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To all whom it may concern:

Be 1t known that 1, Joserr Liouis RouTin,
engineer, a resident of 79 Rue St. Dominique,
Liyon, in the Republic of KFrance, have invent-
ed a new and useful Improvement Relating
to Klectromechanical Regulators, which im-

provement 1s fully set forth in the following

‘specification.

My invention relates generallV to the regu-
lation of translating devices, whether gener-
“ators or motors, but more esr)ecmlly to regu-
lators for dynamo machinery.

The object of my invention 1s to provide
means, either automatic or manual, for the
rewulatlon of dynamo machinery and the like
by varyving simultaneously the qupply of mo-

tive fluid or other power to the prime mover

and the resistance in one or more of the elec-
tric circuits supplied by the generator.

(Certaln mechanical expressions of the in- |
ventive idea involved are shown in the accom-

panying drawings, which are designed merely
as 1l]ustrations to assist in the description of
the invention and not as defining the limits
thereof

Figure 1 shows dlwmmmatlcally the regu-

B lating device for controlling the fuid to the

prime mover which operates the dynamo and
for controlling the circulation of the latter.
Fig. 2 shows a form of field-rheostat that I
employ with alternators when carrying a va-
riable induction-load. Figs. 3 and 4 show 1n
elevation and plan, respectively, an automatic
control device. Fig. 3* 1s a diagrammatic
illustration showing the electric connections

of the controlling device shown in Figs. 3 and

4, together with the connecting means be-
tween the controlling device and the prime
mover. Fig. 5 shows diagrammatically a
ratchet mechanism driven by the prime mover
or generator to be wused in connection with
the control device shown in Figs. 3 and 4.
Fig. 6 1s a developed view of the cylindrical
- contact utilized in the device shown 1n Fig. 5.

Referring to Fig. 1, R is a rheostat for the
field-winding of the dynamo (3, which 1s shunt-
wound. This rheostat comprises an insulat-
ing-base carrying the contacts 1, 2, 3, 4. |
to which are connected the respective resist-
ance-coils 71, 72, 73 ... 7o Sliding over the
contacts 1s a coOperative contact carrled by
the traveler ¢, which 1s worked back and forth
by means of the serew-threaded spindle « v,
the latter being turned by hand-wheel . The

“end # of the spindle is prolonged and carries

a pulley ¢ and 1s connected by suitable belt

_ture.

or chain to a valve for controlling the intake

ot the prime mover which operates the d ynamo

Gr and 1s shown in Fig. 1 as on the axis #' ¢/
of the latter. K is the eld, and 1 the arma-
To operate this form Qf regulator, the
hand-wheel » i1s turned, whereby the influx
of steam or water or the angle of intake of
the latter may be altered to compensate for
variations in the load being carried. At the
same time the turning of the hand-wheel and
1ts spindle results in moving the traveler e.
The Individual resistances are adjusted so as

to vary the current passing through the field,
and thus control the excitation of the electnc
generator. It 1s quite possible by this sim-
ple means to compensate pertectlv as well as
very rapidly, even by hand, for it is apparent
that for each position of the valve controlling
the steam or other fluid to the prime mover
there is a corresponding position of the trav-
eler ¢, and by varying the individual resist-
ances the attendant may follow the variations
indicated by his voltmeter by a simple turn of
the hand, compensating by altering the field
strength ‘and the power exerted bv the prlme |
mover ‘simultaneously.

The degrees tor the opening of the intake-
valve of the engine or prime mover, which
correspond to the different loads at con-
stant speed and the values of the resistances
P1y P2y o . Pn_iy ATE experimentally determined
in the calibration of the controller.

While the apparatus indicated in Fig. 1 is
quite satisfactory for direct-current systems |
it does not answer perfectly for those in which
alternating currents are employed, owing to
the tollowmw reasons: Incentral stations the
character of the load naturally varies from
time to time, the principal characteristic dif-
ference being observable between a day load
and a night load. The night load of any sta-

tion- 1s usually entirely composed of lamps

whose resistance 1s non-inductive, while the
day load 1s commonly made up of electromag-
netic apparatus, such as motors, whose resist-
ance 1s of course inductive and whose coun-
ter electromotive force must be taken into ac-
count 1n the regulation. Given the same
speed and other conditions at central, there
would therefore be a greater drop in poten-
tial due to the day load than the night load.

