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To all whom 1t may concern.:- -
Be 1t known that we, WiLriam C. Mayo
and JouN HoULEHAN, citizens of the United
States, residing at Il Paso, in the county of
5 Il Paso, State of Texas, have invented a new
and useful Regulator for D
Machines, of which the
fication. S | |
This imvention has reference to improve'-
10 ments 1n regulators for dynamo electric ma-
chines, and 1ts ebject 1s to provide a means

following 1s a specl-

whereby the current strength of a dynamo

may be maintained constant irrespective of
the speed of the prime mover driving the
15 dynamo and irrespective of the demand for

current put upon the latter.- .
This mvention is designed as a component

part of our traction system, wherein cach

car 1s a unit utilizing an explosive engine
o¢ as a prime mover and also utilizing electric
current generated by power from the prime
mover for -various purposes connected with

- the operation of the train, whereby, through

the cooperative action of the prime mover
o5 of tlie explosive or internal combustion type
and a suitable electric generator or genera-

tors, all the necessary operations for the

running of a car are made automatic except
imsofar as 1t may be necessary to place these

3¢ operations, otherwise automatic, under the

control of an operator, whose judgment 1s
to be depended upon only where 1t is impos-
sible to control certain operations auto-
matically. '

o0

used in many ways. For instance, we pro-
ose to use a current from the generator for
Eghting, for the energization of magnets

40 and solenoids operating valves and other
- parts, for supplying current for signaling
purposes, for special tractive purposes on

- starting, and so on. While many such de-
vices can be operated by alternating current,

45 others are better operated by direct current,

and since we believe that the use of direct

current will be found more advantageous

for our purposes the present invention has

been directed more particularly to-the use

50 of a direct current generator of the bipolar
or multipolar, shunt-wound type.

‘The prime mover, which, in itself, forms no

part of the present invention, 1s designed to

“be an explosive or internal combustion

ynamo-Electric

In our system an el_ectiric :gen&mtor'is em-
ployed for the production of current to be

“operation. .
rent each machine will send to lLne is. di-

speed whatever may be the demand for

power made upon the engine up to the limit

of its output. It 1s, nevertheless,impossible
to provide at all times so close a regulation
of the engine as to permit the successful
maintenance of a constant voltage at the
dynamo. It is sufficient to state here, how-
ever, that for the purposes of our system as
a whole constant voltage is desirable if not
practically necessary. _

It is the object, therefore, of the present
Invention to provide means whereby the
current strength on the line shall be main-
tained sensibly constant even though there
be wide variations in demand for current
and even though the prime mover should
vary to some. extent from constancy of
speed. .

It 1s not to be understood that there are
to be no variations whatever in voltage in
the system, for it 1s upon the shight varia-

tions. in voltage that we depend for the

operation of our regulator, but the mechan-
ism which we have devised for governing the
speed of the dynamo with relation to the
current strength is so sensifive to variations
in current strength and so quickly estab-
lishes the: dynamo speed for the prede-
termined voltage that these variations are
not at all detrimental to the working of the
system. Now, if but a single dynamo were

to be used, a mechanical governor to main-

tain the dynamo at constant speed and the
usual field rheostat to adjust the voltage to
the load would be advisable and, to a
limited extent, more eflicient and more
economical than the regulator which we
have devised. But such a regulator is out
of the question in our system since we pro-
vide each car of a train with- a comp’ete
tractive and generating system. In other
words, each car 1s a complete unit which
may be separately operated as a motor car
or a number of such units may be used to-
cether as a traln 1n a manner similar to
the electrical operation of trains by the mas-
ter-control system, although we have devised
means very different from those employed
1n such systems. | ' |

In our system each car of a train is pro-
vided with an engine and a dynamo, and
the dynamos will be coupled up for parallel
In such case the amount of cur-

55 engine, running at appreciably constant | rectly proportionate to its voltage and size.

GO

80

80

90

100

106

110




10

15

20

20

30

30

40

60

- 6o

K>

~tions in the speeds of the p:
‘but controlled entirely by and quickly re-

Hence, all the machines must be maintained ! made of massive construction.
1t will be seen from Fi

at the same voltage in order that each ma-
chine may deliver current to the line in

proportion to its size, although usually the
several dynamos will be of the same size.

Since it i1s impossible in such a system for
an attendant to inspect each machine and so

ascertain i1ts output and variations and ad-

just the field rheostat from time to time,

‘and simce purely mechanical governors are
~out of the question, it becomes necessary to

provide means for maintaining the voltage
constant which shall be entirely automatic
in action and maintain a very close regula-

tion of each machine independent of every

other machine and independent of varia-
prime movers,

sponsive to voltage variations in each ma-
chine from a predetermined constant voltage
to be maintained. L

In order to meet the various conditions

we have enumerated, we have devised a
drive connection between the prime mover

shaft and the dynamo shaft, which drive is

ot the friction type and is responsive to and
coverned by the current conditions in the

dynamo.

