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UNITED STATES

1,717,071
PATENT OFFICE.

ARTHUR G. SMITH, OF YORK, PENNSYLVANIA, ASSIGNOR TO S. MORGAN SMITH COM-
PANY, OF YORK, PENNSYLVANIA, A CORPORATION OF PENNSYLVANIA.

SHUTTING-DOWN MEANS FOR HYDRAULIC TURBINES.

Application filed May 4, 1925.

This invention relates to means for shut-
ting down large hydraulic turbines and
connected generators, and the primary ob-
Ject of the same is to provide an easily con-
trolled and safe and positively operating
organization of elements, including electri-
cal instrumentalities for cooperating with
known  electrically-controlled  contactors
mounted in operative relation to some part
of the gate mechanism and also cooperating
with the usual actuator or governor, to en-
able an operator to close the gates of and
stop a turbine unit from a switch board or
some other point distant from the said actu-
ator or governor.

A further object of the invention is to
provide means for securing a positive clos-
ing of turbine gates regardless of accidents
to a generator or the centrifugal governor
head that might cause the turbine unit con-
trolled to run away or become difficult to
handle by ordinary governor operation, and
-enable a switch board operator, through
electrical conncctions and elements, to shut
down a turbine unit in an emergency by
simply closing a switch to energize and ac-
tuate a movable electrical part, which effects
the result sought through the governor
mechanism, instead of performing a series
ot operations in definite sequence and at the
right time, and further, to locate the entire
organization or apparatus embodying the
features of the invention in a place safe
from accident and make it possible, in the
event of total failure of the electric cur-
rent used under normal conditions as the
prime operating medium, to trip or actuate
the improved mechanism and hold the tur-
bine gates shut as long as there is sufficient
pressure in the tanks associated with the
governor mechanism. ‘

The invention consists in the preferred
construction and arrangement of parts
which will be hercinafter more fully de-
scribed and claimed.

The parts shown in the accompanying
drawings, to illustrate one application of
the improved features of the Invention, are
intended for use in connection with an actu-
ator type governor where the centrifugal
head and valve gear are mounted on a gen-
erator floor and connected by suitable pipes
to the hydraulic pistons which moves the
gates, but the constructions can be modified
without departing from the nature or spirit

Serial No. 27,814.

of the invention for use on any form of
governor. The contactors with ‘which the
improved means are operatively associated
are mounted on the turbine gate ring or
parts operated by the same and have a fixed
movement to close a circuit whereby the
armature and field switches are opened when
the gates are closed to a point which gives
zero load on the generator.

In the drawings:

Fig. 1 is a sectional side elevation of the
upper portion of a well known form of ac-
tuator or governor and cooperating parts,
showing the features of the invention ap-
plied thereto.

Fig. 1* is a longitudinal vertical sectional
view of the lower portion of the actuator or
governor and particularly cbodying a
servo motor and turbine gate connecting and
operating means.

Fig. 2 1s a top plan view of a portion of
a turbine gate installation, illustrating the
parts shown by Fig. 1* in association there-
with.

Fig. 3 is an end elevation particularly il-
lustrating the pilot valve and its connections
and supplemental valves and a part of the
improved attachment which cooperates with
the plunger of said pilot valve.

Fig. 4 is a longitudinal vertical section
on an enlarged scale of the pilot valve and
part of the mproved attachment which di-
rectly cooperates with the plunger of said
valve and illustrated in side elevation.

Fig. 5 is an end elevation of the outer
extremity of the plunger of the pilot valve
and the portion of the improved attachment
which directly engages therewith and as
shown in side elevation by Fig. 4.

Fig. 6 is a section on the line 6—6, Fig.
1, and shown on an enlarged scale.

