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The present invention relates generally to im-
provements in hydraulic turbines and relates
more particularly to improvements in the control
and operation of hydraulic turbines of the im-
pulse type.

Considerable difficulty has heretofore been ex-
perienced in controlling the supply of operating
fluid to impulse turbine runners responsive to
load conditions thereon. The operating fluid is
generally supplied to the runners of impulse tur-
bines through a long pipe line and under an ex-
tremely high pressure. It is, therefore, highly
impractical to utilize a quick acting valve for
controlling the amount of fluid delivered to the
turbine runner in accordance with variations in
load upon the turbine because of the imminent
danger of bursting the pipe line when rapid
changes in the velocity of the flowing fluid within
the pipe line are effected. Since sudden varia-
tions in the load on a turbine of this type are
frequent, it is extremely dangerous to attempt
sufficiently rapid closing of the valve in the supply
pipe or nozzle to maintain the speed of the runner
constant.

To eliminate the obvious disadvantages at-
tendant the use of quick acting valves in the fluid
supply lines of impulse turbines, it has heretofore
been common practice to permit the operating
fluid to issue from the nozzle at a constant rate,
compensating for changes in load by deflecting
more or less of the operating fluid from the
buckets or blades of the runner. This deflection
of a portion of the stream of operating fluid may
be effected either by means of a movable nozzle
which may be tilted toward or away from the
buckets to change the direction of fluid flow, or
by means of a separate deflector element having
a hood or the like which may be moved into or
out of the path of the operating fluid to deflect
more or less of the fluid away from the buckets.
Tn such installations, the fluid deflected from the
buckets is wasted and performs no useful func-
tion, thereby undesirably depleting the fluid sup-
ply in the main reservoir.

To substantially reduce the large amounts of
fluid wasted through the use of devices of the type
hereinabove described, it has also been hereto-
fore proposed to provide a combination of quick
acting fluid deflector and relatively slow acting
valve means for controlling the amount of fluid
issuing from the nozzle. Such devices are likewise
of two types, one type being provided with a mov-
able nozzle for quickly deflecting the stream of
operating fiuid and with a needle valve for more
slowly controlling the flow of fluid through the
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nozzle, and the other type being provided with.
a separate deflector including a hood or the like:
for quickly deflecting the stream or jet and with
a needle valve for subsequently slowly controlling.
the flow of fluid through the nozzle. Many sys-
tems for synchronously controlling the operation
of the jet deflecting means and the needle valve
means of these prior art assemblages have hereto-
fore been proposed. However, in the past, consid-
erable difficulty has been encountered in provid-
ing a simple and universally applicable system for
controlling the operation of the jet deflecting and
needle valve means.in complete synchronism and
without considerable undesirable fluctuation in
the speed of the wheel or runner during adjust-.
ment of the deflector and needle valve to a new
position.

It is therefore an object of the present inven-
tion to provide an improved system for auto-
matically controlling the supply of operating fluid
to the runner of an impulse turbine which obvi~
ates the objectionable features of prior systems
and devices.

Another object of the present invention is to
provide an improved control system for synchron-
ously operating the jet deflector and needle valve
of an impulse turbine responsive to variations in
load on the turbine.

Another object of my invention is to provide an
improved hydraulic impulse turbine having a jet
deflector and a needle for controlling flow of fluid
through the nozzle with means for automatically
controlling the operation of the jet deflector and
needle in synchronism through the expedient of
a single simple relay servomotor and standard
speed governor.

Another object of the invention is to provide an
improved hydraulic impulse turbine having a jet
deflector and a needle for controlling flow of

fluid through the nozzle with means for quickly

actuating the deflector directly in response to
load changes through a connection with a stand.
ard relay speed actuated governor and for simul-

. taneously but more slowly moving the needle to
45

effect corresponding adjustments in the position
thereof, the deflector being returned to neutral
position out of the path of the fluid as the needle
is moved to adjusted position.

