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ing the runner and shaft.

UNITED STATES

FRANCIS ELLICOTT

PATENT OFFICE.

OF LALTIMORE OOUNTY

MARYLAND.

GOVERNOR FOR PRIME MOTORS

SPEGIFICATION formmg' part ot Letters Patent No. 664 394, dated December 29, 1900

&pphcatwn filed Septem'ber 13, 1899, Renewed Oatoher 26, 1900,

Serial No, 34,522 (No mode_l )

To all whom it maz 7] concerm: --
Be it known that I, FRANCIS ELLIOOTT a

citizen of the United btates and a rebldent-_
of Baltimore county, in the State of Maryland,
(Ruxton P. O.,) have invented certain new
and useful Improvements in Water- Wheel
- Governors for Prime Motors, of Whl(,h the'

following is a specification. -

My invention relates to a n'ovelnor for con- |
tmllmg automatically the speed of a prime’

motor. 1 have shown it in this case applied

to a water-wheel; but it may be used to gov-
ern any other prime motor, such as a steam-

engine or electric motor. When_applied to

a water-wheel, the governor is, as shown in
this case, caused to operate the gate by which
water is d;dmltbed to the runner in greater or

less quantity pmporm ional tothe loud. In the

case of a steam-engine the governor may be .

made to control either the throttle or cut-off,
and thus control the speed. If applied to an
electric motor, the governor may be made to
contml a rheoatdt cut-out, or choking-coil.

ence indicate similar parts in all the figures.

Kigure 1 is a vertical external elevatwn of
the wheel-casing with the governor-casing
mounted upon 113 the valve .-,md valve-chest

of the governor bemg in section.. FHig. 2 1s a

hnrlzont,a,l section of the wheel-case and gate,
 showing the top of the runner.

full pla,n of a part of the UOV@PHOI‘-plSEOD and
a horizontal section of the governor- valve

chestand valve, taken thr ough the upperport.

Fig. 3 is a Veltwal seotlon of valve-chest,

va,lve, and part of piston and penstock and

exhaust-valve beyond penstock Fig. 4 is a

side elevation, partly in section, of bhe cen-
- Fig. 518 a
plan view of the governor-lever, showmu- part
of the centrlfuw&l device in horlzonfal SeC-
Fig. 6 is ahorlzonbal section of the nut,
the screw, the sleeve, and the dlwmg-ahafb i
showing the connection of the nut with the' |

- land of a width dboub equal to the width of
the ports 20 and 21.
device will be Ieadlly understood.
‘wheel be mounted in « vertical position, the
‘weight of the piston and the gate will cause

tnfugal dewce of the governor.

governor-lever.
Referring to Fig. 1,1 is a casing surround-

lets through the wall of the casing, introduced

at an angle such that the inner edge of each

inlet shall be approximately tangent to the

periphery of the runner—z. ¢., to a circle de-

] as they 1evolv

It also isa

2 2 are water-in-

~open the gate.

I have fo:md the highest efficiency to result

from making the wa.lla of the inlets with an
angle of about twenty degrees between them.
3 is a cylindrical gate ﬁmnw closely into the
_Wheel casing and suitably eonueened to mech-
| anism by which it is raised and lowered to

tity of water to the runner.

The outer wall of each in-
let is tangent to a somewhat smaller circle.:

55

60 |

cover more or less of the mouths of the in-
lets, and thus admit a greater or less quan-

dutomatic regulator.—The mechanism by

which the wheel is governed is shown in the
The eylindrical gate 3 is connect-

chLWI[]_U'S
ed by means of rods or bars 17 17 to a piston
18, which surrounds the dlwmﬂ*-slmft 8, In

a casing 19. The piston fits the casing loosely,

The sides of the casing are perforated

valve-chest mounted on the side of the cas-

1ing and comipunicating with the casing by
‘means of the ports 20 and 21.
22 is open at the upperend to penstock-pres- -

The valve- c,hest

sure by the inlet 23 and is provided with an ex-
haust 24, which delivers its contents beyond
the penstoek Theexhaust 24 is provided with
a valve 242, the purpose of which will be here-

inafter described. The valve-chest is eylin-
| drical in form, andinitislooselyfitted acylin-
Through the center of the

.valvethereisanaperture 26,openatbothends,

drical valve 25._

and around the exterior there is a channel 27,

‘the ends of the c¢ylinder being of greater di-
28 is. a \mlve stem . -
‘secured to the valve bya pin 29, which c¢rosses

without obstructing the Lhdnnel 26.

ameter than the center.

