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waukee, Wis., a corporation of Delaware w 
Application August 29, 1945, serial No. 613,381 

(C. 253-24) . 4 (Claims. 

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 fuid to deflect 
more or less of the fluid away from the buckets. 
In 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 fluid 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 
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 

50 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 
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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 economicalin 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 to 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 figure 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 5 may be of well known 
construction, consisting of a disc 6 keyed to the 
shaft- and provided with a plurality of buckets, 3 
or blades 8 suitably mounted at Spaced intervals 
around the periphery thereof. 
The runner 5 is driven by a jet or stream of 

water under pressure delivered from a suitable, 
source of supply (not shown) by way of a pipe 

and issuing, as indicated by dot and dash lines, 
from the discharge orifice. 2 of a stationary.noz 
2le 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 f. 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 3 is carried by a stem. 5se 

Cured at the end thereof to a piston, 6 operating. 
in a hydraulic cylinder , suitable packings. 8, 
9, respectively, being provided between the stem. 
5 and nozzle and the stem, 5. and cylinder, 7. 
To actuate the piston 6, the fluid under pressure. 
is admitted to, and discharged fron, the front 
and rear. portions of the cylinder in a well known: 
manner, by way of pipes. 2, 22, respectively. 
Fluid flow to the cylinder f7 through the pipes. 
2, 22, is controlled by . a pilot valve 23 working 
Within a cylinder 24 to open and close the outlet 
ports. 26, 27. of the cylinder 24, which ports.com 
municate with the pipes. 24, 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. 29, 30- to per 
mit; escape of fluid displaced in the cylinder. 
during movement of the piston...f6; 
In addition to the needle valve 3 for regulat 

ing the jet issuing from the nozzle: ? , 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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4 
in turn, is supported by one or more lugs 36 suit 
ably formed on the nozzle adjacent the dis 
charge end thereof. As Will hereinafter more 
clearly appear, the deflector 32 is swingable into 
the jet issuing from the nozzle 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 flyball type but which may be of any 
known construction. The governor 38 is suit 
ably" driven, through mechanical or electrical 
connections, in accordance with the speed of the 
runner. 5. As herein illustrated, the governor is 
Connected-to a floating level 43 pivotally attached 
at one end (left) thereof to the stem of a pilot 
Waive 39-operating in a cylinder 4f to control the 
passage-offiuid 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 47 provided therein. The 
pilot valve" cylinder if is also vented at opposite 
ends, as, by pipes 49, 50 to permit escape of fluid 
displaced in the servomotor cylinder 46 during 
movement of the piston 47 as will hereinafter 
more clearly appear. 
The piston 47 carries a rod 5' extending 

through an end wall of the cylinder 46, Suitable 
packing being provided between the end wall and 
the axially movable rod. The rod 5 is con 
nected as by a link 52 or the like, to a crankarn. 
54 carried by a rockshaft 55 which also has a. 
crank arm 56 mounted thereoin forming a bell 
crank. The crank alm 56 is, in turn, connected 
by a link. 57 to a compensator device 59 which 
relays the motion of the piston rod 5 to the Op 
posite end (right) of the floating lever 40 in the 
usual manner to return the pilot valve 39 to 
neutral position. 
The rod 5? is further connected, by a link-52', 

to a crank arm. 60 mounted on a rockshaft 6f 
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 66 
which has crank arms 67,.68 secured thereto to. 
likewise form a bell Clank. 
The crank. arm 68 carries a rod 7 which is 

pivotally attached at 7 to a floating power lever 
72 having. One end thereof pivotally mounted at 
73 on the valve stem 5. The lever i2 is con 
nected at... its opposite end, by a connecting rod 
75, 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 the impulse wheel 5 is relayed, by 
way, of pilot valve 39 and associated mechanism, 
to the servomotor. 46, 47 and to the deflector 32 
through the. described mechanical connections 
including bell crank 69, 62, Connecting rod 64, 
bell, crank. 65, 68, rod. 70, lever. 12, connecting, 
rod 75, and bell crank 76, 34. 
To communicate such speed changes to the . 

needle valve f3, the crank arm 67 is connected, 
by Way of a rod 77, to one end of a lever 8 piv 
otally mounted at 8 on a fixed support 3f. The. 
lever 78 is connected at its opposite end, by a 
link. 82, to one end of a floating 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 65, 6 rotates, responsive to changes in the 
Speed-of-the-wheel 5. relayed from the governor, 
such changes are obviously. relayed by way of rod 
77, lever 78, linkage 82, and lever 83 to the pilot 
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valve 23 which controls the hydraulic pressure 
supply to servomotor cylinder f7 for actuating 
the piston 6 which carries the valve stem 5, 
thereby adjusting the needle valve 3 to a new 
position. 
To restore the pilot valve 23 to neutral posi 