To 1mpart a clear understanding of the
invention and the manner in which we in-

corporate it In practical form, we will now

proceed to ‘describe the embodiment of the
invention, having particular reference to the
accompanying drawings, in which,—

~ Figure 1 1s a side elevation, with parts in
section and dther parts diagrammatically

represented, of -a dynamo, so much of a
prime mover as 1s necessary for the under-

standing of the invention, and an interposed
Iriction drive together with the electrical
control therefor; Fig. 2 is a cross section
through the friction drive and the adjacent
parts on a line with the dynamo shaft, with

parts shown 1in elevation; Fig. 3 is a verti-

cal section through the upper portion of the
friction drive to the axis of the intermediate
drive pulley; Fig. 4 is a diagram of the elec-
trical connections, including the switches:
and Fig. 5 is a diagram of the electrical con-
nections whereby the solenoid coils are
connected up m different ways. B
Referring to the drawings, there is shown
a shaft 1 which may be considered as the

main shaft or as connected to the main shaft.

of a prime mover. We may state that this
prime mover, in our system, will consist of a
multi-cylinder engine of the internsl com-
bustion or explosive type, with means which
we need not here describe for maintaining
the engine at a constant speed under reason-
ably close regulation, irrespective of the load
placed upon the engine within the limits of
its power output. Mounted upon the shaft 1
there is a drive wheel 2 which, because of
the heavy load it is intended to transmit, is

896,738

The rim 3,
2. 2, 1s formed on one
side with an annular, radial flange 4 and on
the other side with an annular groove or
seat 5. HKitted to the seat 5 there is a ring 6
projecting radially from the rim 3 so that its
outer edge 1s coincident with but spaced
irom the outer edge of the annular flange 4,
and the ring 6 is secured to the drive wheel 2
by means of bolts 7 passing through the ring
6 and flange 4. There is thus formed an
annular channel in the periphery of the
wheel in which is seated a ring 8 of vulcan-
ized fiber or other suitable material to con-
stitute the friction driving portion of the
wheel 2. “After the parts of the wheel 2 have
been properly assembled the wheel is placed

‘1n a lathe and the outer edge or periphery of -

the fiber member is turned down to frue
shape, with its surface in the form of an ex-
panded V, as indicated at 9, although any
other suitable shape may be given to the
driving surface of the wheel.

The dynamo, indicated generally by the
reference numeral 10, may be of any suitable
type and since its structure forms no part of
the present invention it is not necessary to
give any particular description of this dy-
namo herein. It is sufficient to state that
the dynamo is of the direct current, shunt-
wound type, capable of close regulation for
constant voltage. .

Mounted upon the shaft 11 of the dynamo
1s a'pulley 12 which, for fly-wheel purposes,
may be made as massive as desired and by
its inertia will aid in preventing sudden varia-
tions in the speed of the dynamo. This
pulley is provided with a rim 3 and flange 4
with a fiber ring 8 having a V-shaped bear-
ing face 9, all as described with reference to
the wheel 2.  In fact, the wheel 2 and pulley
12 are 1 all essential particulars identical,
except as to diameter, since it may be ad-
visable to make the pulley 12 smaller than
the drive wheel 2 in order that the dynamo
may run at a higher speed than the shaft 1 of
the prime mover.

In order to transmit motion from the drive
wheel 2 to the pulley 12 we have devised a
triction drive which we will now proceed to
deseribe.  There are two end plates 13—14
connected togetner by two pairs of rods 15—
16 passing through the corners of the plates
13—14, which are preferably rectangular in
outline. Kach rod 15 and each rod 16 is
formed with a flat central enlargement 17
of such size that the two enlargements 17 of
8 pair of rods 15 or 16 are in contact hetween
the rods and extend in the same plane be-
yond the latter, while the inner faces of one
pair of enlargements 17 are parallel to the
corresponding faces of the other pair of en-
largements 17.
enlargements 17 are provided with V-shaped

| Tecesses or grooves 18 in the direction of the

These facing portions of the.
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length of the rods 15 and 16, for a ﬁurPoSe *

which will presently appear. Shding upon
each set of rods 15 and 16 are two blocks 19
and 20, there being two blocks 19 and two

blocks 20, and each block is provided with

through passages for the rods '15 and 16.
Interposed between each block 20 and the
plate 14 are heavy helical springs 21 sur-
rounding the rods 15 and 16, and similar

springs 21 are interposed between each block

19 and a rectangular follower plate 22 car-
ried by the rods 15 and 16 below the plate 13.
The follower 22 is formed witha central boss
23 and the plate 13 is formed with a sumilar
boss 24, and through this latter named plate
13 there is formed a suitable nut for an ad-
justing screw 25 having a head 26 by means
of which it may be turned, and provided

~with a clamp nut 27 so that the screw 25

may be fixed in any adjusted position.
Suitably mounted in the pair of blocks 19
1s the journal 28 of a transmission ifriction
drive pulley. 29, and suitably mounted in the
blocks 20 1s the journal 28 of another similar
friction drive pulley 30. “While these jour-
nals 28 are shown as mounted directly in the
blocks 19 and 20, 1t will be understood that
they may be mounted on roller bearings or
any other anti-friction type of bearings may

be used, or suitable journal boxes may be |

frovided so that adjustment may be made
or wear. Or, again, the journals may be
held against rotation and the pulleys 29 and
30 may rotate thereon with any desirable or

sultable type of bearing interposed between

the pulleys themselves and their journals.