30 and
31 are two collars or portions of the cylin-
drical valve, larger in diameter than the body

The operation of this
If the

,whlch 1t is loosely fitted and is euummed in -
70
SO thdb there 1s always a certain amount of .-
| leakage around the piston and around the |
1| shaft."
with two ports 20 and 21, Whlbh are above and
| below the extreme pommcms of the piston, 75
In the drawings mmlla.l chdrdcters of refer- _.thoae positions being such as exist when the =

| gate is fully closed or fully opened. 22isa

30

9o

95

100

both of them to have a tendency to fall and

Hence an excessive pressure

seribed by the external edge of the buckets | must in thls case be mammlned below the pis-
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“ton 18 in order _t01 counterbalance the weight

of the parts. If the wheel is horizontal, how-
ever, the pressure on both sides of the pl%on

must be maintained at an equal amount, so
‘as to prevent the motion of the piston and nhe

ogate except when desired. When the parts
are vertical, the slight leakage around the
piston and the shaft would disturb the bal-
ance of the piston unless there was some flow

of water continually entering the casing be-
Hence the lower port 90 is |

low the piston.

- kept always slightly open to penstock-pres-
- sure and the port 21 always slightly open to

15

20

exhaust except when the position of the gate

is being changed. ™The parts are all made
loose, so that they may be said to ““ float” un-

der the influence of opposing pressures, 80
that at all times there will be some escapeof

water through the exhaust-valve 24*, The
valve 25 1s balanced so that.it may be moved

by the governor w1tl_:1 the -greatest prompti- |
“tude and fhe least resismnce;

flow of fluid through and around the piston

The constant

will maintain upon both sides of the piston a

constant pressure, the balance of which can
‘be controlled by the exhaust.

maintaining this constant pressure upon both

 sides of the piston is to keep the piston in a

35

~state of balance between active opposing

pressures, with the result that as soon as the

'pressure on one side or the other of the pis-

ton is relieved by any means the active pres-
sare upon the opposite side of the piston will
immediately force it in thedirection in which
the pressure has been relieved. This combi-
nation produces an instantaneous action of

the piston and a corresponding quick govern-

ment of the wheel.. An important element

- of my invention and one which I believe to

40

be broadly new with me is the maintenance

of a piston in a state of balance between op-
posing active pressures, in combination with
‘means for relieving the active pressure on
“one side or the other of the piston, and thus-
causing instantaneous action of the piston

and its connecbed part, which as I construct

“my wheel is a cylindrical gate, by which the

- admission of waterto therunneris controlled.

~ electric motor, anc
my. governor in combination with the con-

55

6.0

It will be perceived, however, that the part

or parts connected to the plston might be the
throttle or cut-off valve of a sbeam or other
fluid engine or the controlling device of an
and therefore I have claimed

trolling device of any prime motor. If it is

desired to open the gate, the valve-stem 28 is

pushed slightly down, closing port 20 to pres-
sure and opening it to exha,ubb and closing 21
to exhaust and opening'it to pressure.
ter-pressure is thereby admitted fr_om. the
penstock through 23 and 21 above the piston,

and the water:below the piston is simultane-
ously exhausted to 20, 27, and 24.
“desired to close the wheel the valve isdrawn
up, 8o as to open a commumcdtlon between -
- 23, 26, and 20, thus admnitting penstock-pres-

Sure below bhe piston, and ab the same time

The effect of

shaft.
shaft by a pin 33 and provided on one side
‘with a feather-way 32. (Shown in Fig. 6.) 35

Wa;-,

If it is

664,394

-a'com‘mi}nieatjian will be opéned between 23,
21, and 24.

It will be perceived that the pres-
sure may be admitted by the pipe 24 and ex-
hausted through the pipe 23 with exactly the
same resultas is obtained from the opera.tlon
described herein.

The Operation of ﬂ'overnment in my wheel
consists in a,utomatleally actuating the valve-
stem 28 by a mechanism which is actuated
from the main driving-shaft and which will

shift this valve in such a manner as to move.

the gate up or down tosupply the runner with

| the requisite quantity of water to maintain a

constant speed under fluctuating load. In

70

75

30

the government of a plant the speed of gov-

ernment required depends upon the charae-

ter of work done by the plant and the mag-
‘nitude of its changes of load.
of load and penshable character of plant re-

Great changes

quire a very quick government, to accom-
plish which overgovernment usually results.
Moderate changes of load or comparatively
indestructible chamcter of plant will permit

‘slow government and overgovernment is

avoided. My invention is eapabl& of adjust-
ment so as to pelform either of these opera-
tions, as occasion may require, and to change
from one to the other at will by the adjust-
ment of parts which are outside of the pen-

stock and can be n'otteu at whﬂe Lhe wheel is
in operation.