The parts of the well known actuator to
which the features of the invention ave ap-
plied will be only generally referred to, as
they are well understood in the art of hy-
draulics and such additions as are involved
m the features of the invention will be par-
ticularly explained in connection with ele-
ments of the actuator with which the im-
proved features are directly associated. It
will also be understood that the operating
fluid is oil which is supplied from pressure
tanks connccted with the actuator and its
cooperating parts and including servo-mo-
tors associated with the turbine gate operat-
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ing means or ring to open and close the gates
by reverse operation thereof. The actuator
is also in operative organization with rela-
tion to a governor mechanism, not shown in
the present instance, but will be of that type
usually employed in actuator and governor
mechanisms or organizations well known in
this particular art. By “actuator” is meant
a centrifugal speed control mechanism or de-
vice, with the necessary valyes and - other
accessories, that is mounted on a base and
separated from the operating cylinders by
some- distance.

viefly describing the parts of the actu-
ator organization which are essential to the
application and operation of the features of
the invention, the numeral 5 designates a
suitable support and thereon is an enclosing
casing 6 containing a vertically extending
chamber 7 with separated ways or ports 8,
9 and 10, partially covered by an inner sleeve
or liner 11, in which is disposed a distribut-
ing valve 12 connected to an upper relay
piston 13 mounted in a chamber 14 over
the valve 12 and having an oil pressure
supply connection 15.  The sleeve or liner 11
Lias openings or ports 16,-17 and 18 formed
thercin at different elevations in communi-
cation with the ways or ports 8, 9 and 10,
the distributing valve 12 being movable’ in
the sleeve or liner 11, and by its particular

construction, controlling communication be-

tween the interior of said sleeve or. liner
and the several ways or ports 8, 9 and 10.
An inlet 19 is provided in the casing 6 for
supply of oil under pressure from one of
the pressure tanks or oll pressure sources to
the interior of said casing, and continuing
fromn the lower terminal of the chamber. 7 is
a niain pipe 20, supplying pressure to the
servo-motors, one of which is shown by Fig.
9 as at 21 and has the usual connection be-
tween the plunger 22 thereof and the gate-
operating mechanism or ring 23 by means
of a plunger rod or stem 21= It will be un-
derstood that another servo-motor will be
associated with the gate-operating means or
ring 23 to act in opposition to the servo-
motor 21 as shown in Fig. 2. The servo-mo-
tor 21 ss shown by Fig. 2 is represéntative
of one of two similar motors associated with
the turbine gates and has a single piston
91" which is double-acting in view of the
ports at opposite sides of the casing as shown
and controls the closing operation of the
gates, and the levers. 94 connected to the
stems 25 of the gates 26, shown in dotted
lines, are coupled .or attached to the gate
ring 23 by the usual form of links 21, so
that ail of the gates will be uniformly oper-
ated either to a closed or open position in
accordance with the servo-motor rendered
active. The casing 28 of the servo-motor 21
has at one end a hearing support 29 for the