These pulleys may, of course, be made of any

material suitable for the purpose; but we
prefer to make these. puileys 29 and 30 of
aluminum since it has been found that the
combination of aluminum with the vulcan-
ized or indurated paper fiber constitutes one

ot the best known combinations for friction

drives. The rims 31 of the pulleys are made
V-shape to correspond with and seat them-
selves properly in the V-shaped grooves 9 of
the friction surfaces of the wheel 2 and the
pulley 12. - -

The enlargements 17 of the rods 15 and 16
are located in the plane of the drive shait 1
and dynamo shaft 11, while the blocks 19 and
20 are located above and below this plane,
respectively, so that the pulley 29 engages
the drive wheel 2 and the pulley 12 above the
common plane of the shaits, and the pulley
30 engages the drive wheel 2 and pulley 12

opposing edges of the blocks 19 and 20 are
provided with ears 32 in which engage lugs
33 formed on and projeecting oppostitely from

the legs 34 of yokes 35—36, the yoke 35 being:

carried by the blocks 19 and the yoke 36 Le-
ing carried by the blocks 20. The legs 34 of
the yokes are bent so that these yokes are

The

mo may be kept sensibly constant.
also the purpose to maintain the speed of the

But abso-.
¢5 brought into contact with the enlargements | lute uniformity of speed of the drive wheel 2

17 on the resliiective pairs of rods 15 or 16;
‘that 1s, the yoke 35 bears against the enlarge--

ments carried by the rods'15, while the yoke

36 bears against the enlargements carried by -

the rods 16. That face of the yoke 35 or 36

which is in engagement with the respective:

70

enlargement on the rods 15 or 16 is formed

with an expanded, ¥-shaped projection 37-
fitting the V-shaped groove 18 formed in the

corresponding enlargements 17. Since, as
will presently appear, these yokes have a cer-
tain amount of longitudinal movement, it
will be seen that the parts 37 engaging in the
orooves 18 serve to guide the yokes during
their travel. _
ward past the plane cutting the drive and
dynamo shafts, while the yoke 36 extends

upward past said plane, but these two yokes
are spaced apart at this point and those faces
of the yokes which are toward each other are .
provided with gear teeth 38. Arranged to

be in constant engagement with these gear
teeth 1s a pinion 39 mounted upon a journal
40 having bearings in end plates 41 fast on
the projecting ends of the enlargements 17.

‘These plates 41 are secured by through bolts

42 extending not only through the pTates 41

but entirely through the enlargements 17,

thus binding the whole structure together.
It will be seen that the friction pulleys 29

“and 30 engage the drive wheel 2 and pulley

12 on opposite sides of the common plane
cutting the shafts of these two structures,
while the springs 21 tend to force the drive
pulleys 29 and 30 toward each other. 'The
space between the drive wheel 2 and pulley

12 is too small for these pulleys 29 and 30 to

pass, and, consequently, they are brought
into contact with the drive wheel 2 and pulley
12 with a force commensurate with the ten-
sion of the springs 21, which tension may be
regulated by the screw 25, as will be readily
understood. Therefore, when the drive
wheel 2 is rotated the pulley 12 will receive
motion therefrom through the intermediary
of the friction pulleys 29 and 30, and these

-latter pulleys will impart to the pulley 12 a
speed corresponding to the speed of the drive

wheel 2 so long as the load upon the pulley 12
does not exceed the grip of the pulleys 29 and
30 upon said pulley 12.

the pulley 12 and the speed of the latter will

then not be commensurate with the speed of
the drive wheel 2. . :

Now, as has already been stated, it is r.gec-;
essary that the speed of the pulley 12, which

means the armature speed of the dynamo 10,
shall be sensibly constant or suitably varied

in order that the voltage output of the dyna-

drive wheel 2 sensibly constant.

The yoke 35 extends' down- gg
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When, however,
| the load on the pulley 12 exceeds this fric-

‘tional grip, the pulleys 29 and 30 will slip on
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journaled at 47—47 upon the lever 43.