tion as the needle valve 3 is moved the dis 
tance necessary to effect the demanded jet ad 
justment, a cam 8 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 5. Therefore, as the valve stem 5 
of the valve 3 is moved by the piston 23, the 
arm 93 is carried therewith, thereby causing the 
lever 88, through linkage 92, to rotate the cam 
87. As the cam 87 is rotated, the roller 86 is 
moved over the can Slrface, 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 3 is stopped by closing 
off the fluid supply to the cylinder 7. 
As the needle valve f3 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 3. This movement of the deflector 
is caused by rotation of the floating lever 72 
around the pivot 7 as the lever is carried, by 
reason of its pivotal connection, with the Valve 
stem 5, such movement being relayed to the 
deflector 32 through rod 75 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 3, and there is likewise a fixed 
position for the bell crank 65, 68 and the pivot 
pin 7 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 for directing a stream of 
fluid against the wheel, a needle 3 for control 
ling the flow of fluid through the nozzle and 
defiector 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 5, along With means, 
here shown as including a servo-motor piston 
47, adapted to move the control member 51 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 5. A change in load on the Wheel 
is reflected in a temporary change in the posi 
tion of the flyballs and such change in position 
causes the control member 5 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 5 f; and means dependent upon the 
position of the control member 5 and depend 
ent upon the position of the needle 3 for posi 
tioning the deflector means 32, this means be 
ing here shown as including a link 70, a lever 
72, and a link 75. 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 of 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 5 is driven by the jet issuing 
from the nozzle 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 40, is caused 
to be lowered within the cylinder 4, 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 its rod/ 5 are 
moved to the left, causing the crank arms 60, 
62 and rockshaft 6 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 SS 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 72 which is rocked to the left 
about its pivot 73, thereby likewise moving the 
rod 75 to the left to rotate the crank aria 6, 
rockshaft 35, and crank arm 34 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 herein above 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 65, 6, 68 

75 and the rod 70 and pivot 7 stationary. 
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Upon counterclockwise rotation of the crank 
arm 67 when the rod 64 is moved down Ward 
as described, the rod 77 is moved upward, ro 
tating the lever 78 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 27, passage 22 and right side of Servo 
motor cylinder T are opened to fluid pressure 
supplied by way of pipe 28, and the port 26, pas 
Sage 2 and left side of cylinder 7 are opened 
to went pipe 29. As the pressure in the pas 
sage 22 and right side of cylinder 7 builds up, 
the piston 6 siowly advances to the left within 
the cylinder, carrying the valve stem 
needle valve 3 therewith to gradually reduce 
the size of the jet issuing from the orifice 2 of 
the nozzle . 
As the stem is 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 . his rotation of the lever 
72 about the pivot 7 moves the deflector hood 
33, through rod T5 and crank arms 76, 34, 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 
reduced to correspond With the changed load 
requirement of the turbine. 
During movement of the needle valve as here 

inabove described, the stem 5 also carries, the 
alm 93 to the left, thereby rotating the lever 88, 
through linkage 92, in a clockwise direction 
about the fixed pivot 89 and causing the cam 
87 to raise the roller 36- 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, 27 and passages 2 f, 22, thereby stop 
ping movement of the piston 6 and needle valve 
f3 as Well as the deflector 32. The adjustment 
of the jet issuing from nozzle 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 39 being raised to admit fluid under 
pressure to the left side of servomotor cylinder 
46, thereby moving the piston 47 to the right 
until stopped by restoration of the pilot valve, 
through action of the compensator device 59 
and floating lever 4), to neutral position. Move 
ment of the piston 47 and rod 5f to the right 
rotates crank arms 60, 62 clockwise to raise the 
rod 64, rotating the crank arms 65, 67, 68 clock 
Wise. As crank arm 68 rotates, rod 70, lever 12 
and rod 75 are moved to the right to rotate' the 
crank arms 6, 34 counterclockwise, thereby 
immediately quickly moving the deflector away 
from the jet. 
of crank arm 68, crank arm 6T. rotates and 
moves rod T7 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 7. AS pres 
sure builds up in the left side of cylinder T, 

5 and 

Simultaneously with the rotation. 

O 

5 

8 
the piston f6 is moved to the right, causing the 
needle valve 3 to open and increase the size 
of the jet while simultaneously rotating the de 
flector, through lever 12, rod 75 and crank arms 
76, 34, to a position such that the hood 33 is just 
outside of the path of the increased jet and 
likewise simultaneously rotating the lever 88 
and cam 87, through link 92 and arm 93, coun 
terclockwise the roller 86 and floating lever 83, 
thereby restoring the valve 23 to neutral posi 
tion and stopping movement of the piston f6, 
needle valve 3 and deflector 32. 
From the foregoing detailed description, it is 

apparent that the present invention provides an 
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 

20 turbine with minimum waste of water during 
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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 7 is moved to and 
held in a new position such as will insure return 
movement of the deflector to neutral position 
With the deflector hood just out of the path of 
the jet after complete adjustment thereof to the 
changed load. Simultaneously with the initial 
rapid movement of the deflector, movement of 
the needle valve through its hydraulic controi 
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 responsive 
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 Ol' 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 mode of opera 
tion or the particular application herein shown 
and described, since various modifications Within 
the scope of the claims may occur to persons 
Skilled in the art to which this invention applies. 