An additional object of the present invention
is to provide an improved hydraulic impulse tur-
bine comprising, a runner, a nozzle for directing
a stream of fluid against the runner, a needle for
controlling the flow of fluid through the nozzle, a
pilot valve controlled servomotor for operating
the needle, a deflector movable into and out of the-




2,491,059

3

path of the fluid, a governor, means operatively
connecting the governor with the deflector for
moving the deflector directly in response to
changes in load, means for simultaneously oper-
ating the pilot valve of the servomotor to effect
adjustments in the position of the needle, and
means directly responsive to the movement of the
needle for moving the deflector to a position just
out of the path of the fluid for each adjustment
of the needle.

A further object of this invention is to provide.
an improved governing system for hydraulic tur=
bines of the impulse type which is simple; durable:
and inexpensive in construction and which is
highly efficient and economical:in-operation.

Additional objects and advantages. of the pres-.
ent invention will be apparent from the following
detailed description.

A clear conception of one embodiment. of the
present improvement and of the mode of con-
structing and of utilizing apparatus. built in ac-
cordance with my invention-may-be.had by re-
ferring o the drawing accompanying and form-
ing a part of this specification wherein-the vari-
ous parts-are referred to by suitable reference,
characters:

The single fisure shown in- the drawing is a
vertical: section through- a hydraulic turbine of’
the impulse- type- embodying: the features of my
present improvement:

Referring to the drawing, the reference nu-
meral 5 designates the impulse wheel or.runner
generally. The runner '§ may be of well known
construction, consisting: of* a disc’ 6 keyed.to the

shaft-T'and provided with a plurality of buckets. §

or blades 8 suitably mounted at spaced. intervals
around the periphery thereof.

The runner 5 is driven. hy a jet or stream. of*
water under pressure delivered from a suitakble,
source of supply’ (not shown) by way of.a pibe
%-and issuing; as.indicated’by dot-and dash lines,
from:the discharge orifice- 12" of 'a stationary. noz-
Zle 11 against the buckets 8 of the runner. An
axially movable needle valve {3 for forming. the

operating jet and regulating the quantity of ‘wa-

ter delivered from the.nozzle to the runner is
provided within the nozzle (1. The amount of
water delivered by the nozzle is controlled By the.
position of the needle as will be hereinafter more
fully described.

The needle valve I3 is carried by a.stem. {5 se~
cured.at the end thereof to a piston.18 operating.
In_a. hydraulic cylinder. 17, suitable packings. (8,
I3, respectively, being.provided. between the stem.
15.and nozzle i! and.the stem {5 and cylinder. (1.,
To actuate the piston {6, the Aiuid under pressure.
is. admitfed to, and discharged from, the.front

and rear. portions.of the cylinder in a well known.

manner. hy, way of pipes. 21, 22, respectively..
Fluid flow. to the cylinder 17 through.the pipes-
21, 22. is contrelled. by-a pilot valve 23 working.
within a.cylinder 24.to open.and close the outlet
ports.26, 21 of the cylinder 24, which.ports-com-.
municate with, the pipes. 21, 22, respectively.
Fluid under pressure is supplied.to. the cylinder
24.by way. of pipe 28 from.a suitable source (not.
shown), and. the opposite ends of the cylinder
24 are suitably vented as-by:pipes 28, 36-to per-
mit: escape of fluid displaced in the cylinder. {7
during movement. of the piston.(6:

In:addition to the needle valve 13:for regulat-
ing-the.jet issuing from the nozzle:l |, a.deflector.
32 is:provided. As shown, the deflector 32.com-
prises.-a hood or. deflector plate.33.carried.by.an
arm or arms 34 mounted on a rockshaft 35 which,
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in turn, is supported by one or more lugs 36 suit-
ably formed on the nozzle i1 adjacent the dis-
charge end thereof. As will hereinafter more
clearly appear, the deflector 32 is swingable into
the jet issuing from the nozzle {1 to deflect por-
tions thereof from the buckets 8 of the impulse
wheel until such time as the needle valve {3 may
be moved to the new position of adjustment.