' ‘plunger rod or stem 21% and extending up-
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wardly therefrom is a fulcrum support 30,
to which is pivoted a bell crank lever 31 hav-
ing movably attached to one arm thereof a
link 82, also movably connected to a cou-
pling yolke 33, secured on the plunger rod
or stem 21*. The remaining arm of the bell
crank lever 81 has an upwardly extending
rod 34 movably attached thereto and also
connccted at its upper end to a rocking
lever 35 associated with the governor, not
shown. On the rod 34 are a pair of spaced
contacts 36 and 87 which are adapted to
engage cooperating contact points 38 and
39 carried by contact plates 40 and 41 held
in position by a frame member 42 depend-
ing from the casing 5, as shown by Fig. 1.
The contact plates 40 and 41 with their
points 38 and 39-and the contacts 36 and
37 on the rod 34 will be suitably connected
to the field and armature switch of the gen-
erator, not shown, the said contact devices
constituting a tripping contact for the field
and armature switch and by means of which
the field and armature switch or switches, as
the case may be, may be opened when the
eates are closed to a point that gives zero
load on ‘the generator. Installed at a suit-
able point in the main pipe or conduit 20 is
a shut-off valve generally indicated by the
reference c¢haracter 43 and having a caging
44 with a horizontally extending member
45 having a plunger 46 mounted therein and
provided with an outwardly projecting stem
47 vrith a hand grip 48 for manual operation,
the latter stem extending through-a head 49,
which is concaved or recessed as at 50 over
an outer enlarged end 51 of the plunger or
piston 46. The member 45 has an enlarged
chamber 52 of approximately the same di-
ameter as the enlarged outer end 51 of the
plunger 46. The member 45 of the casing
44 also has an inner opening 53 of approxi-
mately ‘the same diameter as_the reduced
diametrical portion of the said plunger- 46,
and opposite this opening the casing has
a seat depression 54 for the reception of the
inner smaller end of the plunger 46 when the
latter is closed. The valve casing 44, by its
interposition in the main pipe or conduit 20,
has a bore 55 therethrough which continues
the bore of the said pipe or conduit 20, and
above -and Lelow the depression 54 a bypass
pipe 56 is connected to and communicates
with the bore 55 and has a lower angle valve
57 which is adjustable to give the desired
time clement of gate closure. = Associated
with the head 49 of the valve casing 44 and
extending transversely across the same in a
horizontal plane is a pilot valve 492, shown
by Fig. 4, comprising a tubular casing 58
liaving opposite heads 59 and 60. A lower
inlet connection 61 is connected to the cas-
ing 58 adjacent the head 59 and an outlet
connection or constantly open drain pipe 62
is connected- to a longitudinal bore in the
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head 60. The lower end of the pipe 61 is
connected to an oil pressure supply pipe 63
provided with a valve 64, and the lower
ends of the pipes 61 and 62 are connected by
a pipe having a closing valve 65, the latter
pipe beyond the valve 65 being a constantly
open drain pipe. The valve 64 is opened
to permit oil under pressure at all times to
pass into the pipe 61 and from the Iatter
into the one extremity of the chamber 66 of
the pilot valve 58 while the valve 65 re-
mains closed. Within the chamber 66 of
the pilot valve casing 58 a plunger 67 is
mounted to reciprocate and has one end
thereof circumferentially reduced as at 68,
to provide a port 69 adjacent the upper in-
let end of the pipe 61, the plunger 67 hayv-
ing a rod or stem 70 extending outwardly
through a suitable packing or gland 71 in the
head 59 and having on its outer end a col-
lav or analogous device 72. On the upper
part of the end of the casing 58 from which
the rod or stem 70 projects is a horizontal
bracket arm 73 having a terminal dependine
angular guide 74 for a purpose which will
be presently explained. The casing 58 of
this pilot valve 1s fastened to the lower por-
tion of the head 49 of the member 48 of
the valve casing 44 by a suitable bracket
plate 75, and cxtending through the lat-
ter and also through the casing 58 iuto
the chamber 66 is a port 76 which reg-
isters with the port 77 in the lower part
of the head 49, said port 77 opening into the
recess or depression 50 in the inner side of
the head 49. The chamber 52 in which the
enlarged outer end 51 of the plunger 46
has snug sliding movement has at its inner
end a drain groove 78, and communicating
with this groove by a port 79 through the
bottom portion of the casing 44 is a drain
pipe 80, which runs to and connects with the
drain pipe 62 of the casing 58, and by this
means the chamber 52 may be freed of any
accumulation of oil therein when the plun-
ger 46 is restored to normal position and
avoid any obstruction to the sensitive and
complete operation of the said plunger to
closing position. Adjacent to the relay valve
structure hereinbefore described 1s an up-
right pilot valve 81 having a lower pipe
connection 82 with the chamber 14 of the re-
lay piston 13, the stem 83 of the said pilot
valve being connected to a floating lever 84,
also associated with the governor mecha-
nism.