Referring to Fws 4 and 5, 81 is a driving-
32 is a sleeve seeured to the duvmfr-

is a screw having a central a,peltme_and fit-
ting upon the bleeve 32. . It has a feather on
one slde 36, which fits into and slides into the
feather- Way in the sleeve. The screwis there-
fore able to rise and fall on the sleeve while
being turned by the shaft and sleeve.
lower end of the screw is a projecting flange
and thread. Upon thethreadisscrewedaring,
so as to form between the flange and the ring

On the

Q0

05

100

IOS

11O

an annular groove 37. In thisannulargroove -

‘is contained a ring 38, which.is pivoted at two
opposite points 39 39 in a ring 40, which forms

a part of a lever 41, one end of which 1s piv-
oted to a post 42 and the other end of which
projects on the opposite side of the ring 40
and through which passes the valve- stem 28.
The valve-stem is threaded above the lever

‘and fitted with a nut to maintain its relation
43 is a spring secured to the le-

to the lever.
ver at one end and to a stationary part at the
other, by which a. desired tension is main-

tained upon the lever te counteract the upper

pull of the governor. Ifthe whole apparatus
is erected vertically, the weight of the valve-

115

120

125

stem and valve would be sufﬁelenb_to coun-

terbalance the pull of the governor.

horizontal or if the governor be located ver-
tically and the valve horizontally apd con-
nected to the governor by a bell-crank lever
or other device, the spring may be necessary.
44 is a nut threaded upon the screw 35 and
| secured toit by a sprmﬂ' 4:5 one end of Whleh |

If it is

I30
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18 se_cu.r.ed to the nut and the other end to the | speﬁed'will lift the lever and valve-stem and

screw. The rotary motion of the shaft is thus
communicated to the nut by means of the

spring 45 and the screw will be serewed into

the nut until the resistance of the spring over-

~comwnes the inertia of the nut and its connected
parts, when the two will move in unison. 48
18 a sleeve secured to the shaft 8 by a pin 47.

The sleeve 46 has upon its lower end an an-

Lo

46.

nular flange 48, upon which rests a fly-wheel

49, which is caused to revolve upon the sleeve
The fly-wheel 49 is connected to the nut

44 by means of two links 50 and 51 and a
weight 52, which are duplicated on the two

20

the nut 44,

sides. The primary adjustment of the parts
1s such that the links 50 and 51 are main-

.....................................................................................................

tained at anangle with one another, and this
angle is determined by the set-screws 53 53.

54 is a chair surrounding the sleeve 32, hol-

lowed out on the under side and resting upon
Upon the chair is a spiral spring
53. The upper end of the spring is confined
by a collar 56, secured to a sleeve 57, which
surrounds the shaft 8.

rounds the annular flange of the sleeve 46

and bears upon the under side of the fly-

30

35

40

wheel 49. The operation of this device is as
follows: When the driving-shaft tarns, it

turns the sleeve 82, which through the feather
o4 turns thescrew 35. The screw 35 is screwed

into the nut 44 until the tension of the spring
45 overcomes the inertia of the nut, the fly-
wheel, and the governor-weights. The up-
ward motion of the screw will raise the lever
41 a corresponding degree. As the weights
02 52 revolve they will be extended by cen-
trifugal force. The fly-wheel being supported

by the flange 48 of the collar 46 cannot de-

scend. Therefore as the governor-weights 52
o2 areextended the wholestructure connected
with them, the nut, the screw, and the lever

41 will be drawn up together, compressing

- spring 55. To stop the wheel, the valve-rod

435

is drawn up and the nut 58 serewed down on
the valve-stem until the port 20 is opened to
pressure, and the port 21 to exhaust the gate
will thus be maintained closed and the wheel
at rest. To start the wheel, the nut 58 is
screwed upon the valve-stem one or two turns
until the valve 25 is lowered enough to open
port 21 to penstock-pressure and port 20 to
exhaust, when the piston will descend at a

speed dependent upon the aperture thus

created, and as the gate is opened the speed
of the wheel will begin to build up. Itis im-

portant that the time allowed for opening the

gate should not be greater than the time in
which the wheel can with safety build up its
speed. The speed of the gate can be regu-
lated with accuracy by the nut 58. When

the wheel has built up its speed to the de-
sired numberof revolutions and the governor-
weights are at a mean position, the lever 41
will be in a certain position surrounding the
valve-stem. The nut59isthen screwed down
on the lever, and any further acceleration of |

At the upper end the
sleeve 57 has an annular extension which sar-

reverse the direction of the gate. It will be

perceived that there is a position thus estab-
lished for the lever 41, at which the speed of
the wheel will remain constant,while any rise
of the lever will cause the gate to be closed
somewhat and any lowering will cause it to
open. In actual governing it is necessary

that the gate should move more rapidly than

when merely starting the wheel. To accom-

I

75

plish this, the nut 58 is serewed up on the

valve-stem a short distance, so that when the-

lever 41 drops below the mean line the nut 58

will allow the valve-stem to move down and

the piston and the gate opened more rapidly.