1s out of the question, while a constant frie-
tional contact between the pulleys 29 and 30
and the pulley 12 will not serve to maintain
the pulley 12 at a proper speed, since the
load on the dynamo 10 may vary to a con-
siderable extent. Now, the variation of
speed of the prime mover, so long as its mini-
mum speed 1s sufficient for the purpose, and
the variation of load upon the dynamo, may
be both counteracted by adjusting the fric-
tlonal contact of the pulleys'29 and 30 with
the drive wheel 2 and pulley 12, so that the
speed of the pulley 12 may be maintained as
nearly constant as is necessary for all prac-
tical purposes, so as to mainfain a sensible
constancy of voltage output for the dynamo.
For this purpose the shaft 40 of the pinion
39 1s extended beyond one of the plates 41 in
which it has journal bearings, and there it
has keyed to it a lever 43.- On the outer end
of this lever there is mounted a worm wheel
44 engaging a worm 45 fast on a shaft 46
_ This
shaft 46 carries at the end toward the axis of
the lever 43 a ratchet wheel 48 in the path of
a pawl 49 carried by a
plate 41. The arrangement is such that
when the lever 43 is moved in one direction
about its axis, the pawl
the teeth of the ratchet wheel 48 and rotate

the shaft 46 a distance corresponding to the

extent of movement of the lever 43, and when
this movement becomes great enough the
pawl
tooth, and so on, causing the rotation of the
worm wheel 44 about its axis. |
Pivotally secured to the worm wheel 44 at
a point eccentric to the axis thereof is a link
50, the other end of which is pivotally con-
nected to a solenoid core or armature 51,
which latter may be of the usual type and is
provided with a’guide stem 52 entering a
suttable perforation in a base 53 constituting
a pole plece of a solenoid 54. This solenoid
1s preferably of the iron-clad type for obvious
magnetic and mechanical reasons. o
The solenoid 54 is, in the present instance,
composed of a coarse wire coil 55 and a fine
wire coil 56.  As will hereinafter appear, the
coarse wire coll is 1n series with leads from
the dynamo, while the fine wire coil is in
parallel with leads from the dynamo, and
these two windings will be referred to as the
series and parallel windings of the solenoid.
It 1s not necessary to enter into any partic-
ular deseription of the structure of the solen-

oid, since 1t may be of the familiar iron-
clad type and will be suitably wound for the -

purposes of the invention.
Referring,
tion shown in Figs. 1 and 4, it may be ob-

served that there are four train line wires 57,

08, 59 and 60, the purposes of which it is
unnecessary to consuder in this particular

ase but which, it may be stated, are neces-

corresponding end

49 will engage one of -

49 will ultimately engage a second

invention.

follows:

now, to the electrical connec-

898,738

sary for the purposes of our general system.
They are here used as the armature and feld
leads.

The train line wire 57 is connected to one
terminal of a switch 61 which may be located

| upon a suitably organized switch-board, only

diagrammatically represented in F 1g. 4. In
the path of the arm of the switch 61 there are
two terminals 62 and 63. The terminal 62 is
connected by a conductor 64 to one terminal
65 o the field winding 66 of the dynamo, and
the other terminal 63 is also connected by a
branch conductor 67 to the conductor 64, but
includes a discharge resistance 68 between
the terminal 63 and its point of connection
with the conductor 64. 'This represents the
usual discharge resistance switch contact.

- The train line conductor 58 is connected to
one termmal 69 of the armature winding, and
18 also connected by a branch conductor 74 to
a switch-board terminal 75 in the path of one
arm 76 of a double-arm switch 77. The arm
76 of the switch 77 is connected by a branch
conductor 78 to the conductor 64 before re-
ferred to. | -

The conductor 59 is connected to the ter-
mmal 71 of the field winding and is also con-
nected by a branch conductor 79 to the other
arm 80 of the two-arm switch 77, and in the
path of the arm 80 is a terminal 81 connected

L

by a conductor 82 to one terminal of the se-

ries coil 55 of the solenoid, the other terminal
of which latter is connected by a conductor
83 to the armature terminal 72. The con-
ductor 82, after leaving the switch terminal
81, 1s connected to the usual ammeter shunt
84 Including an ammeter 85 of suitable type,
and to the other side of this shunt is connect-
ed the main line conductor 80. .

Leading from the terminal 69 of the arma-
ture 1s a branch conductor 86 connectod to
one terminal of the parallel winding 56 of the
solenoid, the other terminal of which winding
is connected by a branch conductor 87 to tha
conductor 83 before referred to.

1t 1s to be assumed, -of course, that the va-

rious parts of the mechanism deseribed are.

suttably proportioned for the purposes of the
No attempt has been made to
snow these proportions with exactitude, since
this 1s a problemfor the constructive engineer.

Assuming, therefore, that the machine is
properly built for the purposes for which it is
imtended, the operation may be described as
The mechanism is designed to
cause the dynamo to have a constant voltage
and to also adapt the machine te only such
a given overload as will not injure the
dynamo. The main switch, which will be

hereinafter referred to, is included between

the conductors 58 and 60, which conductors,
it will be seen, lead from the dynamo termi-
nals 69 and 72 and include the series winding
55 of the solenoid, and the other winding 56
of -the solenoid is ineluded in this circuit in

70

75

80

85

90

100

110

[l
et
e

120

130



10

806,738

on the lever 43 and the adjustment of the

‘screw 25 is such that the machine can carry

its full load. First, however, consider the
dynamo at no load. The engine 1s started

and comes up to speed. Since a shunt dy-

namo will not build up on load, the main
switch'is opened. Now, when the dynamo 1s
up to speed, the field switch 61 1s closed, and
when the voltmeter (not shown) indicates
that a given voltage is reached, the main
switch 1s closed. Now, assuming that the
main switch is-still open, and, therefore,