All of the foregoing mechanism except the
valve 43 and its cooperating pilot valve 49 is
old in this particular art and has been illus-
trated to demonstrate the operative relation
thereto of the improved features, which have
been in part and will now be particularly and
additionally described.

The improved features of the invention
comprise a plunger valve 85, shown in de-

3

tail in Figure 6, interposed in the pipe con-
nection 82 between the pilot valve 81 and the
relay valve including the chamber 14 and
piston 13, the said plunger valve by its dis-
position as just explained being thereby lo-
cated in the exhaust line from the relay con-
trol valve of the governor. This plunger
valve by its operation effects a positive clos-
ing movement of the governor and com-
prises a casing 86 extending out at right
angles to the pipe or conduit 82 and having
a chamber 87 in which is mounted a plunger
88. The casing 86 is closed at its outer end
by a head 89 with a suitable gland or other
packing means 90, and through the center
of the latter and the head a plunger rod or
stem 91 connected to the plunger 88 has
movement. On the outer end of the plunger
rod or stem 91 is a collar or stop device 92,
and between the latter and the head 89 a
spring 93 surrounds the said plunger rod or
stem, to dispose the plunger 88 in normal
position after it has been operated fo close
the pipe or conduit 82. The chamber S7
adjacent the head 89 is enlarged, as at 94,
and the end of the plunger 83 from which
the plunger rod or stem 91 projects is di-
arctrically reduced, as at 95, to give the
enlargement 94 of the chamber 87 the neces-
sary capacity for receiving oil under pres-
sure which is fed thereto in accordance with
the operation of the improved features of
the invention and as will be presently ex-
plained. Connected to the bottom of the
casing 86 and opening into the enlargement
94 of the chamber 87 is the upper end of a
pipe 95, which is connected and opens into
the chamber 52 of the shut-oft valve 43.
Suitably supported and held in operative
relation above the shut-off valve 43 is a =ole-
noid 96, constructed similarly to devices of
this type and having magnetic coils 97
around a central bore 98, which is open at
the hottom and has a solenoid cove 99 freely
movable therein.  Movably attached to the
lower end of the core 99 is a depending rocl
100 of suitable length having a bifurcated
head 101 at its lower end in which the upper
end of a clip or lateh fork 102 is secured as
shown by Fig. 4, the said latch fork having
a bifurcation 103 opening through the lower
end therecof and movable on the angular
guide 74 at the outer end of the bracket arm
73. The coil or coils 97 of the solenoid 96
have clectrical conductors 104 and 105 con-
nected thereto and to a switch board 106,
comprising a push button 107, which 1s op-
erable to close the circuit between the wires
or clectrical conductors 104 and 105 and
other electrical conductors 108 and 109, also
attached to the switeh board 106 and con-
nected to an electric current supply. This
switch board 106 may be Jocated at any posi-
tion desired at a distance from the actuator
and governor mechanism so that it may be
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operated to close the circuit and actuate the
solenoid for:the purposes hereinbefore set
forth. - It will therefore be seen that the im-
proved attachment comprises the shut-off
valve 43 with its cooperative pilot valve 49¢,
the plunger valve 85, the pipe 95 running to
and communicating with the chamber 52 of
the shut-off valve, and the solenoid having
the depending rod 100, to the lower end of
which the latch fork 102 is attached, to-
gether with the electrical connections where-
by the solenoid is rendered operative or ac-
tuated to move or shift the rod 100. To
render the full closing movement of the
plunger 88 structurally effective, the wall of
the pipe or conduit 82 opposite the cham-
ber 87 in which the plunger valve has move-
ment is preferably formed with a seat or de-
pression 110, and when the plunger 88 is
forced across the bore of the pipe or' con-
duit 82, the latter is shut off and the saicl
plunger 88 remains in closed position until
relieved of oil under pressure which oper-
ates thereon through the medium of the en-

largement 94 of the chamber 87 against the

resistance of the spring 93.