Movement of the needle valve i3 and deflector
32 is controlled by a governor 38, shown herein as
being of the fiyball type but which may be of any
known construction. The governor 28 is suit-
ably diiven, through mechanical or electrical
connections, in accordance with the speed of the
runer-5.  As-herein illustrated, the governor is
connected-to a floating lever 43 pivotally attached
at one end (left) thereof to the stem of a pilot
valve 39 operating.in- a cylinder 4{ to control the
passage-of fluid under pressure, supplied by a pipe
43 from a suitable source (not shown), through
pipes 44, 45 leading to.opposite ends of a cylinder
46 having a piston 4T provided’ therein. The
pilot valve cylinder-41 is also vented at opposite
ends; as. by pipes 49, 850 to permit escape of fluid
displaced inh the servomotor- cylinder 46 during
movement of the piston 47 as will hereinafter
more clearly appear.

‘The. piston 47 carries a rod 5f extending:
through an end wall of the cylinder 46, suitable

30. pacKking being provided between the end wall and

the axially movable rod. The rod 51 is con-
nected; as by a link 52 or the like, to a crankarm.
54 carried by a rockshaft 55 which also. has a.
crank arm 56 mounted thereon forming a bell
crank, ‘The crank arm 56 is, in turn, connected"
by a link.57 to: a compensator device 59 which.
relays the motion of the piston rod 51 to the op-
posite end (right) of the floating lever 48 in the
usual manner to return the pilot valve 39 to:
neutral position.

The rod 81" is further connected, by a link §2’,
to.a crank arm. 69" mounted on .a rockshaft 6i
which also has.an arm.62 secured thereto to form
a bell crank. A rod 64 connects the crank arm
62 with a crank arm 65 secured.to a rockshaft. 6%
which has crank arins 67,68 secured thereto to.
likewise form a bell crank. .

The crank.arm 68 carries a rod 70 which is.
pivotally attached. at 71 to a floating power lever
12 having. one end.thereof pivotally mounted at
13 on the valve stem 5. The lever i2 is con-
nected at. its opposite end, by a connecting rod
15, to-a. crank. arm 76 secured to. the rockshaft
35; carrying the deflector 32. It is thus apparent.

_that any. change recorded by the.governor 38.in

" the. speed. of. tlie impulse wheel § is relayed, by

60.

65.

70.

e
78

way. of pilot valve 39 and associated mechanism,
to. the. servomotor. 46, 47 and to the deflector 32
tirough the. described mechanical connections
including bell crank 69, 62,.connecting. rod 64,
bell, crank. 65, 68, rod. 70,. lever. 72, connecting.
rod 15, and bell crank 78, 34..

To. communicate such speed changes to. the.
needle valve 13, the crank arm 67.is connected,
by way of a rod 77, to one end of a lever 78 piv-
otally mounted at 86 on a fixed support ${. The,
lever 78 is.connected at its opposite end, by a
link 82, to one end of a fleating lever 83 which.
is'pivoted at the opposite end thereof on a roller )
86 and'is connected, intermediate its ends, to the
stem 84-of the pilot valve 23. Thus, as the bell
crank. 85, 61 rotates, responsive. to. changes.in {he
speed.of.the. wheel 5. relayed from the governor, .
such.changes-are. obviously. relayed by way of .rod .
11, lever 18,.linkage 82, and lever 83 to the pilot
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valve 23 which controls the hydraulic pressure
supply to servomotor cylinder {7 for actuating
the piston 16 which carries the valve stem 15,
thereby adjusting the needle valve 13 to a new
position.

To restore the pilot valve 23 to neutral posi-
tion as the needle valve 13 is moved the dis-
tance necessary to effect the demanded jet ad-
justment, a cam 87 carrying the roller 86 of
the floating lever 83 is provided. The cam 87
is formed on one end of a lever 88 pivotally
mounted at 89 on a fixed support 90, and the
opposite end of the lever 88 is connected, by a
link 92 or the like, to an arm 93 carried by the
valve stem 15. Therefore, as the valve stem 15
of the valve 18 is moved by the piston 23, the
arm 93 is carried therewith, thereby causing the
lever 88, through linkage 92, to rotate the cam
871. As the cam 87 is rotated, the roller 86 is
moved over the cam surface, thereby causing
the floating lever 83 to likewise follow the move-
ment thereof to restore the valve 23 to neutral
position whereby further movement of the pis-
ton (6 and needle valve {2 is stopped by closing
off the fluid supply to the cylinder (7.