~ there 1s no load on the dynamo, but that the

15

- 20

25

| 30,

proper voltage has been established, suffi-

cient current now flows through the solenoid

to produce an cppreciable pull on the lever

43. Since but a very small separation be-

tween the pulleys 29 and 30 and the drive

wheel 2 and pulley 12 would entirely discon-
nect the drive wheel from the dynamo, the

lever may be so proportioned that a com-

paratively small pull will act to separate the
drive. Now, 1t-will take a given amount of
voltage to compress the springs 21 sufficiently

to cause the separation of the drive, and

since the maghetism of the solenoid, actin
through an air gap, 1s inversely proportiona

to the square of the distance, it will be under-

stood that the length of the air gap should be
such that the watt consumption of the solen-
oid will be sufficiently near to the necessary

- power to compress the springs as the mechan-

1cal construction.of the device may require.
5 With a given length of air gap and a given

voltage, the main switch being open, the pull

~ of the solenoid will be a constant factor.

40

00

(G0

6o

Should the engine shaft increase in speed, the

‘dynamo will also increase in speed and the

result will be an increased voltage, since
no means are used to decrease the field
strength on the 1ncrease of voltage. There
will, however, be an increase of current in the
parallel winding of the solenoid and the pull
of the latter therefore becomes greater.. The
irictional contact between the parts of the

triction drive will thereby be made lighter

and a certain slip will be permitted until an
equilibrium is established between the vol-

‘tage output acting on the solenoid and the
-frictional contact at the friction drive.

Thus

a constant voltage 1s maintained at the dy-
namo terminals when there 1s no load on the
dynamo. If, now, the main switch be closed
and the load be gradually applied, the vol-
tage, while maintained at a certain point irre-
spective of the variations of speed in the
prime mover within a reasonably small limit,
;vill be gradually lowered by the increasing
oad. '
In lessenmmg the pull on the lever 43 but it
cannot bring the voltage up completely since
when the dynamo i1s doing work more fric-
tion 18 needed at the drive both to take care

of the load and to maintain a slightly greater |

&)

This lowering of the voltage will result

o

shunt. The adjustment of the solenoid pull | speed for the extra voltage needed. If, now,

the pull of the solenoid should be decreased
in the same ratio as the load increases, the
parallel winding would act to govern the
voltage independent of the load. If this ac-
tion were to directly decrease the magnetic
effect of the turns of the parallel winding
the same ratio as the increase in load, then
even though acting in opposition and on the

parallel winding the governing factor would

be undisturbed. This desirable effect we ob-
tain from the series winding connected to op-
pose the parallel winding, since, with the

and parallel winding of the solenoid, consti-
tuting constant and therefore neghgible fac-
tors, all the current flows through the series

winding, the value of the magnetic effect of

the series winding, and, hence, 1its effect to
oppose the parallel winding, 1s in exactly the
same ratio as the rise of current due to the

75

exception of the current through the fields

80

85 i

increase in load, thus exerting such a pull on

the lever 43 as will maintain the voltage con-
stant regardless of speed cr load variation.
Now, as before stated, our complete sys-
tem requires the use of electric generators on
each car of a train. Therefore we place all
the dynamos in parallel so that each may do
1ts proportion ofp the work irrespective of 1ts
size, though the dynamos are usually of a
size, and to the end that the train line drop

I‘g 0

95

will be a constant factor from end to end of

the train, and, therefore, to be allowed for
with certainty. Moreover, this parallel coup-
nng of the dynamos prevents the load from
localizing due to a heavy demand for cui-
rent, such as arc headlights; and, again,
should a dynamo become crippled, its car

can get current from the other dynamos

since all the cars are connected through suit-
able coupling cables. _

Since 1n the parallel operation of dynamos
the voltage must, as is well known, be main-
talned constant and at the same point in the
several dynamos, and since in a train system
such as our compiete system contemplates
field rheostats and mechanical governors are
out of the question, the necessity of truly
automatic governors which will act with cer-
tainty becomes at once apparent.

When a number of dynamos are used upon
a train and connected up in parallel the fields
are connected across the Ene' outside the
main switch. In such case, the switeh 77,
which may be termed a field transfer switch,
is closed, and not the field switch 61 as in sin-
ole car operation, and the fields are charged
at once from line. After the  voltmeter
shows the correct voltage the main switch
may be closed. After starting all the dyna-
mos the one which had the field switch closed

first should now have the transfer switeh

closed and
opened.
Under some circumstances it may he found

then only may its field switch be
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necessary to vary

windings of the solenoid are connected up.

- Ior instance, all the parallel windings of all

the solenoids may be connected across the
line instead of the dynamo terminals by
means of a transfer switch similar. to the

switch 77, and other connections may be"
made as the exigencies of the particular case.

may demand, o .