In setting the improved attachment for
operation, the rod or stem 70 of the plunger
67 of the pilot valve connected to the head
49 of the valve casing 44 of the shut-off
valve 43 is drawn outwardly and the latch
forle 102 is caused to embrace the outer ex-
tremity of the rod or stem 70 and to bear
against the collar or analogous device 72 to
hold the plunger 67 in the position shown by
Fig. 4, at which time the reduced extremity
6S of the said plunger will be in engagement
with the inner terminal of the head 59 at
one end of the valve casing 58 of the pilot
valve, and the port 69 will be in comniuni-
cation with the upper inlet end of the pipe
61, and whereby oil under pressure to the
capacity permitted by the position of the
plunger 67 will fill the said port. The
plunger 46 of the shut-off valve 43 will also
at this time be disposed in the position
shown by Iig. 1 with the enlarged extremity
or end thereof close to the depression 50 of
the head 49 and to the inlet end of the port
77 also opening into the pilot valve and the
main line pipe 20 will then be clear with
the gates of the turbine open. When the
latch fork 102 is in engagement with the
outer extremity of the rod or stem 70, the
core 99 of the solenoid will be pulled down
or lowered and the plunger valve 85 will
have its plunger 88 positioned as shown by
Fig. 6 so as to clear the bore of the pipe or
conduit 82. The distributing or exhaust
valve 12 will also occupy the central position
shown by Tig. 1 with its upper and lower
rings covering the ports 18 and 16 and,
Turther, the relay piston 13 in the chamber
14 will be disposed as shown by Fig. 1.
The parts of the improved attachment and

1,717,071

the several instrumentalities of the actuator
and governor control mechanism directly
sociated with the improved features having
been arranged as just explained will pernmit
the governor to normally operate and per-
form its functions, and the turbine aites
will remain open to permit ingress of

ng
wo-

water
to the runner or wheel for driving the tur-
bine shaft. The valve 64 in the oil pressure
pipe connection 63 and the valve 65 in the
same pipe connection in the preliminary ai-
rangement or adjustment of the parts of the
actuator mechanism  will be respectively
opened and closed and remain in such
opened and closed relationship during the
normal operation of the turbine runner. In
the cvent of trouble owing to too high speed
of the turbine runner or wheel and which
would make it difficult or impossible to per-
form the closing operation of the gates in
the normal way, an operator may close the
switch 107 and energize the solenoid 96 and
cause the core of. the latter to be drawn
upwardly and thereby at the same time pull
upwardly on the rod 100 and release the
lateh fork 102 from the outer cad of the
ol or stem 70 of the plunger 67 of the pilot
valve, and the oil under pressure behind the
plunger 67 will force the latter from the
fidl Tine position in Fig. 4 to the dotted line
position thercof and open the port or pas-
ce 76 and permit the oil under pressure to
enter the member 45 of the shut-off valve 44
through the passage 77 against the outer
enlarged extremity 51 of the plunger 46 and
force the latter across the main pipe 20 and
close said latter pipe and also open up the
pipe 95 for the flow of oil therethrough
under pressure from the enlareed chamber
52, the oil passing through the pipe 95 enter-
ing the enlargement or port 94 of the
plunger valve 85 and forcing the plunger 88
mto closed position across the bore of the
pipe or conduit 82 against the resistance of
the spring 93, and the excess pressure undor
the enlarged end of the relay piston 13 in
the chamber 14 of the relay valve will effect
a movement of the said latter piston and
force the distributing ov exhaust valve 192
upwardly to put the ports thercof into com-
munication with the passages 9 and 10 -and
permit the oil to flow down through the pipe
20 and bypass by way of the pipe 56 to the
servo-motor 21 and actuate the plunger of
the latter in a direction to shift the plunger
rod 21* and operate the gate ring and con-
nections for the gates 95 to close suid gates
and effect a downward movement of the rod
84 to set up engagement of the contacts 37
and 386, respeetively, with the contacts 39
and 38, and thus act through the armature
and field switches of the generator to open
the latter to a point that will give zero load
on the gencrator.