It will be remembered that the speed at which

the gate is allowed to move is always under

‘the control of the valve 24, by which any

desired back pressure may be maintained in
the exhaust. | .
It will be noticed that when a sudden in-

crease or drop of load ocecurs the increase
or decrease of resistance to the runner will

instantly decrease or increase the speed of
the runner. This change is very quick, and
if the governor structure be rigidly connected
with the shaft the momentum of the fly-wheel
and the governor-weights will not permit a

change of the gate quickly enough to com-
The
sudden change of gate is accomplished by

pensate for the sudden change of load.

the action of the serew 35, which, turning with
the shaft and turning the governor by means

of the spring 45, will under a sudden change

of speed in a shaft be screwed into or out of
the nut 44, and the tension of the spring 45
will be suddenly increased or decreased in
consequence. The action of the serew 35 in
entering or withdrawing from the nut 44 un-
der the influence of a sudden change of speed
in the driving-shaft will with equal quickness
move the valve 25, which will cause the gate

‘to open or close it, as the case may be, at a

speed predetermined by the setting of the

valve 24*. . The tendency of the spring 45 is

to maintain a constant tension and constant
relation between the nut and the serew, and
if the tension of the spring be suddenly in-
creased by an acceleration of speed and the

screwing of the screwinto the nut the tension

80

Q0

95

I0Q

108

IIO

II5

I20

of the spring will gradually reassert itself and

gradually unscrew the screw from the nut.
Thus with a sudden decrease in load and ac-

celeration of speed the screw will be screwed

from the nut, the tension of the spring de-
creased, the lever 41 raised, carrying with it

125

valve-stem 28, which will open the port be-

low the piston 18, admitting pressure thereto
while exhausting the other side of the piston,

and the gate will be to some extent closed.
As the speed of the wheel drops the tension
| of the spring 45 will reassert itself, and the
‘nut 44, being pressed down by the spring 55,
‘will reéstablish a normal tension of the spring

I3C -
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‘mitted to the wheel.
time of operating the gate by the first action

45, and the nut and screw will be forced down-
‘ward, thus foreing the valve-stem 23 down- '
ward, closing the port 20 and opening the port
21 slightly to pressure, with the result that

the gate will be opened and more water ad-
The period between the

of the screw 35 and the time of the readjust-

ment of the gate to load by the main governor
is the period of overgovernment. This pe-
riod can be varied by varying the tension of
‘the spring 45 and also by varying the aper-

ture of the valve24?, If the valve 24*isopen

 wide, so as to offer no resistance to the ex-

_Is

haust-water from the piston-casing, and a

very flexible spring be used, the governor will -

- seesaw—that is to say, an excessive change
- of load will cause a wide fluctuation in the

20

30

35

40

45

connected.

position of the nut 44, and consequently a cor-

respondingly great motion in the valve 2o,
and aconsequently greatinrush of pressure Lo
the casing, and with a free exhaust the pis-

ton will be driven up or down, so as to open

or close the gate, and the extent of the over-
throwinone direction will cause a correspond-
ing overthrow in the other direction, with a

‘corresponding acceleration and diminution
- of the speed of the wheel.

This capacity for
fluctuation through wide limits, which would
be detrimental, is controlled by the tension of
the spring 45 and the aperture of the valve

- 924», If theaperture of the valve 24* be made
less than the pressure-inlet, the action of the
piston will be retarded and its speed when:

moved lessened, with the result that it can

be more easily checked at a proper point. It
~is, however, very important that the amount

of the overthrowshounld be undercontrol, and

‘this is accomplished by the adjustment of the
Asthe tension of thespring 45 1s |

valve 24°.
increased the amount of overthrow which will
be given to the gateis decreased, and it may
even be reduced to zero, in which case the

spring 45 may be entirely dispensed with, and

the screw and nut also, the parts being rigidly
Such a structure will satisfacto-

rily governaplantin which the fluctuations of

560

load are not very great, or if greatare gradual.

The too great overthrow is also controlled by

my governor as constructed. It will benoticed
that the pitch of the serew 35 is about twice

~the depth of the recess in the under side of the

55

60

chair 54.
of load occurs, sufficient to cause the screw or

If, therefore, a very sudden change

the nut to change their positions an amount
equaltosomething morethana half-revolution

of the nut, the screw will protrude into the re- |

cessin the chaird4,and bearinguponthe under

side of that chair willliftit up against the ten-
sion of the spring 55.

