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(57) Abrégée/Abstract:

A control for a hydraulic propeller pitch actuator includes a low power pilot valve responsive to digital electronic input signals to
control movement of a hydraulic servomotor driving a higher power servovalve. Negative feedback motion Is delivered from the
servomotor to both the pilot valve and the servovalve.
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FULL AUTHORITY PROPELLER PITCH CONTROL

ABSTRACT OF THE DISCLOSURE

A control for a hydraulic propeller pitch actuator includes a low power pilot
valve responsive to digital electronic input signals to control movement of a
hydraulic servomotor driving a higher power servovalve. Negative feedback
motion is delivered from the servomotor to both the pilot valve and the

sarvovaive.
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FULL AUTHORITY PROPELLER PITCH CONTROL

TECHNICAL FIELD

This invention relates to a propeller pitch control apparatus for

5 hydraulically operated variable pi{ch systems.

BACKGROUND OF THE INVENTION

Variable pitch propellers ars employed in various applications including
turboprop engines. Turboprop engines have proven to be desirable for
aircraft because of high reliability and fuel efficiency. A turboprop engine
uses a gas. turbine engine to provide shaft power that rotates propelier
blades. The blades provide thrust to propel an aircraft. The thrust is varied
by changing the pitch of the blades. Forward thrust is achieved by rotating
the blades positive angle. At cruise, the blades are adjusted to the
intermediate positive position reducing engine toi'que and saving fuel.
During landings, the blades are rotated to a negative angle to provide

reverse thrust.

Propeller pitch for hydraulic applications is generally controlied through
three devices: a propeller pitch control, a propeller governor, and a
feathering valve. The propeller pitch control is operated through the use of
a power lever connected.to pitch control cam. The propeller pitch control
allows the operator to adjust the blade pitch -during ground operation,
typically between the reverse and flight idle positions. The propelier governor
automatically adjusts the blade pitch, typically between the flight idle and full
power positions, to maintain a predetermined engine speed. The governor
uses flyweights to mechanically start a chain reactipn when engihe speed
increases above the predetermined speed by opening a pilot valve plunger
to increase blade pitch. This increases engine load which will decregse
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engine speed back to the predetermined speed. Finally, the feathering valve
Is essentially a safety device to mechanically position the blade in the full
feather position during emergencies. The device is a mechanically operated
valve that, when opened, dumps the oil from the pitch control system and

adjusts the blades to the full feather position.

Typically these systems operate a single acting propeller pitch control
piston. In a singie acting pitch' system, the hydraulic fluid supplied by the
prop governor or the pitch control is fed through a beta tube to. bias the
propeller pitch control piston against a spring. For a dual acting piston, two
sources of oil are typically controlled by the same types of mechanisms
mentioned above or other mechanical actuators connected to a spoci type

valve. These oil supplies are typically fed to the pitch control piston and

react against each other to move the control piston.

While hydraulic pitch control systems are well known in the art and
have good reliability, they require heavy and complicated actuation devices
and associated linkages. Another problem is that the govemor requires
speed error to adjust the blade pitch resuiting in fluctuations of blade pitch
during transient conditions. Still another problem is that the pitch controi cam

requires large mechanical loads to operate.

Accordingly, a need exists for a pitch conirol device that can vary
blade pitch from the reverse position to the feather position with a fewer
number of components, that can control biade pitch during flight with
minimum speed error, and that does not require great mechanical loads to

operate.

SUMMARY OF THE INVENTION
The invention is an improvement to a hydraulically controlled variable
pitch control assembly that includes a follow-up servo piston operated by a

FADEC (Full Authority Digital Engine Control) controlled stepper motor.
Thus, the propeller pitch can be controlled by the FADEC similar to existing

. .
......

_____
.



.y } - :-'-‘.'.-4)‘0:"_,, .
RN T PR ' T g R -
- ~m....~'.e .\v:_-‘ﬁ_-l....ﬁ,,‘,l. "‘,.a .1,.,".; ame . ‘

Far " . ¢ BT
MY 3 -®

R L Y
-t s B S

el S AT N M D
Y PPN O S PN Dl AP S

- R | Lg F T - - ~ .~ - - W Tp& Ad o -
v . . -) : 4 » -’ s
E rL - - f'.’ = oL Wt e ,,o".’ - -

. " ’ - . s ! : X O\ . * *
A g . T il SR
" — "»’4 B dabat BT ar SV S At pz it 3 s Nan D, ,-Au‘y;"

‘- R . LI Q s'".g "‘ "- '|-. . "- g
" . = n ~
P TR -+ PRI e e DAL TIF S R~ L L s

91

10

15

20

25

100339
..3...

fuel control systems by using data from various sensors that indicate flight
conditions and engine speed. This will allow the FADEC to control the
change Iin propeller pitch through the follow-up servo piston, and thus,
greatly decrease the overall system weight by removing the propeller
governor, the pitch control and the feathering vaive. The present invention
also eliminates fluctuations during transient conditions attributed to the
flyweights in the propeller governor and removes the mechanical loads

associated with the pitch control cam.

