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1. 
This invention relates to a speed control for 

rotary motors, particularly to means for con 
trolling the rotation of a high speed, elastic fluid 
turbine. 
A primary object of the invention is to pro 

Wide a simple speed controlling device particu 
larly for the purpose of actuating a fluid ad 
mission valve to variable open positions to con 
trol the amount of motive fluid admitted to the 
motor or turbine intake. 
Another object of importance of the invention 

is to provide fluid pressure means to move the 
fluid admission valve in one direction, the fluid 
applied to actuate the valve being supplied from 
the motive fluid for the turbine, the pressure 
of the fluid acting against the valve being varied 
by controlling the escape of fluid from a jet or 
Orifice in the conduit connecting the motive fiuid 
to the actuating means for the fluid admitting 
Valve. 
A feature of the invention that is important 

is that the escape of the motive fluid from the 
jet is varied by flexure, due to centrifugal force, 
of parts of a member closely adjacent the jet 
and rotated at high speed by the motor. 
Another feature of the invention that is in 

portant is that the centrifugally flexed mem 
bers comprise cantilevers or extensions, forming 
parts of a hollow cylindrical member, the free 
ends of the extensions being disposed adjacent 
the jet orifice and so disposed that with increased 
Speed of rotation of the motor and greater flex 
ure, fluid will escape from the jet more easily 
and reduce the pressure of fluid acting to force 
the fluid admission valve for the motor in a di 
rection to reduce the amount of motive fluid ad 
mitted to the motor. 
And finally, it is an object of the invention 

to provide a novel method of forming the cen 
trifugally flexed portions of the member rotated 
by the motor or turbine adjacent the jet Orifice 
to vary the pressure of the fluid permitted to 
escape from the orifice. 
With the above and other objects in view, my 

invention may include the features of construc 
tion and operation Set forth in the following 
specification and illustrated in the accompany 
ing drawing. 

In the accompanying drawing annexed hereto 
and forming a part of this specification, I have 
shown my invention embodied in the controlling 
of a piston operated throttle valve for controlling 
the admission of motive fluid to a turbine to 
maintain constant, but adjustable, rates of ro 
tation of the turbine; it will be understood, how 
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2 
ever, that the invention can be otherwise emi 
bodied and that the drawing is not to be con 
Strued as defining or limiting the Scope of the 
invention, the claims appended to this specifica 
tion being relied upon for that purpose. 
In the drawing: 
Fig. 1 is a schematic view of a turbine show 

ing a CrOSS-Sectional view of a fluid admitting 
valve and its control mechanism; 

Fig. 2 is a side elevation of a member of the 
control device rotated in tinned relation to the 
turbine; 

Fig. 3 is a front elevation of the member shown 
in Fig. 2; and 

Fig. 4 is an enlarged view of a part of the 
member shown in Figs. 2 and 3, showing in de 
tail the form of the slots in the extended and 
flexing portion of the member. 

In the above mentioned drawing, I have shown 
but One embodiment of the invention which is 
now deemed preferable, but it is to be under 
stood that changes and modifications may be 
made Within the scope of the appended claims 
Without departing from the spirit of the inven 
tion. 

Briefly, and in its preferred aspect, the in 
vention may include the following principal 
parts: first, a fluid admitting valve movable 
axially Within a suitable valve casing to vary 
the Supply of motive fluid admitted to a motor 
Or turbine; second, a piston preferably formed 
on the valve and movable within a cylinder with 
movements of said valve; third, a spring nor 
mally forcing said valve and piston in one di 
rection; fourth, conduits for supplying fluid to 
said valve and for supplying fluid from said valve 
to said turbine intake; fifth, a conduit in the 
control System for supplying pressure to said 
cylinder to actuate the piston and valve against 
the pressure of the spring; sixth, means to re 
strict the flow of fluid in the control system; 
Seventh, a jet formed in said fluid control sys 
ten; and eighth, a member rotating in timed 
relation to the turbine and having slightly flex 
ible portions movable toward and away from 
the jet orifice to vary the pressure of fluid es 
caping from the orifice and control the rotative 
Speed of the turbine. 