As the needle valve i3 is moved by hydraulic
pressure to its new position of adjustment, the
deflector is simultaneously caused to move to a
position whereby the hood 33 is stopped just
outside of the jet upon completion of movement
of the valve 13. 'This movement of the deflector
is caused by rotation of the floating lever 72
around the pivot Ti as the lever is carried, by
reason of its pivotal connection, with the valve
stem 15, such movement being relayed to the
deflector 32 through rod 15 and crank arms
76, 34.

The shape of the cam 87 and the relationship
of the levers and movements are such that
there is a position of the deflector 32 whereby
the hood 33 thereof is just outside of the path
of the jet for each position of adjustment of
the needle valve 13, and there is likewise a fixed
position for the bell crank 65, 68 and the pivot
pin 71 for each load imposed on the governor
38 whereby the improved device will reduce the
jet to the proper size and simultaneously move
the deflector hood 33 to a point just outside of
the path of the jet.

From the foregoing it will now be evident :

that in combination with a hydraulic impulse
wheel 5, a nozzle it for directing a stream of
fluid against the wheel, a needle {3 for control-
ling the flow of fluid through the nozzle and

deflector means 32 movable toward and away

from the stream, a control means has been pro-
vided for restoring the speed of the wheel to a
selected value by positioning the deflector means
and the needle in response to change of speed
upon change to a given load on the wheel.
This control means comprises the following
principal elements: a control member, which
may be taken as the rod 5i, along with means,
here shown as including a servo-motor piston
41, adapted to move the control member 5{ to
a position predetermined by the load on the
wheel and the selected value of speed at which
it is desired that the wheel shall rotate; fly-
balls 38, which control the position of the con-
trol member 51. A change in load on the wheel
is refiected in a temporary change in the posi-
tion of the flyballs and such change in position
causes the control member 51 to assume a pre-
determined new position; actuating means for

the needle 13, which is here shown as provided
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by a servo-motor including a pilot valve 23, any
suitable connection, such as the linkage ex-
tending from the control member 51 to the pilot
valve 23, providing means whereby the needle

~actuating means is caused to adjust the needle

to a position which depends on the position of
the member 5f; and means dependent upon the
position of the control member §! and depend-
ent upon the position of the needle 13 for posi-
tioning the deflector means 32, this means be-
ing here shown as including a link 70, a lever
12, and a link 78. While the principal elements
of the control means have been identified in
the particular embodiment shown in the draw-
ing, it will be understood that this has been
done by way of explanation with respect to the
illustrated embodiment and not by way of lim-
itation since those skilled in the art will under-
stand that the invention may assume other em-
bodiments. The operation of the invention will
now be considered in detail with reference to
the illustrated embodiment.

In describing the operation nf the improved
device, all of the parts of which are shown in
the drawing as being in neutral position indica-
tive of no load change, let us assume that there
is a drop or reduction in load on the turbine.
As the load on the turbine drops, the speed at
which the runner § is driven by the jet issuing
from the.nozzle 1l increases; and this increase
in speed of the runner is transmitted to the
governor 38 in a well known manner, causing
the flyballs to move outwardly by centrifugal
force against the restraining action of their
spring. As the governor thus responds to the
increase in speed of the runner, the pilot valve
39, by reason of the connection of its stem with
the left hand end of floating lever 48, is caused
to be lowered within the cylinder 41, thereby
opening the passage 45 and right side of the
cylinder 46 to fluid pressure supplied by way
of pipe 43 and opening passage 44 and left side
of cylinder 46 to vent pipe 49. As the pressure
within the passage 45 and right side of cylinder
46 builds up, the piston 47 and ifs rod 51 are
moved to the left, causing the crank arms 60,
62 and rockshaft 61 to rotate in a counterclock-
wise direction to move the connecting rod 64
downward while simultaneously causing the
crank arms 54, 56 and rockshaft 55 to rotate
in a clockwise direction to restore the pilot valve
39 to neutral position through the connection
of the compensator device 59 with the floating
lever 40.

