Office de la Propriete Canadian CA 2972718 A1 2018/01/13

Intellectuelle Intellectual Property
du Canada Office (21) 2 972 71 8
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(22) Date de dépbt/Filing Date: 2017/07/06 (51) Cl.Int./Int.Cl. B64C 11/40(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2018/01/13 564D 31/00(2006.01), FOZK 3/06 (2006.01)

GO7F 9/00(2006.01)

(71) Demandeur/Applicant:
PRATT & WHITNEY CANADA CORP., CA

(72) Inventeurs/Inventors:
PEDRAMI, REZA, CA;
JARVO, JAMES ROBERT, CA;
RENAUD BENJAMIN, CA

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(30) Priornte/Priority: 2016/0/7/13 (US15/209,215)

(54) Titre : COMPTEUR D'ECOULEMENT DE PETROLE VERS UNE HELICE DE MOTEUR
(54) Title: METERING OF OIL FLOW TO ENGINE PROPELLER

ENVIRONMENTAL
PARAMETERS % f i
!
I GEOMETRIC PARAMETERS | | L EAKAGE
S ~ COMPENSATION
|  COMPENSATION __{ COMPONENT
 CALCULATOR
~ BIASING
TRIGGER  DATA
BIASING MODULE el

COMPENSATED Oil. FLOW
REQUEST

(57) Abrégée/Abstract:

There Is described herein methods and system for correcting steady state errors in propeller speed by calculating a leakage flow
rate as a function of engine and propeller parameters.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




05002993-1994CA

ABSTRACT

There is described herein methods and system for correcting steady state
errors in propeller speed by calculating a leakage flow rate as a function of engine

and propeller parameters.
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METERING OF OIL FLOW TO ENGINE PROPELLER

TECHNICAL FIELD

The application relates generally to metering oil delivery to an engine

propeller and, more particularly, to compensating for oil leakage when metering oll

5  delivery.

BACKGROUND OF THE ART

Aircraft engines are equipped with a propeller governor to sense the speed
of the engine and change the propeller blade pitch angle to maintain a desired
speed, regardless of the operational conditions of the aircraft. In electronic controi

10  systems, a controller modulates an electro-hydraulic servo-valve proportionally to a
speed error and oil flow is metered to the propeller through the valve. However,
electronic propeller control systems do not account for oil leakage of the propeller
shaft. This leads to steady state errors in the propeller speed throughout the
operational envelope of the aircraft. Similarly, hydro-mechanical systems that

15  operate with a propeller governor also fail to compensate for oil leakage and thus

experience the same problem with steady state errors.

SUMMARY

There is described herein methods and system for correcting steady state
errors in propeller speed by calculating a leakage flow rate as a function of engine

20  and propeller parameters.

In one aspect, there is provided a method for metering oil flow to a propeller
of an engine. The method comprises receiving a requested propeller speed and an
actual propeller speed; generating an oil flow request based on a difference
between the requested propeller speed and the actual propeller speed; determining

25  a leakage flow rate as a function of parameters of the engine and the propeller and
generating a leakage compensation component; combining the leakage

compensation component with the oil flow request to obtain a compensated oll flow

request; and outputting the compensated oil flow request to an oil metering unit of

the propeller.
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In another aspect, there is provided a system for metering oil flow to a
propeller of an engine. The system comprises a processing unit and a non-transitory
memory communicatively coupled to the processing unit and comprising computer-
readable program instructions. The instructions are executable by the processing

5 unit for receiving a requested propeller speed and an actual propeller speeq;
generating an oil flow request based on a difference between the requested
propeller speed and the actual propeller speed; determining a leakage flow rate as a
function of parameters of the engine and the propeller and generating a leakage
compensation component; combining the leakage compensation component with

10  the oil flow request to obtain a compensated oil flow request; and outputting the

compensated oil flow request to an oil metering unit of the propeller.

In a further aspect, there is provided a system for metering oil flow to a
oropeller of an engine. The system comprises means for receiving a requested
propeller speed and an actual propeller speed; means for generating an oll flow

15  request based on a difference between the requested propeller speed and the
actual propeller speed; means for determining a leakage flow rate as a function of
parameters of the engine and the propeller and generating a leakage compensation
component; means for combining the leakage compensation component with the oll
flow request to obtain a compensated oil flow request; and means for outputting the

20 compensated oil flow request to an oil metering unit of the propeller.