“The number of turns in the series Windinfgs,
of the solenoids will always be small and the

number of ampere turns will be but a fraction

of the number of ampere turns of the parallel

windings upon which the bulk of the work

will fall.© Suppose a certain dynamo should

attempt to hunt and start to furnish too
much current to the line, thus taking too
much load. This, of course, passing through
the series coil of the solenoid would assist the
Famllel winding and the resultant pull on the

lever 43 would be greater, thus lowering the

speed of the machine and bringing the vol-
On
the contrary, should a dynamo fail to supply
its proper amount of current to the line, the

" parallel coil, robbed of the assistance of the
sertes col, would allow the solenoid pull to

- decrease, thus permitting the tension. of the

- springs 21 to more strongly draw the friction

30 pulleys into contact with the drive wheel 2 |

39

40

o0

DO

and dynamo pulley 12 and thus raising the
speed of the dynamo and increasing the vol-
tage until the equilibrium was again estab-
lished. This is for multi-car operation, that
15, when there is a train composed of two or
more cars. Kor one car the series and
parallel windings of the solenoid are in oppo-
sition, but for multi-car control the revers
18 true. | y |

The manner in which the parallel coil may
be connected up for either single or multi-car
control 1s shown in Fig. 5, in which figure the
field and various connections shown in Fig.
4 are omitted for the sake of clearness of
llustration.

In Fig. 5 it will be seen that there branches

ofl from the armature side of the series coil
55 a conductor 88 leading to a terminal 89 in !
the path of one arm 90 of a suitable two-arm |

switch, which arm 90 is connected by a con-
ductor 91 to one end of the parallel coil 56,

“the other end of which coil is connected by

another conductor 92 to the other arm 93 of
the aforesaid switch. In the path of the arm
03 1s.a terminal 94 connected by 'a branch
conductor 95 to the terminal 69 of the arma-
ture. When the switch is closed on to the

- two terminals 89 and 94 it will be seen that

- the parallel coil 56 is connected u

60

0o

| to the
armature 1 the same manner as shown in
g, 4, | '

In the path of the switch arms 90 and 93
are’ other two terminals 98 and 97. The
terimmal 96 is connected by a branch con-
auctor 98 to the conductor 60 teading to the

898,738

the manner in which the | maihéwitch%, by means of which latter the

armature 1s connected up to the main line

conductors 100—101. The other terminal
97 18 connected by a branch conductor 102 to

the conductor 58. Branched off from the

terminals 96 and 97 are other conductors
-103-—104 leading to a two-arm switch 105 in

the path of which are terminals 106—107
connected by conductors 108—109 to the

‘aforesald main line conductors 100—101.

- It will be seen that the switeh arms 90 and
93 when placed in contact with the terminals

96 and 97 connect up the parallel winding 56

in the reverse direction to the armature than
when these switch arms 90 and 93 are moved
on to the terminals 89 and 94; and when the

‘switch 105, which may be termed a transfer
switeh, is closed the coil 56 is likewise con-

nected up to line. Now, since it is necessary
in the operation of the system that for multi-
car service the effect of the coils of the solen-
oid should be cumulative instead of in oppo-
sition, therefore, it is ‘advisable to reverse
that coil of the solenoid through which the

least current passes irrespective of the en-

ergy developed in the coil. Although the

coll 56 has the greater number of ampere
turns, still since the entire current of the
dynamo passes through the series winding
such current is necessarily greater in this
winding even though the energy developed
18 less because of its fewer ampere turns.
For this reason it is advisable that the par-
allel or shunt winding be reversed rather
than the series winding. By the arrange-
ment shown in Fig. 5 it will be seen that the
shunt winding can be thrown across the dy-
namo leads in opposition to the series wind-
ing of the solenoid for single-car operation,
and when more than one car is included in

| the system this shunt winding can be thrown

across either the dynamo leads or the line in
a direction opposite to the first, so that it
may then aid the series coil.

- Considering a line through ,the train of
suitable size to carry the average current and
load properly distributed along the line in
the various cars, it is clear that the voltage
on said line is of a value which is an average
of the voltage existing at the terminals of the

voltage, because of the various conditions

present 1n each individual machine, will be

slightly in excess or slightly below the gen-
cral line voltage and each machine must
therefore be adjusted to allow for this. To a
limited extent this is also true of the solen-
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several machines, and that such machine

120

olds and other coils. In operation, there-

tore, 1t may be found that a particular ma-

| chine regulates better with the shunt wind-

ing directly across the line, while, on the con-
trary, another machine in the system may
work most efficiently with the shunt winding
of its solenoid across its own leads, without,

125

|-however, entailing any change in the direc- 13¢
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‘tion of the current ‘through the shunt_ﬁfind-
ing unless the reverse switch 1s thrown.
* The discharge resistance 68 is of the usual

type and is used for the usual purpose of pro-
tecting the field, ete. - -

It has already been stated, and may be
here repeated, that the air gap in the solen-

old must  be kept constant. But account.

