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UNITED STATES PATENT OFFICE.

JAMES A. LIGHTHIPE, OF SAN FRANCISCO, CALIFORNIA, ASSIGNOR TO THE
GENERAL ELECTRIC COMPANY, A CORPORATION OF NEW YORK.

GOVERNOR.

SPECIFICATION forming vart of Letters Patent No. 713,463, dated November 11, 1802,
‘Application filed August 26,1898, Serial No. 689,550, (No model.) |

To all whom Tt may concermn:

Be 1t known that I, JAMES A. LIGHTHIPE, a
citizen of the United States, residing at San
Francisco, in the county of San Francisco and

5 State of California, haveinvented certainnew
and useful Improvements in (Governors, of
which the following is a specification.

My invention relates to governors of prime

movers of any type, and is especially adapted |

10 for use with devices driving dynamo-electric
machines. I have illustrated it in the draw-
ings hereto attached as applied to the gov-
ernment of a water-wheel direct-connected to
a dynamo-electric machine, for which pur-

15 pose it is particularly fitted.

The ordinary governor consists of a cen-
trifugal device and means for varying the
speed of the prime mover in accordance with
the position of some part of the centrifugal

20 device, and thusinaccordance with thespeed.
Such an apparatus necessarily causes the
prime mover to run more slowly at full load
than at no load, since the different positions
of the valves or other controlling device must

25 necessarily correspond to different positions
of the centrifugal devices. Such a governor
i1s further responsive to changes of speed and
does not act until after the change of speed
has taken place, which tends to cause imper-

30 fect regulation and ‘“‘hunting.” | |

One featureof myinvention consistsin coms-
bining with such a governor a device 80 ar-
ranged that a change of load has the same ef-
feet upon the governor as a change of speed.

35 In the particular application shown a ball-
governor serves to control the admission of

water to a water-wheel driving a dynamo-

electric machine, and in carrying out this
feature of my invention I have provided
40 means whereby an increase 1n the current
taken from the dynamo-electric machine will
cause an ingcrease in the amount of water sup-
plied to the water-wheel indepeundent of the
effect of speed on the ball-governor. In this
45 way I am able to cause the speed of the wa-
ter-wheel to remain constant at all loads or,
if desirable, to be increased as the load comes
on, which has the effect of compounding the

dynamo-electric machine, so that a shunt-

5o wound machine may be used to take the place
of a compound wound machine either for

i

| straight compounding or for overcompound-

ing. .

Another feature of mny invention resides in
a device for preventing hunting, so arranged
that the adjustment of the valve 1s automat-
ically stopped before the machine has fully re-
sponded to the change.

My invention further comprisesan arrange-
ment for supplying carrent to a motor-con-
trolling device which, though here shown in
connection with a motor controlling a water-
wheel, is applicable in various relations.

I further provide an automatic arrange-
ment for preventing an excessive travel of the

valve or other regulating device and various .

other improvements to be hereinafter more
particularly desceribed and claimed.

In the accompanying drawings, which show
an embodiment of my invention, Figures 1
and 2 are side elevations. Fig. 318 an end
elevation, partly in section. Fig. 4 18 a de-
tail end elevation, showing the friction-brake.
Fig. 5 is a plan of the device. FI'igs. 6,7, and
S are enlarged views showing the apparatus
for preventing hunting, and Kig. 9 1s a dia-
ogram of the circuits,

Referring more particularly to Fig. 9, Z 13
a water-wheel, shown direct-connected to a

direct-current generator 7', which feeds

translating devices, such as lamps Z°. Z°is
a valve controlling the speed of the water-
wheel. This valve is opened and closed by
links T, which are reciprocated by the action
of a screw S upon the block or cross-head nut
N. Thisscrew is rotated by an electric motor
M, asisshownmoreindetailin Figs. 1,2and 5.
The field-magnets M’ of this motor are ex-
cited in series with its armature M? by cur-
rent taken from any suitable source of elec-
tricity—as, for example, from the lines, as
shown.