Ordinarily in regulating both engine and
dynamo output we assume but one position of
the rheostat-switch arm for each position of
the throttle or intake-valve; but this only
holds where the load is constant in character, -
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and 1t is therefore necessary to provide com-

pensating means whereby for the same ad-
Justment of -the intake or throttle the field-
strength adjustment may be altered. In Fig.
2 an apparatus 1s shown which accomplishes
this end. Here the insulating-base carrying
thecontacts1 23 ... nisinthe form of a strip,
pivoted at o and provided with a handle .,
which 1s associated with a pointer adapted to
move over a graduated arc when the pivoted
‘arm is turned. « v is a spindle provided at
one extremity with a hand-wheel 2 for im-
parting rotation and- at the other with adjust-
able means, such as a nut and link 5, connected
to a valve 6 in the intake 7 of a prime mover.,
such as a turbine 8, which latter actuates the
alternator 9 and itsexciter 10. Fisthe field-
winding of the alternator and is in the circuit
of the exciter. Carried upon the traveler ¢
1s an elongated contact spring or brush #
which passes over the contacts 1 2 3, &e., and
throws in and out of the exciting field F the
resistances 7 7°, &c., in whatever angular po-
sitlon they may be placed. 1t is to be noted.
however, that if the contact-strip be assumed
to occupy a horizontal position the conditions
of operation and the relative changes in field
strength and 1n power will be the same as in
Fig. 1.  As the handle m is moved up, how-
ever, carrying the strip around on its pivot

0, the greater the change in resistance of the

held-circuit for each revolution of the spin-
dle will become until as the strip reaches a
vertical position the entire resistance would
be cut in and out by a movement through the
unit cistance of one contact. By placing the
pivoted strip in variousintermediate positions
between horizontal and vertical it is apparent
that different field strengths may be deter-
mined for each unit movement in regulatinge
the steam or water admission. Thus with the
same power the drop in potential. due to the

character of the load carried, may be compen-

sated simply by adjusting the handle 7 and
1ts strip of contacts.
ated to read directly in any units desired.
The resistance-coils 7', &c., may of course be
stationary and connected with the contacts 1
2 3 through a flexible conductor or they may
be carried on the strip.

- Figs. 3, 3%, and 4 show what I call my ‘‘au-
tomatic” controller. This is a device which
may be adjusted to respond to the slightest
variation in the circuit due to variations in
load or in power, its own resulting variations
being in the ratio of the third power. This
controller may be used with either direet or
alternating current; but, as will appear here-
inatfter, 1ts principal uses are with alternating
currents. 1 will first describe it for use with
direct carrents. Upon a suitable base 11 are
mounted standards S, in which is journaled a
shaft carrying the armature I, rotated by a
belt and pulley p ', taking its power from
the prime mover.

‘mover—such, for example, as a turbine.
The arc may be gradu-

the upper contact-screw 7.

J 1s the field - magnet, .

which 1s supported in U-shaped members ¢,
bolted to the field-magnet at ¢ and provided
with pivot-screws ¢”, which take into the ends
of the armature-shatt and enable the feld-
magnets to oscillate symmetrically about the
armature. lxtending in opposite directions
from the field-magnets are the lever-arms 1
I/. The former arm carries a balancing-
weight P, while the latter has its extremity
Interposed between two adjustable screws »
7' on asuitable support. 12 and 13 are elec-
tromagnets, one terminal of each connected
with screws 2 7/, while the others are con-
nected to a terminal of the battery 14, which
latter has its other terminal connected to the
arm L. 15 1s a pivotally-supported arma-
ture between the two magnets and normally
held in an intermediate position by springs
16 and 17. 15" is an arm connecting with a
valve-stem, to be described below. 18 desio-
nates the field-winding with its terminals at
19 and 20. The armature- windings I are
shown short-circuited. The outer end of the
arm L/ 1s shown bent up to accommodate a
spring P', which is connected by an adjustable
thumb-nut 22, rack 23, pinion 24, and sector
25 to arod 26, which isactuated by the move-
ment of the valve-stem of the prime mover.
This auxiliary device serves as the means for
effecting the adjustment and for controlling
the apparatus. For adjusting it is only nec-
essary to operate the screw-nut 22, and the
subsidiary connection causes the effort to be
transmitted through the spring P and so
l[imit the action of the apparatus, thereby in-
suring an automatic regulation with instan-
taneous effect. |