This increased resist-

ance to the screw will serve to check the over-
throw. . If the overthrow be still greater and
the spring 55 be so much compressed as 1o
overcome the weight of the fly-wheel, the
whole structure, including the fly-wheel, the

- governor-weights, the nut, and the screw,
will be lifted up by the sleeve 57, which bears

mospheric pressure.

| iS""""_‘

864304

on the under side of the fly-wheel. This will
relieve the fly-wheel 49 from the support ot
the flange 48, and the governor-weights will be

forced still farther out by the compression of.

the spring 55 by the weight of the fly-wheel,
and the weights and the valve-stem will be
drawn up and the gate almost, if not wholly,
closed. | S | . -

It will be perceived that the object of my
governing device is to maintain the balanced
valve 25 in a position fixed relatively to the

‘ports 20 and 21 when the load and speed are

constant. When theload fluctuates and the
speed with it, the valve 25 is simply raised or
lowered, as the case may be, the valve 24* hav-
ing been previously set to retard the exhaust
and produce a requisite amount of back pres-
sure upon the piston, so as to prevent its too

‘rapid motion.

In describing the action of my governor I
have described the apparatus as using pen-
stock-pressure, becausein practice this is con-
venient; but it will be perceived that any
other source of water-pressure, such as a
pump, may be substituted, or the water may
be replaced by air, gas, or steam pressure,
or a vacuum may be produced to utilize at-
It is equally true that
the piston-casing and piston may be located
outside of the penstock and supplied with any
fluid and attached to govern any wheel al-
ready in use, no matter what the form of the
gate. It will also be equally apparent that
the valve by which pressure is admitted to the
piston-casing may be actuated electrically as
well as mechanically.
made to close the circuit of one or two mag-

| nets, so arranged as to pull the valve-stem up

or down as one or the other is energized.

In the construection described in this appli-
cation and shown in the drawings a single
balanced valve is employed, which by a sin-

| gle motion of one valve-stem admits pressure
| to one side of the piston and exhausts from

the other. It will be at once perceived that
this structure might be varied so as to oper-
ate two or more valves by the same motion of
the valve-stem, whereby the same result
might be accomplished. It will also be per-
ceived that the structure of this case may be
varied by closing the pressure-inlet to the
valve 25 and opening pressure-inlets on both
sides of the piston. The piston will then be

| subject to penstock-pressure on both sides,

which penstock-pressure above or below the
piston, as the case may be, will be relieved
by the exhaust caused by the position of the
valve 25, and the speed of this exhaust may

be checked and controlled by the valve 24*.

Having deseribed my invention, what I
claim, and desire to secure by Letters Patent,

1. In a turbine water-wheel the combina-
tion of a casing having water-inlets, a gate
controlling the admission of water to the in-
lets, and a runner operated upon by the in-
let-water with a governor for controlling the

The lever 41 may be

75

80i
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95
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80 as to move it, a balanced valve capable of
‘admitting pressure on one or the other side

664,304

gate, consisting of a piston balanced between |

opposing pressures and connected to the gate

of said piston and means actuated by the
motion of the runner for changing the posi-
tion of said valve to admit pressure on one

side or the other of the piston as the speed

~-of the runner varies from the normal.

10

1.5

~change of load which consists of a piston
balanced between pressures, connected to

2. In a turbine water-wheel the 'combiua-

tion of a casing having water-inlets, a gate
controlling the admission of water to the in-

lets and a runner operated upon by the in-

- let-water, with a governor for controlling the

gate according to changes of speed due to

~ the gate, so as to move it to open or close, a
~ balanced valve capable of admitting pressure

20

.25

~of a casing having water-inlets and a runner |
operated upon by the inlet-water, with a gov- |

30

- 35

to one side and relieving pressure from the
other side of said piston as it is moved, and
means actuated by the motion of the runner

connected to and actuating said valve to ad-
mit pressure on one side and exhaust from
the other side of said piston or vice versa as

‘the case may be as the speed of the runner
varies fromi normal. | |

3. In a turbine water-wheel a combination

ernor for controlling the gate according to

“the changes of speed due to changes of load,
which consists of a piston balanced between
- pressures, connected to the gateso as tomove

it to open or close a balanced valve capable
of admitting pressure to one side or relieving

- pressure from the other side of said piston as

40

1t is moved from one position to ‘another,
means acbuated by the motion of the runner
connected to and actuating said valve to ad-

- mit pressure above and exhaust from below
sald piston, or vice versa as the case may be |

as the speed of the runner varies from nor-

~ mal, and a pressure-regulating valve located

45

in the exhaust-pipe as and for the purpose

- 8pecified.