DS is a direction - switch or reversing-
switeh for determining the direction of mo-
tion of the motor M. The structure of this
switch is shown best in Figs. 2 and 5, while
its electrical connections may be easily un-
derstood by reference to Fig. 9. It will be
seen that there are four stationary contacts
a a' a® a®, which are held rigidly in place upon
a fixed member of the apparatus. The

switch-lever carries two armatures 7 7' and a
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flexible strip f, supporting the contact-points I until the lever L drops sufficiently to allow

e e. A spring: tends to hold the contacts
in the intermediate position shown in Fig. 2.
Electromagnets [ I' are arranged to act upon
the armatures 7 7 to forece the points to make
contact either with the points a’ a® or with
the points a a®. It will thus be seen that
whennocuarrent flowsin eitherof the magnets
[l' the motor M remains stationary:; but when
current does flow in either one of the mag-
nets the switch DS is caused to close the
circult of the motor, so that it will run in one
direction or the other, according to which one
of the magnets [ /' is energized. Tt is evi-
dent that these magnets may be excited from

.any suitable source of current; but I prefer

to excite them from a storage battery or po-
larized cell SB, connnected in multiple with
the mains in series with the resistance LR,

which may be composed of a bank of lamps.

The result of this arrangement is that the

battery is kept continually charged and is
~at all times ready to supply current at low
The terminal

potential to the magnets [ /.
3 of the battery is connected to the lever L,
while the terminal 4 is connected to both of
the magnet-coils [ /', which in turn are con-
nected, respectively, to the contacts A A’

through the safety-switch P, which will be

hereinafter more fully desecribed.

The lever L (shown more fullyin Fig. 1) is"

nivoted at the point F and is provided with
a contact-strip K, supported from the free
end of the lever by a spring 4. A link L' con-
nects the lever with the ball-governor G,
which is driven by means of the pulley at a
speed corresponding to the speed of the gov-
erned mechanism. The details of construc-
tion of the governor will be evident from in-
spection and are such as to cause the free end
of the lever L. to rise when the speed is too

low and to fall when the speed becomes too

high. An adjustable weight z is fastened to
the lever in such a way as to normally bal-
ance it at the proper point. |

It will be seen in Fig. 9 that when the speed

‘becomes too slow the free end of the lever I,*

- rises and carries up the contact-strip K, so

5O

53
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that current flows from the terminal 3 of the
storage battery to the lever L, strip K, con-
tact A, thence through the contacts g » of the
safety-switeh P, through the magnet [, and
back to the storage battery at 4. This ener-
gizes the magnet [ and draws the arm £ of the
direction -switch to the right, so that the
points o' and e' and a® and e, respectively,
come 1n contact with each other. Current
now flows from the mains at 5 to the contact

e, contact a? through the commutator on

the armature M=, to the contact a’, contact ¢’,
through the brake-retracting coil s, whose
function will be more fully deseribed herein-
after, through the field-magnets M’, and back
to line at 6.
runs and drives the serew S in such a direc-
tion as to cause the links T to open the valve

Z®. 'The speed of the prime mover then rises ! necessary that when any change of speed oc-

T'he motor now starts up and

the strip K to leave the contact A. If, how-
ever, the machines are run too fast, the mag-
net /' will be energized, the arm f will be
pulled to the left, and the circuit through
the motor M will be closed in such a way that
1t will run in the opposite direction. -

When no regulation is required, the spring
1, Fig. 2, holds the spring-points e ¢ in the
central or off position, so that the circuit of
the motor is interrupted. In this condifion
the motor is prevented from rotating by a
friction-brake. (Shown in the endelevation,
Fig. 3, and also shown more in detail in the
section, Fig. 4.)

C is a drum attached to the shaft of the
motor, on which bears a friction-brake com-
posed of two arms 7 ¢, which are pivoted at
uuw'. These arms are drawn together by the
adjustable spring ¥ when no current flows in
the motor-circuit; but when current flows
through the motor it also flows through the
coil s, which serves to energize the core s’ and
attract the armatures v 2, so as to retract
the arms ¢ { from the drum C. It will be

seen that the action of this brake will be to
immediately stop the motor when the valve

i1s brought to the regulating position and also
to hold it stopped when no regulation is

75
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needed, though it does not in any way inter-

fere with the action of the regulator.