As the rod 64 is moved downward, it causes
the crank arms 65, 67, 68 and rockshaft 85 to
rotate in a counterclockwise direction. As the
crank arm 68 is thus rotated, the movement
thereof is in turn relayed, by rod 70, to the float-
ing power lever 12 which is rocked to the left
about its pivot 13, thereby likewise moving the
rod 75 to the left to rotaté the crank arm 76,
rockshaft 35, and crank arm 24 of the deflector

. 32 in a clockwise direction, the deflector hood

33 being carried quickly into the jet by the arm
34. The movement of the deflector hood 33 into
the jet, as hereinabove described, continues
until a sufficient amount of water is being de-
flected from the buckets 8 to regulate the run-
ner to the reduced load, whereupon the speed
of the wheel will be restored to normal and
the governor will stop the movement of the rod
64, thereby holding the crank arms €5, 67, 63
and the rod 70 and pivot Ti stationary.




2,491,059

Upon counterclockwise rotation of the crank

arm 67 when the rod 64 is moved downward
as described, the rod 717 is moved upward, ro-
tating the lever 718 in a counterclockwise direc-
tion about its pivot 80 and thereby lowering the
right hand end of floating lever 83 and causing
the pilot valve 23, by reason of the connection of
its stem 84 with the lever 83, to be lowered in
its cylinder 24. As the valve 23 is lowered, the
port 21, passage 22 and right side of servo-
motor cylinder i1 are opened to fluid pressure
supplied by way of pipe 28, and the port 26, pas-
sage 21 and left side of cylinder {71 are opened
to vent pipe 29.
sage 22 and right side of cylinder 7 builds up,
the piston 16 slowly advances to the left within

the cylinder, carrying the valve stem 15 and

needle- valve I3 therewith to gradually reduce
the size of the jet issuing from the orifice 12 of
the nozzle 1.

As the stem 1§ of the needle valve is moved
to the left, it carries the pivot pin 73 with it,
thereby rotating the lever 72 counterclockwise
about the pivot 7i{. This rotation of the lever
12 about the pivot 71 moves the deflector hood
33, through rod 75 and crank arms 76, 24, slowly
in a counterclockwise direction to a point just
outside. of the path of the jet as shown in the
drawing, whereupon movement of the needle
valve §3 and deflector 32 is stopped, as will be
hereinafter more fully described, with the jet
reducsd to correspond with the changed load
requirement of the turbine.

During movement of the needle valve as here-
inabove described, the stem 15 also earries the
arm 23 to the left, thereby rotating the lever 88,
through linkage 92, in a clockwise direction
about the fixed pivot 89. and causing the cam
81 to raise the roller 86 and floating lever 83.
As the lever 83 is thus raised, valve 23 is like-
wise lifted in cylinder 24 until it is restored to
its neutral position, as shown, closing off the
ports 26, 2T and passages 2f, 22, thereby stop-
ping movement of the-piston 16 and nzedle valve
i3 as well as the deflector 32. The adjustment
of the jet issuing from nozzle 1{ to correspond
with: the reduction in load on the- turbine is
thus completed and. the various parts are re-
tained in neutral position until: again called
up by the governor to effect a new adjustment
for a change in load.

If there is a load increase on the turbine, the
reverse sequence of operation obviously occurs,

pilot. valve 32 being raised to admit fluid under :
pressure to the left side of servomotor-cylinder:

46, thereby moving the piston 41 to the right
until stopped by restoration of the pilot valve,
through action of the compensator device 59
and floating lever 48, to neutral position. Move-
ment of the piston 47 and rod 5i to the right

rotates crank arms 68, 62 clockwise to raise the

rod 64, rotating the crank arms §5, 67, 68 clock-
wise.. As crank arm §8 rotates, rod 718, lever 712
and rod 715 are moved to the right to rotate the
crank arms 76, 34 counterclockwise, thereby
immediately quickly moving the deflector away
from the jet.
of crank arm 68, crank arm 67 rotates and
moves rod 11 downward, thereby raising the
right hand end of floating lever 83 to lift pilot

valve 23 and admit fluid under pressure to the

left side of servomotor cylinder: i1. As pres-
sure builds up in the left side of cylinder i7,

As the pressure in the pas-
1

Simultaneously with the rotation.