DESCRIPTION OF THE DRAWINGS

Reference is now made to the accompanying figures in which:

Fig. 1 is a schematic diagram of an example aircratft;

Fig. 2 is a block diagram of an example propeller control system,
25 Fig. 3 is a block diagram of an exampie leakage compensator;

Fig. 4 is a block diagram of an example compensation calculator;

Fig. 5 is a schematic diagram of an example annular passage to estimate

leakage flow rate;

Fig. 6 is a flowchart of an example method for metering oil to a propeller; and

CA 29727718 2017-07-06



05002993-1994CA

Fig. 7 is a block diagram of an example implementation of the propeller

control system.

DETAILED DESCRIPTION

Fig. 1 illustrates an example aircraft 100 comprising an engine 104 having a

5 propeller 102. A propeller control unit 106 is operatively connected to an engine 104.
The aircraft 100 may be any type of propeller-driven aircraft 100. The engine 104
may be any engine 104 having a propeller 102, such as a turboprop engine, a piston

engine, a turboshaft engine, and the like.

The propeller control unit 106 is configured for control and operation of the

10 propeller 102. In some embodiments, the propeller 102 is a hydromatic propeller, In
which a pitch changing mechanism is a mechanical-hydraulic system. Hydraulic
forces acting upon a piston are transformed into mechanical forces acting upon the
blades of the propeller 102. Piston movement causes rotation, and oil forces act
upon the piston. A propeller control system 110 is illustratively provided in the

15  propeller control unit 106 for metering oil flow to the propeller 102 via the ol
metering unit 108. The oil metering unit 108 may be, for example, an electro-
hydraulic servo valve (EHSV). In some embodiments, the propeller control system

110 may be provided externally to the propeller control unit 106 and connected
thereto, for example as a stand-alone device or integrated within another device,

20 such as an engine control unit (ECU), an engine electronic controller (EEC), an
engine electronic control system, and a Full Authority Digital Engine Controller
(FADEC). Data may be exchanged between the propeller control system 110 and

the propeller control unit 106 on a communication bus composed of various

hardware components, such as one or more electrical wires and/or optical fioers,

25 and/or software components. Transmission may take place using at least one

communication protocol, such as but not limited to the ARINC Standards.

Figure 2 is an example embodiment of the propeller control system 110. The

system 110 receives a requested speed as well as an actual speed for the propeller

102. These may be received from an engine computer (not shown) or an aircraft

30 computer (not shown). In some embodiments, the requested speed is received from
an aircraft control. such as a throttle in a cockpit of the aircraft 100. A difference
between the requested speed and the actual speed is obtained from an adder 202.

A proportional speed controller 204, designed for addressing nominal errors
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orimarily due to the power change in the propeller 102- receives the output from the
adder 202. which may be referred to as the propeller speed (N) error in rotation per
minute (RPM). A proportional gain value K, is applied to the N, error by the
controller 204, which may be a proportional (P) controller, a proportional integral (P1)

5  controller, or a proportional integral derivative (PID) controller, and an oil flow

request is output therefrom.

The system 110 also comprises a leakage compensator 200, for addressing
oil leakage from the propeller shaft. The leakage compensator 200 receives as iINnput
engine parameters and outputs a leakage compensation component, which Is

10 combined with the oil flow request via an adder 206, in order to output a
compensated oil flow request. The compensated oil flow request is used to meter

the oil flow to the propeller 102 through the oil metering unit 108.

An example embodiment of the leakage compensator 200 is illustrated In

Figure 3. In this example, the leakage compensator 200 comprises a compensation

15  calculator 300. The compensation calculator 300 receives engine and/or propeller
parameters, such as engine and/or propeller environmental parameters and engine
geometric parameters, and outputs the leakage compensation component after
having determined a leakage flow rate as a function of the engine and/or propeller
parameters. The engine/propeller environmental parameters relate to dynamic

20 parameters in the environment of the engine/propeller that vary as the engine
operates, such as pressure and temperature. The engine environmental parameters

may be received as they change, or they may be retrieved by the leakage
compensator 200 as needed. In addition, the engine environmental parameters may

be estimated or monitored. The engine geometric parameters relate to static

25  parameters representative of engine build. The engine geometric parameters may
be determined offline and stored in a memory, for retrieval by the leakage

compensator 200 as needed.