The safety-switch P is designed to prevent
the motor M from driving the valve beyond
the extreme limit of its travel in either di-
rection when any abnormal condition arises—
as, for example, when the machine Z' is shat
down and the lever L should remain in con-
tact with A. The construction of this switch
1s shown in Fig. 1. It will be seen that the

I00O

105

cross-head or nut N carries an extension m,

provided with two roller projections m’ m?.

‘These projections act upon the switches ¢ ¢',

which consist of irregularly-shaped pieces,
as shown, held in the position shown by a
spring n, which spring is ‘‘overset,” so that
it tends to maintain the switch in whichever
one of 1ts extreme positions it may then be.
Suappose, for example, that the water-wheel
is shut down by means of an external valve,
as shown. The cross-head N evidently trav-
els to the right in Fig. 1 under the action of
the governor until finally the roller m' reaches
and throws over the switch g. Referring to
Fig. 9, it will be seen that this action will
tend to cause current to flow from ¢ to p in-

stead of from ¢ to 7, so that the magnet / will

be deénergized and the magnet [’ will be en-
ergized. This will reverse the motor M,
which will cause the cross-head N to stop and
todraw back toward the right until the switeh
g 1s placed in a position intermediate the two
contacts p and ». Extreme travel in the

other direction is prevented by the switch

q', which acts in the same way as does the
switch q. - |
1o prevent the governor from racing, it is
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curs which tends to open or close the valve
this action be stopped just before the water-
wheel or other prime mover has fully re-
sponded to the movement; otherwise the wa-
ter-wheel would come to the desired speed,
with the motor M’ still in motion and still
tending to move the valve, This would
cause excessive correction, which would cause
the governor to act in the other direction,
and racing or hunting would occur. To pre-
vent this action, I provide a means whereby
the contact between the lever K and the con-
tacts A A’ is broken before the valve has
completely responded to the governor. In
other words, I provide an arrangement such
that the very action which results from the
closing of a contact tends to open that con-
tact. | |

Referring to Figs. 1, 6, 7, and 8§, it will be
seen that the contacts A A" are mounted on
a frame E’, which reciprocates on the stand-
ard E, being attached thereto by bolts E?, ex-
tending through slots in the frame. 'This
frame is drawn downward by a spring D and
is forced npward by a device W, which con-
sists of a horizontal arm 2 and an inclined
arm w’, whose angle of inclination is adjusted

‘through the screw O and the milled heads O’

O'. The frame E' carries the roller J? and
it will be obvious that a lateral reciprocating
motion of the arm 0 (a right and left move-
ment, Fig. 6) will cause a vertical recipro-
cating motion of the plate E'.

Referring now to Fig. 1, it will be seen that
the cross-head nut N has pivoted to it a link
V', which in turn is pivoted toan arm Y, p1v-
oted at Y', and an arm Vis pivoted at one end
to the arm Y. The arm V is pivoted at its
other end to the arm w of the device W. This
apparatus constitutes meanstfor reducing mo-

tion, such that any motion of the cross-head |

N will be accompanied by a corresponding
motion of the arm 2w, though on a reduced
scale. Suppose now that the lever L, Fig. 9,
rises, so that the stop K makes contact with
the contact A. This action will cause the
cross-head nut N to move to the right in Iig.
1, which will eause the arm w to move tothe
richt and raise the contact A away from the
strip I&. If this action takes place too soomn,
a further rise of the lever L will cause a fur-
ther travel of the motor, valve, and contact
A. In this way the action of the governor is
made more gradual and hunting is prevented.

The device, as thus far described, 18 re-
sponsive alone to speed in the prime mover;
but I provide a solenoid H, (shown in Figs. 1,
2, 3, 5, and 9,) so arranged that an increase
of current in the main cireuit,which of course
corresponds toincreased load upon the prime
mover, will have the same tendency as de-
crease of speed—namely, a tendency to raise
thelever L. _
taneous and takes place irrespective of and
before any change in speed of the prime
mover. Correspondingly, any decreasein the

