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To «ll whom (T iy concern:

Be it known that I, REUBEN SHIRREFTS, a
citizen of the United States of America, resid-
ing at Richmond, in the county of Henrico
and State of Virginia, have invented certain
new and useful Improvements in Governor
Mechanism, of whichthe following is aspecifi-
cation. |

My invention relates to improvements in
governor mechanism chiefly intended for gov-
ernors for water-wheels, and particularly,
though not exclusively, adapted for side-sup-
ply turbine water-wheels. My improved gov-
ernor 1s also adapted for use in connection
with steam-engines for controlling the valves
thereof. -

The object of the invention in connection
with water-wheels is to provide governor
mechanism of novel counstruction and mode
of operation capable of delicate operation to
correct the slightest deviation of the wheel
fromnormalspeed and exerting progressively-
increased force according to the degree of the
deviation from the normal speed, and for this
purpose operating to open and close the gates
of the water-wheel smoothly and without

shock or jar and with great accuracy opening

orclosing the gates to just the degreerequired
to correct the evil, When employed in con-
nection with steam-engines, the governor will
perform the usual funections in a novel and
improved manner.

1o these ends the invention consists in the
novel construction, combination, arrange-
ment, and mode of operation of parts, as
hereinafter described, and pointed out in
the appended clauses of the claim, reference
being made to the accompanying drawings,
wherein—

IFigure 1 is a view, partly in elevation and
partly in central section, illustrating mech-
anism embodying my invention. Fig. 2 is a
view looking at the face of the water-gates
and showing the manner of their connection
with the rods for opening and closing them.
Fig. 3 18 a cross-sectional view of the valve-
chest on the line 3 3 of Fig. 1, illustrating the
electromagnets for operating the valves. Fig.
4 18 a diagrammatic view showing the electro-
magnets, the circuits thereof, and the contact-
lever for making and breaking the circuits.

In the drawings T have illustrated and will

| now desecribe the bestembodiment now known

to me of my invention, and in which the gov-
ernor mechanism is arranged in connection
with a two-turbine-water-wheel installation
wherein the wheels are arranged on a hori-
zontal shatft; but I desire it understood that
the essence of my invention may be embodied
in arrangements adapted for use with water-
wheels of other construction or in connection
with a single side-supply turbine wheel or
wheels arranged on a vertical shaft to have
a horizontal rotation. The governorisadapt-
ed, furthermore, for application to steam-en-
oines.

I donot confine myself to the particular de-
tails of construction and arrangement here-
inafter described otherwise than as specifie-
ally set forth in the claims.

In the said drawings the reference-numeral
I Indicates the shaft of the water-wheels, 2
the water-wheels, which are conventionally
illustrated in dotted lines, and 3 the gates of
the water-wheels. As these parts in them-

selves constitute no part of my invention,they

need not be more fully shown or referred to.
The said gates 3 are capable of movement
longitudinally of the shaft to regulate the ad-
mission of water to the turbine wheels, in-
creasing or diminishing the supply automat-
ically, according to the increase or decrease
of the speed of the water-wheels as compared
with the normal speed thereof. The gates
are so moved through the medium of rods 4,
connected thereto, as shown, and provided
with piston-heads 9, located in and adapted
to traverse the piston-cylinders 6. The pis-
ton-rods extend out of the eylinders and have
their free ends provided with racks 7, and
sald rods pass through stuffing-boxes 8, car-
ried by the eylinder-heads, to afford fluid-
tight packings. JMounted upon a counter-
shaft 9 are gear-wheels 10, only one of which
is shown, which mesh with the racks 7 of the
piston-rods to cause sald rods and the water-
gates connected therewith to move in preci-
sion and equally.

The numeral 11 indicates a single valve-
chest divided in the example shown by par-
titional walls 12 into four valve-chanybers 13
15* and 14 14", the valve-seats being indicated
by the numeral 15, three valve-seats being
arranged in each valve-chamber in alinement
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and egraded in area to form graded ports 10,
as 1llustrated in IFig. 3 of the drawings.