must be taken of the fact that there is wear
between the bearing faces of the pulleys 29
and 30 and the bearing surfaces of the drive

wheel 2 and pulley 12. The result of this

wear is that these pulleys will be closer and

e

closer together as their bearing faces or the

fiber bearing faces wear away. Hence, the

air gap between the end of the solenoid arma-

ture 51 and the pole piece 53 is therefore 1n-
creased by the approach of the pulleys 29
and 30 toward each other. 'There 1s, of
course, a permissible latitude of varation of
the air gap, but in order that this varnation

may be kept within narrow himits the pawl-

and-ratchet adjusting device for the worm
gear controlling the link 50 1s provided, so
that as the pulleys 29 and 30 approach each

other because of wear, the shaft 46 is corre-

Sﬁondinglyrotated by the engagement with
t

-

effective distance between the lever.43 and

the solenoid armature 51 1s increased 1n due

proportion. The effect of this 1s that the air

agap between the solenoid armature and the
pole piece 53 is maintalned as nearly con-
stant as 1s found necessary for practical:pur-
poses. Ultimately, however, the worm gear
1s acted upon and the iriction surfaces wear

~ to such an extent that the pivotal point of

40

00

55

60

60

the link 50 with the worm wheel 44, which,
in starting, 1s vertically above the axis of
said wheel, will reach a point directly be-
neath the axis of sald wheel. When this
condition of affairs takes place it is necessary
to replace the wearing surfaces since the
limit of automatic adjustment has been

; reached.

It may be noted that the pulleys 29 and 30
are of such thickness as to enter between the
flange 4 and the ring 6 as the fiber 8 wears
away. . R

While not so shown in the drawing, 1t will
be understood thiat suitable means may be
ﬁrovided for adjusting the initial distance

43, so that the solenoid armature may be ad-
justed primarily to the most advantageous
position. It is desirable; also, that the worm
shaft should move stiffly in its bearings, and,
therefore, the bearing 47 at the end of thelever
43 may be split and a tightening screw 88’

may be used to regulate the amount of grip

the bearing may have upon the shaft.
We claim:— |

1. A regulator for dynamo electric -ma-
chines for maintaining & predetermined vol-
tage, comprising a means for varying the ap-

e ratchet wheel 48 of the pawl 49, and the

between the solenoid armature and the lever

plication of power to the dynamo rotor,
means responsive to different characteristics
of the current generated by the machine, ana
means for causing the effects of the different
characteristics of the' generated current to
act in the same sense or in opposition.

2. A regulator for dynamo electric ma-
chines for maintaining a predetermined vol-
tage, comprising means for varying the apph-
cation of power to the dynamo rotor, means
responsive to variations in voltage to vary
such application of power, means responsive
to the current delivered by the dynamo to
vary the application of power, and other
means for causing the effects of the voltage
variations and the effects of the current
variations to act in the same sense. or 1n
opposition. R
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3. A means for maintaining a predeter- -

mined voltage in an electric power circuit,
comprising & dynamo electric machine,
means for varying the application of power

85

to-the dynamo rotor, a solenoid having two

coils, one connected in series with the dynamo
and the other across the dynamo leads, con-
nections between the solenoid armature and
the drive element, and means for coupling up
the solenoid coils for action upon the arma-
ture either in the same sense or in opposition.
- 4. A means for maintaining & predeter-

mined voltage in an eiectric power circuit,

20

85

comprising 8 dynamo electric machine, means

for varying the application of power to the
dynamo rotor, a solencid having two cols,
one connected in series with one of the dy-
namo leads and the other across the dynamo
leads, connections between the solenoid

armature and the drive element, and a re-

versing switch in the circuit of one of the
coils for coupling it up for action upon the
solenoid armature either in the same sense as
the other coil or in opposition thereto.

5. A regulator for dynamo electric ma-
chines, comprising a drive element for said
machine, a solenoid having two coils, one
connected up in series with one of ‘the dy-
namo leads, & reversing switch i1n the circuit
of the other coil for connecting 1t up for ac-

tion on the solencid armature either in the

same sense as the series coil or 1n epposition
thereto, and connections between tEie solen-
oid armature and the drive element.

6. A regulator for dynamo electric ma-
chines, comprising a drive element for the
machine; a solenoid having a coil 1n series
with one of the dynamo leads; another coil

upon the solenoid connected across the dy-
namo leads; means for reversing’thé direction

of current through the last-named coil, and
connections between the armature and the
drive element. o R

7. A regulator for dynamo electric ma-

100
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chines, comprising a drive element for the -

machine; a solenoid having a coarse wire coil .
130

in series connection with one of the dynamo
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leads, and a fine wire coil; a reversing switch |

and connections for the fine wire coil across
the dynamo leads, and connections between
the armature and the drive element.

8. A regulator for dvnamo electric ma-
chines, comprising a drive element for the
machine; a solenoid comprising a coarse wire
coll In series with one of the dynamo leads,
and a fine wire coil connected across the dy-
namo leads; means for reversing the direction
of current through the fine wire coil; means
for connecting the fine wire coil in shunt to
the line, and connections between the arma-
ture and the drive element.