Figure 4 is an example embodiment of the compensation calculator 300. A

leakage flow rate calculator 402 receives the engine geometry parameters. The

30 engine geometry parameters may be specific to the shaft of the propeller 102, for
example shaft outside diameter. The engine geometry parameters may also relate

to other measurements of the engine 104, such as land width, gap width, and the

ike. Pressure data is also received by the leakage flow rate calculator 402. In some
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embodiments, a delta pressure representative of a difference between propeiler oll
pressure and oil discharge pressure is received. Alternatively, propeller oil pressure
and oil discharge pressure may be received separately and the delta pressure may
be computed by the leakage flow rate calculator. The leakage flow rate calculator

5 402 may also consider oil viscosity, as determined by a viscosity calculator 404 on
the basis of main oil temperature. Alternatively, oil viscosity is determined outside of
the compensation calculator 300 and provided to the leakage flow rate calculator
402 directly.

In some embodiments, the leakage flow rate calculator 402 uses a leakage
10 model based on laminar flow equations to estimate the leakage flow rate. For
example, referring to Figure 5, which illustrates a shaft 500 of diameter D that sits In

a bore 502 of length L and diameter D+2c, the leakage flow rate may be estimated

by
iy — T pDc3AP;
12 ul
15 where p is density, AP is the pressure drop, ¢ is dynamic viscosity. Note that

the shaft 500 is prallel to the bore 502 and has no eccentricitty ratio € = 0.

In some embodiments, the leakage flow rate as output by the leakage flow
rate calculator 402 is used as the leakage compensation component and combined
with the oil flow request to generate the compensated oil flow request. Alternatively,

20 the compensation calculator 300 further uses biasing data, as provided by a biasing
module 302, to fine-tune the leakage flow rate as determined by the leakage flow
rate calculator 402. This may be done to account for build variations In In the

geometry of an engine 104. It may also be used to reduce the number of parameters

considered by the leakage flow rate calculator 402 when determining the leakage
25 flow rate. For example, pressure may be removed from the calculation of the
leakage flow rate and the bias data may be adjusted to account for a nominal
pressure. This may be considered as a trade-off between accuracy for the leakage

compensation component and complexity of the system 110.

As illustrated in Figure 3, the biasing module 302 may provide the biasing
30 data to the compensation calculator 300 upon receipt of a trigger. The biasing data
may comprise one or more bias values. One or more conditions may be used to

trigger the biasing module 302. For example, the biasing data may be output and/or
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updated only when the propeller 102 is in steady state. When the propeller 102 is in
steady state, there is no movement in the piston of a pitch change mechanism.
Therefore, a request for oil flow only feeds a transfer sleeve, allowing transfer sleeve

leakage to be determined more explicitly and steady state error to be reduced to a

5 minimum value.

In another example, a specific operating mode of the engine, such as a
maintenance mode, may be used as a trigger condition. Alternatively, or in
combination therewith, an engine and/or aircraft setting may be used as a trigger
condition, for example, when the engine is set to take-off power. This allows the

10  leakage compensation component to be fine-tuned in specific engine and/or aircraft
operating conditions, such as during take-off, where it may be more critical to avoid
steady-state errors in propeller speed. In some embodiments, the biasing module
302 is triggered to output and/or update the biasing data upon every start of the
engine 104, and/or upon a reconfiguration of the engine, 1.e. when an active part of

15  the engine/propeller hydraulics is changed. Biasing may be performed upon a

manual trigger and/or upon an automatic trigger.

Returning to figure 4, a bias gain value may be applied to the leakage flow
rate using a multiplier 406, and the output of the multiplier 406 may be combined

with the bias value via an adder 408 in order to generate the leakage compensation

20 component.

A method 600 for metering oil flow to the propeller 102 of the engine 104 Is
llustrated in figure 5. At step 602, the requested propeller speed and actual
propeller speed are received. At step 604, the oil flow request is generated based on
the difference between the requested propeller speed and the actual propeller

25 speed, for example using adder 202.

At step 608, the leakage flow rate is determined as a function of engine
parameters, and the leakage compensation component is generated. In some
embodiments, the leakage compensator 200 uses a leakage model to estimate the

leakage flow rate, based on laminar flow equations. The engine parameters may be

30 environmental and/or geometric, and may be monitored and/or estimatea.