As will hereinafter fully appear, the valves
arranged in the two right-hand valve-cham-
bers 13 13* operate to admit the motive fluid
to throw the pistons to open the gates and
increase the supply of water thereto and to
exhaust from the opposite sides of sald pis-
tons, and those valves 22 22* arranged in the
two left-hafid chambers operate to admlt the
fluid to the pistons in the reverse direction
to close the gates and decrease the supply of
water to the wheel and to exhaust from the
opposite sides of said pistons.

The numerals 18 18" designate the valves
disposed in the two valve-chambers 13 13* at
the right of Fig. 1, 18 being the inlet-valve
for the motive fluid and 18 the exhaust-
valve. The valves are arranged in pairs—
inlet and exhaust—pivotally connected by
stems 19 to the opposite ends of tilting arms
20, carried by posts or pedestals 21 on the
valve-chest, and in the example illustrated
are disposedin seriesof three pairs, the valves
being in alinement and graded in size to cor-
respond with the areas of the ports 10, .‘:’lb
clearly shown in Kig. 8. The numerals 22
22*indicate a similarseriesof valves arranged
In the valve-chambers 14 14* at the left of
the valve-chest in Ifig. 1, the numeral 22 in-
dicating the flaid-inlet valve and the num-
eral 22 the exhaust-valve. These valves
are mounted in pairs in like manner to the
valves 18 13* and are graded in size to cover
the graded ports also in like manner to said
valves 18 13°.

The numeral 25 indicates a closed tank or
reservolr for the storage of the motive fluid,
which may be water, oil, or air or other fluid
under pressure. I he pressure 1s maintained
by a suitable pump 24, conventionally shown
in the drawings. 'T'his tank 23 isan elevated
one, and it is possible under some conditions,
where water or oil is the motive fluid em-
ployed, that there will be sufficient head or
drop to perform the operation required there-
of, the pump serving to supply the tank with
water or oil, as will be apparent. 1 prefer,
however, a closed tank and to have the mo-
tive fluid under pressure. The conduit from
the pnmp to the tank is indicated by the nu-
meral 25. A pipeorconduit26 leads from the
tank or reservoir to conduct the motive fluid
to the valve-chest and thence to pass to ac-
tuate the pistons and the gates carried there-
by when required by the operation of the
governor. Thepipeorconduit opensinto the
valve-chest at the outside chambers 13 and
14, as shown at 26 and 26",

By arranging or grouping the valves in a
single valve-chest, as described, I am enabled

to simplify the construction and operation,

since, as shown, 1t 18 necessary to employ
but two pipes for conducting the motive fluid
to the pistons for aperation thereof and also
The piston-cylinders are, even
when the water-wheel is moving at normal

|

speed, kept full of the motive {luid, and this

results in a cushioning, as it were, of the .

pistons, whereby they are steadied or sup-

ported on both their sides. This 1s accom-
plished by connecting together the inlet and
exhaust valves, as shown. The course pur-
sued by the motive fluid when the valves 15
15% are opened, as shown at the right hand ol
Fig. 1, to actuate the pistons to open the wa-
ter-cates when the speed of the wheel 1s be-
low normal, and thus increase the supply of
water to raise the speed to normal, is 1ndi-
cated by the full-line arrows, the course being
from pressure-tank 23 through conduit 26,
pastthe valve 18,and throughpipe 27, one part
eoing through the mouth 23 of said pipe and
entering in front of one piston 5, foreing the
same to the left and opening the gate con-
nected therewith. Another part of the mo-

tive fluid continues through the pipe 27 and
behind the other piston 3, forcing 1t