9. A regulator for dynamo electric ma-
chines, comprising a drive member, a driven
member, intermediate friction pulleys be-
tween the drive member and the ‘driven
member, means for causing the pulleys o
erip the drive and driven members, means
for moving the pulleys away from the drive
and driven members, a solenoid having a coil
in series with one of the dynamo leads and
another coil connected across the said dy-
namo leads, means for reversing the direction
of current through the second coil, an arma-
ture Tor the solenoid, and connections be-

tween said armature and the means for seg—
e

a{

e

arating the Intermediate pulleys from t
drive and driven members.

10.- A regulator for dynamo electric ma-
chines, comprising a drive member, a driven
member, mtermediate friction pulleys be-
tween the drive member and the driven mem-
ber, means for causing the pulleys to or1b the
drive and driven members, means for mMoving
vhe pulleys away from the drive and driven
members, a solenoid having s coil in series
with one of the dynamo leads and another
coll connected across said dynamo teads,
means for reversing the direction of current
through the second coil, means for coupling
the said second ceil in shunt connection to
the line, an armature for the solenoid, and
connections between said armature and the
means for separating the intermediate pul-
leys from the drive and driven members.

11. A vegulator for dynamo electric ma-

chmes comprising a prime friction drive ele-

ment; a driven element for the rotor of the
dynamo; intermediate friction pulleys be-
tween the drive and driven elements: means
for moving the intermediate pulleys in unison
toward or from the drive and driven elements ;
a solenoid controlled by the current or vol-
tage or both the current and voltage deliv-
ered by the dynamo, and a wear-compensat-
g means between the solenoid armature
and the friction drive responsive to increased

range of movement between the solenoid ar-

mature and the {riction drive to restore the
refation of movement between these paris fo
keep the air gap in said solenoid constant.

12, A regulator for dynamo electric ma-

chines, comprising a prime power element, a |

- 896,788

{riction transmission element between the
prime power element and the rotor of the
dynamo, a solenoid controlled by the current
or voltage or both.the current and voltage
generated by the dynamo, and a wear com-
pensating means between the solenoid arma-
ture and the friction drive rendered active
by the wearing away of the friction surfsces
to maintain the air gap in said solenoid
constant. | .
13. A regulator for dynamo electric ma-
chines, comprising a friction drive for the

current or voltage or both, means for moving
the friction drive into and out of active rela-
ton with the dynamo rotor, an armature for
the solenoid, connections between said arma-
ture and the means for controlling the fric-
tion drive, and a wear compensating means
for changing the relation of the armature con-
nection with the friction drive rendered ac-
tive by the wearing away of the friction sur-
Taces to take up such wear. _

14, A regulator for dynamo electric ma-
chines, comprising a friction drive for the
dynamo rotor, a solenoid controlled by the
current or voltage or both, means for moving
the friction drive into and out of active rela-
tion with the dynamo rotor, an armature for
the solenoid, connections between said arma-
ture and the means for controlling the frie-
tion drive, and a wear compensating means
for changing the relation of the armature
connection with the friction drive to com-
pensate Tor the wear of the friction surfaces,
consisting in & link conneected to the solen-
old, & lever for controiling the friction drive,
a rotatable eccentric connection between the
link and lever, a ratchet and connections for
rotating the eccentric carrying the link, and
& pawl for moving the ratchet to vary the
| Tellzz.‘ti‘ve length of the link with reference to
the lever as the said lever is moved by the
solenoid armature.

15. A regulator for dynamo electric ma-
chines, comprising a prime frictfon drive ele-
ment, a driven element for the rotor of the
dynamo, intermediate friction pulleys be-
tween the drive and driven elements, journal
supports for the friction ]rulleys,, perallel rods
upon which said journal supports are mov-
able to carry the pulleys to and from: the
iriction elements, springs upon the rods tend-
ing to force the journal supports in a direc-

elements, racls connected to the journal sup-
ports ef the iriction pulleys and located par-
‘allel to each other but spaced one from the
other, a pinion engaging both racks to move
them i opposite directions simultaneousiy,

- 8 lever connected to the pinion to rotate the

saime, a solenoid controlled by the current or
voliage or both of the dynamo, and an arma-
ture for the solenoid connected to the lever.

dynamo rotor, a solenoid controlled by the
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tion to cause the pulleys to grip the friction. 120
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16. A regulator for dynamo eleetric min- 130
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chines, comprising a friction drive element, a
driven element for the rotor of the dynamo,
mtermediate friction pulleys between the
drive and driven elements, journal supports

for said pulleys, rods upon which said journal

supports are movable, springs engaging said
Journal supports and carried by said rods,

heads to which the ends of the rods are con-
nected, another head movable on the rods

and engaging the springs acting on one of the
Journal supports, a solenoid responsive to the
current or voltage variations or both, and

“connections between the solenoid armature

&

-and the journal supports carrying the frie-
tion pulleys to vary the frictional er1p of the 15

pulleys with the drive and driven elements
in accordance with the demand upon the
dynamo. _ P

In testimony that we claim the foregoing

as our own, we have hereto affixed our signa- 20

tures 1n the presence of two witnesses.

WILLIAM C. MAYO.
| JOHN HOULEIIAN.
- Witnesses: o

W. A. Warnocex,
JOHN L. SPADER.
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