After the emergency operation of the
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improved attachment features as just ex-
plained has been fulfilled to overcome the
irregularity of operation present in the tur-
bine installation in' part or as a whole, the
several mechanisins, including those of the
actuator and governor mechanism  with
which the improvements are associated, are
reset to normal position partially automati-
cally and partially by hand and including
the core of the solenoid, which is lowered
by the application of the clip or latch fork
102 at the lower end thereof to engage the
outer end of the rod or stem 70 of the
plunger 67 of the pilot valve. What oil
may remain in the chambers of the several
valves is drained away and passes off to the
sump and thereby frees the chambers or
bores in which the valves operate from ob-
structions to the operation ot the plungers
of the valves.

From the foregoing it will be seen that
the turbine gates will be positively closed
regardless of accidents to the generator or
centrifugal governor head that might cause
the entire turbine unit to runaway or become
difficult to handle by ordinary governor op-
eration. As also hereinbefore noted, the
improved features enable a switch board op-
erator to shut down a turbine unit during
an emergency by simply pressing a button
or operating an analogous switch device to
energize the solenoid 1nstead of being com-
pelled to perform a series of operations in
definite sequence and at proper times.

What is claimed as new is: :

1. Shutting down means for hydraulic
turbines, comprising in combination with an
actnator adapted for association with gov-
ernor mechanism and turbine gates having
means for enclosing the same, of a valve
located in the exhaust line from the relay
control valve of the governor mechanism, a
shut-off valve interposed in the main line
between the relay control valve and a part
of the gate operating means and having a
pilot valve with a projecting plunger rod,
and electrically shiftable means having a
switch connected thereto and including a
movable element separably associated with
the plunger rod of the said pilot valve and
releasable from the latter by the actuation
of the switch to effect a shutting down oper-
ation of the gates of the turbine in the event
of the necessity of emergent action.

2. In shutting down means for hydraulic
turbines, the combination with an actuator
having oil pressure connections and operat-
ing valves to control the flow of oil under
pressure therein and adapted for associa-
tion with governor mechanism, turbine
gates having operating devices including a
servo-motor for closing the same connected
to the actuator by a main line conduit pro-
vided with an automatically operating shut-
off valve interposed therein, of a pilot valve

S

operatively mounted in confiection with the
said shut-off valve and having a plunger

rod movable outwardly therefrom, an elec-

trically operated device having a movable
element with holding means connected
thereto - for engagement with the said
plunger rod to maintain the shut-oft valve
open, a vertically reciprocating rod asso-
clated with the gate operating mechanism
and having electrical contacts thereon, other
contacts adjacent the contacts of the rod,
the said contacts being adapted for connec-
tion to the switch means of a generator to
open the said switch means when the gates
arc closed to a point which gives zero load
on the generator, a plunger valve interposed
in the exhaust line relatively to the said re-
lay valve and having a plunger opecrating
to automatically open a pipe connection be-
tween the shut-off valve and the said plunger
valve, and an electrical attachment having a
movable member with a clip attached there-
to for engagernent with the plunger rod of
the said pilot valve, the said electrical at-
tachment having a switch means connected
thereto for controlling the supply of current
for actuating the said movable member to
release the plunger rod of the pilot valve
and automatically effect a closure of the
turbine gates.

3. A shutting down means for hydraulic
turbines including actuator and gate oper-
ating mechanism controlled by oil under
pressure, combined with a plunger valve in-
terposed in the exhaust line of the actuator
and governor and the relay control valve of
an actuator, means connecting said plunger
valve for supplying ail thereto under pres-
sure from the remaining part of the actuator
mechanism, and electrically controlled
means having a holding device removably
engaging a part of the actuator mechanism
when electrically energized to effect an auto-
matic operation and supply of oil to the said
plunger valve and an immediate operation
of the trubine gate closing devices independ-
ently of the series of operations in definite
sequence and in proper timed relation re-
quired to be performed to effect activity of
the actuator mechanism to close the turbine
gates.