Accordingly, it is an important object of the present invention to
provide a highly simplified propeller pitch control system directly responsive
to low power electrical control signals as may be generated by a full

authority digital engine control.. The control signals controi opposite
directions of motion of a hydraulic servomotor which mechanically-positions
a hydraulic power servo control valve. Movement of the power servo controt
valve then ports fluid in and out of the propeller pitch actuator.

These and other objects and advantages of the present invention are
specifically set forth in or will become apparent from the following detailed
description of a preferred embodiment of the invention, when read In

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a perspective view of a turboprop engine employing a pitch
control device according to the present invention.

FIG. 2A is a cross-sectional view of a follow-up servo piston propeller

pitch controlier according to the present invention.
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FIG. 2B is a perspective cutaway of a single action propeller pitch

control piston operated by the apparatus in FIG. 2A.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the drawings, FIG. 1 shows a turboprop engine 10°including
5 a core engine 12 and a variable pitch propeller assembly 15. The core
engine 12 is comprised of an air inlet 20, a compressor section (not shown),
a combustor section (not shown), and a turbine section (not shown), all
assembled in a flow series relation. Journaled to the forward end of the core
engine 12 is the variable pitch propeller assembly 15 comprising a plufality
10 of propeller blades 18 circumferentiaily 'disposed about and radially extending
from a propeiler hub 16. In operation, the core engine 12 provides shaft
power to the propeller assembly 15 by compressing air in the compressor
section, combusting the compressed air with fuel in the combustor section
and expanding the combustion products in the turbine section to provide
15 shaft power. The shaft power is used to rotate the blades 18 about axis 17

to move ambient air and provide thrust for an aircraft (not shown).

-
o - 'Qi“

Referring to FIG. 2A, a full authority propellér pitch control 14 is
comprised of a hydraulic servo motor in the form of a double-acting, linear
servo piston 40 that is translated within a housing 60 by hydraulic fluid

20 supplied from a pump 70 to opposing chambers 62, 64. A low power pilot
control valve, in the form of a pilot sleeve 84, is responsive to a stepper
motor 82 and a full authority digiial engine control (FADEC) 80 to control the
movement of the servo piston 40. Integral to the servo piston 40 is a first
bored rod or shaft 50 that extends through one side of the housing 60 and

25 receives one end of a hollow beta tube 32 described in greater detail below.
The shaft 50 has a blind bore presenting a chamber 63 communicating with
chamber 62 through passage 52, and has an end section 51 that has a

smaller diameter that is approximately equal to the diameter of the beta tube

32. The diameter of end section 51 must be great enough to allow the beta

30 tube to slide relative thereto.
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Extending from the opposite face of piston 40 is a second rod or
bored shaft 42 with a duct 58 extending to an exhaust port 56. A hole 54
allows fluid to flow between duct 58 and chamber 64. Shafts 50 and 42 are
sized such that the reaction area of piston 40 subject to the fluid pressure

o5 5 from chamber 64 is greater than the area of piston 40 subject the opposing

fluid pressure from chambers 62 and 63 combined.

The pump 70 continuously supplies the hydraulic fluid which can pe
recirculated through a relief valve 72 if the pressure in the housing €0
becomes too great. The hydraulic fluid from pump 70 is supplied to chamber

10 62 through conduit 74. The fluid flows through an orifice 66 in a flow
restricting passage through piston 40, and passes hetween chambers 62 and
64. The fluid dumps from the housing 60 into a low pressure return such as
the sump of a surrounding gearbox 73 (depicted by dashed lines for
simplicity) through the exhaust port 56. The fluid also exits to low pressure

15 return from the interior 34 of beta tube 32 through an opening 36.
Pressurized fluid is supplied into the interior 34 of tube 32 through opening
38. Reduced diameter land 51 acts as a power servo control valve In
covering and uncovering openings 36, 38 in their communications with the
low pressure return gearbox 73 and pressurized bore 63, respectively.