In Fig. 3% the controller of Fig. 3 isshown
connectecd up with the prime mover, the rheo-
stat of the dynamo, and the intake-valve of
the prime mover. The pulley »” on the ar-
mature-shaft of the controller receives mo-
tion from a pulley 33 on the shatt of a prime
The
terminals 19 20 of the field of the controller
are connected across the terminals of the dyv-
namo (x. The sector 25 is connected by rod
26 with thesliding contact ¢, which is carried
by the valve-stem 34 of the intake-valve 35 of
the turbine. 386 is an auxiliary hydraulic mo-
fecting the opening and closing of the

tor fore
intake to the turbine and throwing in or out
of the resistances of the rheostat R. 37 is a
pipe for supplying the hydraulic motor with
fluid. 38 is a valve for controlling the supply
and has 1ts valve-stem 39 connected with the
end of armature-lever 15 by connection 15*
The operation of this form of controller is as
follows: Assume the armature I of the con-
troller increases its speed for anyv cause and
that the rotationis right-handed, Fig. 3*. The
feld-magnet J will tend to follow the arma-
tureand bring the lever-arm L in contact with
The lower elec-

tromagnet 1s energized, causing armature 135
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to be pulled down.
connections, lifts valve 388, causing the hy-
draulic motor to partly close the intake-valve
of the turbine and throw resistance into the
field ¥ of the dynamo G. The movement of
the sliding contact ¢ to the right rotates the
sector 25 upward and pulls the rack 23 down,
thereby drawing the spring P’ and arm Lidown

and breaking the circuit of the magnet 13,

whereupon the arm 15 returns to its middle

~position and returns the valves in 33 to their
original position. -

In the form of controller above described a.

magnetic field is thus created across the ar-
mature I, and the speed @ of the armature I,
and the resistance R and self-induction L of
the controller-circuits are SO adjusted as to sat-
1sty the condition - |

R

) & —

<L-

Under these conditions the moment of the

couple developed increases with the speed of

the armature, and by proper design this in-
crease may be made regular. Furthermore
the turning force or the moment of the COUpIe
developed is proportional to the square of the
Aux produced by the field-magnet, which itself,
with constant excitation, is propmtlonal to

the speed, provided care is taken that the iron
(A condition which it isal-

1S not saturated.

ways possible to realize.) It thus becomes
apparent that the moment of the couple tend-

Ing to turn the field upon its axisat any given
instant 1s proportionate to the cube of the:

speed, and therefore any changesin speed will
produce variations of the couple proportlonal

to the cubes of the original variations. It
need hardly be said that such an apparatusis

It will be

sensitive in the highest degree.
noted that where ’rhe electrlc generator which

1s to be regulated and which Supphes the field

of the contmller has a certain armature re-
‘action the controller will come into operation
1nstantly in response to variations in the elec-
tric potential betore the engine fly-wheel has
permitted any variation in speed. This is a
highly-important result, being in strong con-
trast with the results produced by mechamcal
governors or electrical apparatus, which re-

quires an actual increase in speed before any -

change takes place.

controlied electmmac netlcally in some cases |
contemplate the use of mechanismdriven from
the shattof the prime mover or of the genera-
tor. In such a case it is possible to promde
successive steps in the regulation as produced
by the movements of lahe lever-arm L of the
,controller Such a device is shown in Fig. 5

R’ 1s a ratchet-wheel broken away atone por-
tion to show a second ratchet-wheel R” hav-
ing teeth directed oppositely to those of the
hst 24" is a wear-—wheel fast on shaft 29, as

| The rod 15"';., through its -

_cuits with battery 32'.

‘hub of the lever-arm 28.

are wheels R’ R®. 28 is an arm loosely jour-
naled on a hub onshaft 29. On the outer end
of the arm 28 are electromagnets 40, whose -
armatures 30 30’ control the position of the
pawls 27 27, which normally occupy the po-
sition shown The pawl-carrying lever-arm
1s adapted to be oscillated by the reciprocation
of a member 31 connected to engine-shaft 32.
The magnets 40 are included in electric cir-
. In order to procure
this electric circuit, as required for the pur-
pose of rec'ulatlon l prov ide three spring-
pressed plunﬂ'els n' n° n’ on one side of arm
L and a similar set on the opposite side. The
lower set will here be described, the upper set
being in all respects similar. The heads of
the plungers lie in different planes, each be-
1ng connected to an individual contact-brush
g g° g°, resting on a contact-strip ¢* on the
These brushes are
arranged in sequence around the periphery of
the hub, as shown. The positions of the
brushes are indicated in Fig. 6, which is a de-
veloped view of the strip ¢*. It will be ob-
served in Fig. 6 that the contact-strip ¢* has