8
the piston {6 is moved to the right, causing the
needle valve 13 to open and’ increase the size
of the jet while simultaneously rotating the de-
flector, through lever 12, rod 15 and crank arms
16, 34, to a position such that the hood 33 is just
outside of the path of the increased jet and
likewise simultaneously' rofating the lever 88
and .cam 81, through link 92 and arm 93, coun-

- terclockwise the roller 86 and floating lever 83,

0 thereby restoring the valve 23 to neutral posi-
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tion and stopping movement of the piston 16,
needle valve 13 and deflector 32.

From the foregoing detailed description, it is
_apparent that the present invention provides an

5 improved system for controlling the operation

and performance of hydraulic impulse turbines
wherein the operation of the several parts. is
completely automatic and directly responsive and
proportionate to changes in load placed upon the
"turbine with minimum waste of water during
adjustments. It is.to be noted that the governor
responds to every change in speed of the runner
and, through servomotor 46, 47 and the de-
_scribed mechanical connections, relays these
changes directly to the jet deflector to move the
deflector quickly into or away from the operating
jet a distance proportionate to the changed load.
As load changes are relayed from the governor
to the jet -deflector, the pivot 14 is moved to and
held in a new position such as will insure return
movement of the deflecfor to neutral position
with the deflector hood just out of the path of
the jet after complete adjustment. thersof to the
changed load. Simultaneously with the initial
rapid movement: of the deflector, movement of-
the needle valve through its hydraulic controil
mechanism is initiated as described, such move-
ment being relayed back to the hydraulic con-

: trol mechanism by way of the cam which is

moved with the needle valve to stop movement
of the valve when the jet has been fully ad-
justed to the new load imposed on the turbine.
The deflector and the needle valve are therefore
operated in complete synchronism through the
expedient of a single standard-speed resvonsive
governor and simple relay servomotor. The im-
proved control mechanism is simple and dur-
able in construction and operation and has a
minimum number of parts which are all readily
accessible for repair, adjustment or replacement;
and hydraulic turbines embodying the invention
are highly efficient and economical in operation.
Obviously, although one form of governor has
been diagrammatically illustrated and described
in conjunction with the improved system, other
known types of governors may likewise be utilized
therewith without departing from the invention.
Similarly, the various rods, cranks, levers and
links may be rearranged and reduced or in-
creased in numbers to suit the particular re-
quirements attendant each installation. ]
It should therefore be understood that it is not
desired to limit the. present invention to the
exact details of construction and modz of opera-.
tion or the particular application herein shown
and described, since various modifications within
the scope of the claims may oecur to psrsons
skilled in the art to which this invention sppliss.
. It is claimed and desired to secure by Letters
Patent:
1. In combination with a hydraulic impulse
wheel, a nozzle for directing a stream of fuid’
against said wheel, a needle for controlling the'
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flow of fluid through said nozzle, deflector means
movable toward and away from said stream, and
control means for restoring the speed of said
wheel to a selected value by positioning said de-
flector means and said needie in response to
change of speed upon change to a given load
on said wheel, said controi means comprising: a
control member; a servo-motor having a piiob
valve, for moving said conirol memper; means
responsive t0 the speed of said wheel, means
wiereoy said speed responsive means and said
servo-motior act jointly to position said piiot
valve to cause said servo-motor to move said
controi memoer to and leave it in a predeter-
mined dirierent posicion in response to change
from and restoration to said seiected speed; a
second servo-moior for moving saild needie;
means woereby said second servo-motor is caused
t0 adjust sald needle O & POSILION aependent
upon tne position of said conurol memper, to

aqjust saiq stream; and means dependenlt upon «

tne posiclon of said control memoer and de-
pendent upon the POsIGION O Said Decuie 1oL
POSLIICNINE Sall deileCior means.