20 Fig. 2B illustrates a conventional propeller pitch control aduator 19 as
may be utilized in conjunction with the control contemplated by the present
invention. The blades 18 (only one shown in Fig. 2B) are fixed to rotate with
a rotating blade housing 27 about the hub centerline 17. The blade 18 can
also rotate or swivel within the housing 27 about the blade pitch cgnterline

25 29 to change the biade pitch. An eccentric roller 23 is attached to the blade
18 on the periphery of the bottom of the blade 18 in offset relation to the
pitch axis of rotation 29, and is moved by a pitch control piston 21. The pitch
control piston 21 slides in a back and forth motion within the housing 27
moving the disk 23 to rotate blade 18. The pitch control piston 21 is biased

30 on one side by a spring 22 and on the other by a chamber 24 that fills with
hydraulic fluid. The piston also contains a bore 28 carrying beta tube 32 that
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IS firmly secured to piston 21 to both rotate with the housing 27 and translate

-5

with piston 21. The hydraulic fluid is supplied from the beta tube interior 34
through a hole 30 to the piston bore 28 and then through a hole 26 to the
hydrauiic chamber 24. The pitch control piston 21 movement is thus
dependent on the supply of hydraulic fluid to chamber 24 to react against the

spring 22.

In operation, the propeller variable pitch control 14 is in a balanced or
in a stationary state when the hydraulic exhausts 56 and 36 are partially
covered by pilot valve sleeve 84 and the control valve 51 respectively. Fluid
flow into chamber 64 through orifice 66 and subsequent discharge through
port 56, maintains a pressure in chamber 64 which is lower than that in
chamber 62. In this state, servo piston 40 is stationary because the product
of the associated pressure times exposed piston area in chamber 64, is
equal to the product of associated higher pressure times exposed piston
area in chambers 62 and 63. The pitch control piston 21 is stationary
because the product of pressure times area in chamber 24 is equal to the

spring 22 force.

When changing blade pitch, a leftward movement of the pitch control
piston 21 as depicted in Fig. 2B positions the blade 18 at a more positive
pitch angie. In the preferred embodiment, the FADEC 80 increases blade
pitch by signalling the motor 82 to move the pilot control sleeve 84 in the
leftward direction in Fig. 2A. This exposes more of port 56 to the gearbox 73
and increases the flow therethrough. The increased flow through hole 36
decreases the pressure in chamber 64 because the area of opening of port
56 is now greater than the cross-sectional area of orifice 66. The pressure
in chambers 62 and 63 then forces the servo piston 40 in the leftward
direction until the port 56 is again partially covered by the pilot control sleeve
84. Once the port 56 is partially covered again, the pressure in chamber 64
increases and the servo piston 40 becomes stationary at the new location.

‘‘‘‘‘

.
....
v -

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

------

444444



"""""

S e ] A AT . ‘o - e v’ AT e T Te LT
»". « L AL "" N v." Ay Lot B '- “ P P a4 ar * . a7
X . " c . ' v . A .
o.‘r‘,":’- - 'or e . . ,,.. s -. . - .). .o . :'"‘r' :'I -
PR P P S PR G L D B A LT YR o s L LA P

......

'''''''

-----------
- »

10

15

20

25

30

MR .l;")‘)
AU EPER

-7 -
This leftward motion of servo piston 40 causes shaft rod 50 and

associated power servo control valve 51 to cover opening 38 and to uncover
opening 36. This allows rapid fluid dump from the beta tube 32 to the
gearbox 73. The loss of hydraulic fluid from the beta tube 32 decreases the
hydraulic pressure in hydraulic chamber 24, allowing spring 22 to push the
pitch control piston 21 and the attached beta tube 32 leftwardly until hole 36
is partially covered and hole 38 is partially exposed again. Once the hoies
are partially exposed again, the product of pressure and area in chamber 24
again equals the force of spring 22, and piston 21 be;comes stationary at the
new location. As explained earlier, the leftward movement of piston 21
moves disk 23 which rotates blade 18 into an increased blade pitch.‘

In emergency situations the blade 18 can be forced into a feather
position by dumping the hydraulic fluid from chamber 24 and allowing the
spring 22 to position the piston 21 in its furthest leftward paosition. Spﬁng 92

loads pilot sleeve 84 against stepper motor 82.