This action is practically instan- |

|

3

partially close the valve of the prime mover,
and thus anticipate the regulation which will
normally be caused by the increased speed re-
sulting from the decreased load. It will be
readily seen thatas the load suddenly changes
the governor and the solenoid codperate or op-
pose each other, as the case may be. Thus
upon a sudden increase in load the solenoid

causes an upward pull on the lever L in op-

position to the centrifugal action of the gov-
ernor, while a directly contrary eifect is pro-
duced upon a sudden decrease in load, In
which latter case the solenoid decreases its
pull upon the lever L, which with its attached
weight moves in the same direction as would
be produced by the centrifugal action of the
oOvVernor. -

It will be seen at once that the various reg-
ulating devices and safety devices, such as
the safety-switch P and the antihunting de-
vice W, operate as well in response to the so-
lenoid H as they do in résponse to the gov-
ernor &. I have thus provided a governor
which is responsive both to changes of speed
and changes of load and which, therefore, 18
capable of maintaining constant speed over
all loads or of maintaining slightly-increased
speed at full loads, if preferred. Further, it
is positive and satisfactoryin its action, does
not hunt, and is provided with ali necessary
safety deviees. It will be evident that the
form and structure may be varied without de-
parting from the spirit of my invention.

My improved governor is useful not only
for use in connection with water-wheels, but
also with anv kind of prime mover and in
some respects whether or notthe prime mover
is driving an electric generator. It is also
obvious that the principle is applicable to the
regulation of an electric motor driving a load
as well as to the regulation of a prime mover
driving an electric generator. Certain fea-
tures of my invention are useful in electrical
distributing systems. generally, as well as 1n
other branches of the electrical art and in
other arts, and I therefore do not limit my
invention or any part thereof to any specific
application or use. | |

What I elaiin as new, and desire to secure
by Letters Patent of the United States, 18—

1. The combination with an electric gener-
ator, of an electric motor operated from the
mains from the generator to control the ap-
plication of power to the latter, an electro-

70
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magnetically-operated reversing-switch for

the motor, a storage battery connected to the
mains and adapted to actuate said switch-
magnet, and a governor for the generator
which controls the operation of the reversing-
switch. |

2. The combination with an electric gener-
ator, of means for controlling the application
of power thereto, electromagnetically - oper-
ated controlling means for the same, and a
switch controlled by the speed and load of
the generator for controlling said electro-

current in the circuit will drop the arm L and { magnetic means.

125
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3. The combination with a machine, of a | trifugal governor and to the core of a solen-
governor therefor, an electric motor for con-

trolling the application of power to the ma-
chine, an electromagnetically-operated con-
troller for the motor, movable terminals for
the circuits of the electromagnets, a switch-
lever coOperating with said terminals which is
operated by the governor, and meansoperated

by the motor for moving said terminals away

from the switch -lever before the machine
has been too greatly affected by the motor.

4. The combination with the mains of an
electrical circuit of an eleetric motor driven
from said mains, a storage battery in series
with a resistance shunted across the mains,
and an electrically-actuated controlling de-
vice for the motor shunted around the storage
battery. |

5. The combination of a motive device, a
means for regulating the application of power
to said device, an electrical switch for con-
trolling said means, and a device for actuat-
ing said switch, which is controlled by the
speed of and by the load on said motive de-
vice and by said regulating means.

6. A regulator for prime movers, compris-
ing a speed-responsive device, such as a cen-
trifugal governor, a motoroperating the valve
orotherregulating means of the prime mover,
a source of power for the motor, movable con-
tacts engaged by the speed-responsive device
and controlling the motor, and a device for
shifting the contacts. | |

7. A regulator for a machine, which com-
prises an electric motor, a source of power
therefor, a device responsive to the varying
conditions of the machine, and an electro-
magnetically - operated reversing-switch for
the motor, said switch being controlled by the
responsive device. | -

8. A regulator for prime movers driving
dynamo-electric machines, comprising a mo-
tor for operating the valve, a source of power

for the motor, contacts and connections by

which the power is applied to drive the motor
in one direction or the other, a coil in the
main circuit and a centrifugal governor both
operating the contact-maker controlling the
motor; whereby the motor is caused to run
in one direction by an increase of load or a
drop of speed in the prime mover, and in the
other direction by a decrease of load or a rise
in speed.