| its end at a determmate dlstanc(, from the

point of contact of the brush ¢°, a fixed mtel-
val then separating this from the b1 ush ¢*, and
a further interval from the last point of con-
tact of spring g'.  While the lever-arm L of
the regulator is in an mtel mediate position
between the plungers ' »°7° the arm 28 merely
oscillates on 1its support, Fespondmﬁ' to the
movements of member 31. When the arm L.
depresses one -of the plungers—»°, for exam-

| ple—the circuit through the left- hand magnet

is closed. The armature 30 is drawn to the
right, depressing pawl 27, rotating ratchet-

wheel R' and gear 24’ to the ,right, and fore-

ing rack 23" downward. If the controller-
arm L moves far enough to reach plunger »”
the circuitisclosed through the second brush ¢
on the hub, and ther‘efore the stroke is lono'er
by that much Slmllamy, it the circuit is
closed through ' the length of stroke will be

a maximum. An upward vibration of arm L.
will cause a reverse movement of the rack 23’.
The rack 23" operates the intake-valve of the .

prime mover and the movable contact of the
rheostat, and thereby actuates the electro-

,mecha,nlca,l regulating mechanism prevlouslv

| described.
Instead of having the regulating app]mnce |

The controller illustrated in Figs. 3 and 4
is particularly adapted for use in alternatmcﬁ%
current systems. It will be observed that 1
do not limit myself to any particular method
of arranging the pole-pieces or windings of
the controller. This piece of mechanism is

| really a wotor and may be treated as such, its

effects being produced by measuring dwectlv
the moment of the couple tending to turn the
field.

I have premou sly stated that when the %peed

@, the resistance R, and the self-induction A
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of the armature are arranged in such a man-

ner that the condition @{B

L
couple C increases with the speed and that for
a given speed of the system under considera-
tion the construction may be such as to cause
this increase to follow a linear path. This
demonstration may be summed up as follows:
By taking @, as the maximum flux traversing
a movable frame when the latter is perpen-
cicular to the lines ot force the effective elec-
tromotive force developed at the angular
speed @ is

1s satisfied, the

D
V9

and the effective current

T'o find the mean power P required to turn
.the frame. This power is entirely recovered
In heat.

B

o (R* F o A%

The couple C is connected to the power P by
the formula

Thus giving P = R

P=C o,

trom which 1s deducted

c— R&w
2 (R*4 @ Ay

Taking the derivative of the above formula, it
follows that

dC PR R*'— & \?

@ G 2 (R*4+ & }Lﬂ)m
and as &9<E’
A

the derivative, is positive, the couple starts in
increasing. The derivative is annulled, for
at this moment the couple passed through a
maximum, then the derivative becomes nega-
tive, the couple diminishes again to fall to-
ward O, when the speed increases indefinitely.
It will be seen that by being in the position

of C@<~?’- 1t 18 possible within certain limits

~around the speed of the system to replace
without error the curve by its tangent and
obtain proportionality of the couple to the
speed. |

Having thus described my invention, what
I claim, and desire to secure by Letters Pat-
ent, 15—

1. In a system of power generation and
transmission, a prime mover, a generator,
drive connections between them, a reculator
for the prime mover, a regulator for the gen-
erator, means to compound forces due to the
prime mover and to the generator to produce

796,606

a resultant force, and means whereby said re-
sultant force, as it is varied by the variations
in load on the system, will actuate the recula-
tors to compensate for said variations, sub-
stantially as deseribed.

2. In a system of power generation and
transmission, a prime mover, a generator,
drive connections between them, a regulator
for the prime mover, a regulator for the gen-
erator, means to compound the forces due to
the prime mover and to the generator respec-
tively to produce a resultant forece, and means
whereby variations in sald resultant force due
to variations in either or both of its compo-
nents, will actuate the regulators conjointly
and symmetrically to compensate for said va-
riations, substantially as described.

3. In a system of power generation and
transmission, a prime mover, a generator aux-
1hary to and driven by the prime mover, and
a regulating system comprising the tollowing
instrumentalities: a regulator adapted to pro-
duce changesin the power delivered for trans-
mission, a mechanism adapted to receive and
compound forces derived from the driving
and from the driven sides of the power sys-
tem, respectively, to produce a resultant force.
a movable member of the mechanism acted

‘upon by said resultant force, with means to

malntain the same normally in equilibrium,
and a connection between said movable mem-
ber and the said regulator whereby changes
In the resultant force due to changes in either
or both of its components will produce a com-
pensating action of the regulator, substan-
tially as described.