Referring more in detail to the figures of the 
drawing, there is shown a turbine or other form 
of rotary motor 0 operated by fluid under pres 
Sure. The motor or turbine to is supplied with 
motive fluid from any suitable source 2, the 
fluid passing through a throttle or other form 
of valve 4 and from the valve through conduit 
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5 directly to the turbine intake 6. The valve 
4 is movable axially within a casing 8 to vary 
the opening of its supply port 29 and control 
the amount of fluid admitted to conduit 5 and 
to the turbine G. The valve 4 is normally 
preSSed by a helical spring 22, Wrapped about 
a portion of the valve extension 24, in a direc 
tion to close the port 20 admitting motive fluid 
to the turbine so that a pressure acting to move 
the valve 4 in a direction to close the admission 
port 20 is at all times existent. 
To move the valve 4 in a direction to open 

the admission port 20 to increase the amount of 
motive fluid supplied to the turbine, a piston 25 
is mounted on, or forms part of the valve 4. 

O 

This piston 26 operates within a short cylinder 
28 to which motive fluid may be admitted at 
One end to force the piston 28 and valve 4 
in a direction to open port 2 against the pres 
Sure of the spring 22. 

Rotated at high speed by the turbine, by any 
desired means not shown, is the cylindrical men 
ber 36 which as shown in Figs. 2. and 3, is slotted 
to form a plurality of closely and equally spaced 
projections 38. Each of the Sections 38 between 
the slots 38 cut into the cylindrical surface of 
the member is elongated sufficiently to be flexed 
slightly by centrifugal action at high rotative 
speeds. Different speeds will flex the extensions 
38, varying Small amounts and will, therefore, ; 
vary the Space between the jet orifice 32 and the 
Surfaces of the projections 33. Varying the area, 
of the escape from the jet 32 will inversely vary 
the pressure exerted against the piston 25. 
To admit fluid at variable pressures to the 

cylinder 28 and force the piston 25 to actuate the 
valve 4 to variable, intermediate fluid supply 
ing positions, the following reans are provided. 
The total control can be divided into three sys 

tems; (1) the control circuit represented by the 
conduit 33, the Side branch 3, a needle valve 3 
and a jet 32, (2) the Speed sensitive element, 3S 
With its cantilevers 38 and (3) a pressure Sensi 
tive System conprising the piston 26, Spring 22 
and valve 4, 
The control circuit carries a flow of fiuid 

through conduit 3i from the Supply pressure at 
2 and discharges through the jet 32 into attiaos 
phere or other low ambient pressure. The jet 
32 is partially blocked by the cover of the canti 
lever 33 and forms a restriction to the flow. A 
second restriction is interposed at the manually 
adjustable valve 343. The pressure in the conduit 
3 intern ediate the two restrictions 32 and 33 
can be made to assume any value between the 
Supply, preSSure at 2 and the ambient pressure 
at 32, depending solely upon the ratio of the ef 
fective areas of the WO restrictions 32 and 34. 
This intermediate pressure, hereafter called the 
signal pressure, is transmitted through the 
branch 3 and acts upon the piston, 26. 

It is evident that when this signal pressure 
becomes great enough, the piston 26 will over 
come the reaction of the Spring 22, open the 
valve A and position its degree of opening in 
accordance with the rate of the spring 22. By a 
proper choice of piston area and Spring rate, it 
is possible to move the valve 4 from closed to 
full open with a Small change of signal pressure. 
If the Spring 22 is given a Suitable preloading, 
the level of the Signal preSSure can be raised 
to any desired value. For instance, a Spring load 
can be chosen Such that valve 4 will crack open 
when the signal pressure is 60p. S. i., and a rate 
selected such that the opening of valve 4 will 
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4. 
be complete When the Signal pressure is 63 p. S. i. 