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 fluid 
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 needle in response to 
change of Speed upon change to a given load 
On Said. Wheel, Said control means comprising: a 
control member; a servo-motor having a piot 
valve, for moving Said control member; means 
responsive to the Speed of Said. Wheel; means 
wnereoy said Speed responsive meals and Said 
servo-motor act jointly to position Said pilot 
valve to cause said servo-motor CO move Said 
control member to and leave it in a predeter 
mlined disierent position in response to Change 
from and restoration to Said selected Speed; a 
second servo-motor for moving Saiti needle 
means whereby said second servo-motor is caused 
to adjust sala needle to a position aependent 
upon tine position of said control memoer, to 
adjust Said. S Clearn; and neals depeiiOlcin POl 
tine positlon of Saudi coil Croi menoer and de 
pendent upon tile posiClun. Of Said inecule 10 
pOSUloraling Saldi (leflector means. 

2. In cumulna Lloil with a Iydraulic limpulse 
wheel, a nozzle or directing a Streali?i Oi Ilulid 
aga (St Saii Wletel, a leece iOI coil Croiling iiie 
UW of Iluld tn rougn. Sald nozzle, dei Levu.Or nea.IS 

movable toward alia away Iron Sala strealil, aid 
control means Ior restoring time speed of said 
wnee to a selected value by positioning Said de 
flector means and said needle in response to 
change or speed upon change to a given iuad. On 
sala wheel, said control means comprisliig: a COn 
trol memoer; a servo-motor naving a pilot valve, 
for moving Sald Control member; naeans l'eSpon 
Sive to the Speed or Sald Wrlee, means Winelegy 
Sald Speed responsive means and Sald Servo-motor 
act, Jointly to pusillon said plut Vaive to cause 
Sald Servo-motor to move Said controi member 
to and leave lt. In a predetermined Cilierent posi 
tion in response to Cnange il'om and restoration 
to said selected Speed, a Second servo-motor haW 
ing a pilot valve, for moving Sald needie; means 
Wheregy saidi pilot, valve or Sald Seuond Servo 
motor is initially positively moved to a position 
dependent upon the position of Said control nem 
ber; means, acting on the pilot Walve 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 
fiOW 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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O 
said servo-motor to move said control member to 
and leave it in a predetermined diferent posi 
tion iii. i.eSp01Se O (large IrOil and IeStoration 
to Said Selected Speed; a Second servo-motor hav 
liig a 9110t, WallWe, iOr (11OWig Sald neede, leanS 
Winerey Said plot Waive of Sald Second Servo 
motor is initially positively moved to a position 
Cleju Cieill uul Ule 9QSUlOIl O Salol COO el 
per; in earls, acting on the pilot valve of Said 
Second Servo-motor, responsive to the movement 
of Saldi needle, to cause Said Second Servo-motor 
to adjust Salic needle to a position dependent upon 
the position of Sald control memger, to adjust 
Sald Stream; and Inleans constructed and arranged 
lililaiy O illOWe Sald CielieCUOI realS in a glWen 
direction in response to movement of Said con 
trol nenoer and then to move Said defiector 
means in the opposite direction to a position de 
pendent upun Lle position OI Said COntroi men 
per and dependent upon the position of Said 
needle. .. 

4. In combination. With a hydraulic impulse 
Wheel, a nozzie Ior directing a stream of Jiuld 
agalilst Sald Wneel, a needle for controlling the 
flow of fluid through Sald nozzle, deeutor means 
Inova Ole toward and away from Said steam, and 
CUIltiroi means ioi' restoring the Speed of Said 
Wheel to a Selected Waiue by positionling Said de 
iiector ineans and Sald needle in response to 
Change of Speed upon change to a given load on 
Sald Wheel, Said control neans comprising: a 
CUiltrol member; a Servo-mutor having a pilot 
Waive, iOl' inoViing Said control men per; means 
responsive to the Speed of Said Wheel; means 
Whereoy Said Speed responsive ineans and said 
Sei Vo-novoi' act J Olintly to position Said pilot Waive 
to cause Said Servo-motor to move Said control 
Iliein Oer to and leave lit in a predetermined dif 
feitent position in response to change from and 
reSCOration to Said Selected Speed; means posi 
tively uOilnecting Saidi control men per With Said 
deflector means to move Sald deflector means in 
a given direction in response to given move 
inent of Said control member; a Second servo 
motor having a pilot Valve, for moving said 
needle; means whereby Said pilot valve is ini 
tially noved to a position dependent upon the 
position of Said control member; means, acting 
On the pilot valve of Said second servo-motor, re 
Sponsive to movement of Sald needle, to cause 
Sald Second Servo-motor to adjust said needie to 
a position dependent upon the position of said 
control member, to adjust said stream; and 
means Whereby said adjustment of said needle 
moves Sald deflector means in a direction oppo 
Site from said given direction. 
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