J. The combinationinaregulator for prime
movers driving dynamo-electric machinery,
ot controlling means for the engine, a motor
for regulating the controlling means, a source
of power for the motor, contacts controlling
the application of the power to the motor to
drive it in either direction, a solenoid in the
main eireuit connected to the contact-maker,
and a device for shifting the contacts.

10. A regulator for a prime mover driving
a dynawmo, comprising a motor for operating
the valve of the prime mover, a source of
power for the motor, a pair of contacts, and

a contact-maker, the latter geared to a cen- |

713,463

oid in the main cireuit, with an adjustable
relaying device for the contacts.

11. The combination with an electric ma-
chine, of means for regulating the application
of power thereto, an electric switch for said
meaus adapted to be actuated by variations
in the speed and load of said machine, and
by said regulating means. |

12. The combination with a machine, of a
governor theretfor, means for controlling the
application of power to the machine, electro-
magnetically-operated means for controlling
sald means, movable contact-terminals for
the circuits of said electromagnetic means, a
switch codperating with said terminals and
controlled by the governor, and means con-
trolled by the power-controlling means for
moving sald contacts away from the switeh
hetore the condition of the machine has been
too greatly affected by the power-controlling
means. | | | ~

13. In a regulating apparatus for a motive
device, the combination with an electric mo-
tor for regulating the application of power
to the apparatus, of a normally acting brake
for the motor, electromagnetically - actuated
means for releasing the brake when current
flows through the motor, and a governor for
the motive device which controls the electric
motor. |

14, The combination with a machine, of a
governor therefor, an electric motor for regu-
latingthe applicationof power tothe machine,
and a controller for the motor, the operation
of which is controlled both by the governor
and the motor. |

15. The combination with an electric ma-

chine, of a second electric machine controlled
by the speed or load of the first, for regulat-

‘ing the application of power to the first ma-

chine, and means operated by the second ma-
chine for checking its operation before the
first machine has completely responded to the
effect of such operation.

16. The combination with an electric ma-
chine, of an electric motor arranged to vary
the power thereof, electric contacts control-
ling the operation of said device, a coil in the
circuit supplied by the machine, for moving
one contact against another, and means con-
trolled by the operation of the electrie motor,
for moving one contact away from the contact
controlled by the coil.

17. The combination with an electric ma-
chine, of an electric motor arranged to vary
the power of the machine, two electric con-

“tacts controlling the operation of said device,

a coil in the cireunit supplied by the machine,
which coil moves one of the contacts to en-
gage the other, a spring tending to move the
latter contact in one direction,and means con-
trolled by the operation of the electric motor,
for moving said contact in the opposite diree-
tion. -

138. The combination with an electric ma-
chine, of an electric motor arranged to vary
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the power therebf, two freely-movable con- |

tacts controlling the operation of said device,
a device responsive to variations of the de-

‘mands upon the machine, for moving one con-

tact against the other, and means controlled
by the operation of the electric motor,formov-
ing the latter contact away from the first.
19. The combination with an electric ma-
chine, of a governor therefor, an electric mo-
tor controlled by said governor and adapted
to regulate the application of power to said
machine, and means operated by the motor
for checking its movement before the electric
machine has completely responded to the ef-

fect of said motor.

20. The combination with an electric ma-
chine, of a device responsive {o variations of
the demands made upon the machine, an elec-
tromagneticdevice acting directly to vary the
power of the machine, an electric contact
moved bysaid responsive device to cause sald
electromagnetic device to operate, and a de-
viceresponsive to the operation of the electro-
magnetic device to stop the operation of the
lattel

21. In a regulator for a motive dewee the

combination Wlth an electric motor for regu-
lating the application of power to the motive
device, a reversing - switch for the motor,
which is normally in an inoperative position,
means for electromagnetically operating said
switch, and a governor for the motive device
which makes and breaks the circuits of said
electromagnetic means.

22. The combination with a motive device,
of an electric motor for regulating the appli-
cation of power thereto, a switch-pilece mov-
ing with variations in the state of said mo-
tive device, and contacts for said switch-
plece Whereby said electric motor ecan be op-

erated in each direction, said contacts beilng |

adapted to be moved with respect to sald
switch-piece by the continued movement of
said electric motor.