50
55

1t 1s moved, and means actuated by the mo-

4. In a turbine water-wheel _the combina-

tion of a casing having water-inlets,a gate con-

trolling the admission of water to the inlets,
a runner operated upon by the inlet-water,
with a governor for controlling the gate ac-
cording to changes of speed due to changes

of load, which consists of a piston inclosed in

a suitable casing, water-passages through or

around said piston admitting water from one
~side of it to the other in limited quantities,
sald piston being balanced between pressures

and connected to the gate so as to move it to

open and close, a balanced valve capable of

admitting pressure to one side and relieving
pressure from the other side of said piston as

“tion of the runner connected to and actuat-

ing said valve to admit pressure to one side

and exhaust from the other side of said pis-

ton or vice versa as the case may be, as the
- speed of the runner varies from normal.

5

5. In a turbine water-wheel the combina,.-

tion of a casing having water-inlets, a gate

controlling the admission of water to the in-

| lets and a runner operated upon by the in-
let-water, with a governor for controlling the
gate according to changes of speed due to

change of load which consists of a piston bal-
anced between pressures, connected to the
gate, so as to move it to open or close, a se-

°
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ries of valves capable of admitting pressure

to one side and relieving pressure from the
other side of said piston as they are moved,

and means actuated by the motion of the

runner connected to and actuating said valve
to admit pressure above and exhaust from

80

below said piston or vice versa, as the case -

may be as the speed of the runner varies
from normal. = -
~ 6. In a turbine water-wheel the combina-

tion of a casing having water-inlets, a gate
‘controlling the admission of water to the in-
lets and a runner operated upon by the inlet-
| ‘water, with a governor for controlling the

gate according to changes of speed due to
changes of load which consists of a piston

QO

balanced between pressures and connected to

( the gate so as to move it to open or close in-

closed in a suitable casing, said casing being
open to penstock-pressure above and below
the piston, a balanced valve connected to both

ends of the casing above and below the piston

and to an exhaust emptying outside the pen-

stock whereby the penstock-pressure above

or below the piston may be reduced in ac-

05

[O0 :

cordance with the position of the valve, and

means actuated by the motion of the runner
ceonnected to and actuating the valve to ex-

haust the pressure on one side or the other
side of the piston or vice versa, as the case
may be, as the speed of the runner varies
from normal. |
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7. In a turbine water-wheel the combina-

tion of a casing having water-inlets, a gate
controlling the admission of water to the in-
lets and a runner operated upon by the inlet-
water, with a governor for controlling the
gate according to changes of speed due to
changes of load which consists of a piston

| balanced between pressures connected to the

gate so as to move it to open or close, a cas-
ing surrounding the piston, a valve-chest

open to penstock-pressure and having ports

connected to the two ends of the casing above

‘and below the piston, a balanced valve in

said valve-chest capable of admitting pres-
sure to one side and relieving it from the
other side of the piston as the valve is moved,
and means actuated by the motion of the run-

ner connected to and actuating said valve to

admit pressure on one side and exhaust from

the other side of said piston or vice versa, as

the case may be, as the speed of the runner
varies from normal. , | _

-1 lets and a runner operated upon by the inlet-

IIO

II5
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8. In a turbine water-wheel the combina- -
‘tion of a casing having water-inlets, a gate
controlling the admission of water to the in-




water with a ﬂ'overnor for controlling the
gate’ a,ecordmcr to changes of speed due to

- changes of load which consists of a piston

balanced between pressures connected to the
gate so as to move it to open or c¢lose, a bal-
anced valve capable of relieving the pressure
from one or the other side of said piston as

it is moved, and a centrifugal governor con-

“nected to and actuating sald valve consist-
ing of a serew, a nut, a pair of governor-

~weights and a ﬂy -wheel the screw having a

15
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rotary and a vertical motlon the nut bemg
threaded upon the screw and secured to it by
means of a coiled spring one end of which is |
connected to the screw “and the other to the
‘nut, a pair of governor-weights connected to |

lmks which are secured at one end to the nut,
and at the other end to a fly-wheel, the nut

being separated from the fly-wheel by a com- |

pression-spring, substantially as described.

9. In a turbine-water- wheel governor, the_

- combination of a casing for the wheel, of

__25

- gate admitting water to- “the wheel, a cylmder '
open ab both ends to fluid-pressure, a piston
within the cylinder connected toand operat- |

~ ing the gate, and balapced between opposing

30

pressures, and means for exhausting the pres-
‘sure above or below the plStOIl as and f01 the

purpose specified. -
10. In a turbine- water-wheel oovVernor, the

combination of a casing for the wheel, of a

 gate admitting water to Tthe wheel, a cylmder

~ within the e¢ylinder connected to and operat-
ing the gate, and balanced between opposing
~pressures, and means for exhausting the pres-
sure above or below the piston, controlled by'

40

open at both ends to fluid-pressure, a piston

the speed of the wheel.