It is to be noted then, that the pressure Sensi 
tive System 26-22-4 can be designed for a 
relatively constant signal pressure, Small vari 
ations of which can progressively operate it 
through its entire function. 
The control circuit 30-3-36-32 can provide 

this signal pressure by proper. proportion of the 
restrictions 32 and 34. This ratio is fixed once 
the proportions of the system 26-22-8 f are de 
fined, but the actual areas of the restrictions 
2-36 can be of any reasonable value provided 

only that they have this ratio to one another. 
If the restriction at 32 is given a definite area, 

by lifting the cantilever 33 a small distance away 
from the jet 32, the valve 34 must also be given 
a definite area in order to produce the designed 
signal pressure in branch 3i and on the piston. 23. 
Conversely, if the area of valve 34 is given any 
arbitrary value, the cantilever 38 must be sprung 
to the correct distance away fron the jet 32 in 
order for the signal pressure to reach the design 
level and actuate the valve 3. 

it will be now evident that When the restric 
tion 34 is held at a constant value, movement 
of tile cantilever 38 away from the jet 32 will 
progressively reduce the signal pressure from a 
value higher than the design level, to the design 
level, and then below the design level, 

In the operation of the turbine, the centrifugal 
force of the rotating Speed Sensitive element 36 
lifts the cantilevers 38 to the point where the 
signal pressure lowers to the design ievel, the 
valve 4 throttles and maintains essentially con 
stant Speed, 

If a load is now imposed upon the turbine, its 
Speed will drop slightly, lower the cantilevers 33, 
increase the resistance of the restriction at 32, 
build up the Signal preSSure on the piston 23 
and open the valve 4 to the degree necessary to 
Supply the required amount of motive fluid to the 
turbine to handle the extra power demand. 

Conversely, if load is removed from the turbine, 
its Speed Will increase slightly, raise the canti 
levers 38, decrease the restriction at 32, reduce 
the Signal pressure, and the Spring 22 will throt 
le the valve f4. 

t Will be apparent also that the preset, gov 
eined speed is dependent only upon the setting 
of the valve 34. If this is opened to a large area, 
the area of the restriction at 32 must also be pro 
portionately large, in order that the signal pres 
Sure be at the design level. A large area, at 32 is 
obtained when the cantilevers 38 are sprung well 
away froin the jet 32, which corresponds to high 
rotational speed and high centrifugal force. 
Likewise, a small area setting of valve 34 re 
quires a Small area at restriction 32 which is con 
ditioned by low speed and low centrifugal force. 
The preset area of the valve 3Å this is a meas 

ure of the governed Speed of rotation and it may 
be equipped. With a dial and pointer Calibrated 
in terras of governed Speed. One of the advan 
tages of this method of governing this is the fact 
that the Speed control need not be directly at 
tached to the speed sensitive member and inay 
be placed as convenience demands. 
A feature of the method, not easily apparent, 

is that the Sensitivity of governing, i. e., the per 
cent regulation, is uniform regardless of preset 
Speed. The pressure Sensitive Systein 25-22-3 
largely controls the percent regulation by virtue 
of the designed rate of the Spring 22. Because 
it is pressure controlled, it cannot of itself be 
influenced by speed level. However, it must be 
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demonstrated that the signal pressure transmit 
ted to it from the speed sensitive element 36 is 
not influenced by speed level. It has been deter 
mined by experiment and supported by mathe 
matical analysis that a given percent change in 
rotational speed, at whatever practical level, pro 
duces a constant differential change in the signal 
pressure. Because the throttle valve 4 is moved 
from closed to open by this differential change, 
it is obvious that the percent regulation is inde 
pendent of preset speed. 
This constancy of regulation will be destroyed 

and an appreciable loss in overall sensitivity suf 
fered if the tips of the cantilevers 38 do not pre 
sent a substantially unbroken cover to the jet 32. 
A coarse separating slot having a width of 5 per 
cent of the cantilever width is definitely detri 
mental. When it is realized that the diameter of 
the member 36 must be about 5%' to withstand 
the extraordinary centrifugal forces of 60,000 
R. P. M., it will be recognized that the machining 
of slots from .001 to .002 Wide is quite difficult, 
The following successful method may be used. 