4. In a shutting down means for hydraulic
turbines the combination of a standard tur-
bine wheel actuator consisting of centrifugal
speed control device associated with a gov-
ernor and operated by oil under pressure
supplied to the cylinders by a main supply
pipe, and comprising automatically operat-
ing valves including a valve to control the
exhaust of the actuator, mechanism directly
and operatively associated with the gates of
a turbine and including a servo-motor hav-
ing a piston connected to the gates, an elec-
trical attachment having a movable member
with means connected thereto to engage a
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matically release the valve engaged by said
movable member and actuate the piston of
the servo-motor to effect a closing of the
gates of the turbine by an automatic oper-
ation involving a shut off of the supply of
oil to the cylinders of the actuator through
the main supply pipe and independent of
the usual manual operation usually required
to cause the actuator and relatively asso-
ciated parts to close the turbine gates.
5. In a shutting down means for hydraulic
turbines, the combination with the usual
form of hydraulic turbine actuator, and gate
operating mechanism including a servo-
motor and a main oil supply conduit having
a shut-off valve and all associated with a
governor mechanism of electrical means hav-
Ing a movable rod engaging a part of the
sald shut-off valye for normally holding the
actuator mechanism in set position, the said
movable rod being operable through the me-
dium of a switch located at a distance from

the shutting down means to energize the

said electrical -means and release the rod
and shut-off valve and effect a change of the
oil pressure and an: automatic operation of
the actuator to close the gates through the
servo-motor independent of the manual con-
trol of the usual means to effect a closure of
the turbine gates. , ‘

6. Means for closing the gates of a
hydraulic turbine regardless of accidents to
a-generator or to a centrifugal governor
head that might cause the unit to run away
or become difficult ta handle by ordinary
governor operation, consisting in addition
to the unsual actuator mechanism operating
under the force of .oil under pressure sup-
plied through a main conduit connected to
the actuator and a servo-motor connected to
the turbine gates, of shut-off valve mech-
anism associated with the said main oil
supply conduit, and electrically controlled
means including a movable member engag-

ing and holding a part of said shut-off valve

1,717,071

in normal set position and operable under
emergency conditions to release said valve
and a part of said actuator mechanism and
instantly. set up an activity of the latter

mechanism to-close the turbine gates through -

the servo-motor independently of the means
of the actuator mechanism ordinarily re-
quiring sequential manual adjustment and
operation.

55

7. Means for closing the gates of a turbine -

including an actuator to control the speed
and power and hydraulic servo-motor means
through oil pressure supplied through a
main conduit, combined with shut-off and
exhaust control valves operatively associated
with the said oil conduit and a portion of
the actuator, an electrical attachment hav-
ing a movable element provided with means
for engagement with a portion of the shut-
off valve to hold the latter valve open and
automatically release the latter and.control
actuation of said exhaust valve, and elce-
trical switch means associated with and op-
erable to energize said attachment for re-
leasing the said clement. and the shut-off
valve to effect closure of the turbine gates
through the servo-motor at an interval of
emergency independently of the usual man-
ual operation of said actuator. '

8. Means for closing the gates of a turbine
including an actuator and a main oil supply
conduit to control the speed and power and
operation of the servo-motor means, valve
mechanism associated with the actuator, and
a shut-off valve for the main oil supply con-
duit, said valve mechanism and said shut-off

valve having related control operation one

by the other, and an electrical attachment
having a movable element to engage the
shut-off valve to hold the latter in- open
position and release the same to actuate the
said related valve mechanism to effect the
gradual closing of the gates of the turbine
through the - servo-motor independently of
the normal operation of the actuator.

In testimony whereof I have hereunto set

my hand. _
: ARTHUR G. SMITH.
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