- 11, Ina turbine-water-wheel govel‘nm the
combination of a casing for the wheel, of a

- gate admitting water to the wheel, a eylmder
. open at both ends to fluid-pressure, a piston

within the c¢ylinder connected to and operat-

ing the gate, and balanced between opposing

pressures, and a valve connected toan outlet
from the piston, adapted to exhaust pressure

~from above or below the piston, controlled by
~ the speed of the wheel.
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12. In a turbine-water-wheel governor the
combination of a casing for the wheel, of a
cylindrical gate within the easing, a eylindel
open at both ends to fluid- presqure, a piston

within the cylinder connected toand operat-
ing the gate, and balanced between opposing
pressures, an outletin the top of the cylinder,
and one in the bottom of the cylinder, ex-

hausting pressure above or below the piston,

~and means for contr olling said outlets.
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13. In a turbine-water-wheel govVernor, the

combination of a casing for the wheel, of a

gate admitting water to the wheel, a cyhndel_' |

open at both ends to penstock-pressure, a pis-
ton within the eylinder connected toand oper-
ating the gate, and balanced between oppos-
ing pressures, an outlet in the top of the cyl-
inder, and one in the bottom of the cylinder,

664,804

.ton and means contl o]led by the speed of the
'wheel for opening one or the other of sald ont-
‘lets, substantially as described. .

14. In a turbine water-wheel, the combina-
tion of a casing, a gate admlttmgmater to the
wheel, a cyllnder a piston within the eylinder

eonnected to- and operating the gate and bal- .
“anced between opposing pressures, and means
| for admitting pressure above and below the
piston, and means for exhausting the pressm e

above or below the piston. |

15. In a turbine water-wheel, the combina-
tion of a casing, a gate bupplymcr water to the
wheel, a cylmdel a piston within the cylin-
der, connected to and operating the gate and
bdlaneed between opposing pressures, means

for admitting pressure above and below the

piston, means for exhausting pressure above
and below the piston, and means for control-
ling the pressuare mld exhau% by the speed of

| the wheel.

16. In a turbine water- wheel the combma—
tion of a casing, of a gate supplymﬂr water to
the wheel, a cyhnder a piston within the cyl-
inder, connected to and operating the gate
and balanced between opposing pressures,

means for admitting pressure above and be-
low the piston, meéans for exhausting the pres-

sure above and below the piston, and means

for controlling the pressure and exhaust.
17. In a turbme water-wheel, the combina-

tion of a casing, of a gate. supplymg water to

| the wheel, a cylinder, 4 piston within the cyl-

inder, eonnected to and Operatlnﬂ' the gate
and balanced between opposing pressures,
means for supplying pressure above and be-
low the piston, controlled by the speed of the

| wheel, and means for exhausting the pres-

sure above and below the piston.

18. In a turbine water-wheel, the combina-
tion of a casing, a gate supplymn" water to

the wheel, a cylinder, a piston within the cyl-
inder, connected to and operating the gate

-and balanced between opposing pressures,

means for supplying pressure above and be-

iow the piston, means for exhausting the pres-
‘sure above and below the piston, and means
forcontrolling the exhaust of pressure above

and below the piston.
19. In a turbine water -wheel, the combina-
tion of & casing, a gate. supplymw water to

the wheel, a cyhnder a piston within the cyl-

inder, connected to and ‘operating the gate

‘and balanced between opposing pressures,

means for admitting pressure above and be-

1ow the piston, means for exhausting the pres-
‘sure above and below the piston, means for

regulating the pressureadmitted, and a valve

charge of exhaust
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in the dlscha,rﬂ'e outlet,for lee;ula,tmﬂ‘ the dis-

20. Ina turbine water- wheel, the combma— |

drical gate ﬁontrollmn‘ ‘the admission. of water

to the inlets, a runper operated upon by the

inlet-water, with. a governor for controliing

the gate, accordmn‘ to changes of speed, due

exhausting pressures above or below the p1s- i to changes of load, Whlch eonsmts of a piston

tion of a casing having water- mlets, a ¢ylin-

130
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inclosed in a suitable casing, water- pmsaﬂ*eq ling the pressure-on one or the other suie of

through or around said piston, admitting ws

terfrom one side of it to the other, in 11m1ted |
“quantities, said piston being balan(,ed be-

tween pressures and eonneeted to the gate so

~as to move it to open and close, a balanced.

valve loosely fitted in a.valve- ehest to per-
mit the passage of pressure around ‘nhe valve

in limited quantities, and having water-pas-

10
~of pressure and exhaust, and adapted to ad-
it pressure to oneside, and relieve p1eSf3me -
from the other side, of said piston, as it is
moved, subst&ntla,lly as described. |
21. Ina turbine water-wheel, the combina-

20

sages through and around it for the passage

tion .of a casing having water- lllleub a cylin-
drical gate eontmlhnﬂ' the admission of water
to the inlets, a runner operated upon by the

inlet-water, with a governor for eontrolhno'_
the gate, according 130 changes of speed, due

to ch&nﬂ'es of load, which eonmsts of a pis-
ton m(,losed in a sultable cylinder, passages

 through or around said piston, admitting

30

pressures from one side of it to the other, in
limited quantities,
anced between pressures and connected to
the gate so as to move it to open and close, a

balanced valve adapted to admit pressure to'

one side, and relieve pressure from the other
side, of qmd piston, as it is moved substan-

X tl&lly as described.

