switch, which is thrown off by the 
spring ". 
The spindle carrying the sector F and pin 

ion F also carries loose upon it an arm G', 
which acts upon a switch G, so as to reverse 
the connection of the armature B with the 
coils b of the field-magnets L at the same time 
that the polarity of the brushes D is reversed 

V 

motion of the arm G being effected by pins 
G' on the pinion F. 
As before stated, the brushes E of the reg 

ulating-dynamo are ield stationary on the 
commutato' 3. 
As before explained, I prefer to arrange 

the shunt-circuit C of the field-magnets I, so 
that when the generating-armature is running 
at its highest speed this circuit will unaided 
give a magnetic field of the intensity proper 
for the required electro-motive force in the 
generating-armature. In the circuit the 
electro - motive force of the accumulato's 
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 force in 
the armature A will be entirely compensated 
for by an increase of magnetic intensity pro 
duced by the circuit b, as the opposing elec 
tro-motive force of the regulating-arma tut'. 
will now be decreased to Such all eXtent as t() 
allow a sufficient current from the accumul 
lators to pass through the circuit to effect 
such increase of intensity. 

For switching the armatures of the gener 
ating-machine onto the lamp Ol' chal'ging Cir 
cuit, I prefer to use an automatic switch IX, 
Figs. S 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 force falls be 
low the proper amount. The Switch Ix coll 
sists of a rocking lever l, having an adjust 
ably-weighted tail I and carrying an iron 
armature i, wound with a thick Wire coil i. 
below which is an electro-magnet, the fine 
wire coils S S of which is connected as a shunt 
to the dynamo circuit, so that on the produc 
tion of a current of a certain strength in the 
latter the arnature is attracted in Opposition 
to the weight l', causing the ends ee of the 
coil t to dip into the mercury-cups in 17, which 
are connected to the leads of the main cir 
cuit, so that this circuit is now closed. The 
current which now flows through the coil it in 
increasing the polarity of the armature as 
sists the coils S S in holding the lever down; 
but when the electro-lmotive force of the dy 
namo falls below a certain mininu in the main 
current in t and the shunt-current in SS will 
not have sufficient force to cause the lever 
to be held against the weight (, (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 that any other known con 
struction of automatic switch having similar 
action might be used in place of the above, 
and I make no claim to the said construction 
as part of my present invention. 
Having thus described the nature of my 

invention and the best means I know for car 
rying the same into practical effect, I claim 

1. In electric machinery for lighting rail 
on the reversal of the motion of the train, the way-trains, a generating - dynamo the field 
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4. 

magnets of which have, in addition to the ordi 
nary shunt-wound exciting-circuit, a supple 
Jmental circuit connected to an independent 
Source of current, and having in series with it 
the armature-circuit of a regulating-dynamo 
driven at the same speed or subject to the 
same degree of speed variation as the gener 
at ing-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 
tically maintain constant the electro-motive 
force of the dynamo, substantially as de 
Scribed. 

2. In a generating-dynamo for lighting rail 
Way-trains, the combination, with the ordinary 
shunt exciting-circuit for the field-magnets, 
of a supplemental exciting-circuit connected 
to an external independent source of electric 
(turrent and to the armature-circuit of a regu 
lating-dynamo subject to the same variations 
of speed as the generating-dynamo, the elec 
tro-motive force of the armature-circuit being 
opposed to that of the independent source of 
Current, so as in counteracting it to a greater 
()r less degree, according to the speed of the 
regulating-armature, to maintain the electro 
notive force of the generating-dynamo prac 
tically uniform. 

3. In a generating-dynamo for lighting rail 
Way-trains, the combination, with the ordinary 
shunt exciting-circuit for the field-magnets, 
of a supplemental exciting-circuit which is 
subject to two opposing electro-motive forces, 
the one proceeding from a constant independ 
ent SOurce of current and the othel' from the 
a 'nature-circuit 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 to neutralize the electro-motive force 
(if the constant source of current, substan 
tially as and for the purpose described. 

4. In electric generating machinery forlight 
ing railway-trains, the combination of agen 
erating-dynamo L, having a shunt exciting 
circuit (, and a supplemental exciting-circuit 
l) 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 exciting-circuit b 
that its electro-motive force acts in opposition 
to the electro-motive force of the independent 
source of current, substantially as and for 
the purposes described. 

5. In dynamo-electric generating machinery 
wherein the armature is required to operate 
when revolving in either direction for effect 
ing the reversal of the lead of the commutator 
brushes when the direction of rotation is re 
versed, a friction-clutch, part of which revolves 
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-clutch 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 so as to uncouple the exciting 
circuits when the speed falls below the said 
rate, substantially as described. 

7. The combination of a generating-dynamo, 
a regulating-dynamo whose circuit includes 
a regulating-coil on the generating-dynamo, 
mechanism for reversing the position of the 
commutator-brushes on the reversal of the 
motion of the armature-shaft, and a switch 
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. 

In testimony whereof I have signed my name 
to this specification, in the presence of two 
subscribing witnesses, this 1st day of May, A. 
ID. 1890. 

JOHN II. HOLMES. 
Witnesses: 

PERCY CORDER, 
Solicitor and Notary Public, Newcastle-upon 

Tyne. 
HARRY BENSON, 

Solicitor,41 Moslen St., Newcastle-upon-Tyne, 
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