4. 10 cumu0atlon with a nydraullc apulse
whees, 8 nuzde [or (urecting a stream o1 nuid
agaulsth sald wheel, a neeae for con‘uronmg e
f10W of Nuld tArougn Sald Nozzie, aeiector means
MOVADIE LoWard aud away 1T0Ml Sala Streadd, and
conirol means ior restoring tine speed of said
woeel (0 a selected value DY Positlonung sasd de-
flector means and said needie 10 respoase to
ciange oI speed upon change 1o a given ivad on
sald wheel, Said CONLrol Means comprisiig: a con-
frol memper; a Servo-Imotor naving a puot valve,
for moving sald control memoer; means respon-
sive to the speed Of sald wiieel; means wiereoy
said speed responsive means and Said servo-motor
act Jomey o posiion said puot vaive to cause
sald servo-motor to move sala controi memper
to and ieave 1t 1n 4 predetermiaed dliierent posi-
fion in response to cnange irom and restoration
to said seiected speed; a second servo-motor hav-
ing a piiot valve, for moving said needie; means
whelreoy said puot vagve oi sa.d Second servo-
motor is initially positively moved to a position
dependent upon the position of said contror mem-
ber; means, acting on the piiot valve of said sec-
ond servo-motor, responsive to the movement of
said needle, to cause said second servo-motor to
adjust said needle to a position dependent upon
the position of said control member, to adjust
said stream; and means dependent upon the po-
sition of said control member and dependent upon
the position of said needle for positioning said
deflector means.

3. In combination with a hydraulic impulse
wheel, a nozzle for directing a stream of fluid
against said wheel, a needle for controlling the
flow of fluid through said nozzle, deflector means
movable toward and away from said stream, and
control means for restoring the speed of said
wheel to a selected value by positioning said de-
flector means and said needle in response to
change of speed upon change to a given load on
said wheel, said control means comprising: a con-
trol member; a servo-motor having a pilot valve,
for moving said control member; means respon-
sive to the speed of said wheel; means whereby
said speed responsive means and said servo-motor
act jointly to position said pilot valve to cause
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said servo-motor to move said control member to
and leave it in & predetermined diiterent posi-
100 1 response vo change 1rom and restoration
©0 said selecied speed; a second servo-motor hav-
g & PLOT valve, Ior moving sald neecue; means
wnereny said pudot vaive of sald second servo-
motor is initially positively moved to a position
aependeill upon tile POS1U01l 01 Sala controi mem-
per; means, actng on uhe piioc valve of said
second SEervo-movor, responsive to the movement
0i sald needie, 1o cause said second servo-motor
10 a0just sald necdie o & posivion dependent upon
the position oI sald control memoer, to adjust
sald stream; and means consiructed and arranged
1nliiady v0 move said deliector means 1 a given
direciion in response to movementi of said con-
trol mempoer and then to move said defiector
means in the opposlie direction to a posivion de-
penaens upon tae position oi sald controi mem-
per and aependent upon the~posivion oi said
needie. o

4, In combination with a hydraulic impulse
wheel, a nozzie ror directing a stream oi muid
agalnst sald wneel, a needue for controlling the
flow of fiwd through said nozzie, denector means
movable toward and away irom said stieam, and
cuntrol rmeans ior restoring tne speed of said
wheel to a seiected vaiue by posit.oning said de-
ilector ineans and said neewe in response to
change of speed upon change to a given ioad on
sald wheel, saiwd conurol rneans compiising: a
cuntrol member; a servo-motor haviag a pilot
vaive, for imoving said control mempger; means
responsive 1o the speed of said wheel; means
whereoy said speed responsive means and said
Servo-motor act jolnuly to position sa:d pitot vaive
10 cause said servo-motor to move saiwd control
memoper t0 and leave 1t in a predetermined dif-
ferent position in response to change irom and
rescoravion to said seiected speed; means posi-
GLVELY CONNEeculng $ait contror meimper with said
defiector means to move said deflector means in
a given direciion in response to given move-
meni of said conirol memper; a second servo-
motor having a pilot valve, for moving said
neadie; means whereby said pilot valve is ini-
tially moved to a position dependent upon the
position of said control member; means, acting
on the pilot valve of said second servo-motor, re-
sponsive t0 movement of said needle, to cause
said second servo-motor to adjust said needie to
a position dependent upon the position of said
control member, to adjust said stream; and
means wherepy said adjustment of said needle
moves said deflector means in a direction oppo-
site from said given direction.
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