22. In a turbine water- wheel the combma-'

‘tion of a casing having water-mlets, a eylin-

35

drical gate controllm o the admission of water

to the mlets a runner operated upon by the

inlet-water, with a governor for controlling
the gate, according £ changes of speed, due |
to Gh.fmfreq of load which eon31sts of a pis-

- ton m(,losed in a sulmble ¢ylinder, passages

40
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through oraround said piston admitting pres- |

sure from one side of the piston to the othel

in limited quantities, said piston being bal-_
anced between pressures and connected to

the gate so as to moveit to open and close, a
ha,lanced valve fitted loosely in a Sultable
valve-chest, and permitting the passage of

- pressure around the valve, in limited quan-

tities, passages from the valve-chest to the

top and to the bottom of the eylinder, and an

exhaust-passage from said valve-chest, the

- valve being adapted to admit pressure on one

55

side, and relleve pressure from the other suie, |

of smd piston, as it is moved, and means ac-
tuated by the motion of the runner, connected
to and actuating said valve to admit pressure
to one side of the piston and exhaust from
the other side of said piston, or vice versa,

‘as the case may be, as the &peed of the run-

- ner varies from uormal

6o

23. In a prime-motor governor the combl—'

" nation of a controlling devwe for the prime

motor, a eylinder open at both ends to fluid-
pre&sure, a piston within the eylinder con-
nected to the controller and balanced between

Opposm pressures, and means for exhaust—

said piston being bal-_

[

.the piston, as and for the purpose specified.
24. In a prime-motor governor the combi-

nation of a controlling devwe for the prime

motor a cylinder means for supplying pres-

sure to both ends of said cylinder, a piston

0

within the cylinder connected to the control-

ler and balanced between opposing pressures,
and means for exhausting the pressure on one
or the other side of the p1°-=t011 as and for the

purpose specified.
25, In a prime-motor governor the combi-

natlon of a controlling devme for the prime

‘motor a cylinder open at both ends to fluid-
‘pressure, a piston within the eylinder con-

30

nected to the controllerand bal&nced between

opposing pressures, and means for exhaust-
‘ing the pressure on one side of the piston con-
trolled by the speed of the prime motor.

26. In a prime-motor governor the combi-
nation of a controlling device for the prime
motor a cylinder, means for admitting finid-

for contmllmg the pressure admitted and
the exhaust by the speed of the prime motor.
27, In a prime-motor governor the combi-

‘nation of a controller for the prime motor a
“cylinder, means for admitting fluid-pressure

to both ends thereof, a piston Wlthln the cyl-

inder connected to the controiler and bal-
anced between opposing pr essures, means for

xh&ustmg pressure on one or the other side

‘pressure to both ends of the eylmdel a pis-
ton within the cylinder connected to the con-
troller and balanced between opposing pres-

sures, means for exhausting pressure from
one or the other side of the piston, and means

9o
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of the piston, and means for controlling the

pressure admitted by the speed of the _wheel

and a valve controlling the exhaust.

28. In a prime- motm governor the combl-_

nation of a piston balanced between oppos-

‘ing pressures, means for admitting pressure

105 |

to. both su]es of the piston, means for ex-

“hausting pressure from both sides of the pis-

ton Wlth a centr 1fu0a1 governor controlling

the admission and exh&ust of pressure to a,nd
from the plston consisting of a screw driven

by the prime motor, a nut a pailr of governor-

weights and a ﬂy-wheel the screw having a

rota.ly and vertical motion, the nut being

IT1O
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threaded upon the screw and secur ed to it by

means of a coiled spring,

nected to links Which are seemed at one

‘end of the nut and at the other end to the

fly-wheel, the nut being separated from the

fly- wheel by a compression-spring, _qubsta,n- |

tially as deseribed.

one end of which -
is connected with the nut and the other end
to the screw, the governor-weights being con-

120

- Signed at_BaItlmme, Maryla,nd Septembm 125

6, 1899

FRANCIS ELLICOTT_.-'_

Wltnesses
| JosEPH .S. MAOURLLEAN
- GEORGE KENT. .
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