23. The combination with a machine, of a
governor therefor, an electric motor for con-
trolling the application of power to the ma-
chine, an electromagnetically-operated con-
troller for the motor, and a switch operated
by the governor for controlling the circuits
of said electromagnetic controller.

94. The combination with a motive device,
of a governor therefor, an electric motor con-
trolled by said governor for varying the ap-
plication of power to said device, and an elec-
tromagnetic reversing-switch for said elec-
tric motor, said governor making and break-
ing the circuits of said 1*everse-switch may-
nets.

25. The combination with a motive device,
of a governor therefor, an electric motor con-
trolled by said governor and adapted to regu-
late the application of power to said device,
a brake for the shaft of said motor, and an

electromagnet in the motor-circuit for hold- ;

ing said brake normally from operative en-
gagement,

|

i

26. The combination with a mnotive device,
a motor for regulating the application ol
power thereto, and for controlling the motor

'and adapted to be actuated by changes both

in the speed and load of the motor device.

27. The combination of a prime mover,
means for controlling the power supplied
thereto, and means actuating said latter
means, under the influence of a speed -respon-
sive dewee, a load-responsive device and the
said power-supply - controlling means; sub-
stantially as described.

23. The combination of a prime mover, an
electric generator driven thereby, a valve for
said prime mover, means for actuating said
valve, an electric circuit controlling said ac-
tuating means, a switch for said cireuit, and
means for controlling said switeh, including
a load-responsive device, a speed-responsive
device and means associated with the valve.

29. The combination of a prime mover, an
electric generator driven thereby, a valve for
said prime mover, a load-responsive device
adapted to cause a movement of said valve
with changes in load, and means for causing
saidd movement to cease before the valve po-
sition eorresponding to such increased load
has been reached; substantially as described.

30. The combination of a prime mover, a
valve therefor, a speed-responsive device for
actuating said leve a load-responsive device
also adapted to actuate said valve, and means
operated by the valve for stoppmo‘ such actu-

ation when its proper movement hag been et-

fected; substantially as described.

31. The combination of a prime mover, a
valve therefor, an electric generator, a speed-
responsive device, and a load-responsive de-
vice,cooperatively controlling said valve, and
means forstopping the movementof the valve,
when it has reached a given position; snb
stantially as described.

32. The combination of an electric genera-
tor, a controlling mechanism therefor COOP-
erativ ely a,ctuated by a speed-responsive de-
vice and a load-responsive device, and means
forautomatically eausing the stoppage of said
mechanisin when the proper control has been
effected; substantially as described.

33. The combination of a prime mover, a
valve therefor, and a controlling mechanism
for the valve cooperatively actuated by a
speed-responsive device, aload-responsive de-
vice and a device responsive to the valve
movement; substantially as described.

34. The combination of a prime mover, an
electric generator driven thereby and means
for undercompensating in the power-supply
of the prime mover for an increase or decrease
in load upon the generator.

35. The combination with a prime mover,
of a dynamo-electric machine adapted to be
driven thereby, a valve for the prime mover,
a controlling element for said valve, a speed-
responsive device adapted by its movement
to bring said element into a position of con-
trol, a load-responsive device also adapted by
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1ts movement to bring said element into a | namo-electric machine driven thereby, means

position of control, and means to negative
their effect on the controlling element by the
movement of the valve; substantially as de-
scribed. | |

36. Thecombination of a prime mover, ady-
namo-electric machine driven thereby, means
forcontrolling the powersupplied to the prime
mover, means actuating said latter means un-
der the influence of a speed-responsive device
and a load-responsive device, and connec-
tions between the power-supply-controlling
means, and the actuating means whereby the
effect of the latter is modified; substantially
as described. |

57, Thecombination of a prime mover, ady-

for controlling the powersupplied to the prime
mover, a speed-responsive device and a load-
responsive device actuating said controlling
means and adapted to colperate or oppose
each other’saction, and means associated with
the valve to negative the action of either or
both by the movement of the valve; substan-
tially as described. | |

In witness whereof I have hereunto set,my
hand this 18th day of August, 1898.

JAMES A. LIGHTHIPE.

Witnesses:
S. H. KEARNEY,
(xUY H. BORLAND.

20

25




	Drawings
	Front Page
	Specification
	Claims