enters
to the right and opening the gate to whieh 1ts
rod is connected. The course of exhaustirom
a supposed previous and opposite movement
of the pistons is also indicated by the full-
line arrows, the same being from the piston-
cylinders into the pipe 30, past the valve 15%,
and to the pump through the pipe 31, whence
it is again forced into the tank for future use.
Should the speed of the water-wheel be too
oreat, the governor, operating as hereinafter
described, will close the valves1818* and open
the wﬂveb 29 22* when the travel of the mo-
tive fluid will be in the reverse direction to
that described, and consequently operating
the pistons in the reverse direction to close
the gates, the then course being indicated by
the dotted-line arrows and the exhaust being
also indicated by arrows in dotted lines.
When the motive fluid enters at one side ot
the pistons, it will be observed that the ex-
haust from the opposite side is a forced one,
or, in other words, the exhaust fluid 1s forced
or driven by the piston through the exhaust-
port in the valve-chest, which 1s arranged
above the piston-cylinder. 'The valves are
controlled for the function thus ascribed to
them by a novel mechanism operated by the

“governor, as will be now referred to.

An ordinary ball orsimilar governor is ¢on-
ventionally shown and indicated by the nu-
meral 32, its specific construction not being
1mp01t€mt to thisinvention, and any Suimble
centrifugal governor may beemployed. The
covernorisdriven from the shaftof the water-
wheel in any convenient manner, such as a
belt-and-gear connection 35. HKlectromagnets
34 are arranged in two series in codperative
relation to the valves, each series comprising
in the present example three electromagnets,
the armatures 35 of which are carried by the
tilting valve-arms 20, so that when energized
the attraction of the armatures by the mag-

nets will operate to open the corresponding
pair of valves, and when the magnets are de-
energized the weight of the armatures, which
are carried at one end of the tilting

arms, will
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operate toclose said valves. TWhen the gov-
ernorismovingat normalspeed, all the valves
are of course in closed position against their
seats and by reason of the manner of their
coupling in pairs are practically balanced, so
that their operation is much facilitated.
The numeral 36 indicates a battery which
I prefer to employ, though I do not restrict

myself thereto, as other source of electrical |

energy may be adopted within the scope of
my invention. To this batteryare connected
one terminal of the windings 37 of each elec-
tromagnet employed, the other terminals be-
ing connected to mercury-cups 38. Suitably
pivoted on a support (not shown)is a contact-
lever 39, one end of which is connected with
a ring 40, freely movable up and down upon

the governor-staff 41, according to the speed |

of the governor, and this connection operates
to tilt the contact-lever in one or the other
direction. The lever-is in electrical connee-
tion with the battery and carries two series
of contact-wires 42, arranged on opposite sides
of its fulerum-point and adapted, according

~to the direction and degree of tilt of the lever,

to make -and break contact with one or more
of the corresponding series of mercury-cups,
and thus make and break the energizing-cur-
rent through the magnet-windings whose ter-
minals are connected to said mercury-cups.
Asshown, these contact-wires are of different
lengths, in order that they may successively
makecontact with the mercury-cups, whereby
the valves of either series 18 18 or 22 99¢ may
be opened in succession, according to the de-
mand made for piston-actuating motive fluid
by the speed of the governor, which, as stated,

recelves its movement from the water-wheel

shaft.
As hereinbefore stated, the valve-ports and
the valves in each set or series are graded in

size in order to admit passage of a greater or |

less quantity of the motive fluid, and it is de-
signed, as illustrated, that contact shall first
be made with the mercury-cup in circuit with
that magnet which controls the valve closing
the port of least area, and this is desirable,
first, because the supply of motive fluid af-
forded by a port of least area may be suffi-
clent to correct the speed of the water-wheel,
and,secondly, in cases whereitis notsuffi
such supply will serve at all events to start
the movement of the piston, whereupon it
will be promptly assisted by an increased
flow of the motive fluid through the valves
which are opened in succession by the mak-
ing of contact with the other Mmercury-cups
in the series, and thus all shoek which wonld
otherwise oceur by the sudden foreeful move-
ment of the pistonsis avoided. The arrance-

ment 1s also advantageous in that when the
speed of the water-wheel has been approxi-
mately brought to normal the breaking of
contact will firsv occeur in the cireuit which
controls the valve closing the port of greatest
area and the other ports successively, thus |