4. In a system of power generation and
transmission, a prime mover, a generator aux-
liary to and driven by the prime mover, and
a regulating system comprising the following
Instrumentalities: a regulator adapted to pro-
cdluce changes in the power delivered for trans-
mission, a mechanism adapted to receive and
compound forces derived from the driving
anct from the driven sides of the power sys-
tem, respectively, to produce a resultant force,
a movable member of the mechanism acted
upon by said resultant force, with means to
malintain the same normally in equilibrium,
and a connection between said movable mem-
ber and the said regulator, together with means
to adjust the balancing force acting on the
movable member to maintain the sensitiveness
of the same after an increase or decrease in
power or speed shall have been produced by
the action of the regulator, substantially as
described. |

o. In a system of power generation and

transmission, a prime mover, a generator,

regulating mechanism therefor, and a control-
ler for said regulating mechanism comprising
the following instrumentalities: an electric
motor having armature and field members,
one member deriving current from the cir-
cuit of the generator, the other member in-
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cluded in a closed or local circuit, a lever-arm
carried by one member, 4 balancing spring or
welght adjusted to sald lever-arm to normally
maintain the same in equilibrium against the
torque of the motor, and a connection from
the lever-arm to the regulating mechanism,
substantially as described. -

6. In a system. of power generation and
transmission, aprime mover, a generator, reg-
ulating mechanism therefor, and a controller
for said regulating mechanism comprising the
following mstrumentalltles an electric mo-
tor havme armature and field members, one
member derwmﬂ* current from the circuit of
the generator, the other member included in
a closed or local circult, a lever-arm carried
by one member, a balancing spring or weight
adjusted to said lever-arm to normally main-
tain the same in equilibrium against the torque
of the motor, power-controlling mechanism
for the regulating mechanism driven from
the prime mover, a cluteh connection control-
ling the drive, and means connected with the
lever-arm of the motor to control the clutch,
substantially as described.

7. In a system of power generation and
transmission, a prime mover, a generator, reg-
ulating mechanism theretfor, and a controller
for said regulating mechanism comprising the
following instrumentalities: an electric mo-
tor having armature and field members, one
member deriving current from the circuit of
the generator, the other member included 1n
a closed.or local circuit, a lever-arm carried
by one member, a balancing spring or weight
~adjusted to said lever-arm to normally main-
tain the same in equilibrium against the torque

of the motor, controlling mechanism for the

regulating mechanism, a power-drive there-
for, a clutch connection between the two hav-

ing a variable stroke, with means under the

control of the lever-arm of the motor to de-
termine the particular length of stroke and

the consequent movement of the regulator 1n
accordance with the degree of movement of
the lever-arm and hence the degree of varia-
tion in the power or the loa,d substantmlly as
described. _

3. In a system of power 0‘6]2161‘3,13101?1 and
transmission, a regulator, and a controller
therefor comprising the following instrumen-
talities: a base, standards supported upon the
base, journal- beermcrs in said standards, a
motor having its ermeture-ehaft Jeuma,led in
said bearings, a field structure also supported
upon said bea,rmcfs and normally balanced
thereon, a pair of oppo.eltely extending lever-

“arms carried by one member of the motor, a

counterbalance-weight on one of said arms,
and a balancing-spring connected to the other,
with means to adjust the latter, operative con-
nections from one of the arms to the regula-
tor, and means to drive a second member of
the motor, substantially as described.

9. In a device for simultaneously regulat-
Ing prime movers and current-generators at
central stations, the combination of a prime
mover, a current-generator driven thereby
supplving current to a working circuit, an
exciter-circult for sald generator, means for
oradually and progressively regulating the
resistances in said exciter-circuit, means for
oradually and progressively regulating the
driving power of said prime mover, and means
for simultaneously actuating both the regu-

Jlating means of the prime mover and of the cur-

rent-generator, whereby mechanical and elec-
trical regulation can be simultaneously effect- -
ed at a smcrle operation.

In testimony whereof I have Sw‘ned this
spemﬁcatwn in the presence of two “subscrib-
ing withesses.

JOSEPH LOUIS ROUTIN
" Witnesses:
Traos. N. BRowNE,
MARIN VACHORN.
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