The longitudinal angular slots 39 are first milled 
with a cutter whose sides have a rather wide acute 
angle as shown at 40. This cutter removes the 
bulk of the stock and Will not maintain a sharp 
point. However, it is sunk deeply enough to cut 
through and separate the recessed portion repre 
Sented by the dotted line at 4. The slots 39 are 
again milled with a cutter having a narrow acute 
angle as shown at 4. The delicate point of the 
cutter can be maintained because the amount of 
stock to be removed is very small. The depth of 
cut does not quite reach the diameter 42, so all 
the cantilevers are still tied together at the Out 
board end. The piece is next heat-treated and 
tempered to develop the high tensile strength 
needed at the base of the Cantilevers. As a final 
operation, the diameter 42 is ground to remove 
the tie, the grinding intercepting the root of all 
slots, leaving each cantilever 38 free and inde 
pendent but presenting a substantially unbroken 
cover to the jet 32. 
In a mechanical speed sensitive device, such as 

the ordinary flyweight governor connected to its 
throttle or servomechanism by linkages, the 
sensitivity which may be employed is always 
limited to some extent by the friction of its mov 
ing joints and the unavoidable backlash between 
elements. The difficulty from these sources is 
magnified many fold at high speeds, where the 
centrifugal forces may be of the order of 20,000 
or 30,000 G's. The virtue of the speed sensitive 
device in the form shown at 36 lies in the fact that 
it can be constructed without joints, can move 
freely to governing position without friction, and 
needs no biasing Spring other than that inherent 
in the beam of the cantilevers 38. Hence, it can 
be used with high sensitivity at speeds for which 
it is impossible to construct a mechanical type, 
and at Speeds where this is possible, exhibits in 
general a higher degree of sensitivity for an equal 
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degree of stability. The pressure sensitive device 
26-22-4 can be constructed without backlash 
and its friction of movement can be made very 
Small as compared With the motive force from the 
piston 26. Hence, it exhibits a very Small hys 
teresis loop. In combination with the essentially 
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non-existent hysteresis of the speed sensitive ele 
ment 36, it is possible to use high rates of Servo 
amplification. As an example, the combination 
can be designed so that the throttle 4 can be 
moved throughout its range with movements of 
the cantilevers 38 as little as .0001 inch. 
The type of governing shown in the drawing 

and described above exhibits a small positive 
speed droop with increasing load. 

Because the displacement of the piston 26 at a 
much magnified scale follows the displacement of 
the cantilevers 38 directly, it is possible to ar 
range other types of governing to be driven by 
the piston, such as the isochronous, and that with 
a negative speed characteristic. 
What I claim is: 
1. A speed control for rotary notors comprising 

in combination, a fluid admitting valve, a mem 
ber rotating with said motor having integral 
axially extended flexible portions, the radial flex 
ing of said portions varying with the motor Speed, 
a conduit, means to admit a limited annount of 
fluid therethrough to a jet orifice adjacent and 
within said fiexible portions, whereby escape of 
fluid from said conduit and resulting pressure 
therein Vairies with the flexing of said portions, 
and means to vary the position of said wave by 
said Variations of piessure. 

2. A speed control for rotary motors compris 
ing in combination, a fuid admitting valve, a 
cylindrical meinber 1'otating With said notor hav 
ing a circuliar Series of integral flexible cantilever 
portions, the radia fieXing of said portions vary 
ing with the notor Speed, a conduit, means to 
admit a limited amount of fluid therethrough to a 
jet Orifice Within said cylindrical illenber and 
adjacent Said flexible portions, whereby escape of 
fluid fron said orifice aid resulting pressure with 
in the conduit varies with the flexing of said 
flexible portions, and means to vary the position 
of said valve by said Wariations of pressure. 

3. A speed control for rotary motors compris 
ing in combination, a fluid admitting valve, a 
member rotating with Said motor, integral flexible 
cantilever portions extending parallelly to each 
other, the radial flexing of Said portions varying 
With the motor speed, a conduit, means to admit 
a limited amount of fluid therethrough to a jet 
Orifice adjacent the ends of Said flexible portions 
and within said member, whereby the escape of 
fluid from Said conduit and resulting pressure 
therein varies with the flexing of said flexible 
portions, and means to vary the position of said 
Valve by Said variations of pressure. 

PAUL M. MUELLER. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Nanne Date 
1,629,318 Standerwick ------- May 17, 1927 
1,652,208 McEvoy ------------ Dec. 13, 1927 
1,699,798 McEvoy ------------ Jan. 22, 1929 
2,081,466 Tarisien ------------ May 25, 1937 
2,315,019 Samuelson -------- Mar. 30, 1943 
2,406,087 Mallory ------------ Aug. 20, 1946 

FOREIGN PATENTS 
Number Country Date 

500,864 Germany ---------------- of 1930 