In a similar manner, the FADEC 80 decreases blade pitch by signalling
the motor 82 to move the pilot sleeve 84 in the rightward direction, further
covering port 56. This movement increases the pressure in chamber 64 to
shift the servo piston 40 rightwardly until the port 56 is re-opened. The
rightward motion of servo piston 40 causes shaft 50 to further uncover
opening 38 while further covering the opening 36. This rapidly increases the
amount of hydraulic fluid entering the beta fube 32 which increases the
prassure in chamber 24. The hydraulic fluid shifts the pitch control piston 21

and the beta tube 32 rightwardly until openings 38 and 36 are both partially
covered again. The rightward movement of the pitch control piston 21 also

moves the disk 23 to decrease the blade 18 pitch angle.

The FADEC 80 can be programmed to adjust blade pitch similarly to
when controlling fuel supplies, by using various flight control parameters.
Using the FADEC 80 will avoid the overrunning required in prior art pitch

control devices.
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Accordingly, it will now be apparent that very low power electrical

signals can readily shift pilot valve sieeve 84. This controls fluid flow in
servo motor 14 to drive the latter in opposite directions to generate the much
higher forces necessary to position the servo control valve (the reduced
diameter section 51 of the shaft 50) to correspondingly drive the pitch
actuator 19. The integral configuration of the double-acting servo motor 14
with its opposed rods or shafts provide a high compact, lightweight,

economical pitch control.

While the present invention has been depicted and described by
reference to a particular embodiment in order to explain the invention, no
limitation upon the invention is implied by such reference. It is understood
that various modifications may be made to the preferred embodiment without
departing from the scope of the invention. For instance, one skilled in the art
would understand that the invention is readily suitable for use with a double-
acting propeller pitch actuator rather than the single acting actdator 19
illustrated. The invention is intended to be limited only by the spirit and

scope of the appended claims.
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WHAT IS CLAIMED IS

1. A variable pitch propeller assembly comprising: a hub carrying a
plurality of radially extending propeller blades, said propeller blades mounted

to rotate within said hub to adjust blade pitch;

a propeller pitch piston positioned to translafe within said hub and
connected to said propeller blades such that translation of said propetler
pitch piston rotates said propeller blades, said propeller pitch piston having
tWo opposing faces and biased on one face by a spring and biased on the
opposing face by a supply of hydraulic fluid;

a tube secured to said propeller pitch piston to transiate therewith and
to supply said hydraulic fluid;

a servo piston positioned to translate within a housing, said servo
piston dividing said housing into first and second chambers and having a first
opposing surface and a second opposing surface, said first and second
opposing surfaces being biased by hydraulic fluid in said first and second
chambers respectively: |

a first bored shaft secured to translate with and extending from said
first opposing surface of said servo piston, said first bored shaft extending
from said housing to receive said tube such that said tube is translatable
relative to said first bored shaft;

a second bored shaft secured to translate with and extending from
said second opposing surface of said servo piston, said second bored shatft
extending out of said housing and containing a fluid exhaust port; and '

means for opening and covering said fluid exhaust port to a low

pressure return to adjust blade pitch.

2. The vanable pitch propeller assembly of claim 1 wherein said means
for opening and covering said fluid exhaust port includes:
a pilot valve member for covering said fluid exhaust port;

a motor for moving said pilot valve member; and

a controller for electronically operating said motor.
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3. The variable pitch propeller assembly of claim 2 wherein said pilot

valve member is a pilot sleeve which circumferentially surrounds said second

bored shaft and translates thereon to open and cover said fluid exhaust port.

4. The variable pitch propeller assembly of claim 3 wherein said motor

IS a stepper motor.

5. The variable pitch propeller assembly of claim 1 wherein said

housing contains a supply port for receiving said supply of hydraulic fluid into

said first chamber.

6. The variable pitch propeller assembly of claim 5 further including
an orifice between said first and said second chambers to allow hydraulic

fluid to flow from said first chamber to said second chamber.

/. The variablé pitch propeller assembly of Claim 6, wherein said
orifice comprises a flow restricting passage extending through said servo

piston from said first to said second opposing surfaces thereof.

8. The variable pitch propeller assembly of Claim 6, wherein said

tube includes pressure and exhaust openings for respectively connecting

said propeller pitch piston with said supply of hydraulic fluid and with a low
pressure fluid retum.

8. The variable pitch propeller assembly of Claim 8, wherein said first
bored shaft includes a passage for delivering said supply of hydraulic fluid

to said pressure opening in said tube.
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