cient |

Cy

| obviating the danger of opening or closing

the gates to a greater degree than required
and instead of correcting the speed of the
wheel creating an evil on the other side by
causing it to move too slow or too fast, as the
case may be. Such a defective operation
would result in an almost constant deviation
of the speed of the wheel from normal, and
therefore an almost constant movement of
the pistons and gates. Tor instance, if the
fault whieh is sought to be corrected is that
the wheel is moving too rapidly, then when
the gates have moved to approximately the
closed position desired and that cireuit is
broken which is necessary to permit the port
of greatest area to close, the motive fluid SUpP-
plied by the other ports of smaller area until
closed is sufficient to move the gates to pre-
cisely that degree of closing which is essential
under the circumstances without too greatly
ciosing them, which, as will be obvious, would
cause theevil of the wheels moving tooslowly,
and this having to be corrected the result
would be an alinost constant deviation of the
speed of the wheel and movement of the pis-
tons and gates.

The arrangement shown of the tilting lever
and the mercury-cup connection for making
and breaking the circuits of the electromag-
nets 1s a very satsfactory one and is specific-
ally claimed by me; Dutin the broader aspect
of myinvention I donot confine myself to this
arrangement, as other suitable means for
making and breaking the cireuits of the mag-
nets to be operated by the governor may be
employed.:

In a two-wheel installation four eylinders
b areemployed, one pairbeingarranged above
the other, as more clearly shown in Fig. 2 of
the drawings. When the invention is em-
bodied in connection with a one-wheel instal-
lation, the two upper cylinders are omitted.
Butonecylinder and piston is necessary when
the governoris applied to steam-engines, and
the piston-red will be connected to the throt-
tle-valve or other valve to be controlled in
any usual manner known to those skilled in
the art. Kxcept in that the piston-rod will
be connected to a throttle or other valve in-
stead of a gate-valve of a water-wheel the gov-
ernor mechanism is constructed, arranged,
and operates in the manner hereinbefore set
forth.

Baving thus desceribed my invention, what
I claim is— -

1. Ingovernor mechanism,the combination
with a piston-cylinder and piston, of a valve-
chest, pipes communicating with the valve-
chest and with the piston-eylinder at opposite

sides of the piston, each of said pipes serving

as supply and also as exhaust pipes for the
piston-cylinder, tilting arms carried by said
valve-chest and provided with an armatu re,
valves hung at opposite ends of said tilting
arm, electromagnets arranged in operative re-
lation to said tilting arm, means for making
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and breaking the circuit of said magnets, and
a fluid-pressure supply for operating the pis-
ton, substantially as described.

9. In governor mechanism,the combination
with a piston-cylinder and piston, a valve-
chest, and means for supplying fiuid under
pressure to the piston-cylinder through the
valve-chest, of a tilting arm carried by said
valve-chest, inlet and exhaust valves hung at
opposite ends of said arm, and electromag:-
netic mechanismn for tilting said arm to oper-
ate said valves, substantially as described.

3. Ingovernor mechanism,the combination
with a piston-eylinder and piston, of a tank
for supplying fluid under pressure to operate
said piston, a valve - chest provided with
valves and interposed between said tank and
said piston-c¢ylinder, means for operating the
valves, pipes communicating with said valve-
chest and said piston-cylinder for condueting
the motive fluid to the piston-cylinder and ex-
hausting therefrom, a pipe conveying the mo-
tive fluid from the tank to the valve-chest
and a pipe for conducting the exhaust from
the valve-chest back to the tank, and a fluid-
circulating pump, substantially as described.

4, Ingovernor mechanism,the combination
with a piston-cylinder and piston, of means
for supplying fluid under pressure to the pis-
ton-cylinder comprising a valve-chest in com-
munication with the piston-eylinder, a plu-
rality of inlet and a plurality of exhaust
valves arranged in said chest, and means for
controlling the valves, substantially as de-
seribed.

5. In governor mechanism,thecombination
with a piston, of means for supplying fluid
under pressure for operating said piston em-
bodying inlet and exhaust valves hung to-
oether at opposite ends of a tilting arm, an
armature carried by said arm, electromag-
netic mechanism for controlling said valves,
and means for making and breaking the cir-
cuit thereof, substantially as described.

6. In governormechanism, the combination
with a piston-eylinder and piston, and means
for supplying fluid nnder pressure to the pis-
ton-cylinder comprising inlet and exhaust
valves hung at opposite ends of a tilting arm,
of electromagnets for controlling said valves,
and a tilting lever connected to a speed-gov-
ernor for making and breaking the circuits
of the magnets, substantially as described.

7. Ingovernor mechanism, the combination
with a piston, and & cylinder in which said
piston is arranged, means for supplying fluid
under pressure to the cylinder embodying
inlet and exhaust valves hung at opposite
ends of a tilting arm, electromagnets for con-
trolling said valves, a speed-governor, and a
tilting lever connected therewith and carry-
ing contact-wires for making and breaking
the circuits of said magnets, substantially as
desecribed.

3. In governor mechanism, the combination
with a piston-cylinder and piston, of means
for supplying fluid under pressure to said eyl-

inder embodying valves graded in size, and
means for controlling said valves, substan-
tially as described.

9, Ingovernormechanism, the combination
with a piston-cylinder and piston, of means
tor supplying fluid under pressure to said cyl-
inder embodying valves graded in size, and
clectromagnetic mechanism for controlling
said valves, substantially as deseribed.

10. In governor mechanism, the combina-
tion with a eylinder and piston, of means for
supplying fluid under pressure to said cylin-
der comprising a plurality of series of valves
oraded in size, and means for controlling said
valves, substantially as described.

11. In governor mechanism, the combina-
tion with a eylinder and piston, of means for
supplying fluid under pressure to said cylin-
der comprising a plurality of series of valves
oraded in size, a plurality of series of electro-
magnets operatively arranged with relatlon
to said valves, a circuit making and breaking
mechanism comprising a plurality of series of
contacts for successively making and break-
ing the circuits of the magnets whereby the
valves are successively opened and closed,
substantially as described.

12. In governor mechanism, the combina-
tion with a eylinder and piston, of means tor
supplying fluid under pressure to said cylin-
der comprising a single valve-chest, a plural-
ity of inlet and a plurality of exhaust valves
arranged in said chest, pipes leading from the
valve-chest to the piston-cylinder, and neans
for controlling the valves, substantially as
described.

13. In governor mechanism, the combina-
tion with a eylinder and piston, of means for
supplying fluid under pressure to said ¢ylin-
der comprising a single valve-chest, a plural-

ity of inlet and a plurality of exhaust valves

arranged in said chest, pipes leading from the
valve-chest to the piston-cylinder, and elec-
tromagnetic means for controlling the valves,
substantially as described.

14. In governor mechanism, the combina-
tion with & eylinder and piston, of means for
supplying fluid under pressure to said cylin-
der, comprising two sets of inlet and exhaust
valves, each set containing a series of valves
for admitting the motive fluid to opposite
sides of the piston and exhausting from the
reverse sides, and means for controlling said
valves, substantially as described.

15. In governor mechanism, the combina-
tion with a cylinder and piston, of means for
supplying fluid under pressure to said eylin-
der, comprising two sets of inlet and exhaust
valves, each set eontaining a series of valves
for admitting the fluid to opposite sides of the
piston and exhausting from the reverse sides,
and electromagnetic means for controlling
said valves, substantially as deseribed.

16. In governor mechanism, the combina-
tion with a eylinder and piston, of means tor
supplying fluid under pressure to sald cylin-

| der comprising independentinletand exhaust
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valves graded in size, and means for individu- |

ally orindependently opening and closing said
valves, substantially as deseribed.

17. In governor mechanism, the combina-
flon with a eylinder and piston, of means for
supplying fluid under pressure to said eylin-
dercomprisingindependentinlet and exhaust
valves graded in size, and electromagnetic
mechanism for opening and closing said

valves, substantially as described.

13. In governor mechanism, the combina-

supplying fluid under pressure to said eyiin-
der embodying inlet and exhaust valves

graded in size, electromagnets for controlling

said valves, and contact mechanism for sue-
cessively opening and sucecessively closing
sald valves, substantially as described.

19. In governor mechanism, the combina-

tion with a cylinder and piston, of means for

supplying fluid under pressure to said eylin-
der embodying inlet and exhaust valves
graded in size and hung together in pairs on
tilting arms, armatures carried by said arms,
electromagnets, and means for successively
energizing and deénergizing said magnets to
open and close said valves, substantially as
described.

20. In governor mechanism, the combina-
tion with a eylinder and piston, of means for
supplying fluid under pressure to said eylin-
der comprising a single valve-chest, pipes
leading from said valve-chest to the piston-
cylinder, a plurality of series of inlet and ex-
haust valves graded in size and hung in pairs
on tilting arms, armatures carried by said
arms, electromagnets, and a lever connected
toand operated by a speed-governor and con-
tacts carried thereby to successively make
and break the circuits of the electromagnets,
whereby the graded valves are opened and
closed in succession according to the direc-
tion and degree of the tilt of the contact-le-
ver, substantially as described.

21. In mechanism for governing water-
wheels, the combination of rods connected to
the wheel-gate, cylinders through which said
rods pass, pistons upon said rods within said
cylinders, racks upon the ends of said rods,
gear-wheels in mesh with said racks causing
the rods to move in precision, a single valve-
chest containing a plurality of inlet and ex-

‘haust valves, a pair of pipes leading from
sald valve-chest to the piston-gylinders, and

|
|
|
|
[

tlon with a cylinder and piston, of means for |

!

electromagnetic means for opening and ¢los-

ing the valves, substantially as described.

22. In mechanism for governing water- :
wheels, the combination with rods connected

"
1
.|

|

to the wheel-gate, cylinders through which
sald rods pass, pistons upon said rods within
sald cylinders, racks upon the ends of said
rods, gear-wheels in mesh with said racks
causing the rods to move in precision, a sin-
gle valve-chest containing a plurality of se-
ries of valves graded in size, a pair of pipes
leading from said valve-chest to the piston-
cylinders, and electromagnetic means for
opening and closing the valves in succession,
substantially as deseribed.

20. In mechanism for governing water-
wheels, the ecombination with rods connected
to the wheel-gate, piston-cylinders through

which said rods pass, pistons on the rods

within the cylinders, racks on the ends of said
rods, gear-wheels in mesh with said racks, a
single valve-chest, a plurality of inlet and ex-
haust valves arranged in said chest, electro-
maguetic means for opening and closing said
valves, a pressure-tank communieating with
sald valve-chest, a pair of pipes leading from
the valve-chest to the piston-eylinders, an ex-
haust-pipe leading from the valve-chest, and

a pump for forcing the exhaust fluid into the

pressure-tanl, substantially as described.
24, Inmechanism for governinga two-wheel
water-wheel installation, the combination
with rods connected with the gates of the
wheels, piston-cylinders through which said
rods pass, pistons on said rods, racks on the
ends of said rods, gear-wheels in mesh with
said racks, o valve-chest, a plurality of inlet
and exhaust valves in said chest, pipes lead-
ing from the valve-chest to the piston-cylin-

6o

75

30

Q0

ders, a pressure-tank in communication with

the valve-chest,a pump,an exhaust-pipe lead-
ing frem the valve:chest to the pump, a con-
dult from the pump to the pressure-tank, and
electromagnetic mechanism for opening and
closing the valves, substantially as deseribed.

29, In governor mechanism, the combina-
tion with a plurality of pairs of piston-cylin-
ders, of pistons arranged therein the rods of
which extend out of the eylindersand are Pro-
vided with raclks, gear-wheels mounted on a
counter-shaft and meshing with the piston-
rod racks to cause the pistons to move in pre-
cision and equally and means for operating
the pistons, substantially as described.

in testimony whereof I have hereunto set
my hand in presence of two subseribing wit-
nesses.

REUBEN SHIRREFES,

Witnesses:
b, H. Davis,
CARY SHEPPARD.
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