In an optional embodiment, step 608 comprises biasing the leakage

compensation component towards a current value of the compensated oll flow

CA 29727718 2017-07-06



05002993-1994CA

request by providing a bias value to reduce a steady state error of the propeller
speed. This may occur by providing a feedback loop from the output of adder 206 to
the leakage compensator 200, as illustrated in Figure 2, and the biasing module 302
outputs bias data for use by the compensation calculator 300 for generating the
5  leakage compensation component. The biasing may be triggered upon one or more
conditions, such as an engine and/or propeller maintenance mode setting, propeller

steady state, engine start-up, engine reconfiguration, and engine/aircraft operating

mode.

At step 610, the leakage compensation component is combined with the oil
10 flow request, such as by adder 206, and the compensated oil flow request Is output,

for example to the oil metering unit 108, as per step 612.

The leakage compensation component is thus used to adjust the oll flow
request output by the controller 204 to prevent steady state error in the propeller

speed due to transfer sleeve leakage throughout the operational envelope of the

15 aircraft 100.

Figure 7 shows a schematic representation of the propeller control system

110, as a combination of software and hardware components. The system 110 may
comprise one or more processing units 702 and one or more computer—readable
memories 704 storing machine-readable instructions 706 executable by the

20  processing unit 702 and configured to cause the processing unit 702 to generate
one or more outputs 710 based on one or more inputs 708. The inputs may
comprise one or more signals representative of the requested speed, the actual
speed, and the engine parameters. The outputs 710 may comprise one or more

signals representative of the compensated oll flow request.

25 Processing unit 702 may comprise any suitable devices configured to cause
a series of steps to be performed by system 110 so as to implement a computer-
implemented process such that instructions 706, when executed by system 110 or
other programmable apparatus, may cause the functions/acts specified in method
600 to be executed. Processing unit 702 may comprise, for example, any type of

30 general-purpose microprocessor or microcontroller, a digital signal processing
(DSP) processor, an integrated circuit, a field programmable gate array (FPGA), a

reconfigurable processor, other suitably programmed or programmable logic circults,

or any combination thereof.

CA 29727718 2017-07-06



05002993-1994CA

Memory 704 may comprise any suitable known or other machine-readable
storage medium. Memory 704 may comprise non-transitory computer readable
storage medium such as, for example, but not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor system, apparatus, or device, or

5 any suitable combination of the foregoing. Memory 704 may include a suitable
combination of any type of computer memory that is located either internally or
externally to system 110 such as, for example, random-access memory (RAM),
read-only memory (ROM), compact disc read-only memory (CDROM), electro-
optical memory, magneto-optical memory, erasable programmable read-only

10 memory (EPROM), and electrically-erasable programmable read-only memory
(EEPROM), Ferroelectric RAM (FRAM) or the like. Memory 704 may comprise any
storage means (e.g. devices) suitable for retrievably storing machine-readable

instructions 706 executable by processing unit 702.

Various aspects of the present disclosure may be embodied as systems,

15  devices, methods and/or computer program products. Accordingly, aspects of the
present disclosure may take the form of an entirely hardware embodiment, an
entirely software embodiment (including firmware, resident software, micro-code,

etc.) or an embodiment combining software and hardware aspects. Furthermore,
aspects of the present disclosure may take the form of a computer program product

20 embodied in one or more non-transitory computer readable medium(ia) (e.g.,
memory 704) having computer readable program code (e.g., Instructions 7006)
embodied thereon. The computer program product may, for example, be executed

by a computer to cause the execution of one or more methods disclosed herein in

entirety or in part.

25 Computer program code for carrying out operations for aspects of the
present disclosure in accordance with instructions 706 may be written In any
combination of one or more programming languages, including an object oriented
programming language such as Java, Smalltalk, C++ or the like and conventional
procedural programming languages, such as the "C" programming language or

30 other programming languages. Such program code may be executed entirely or In
part by a computer or other data processing device(s). It is understood that, based

on the present disclosure, one skilled in the relevant arts could readily write

computer program code for implementing the methods disclosed herein.
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The above description is meant to be exemplary only, and one skilled in the
relevant arts will recognize that changes may be made to the embodiments
described without departing from the scope of the invention disclosed. For example,
the blocks and/or operations in the flowcharts and drawings described herein are for

5  purposes of example only. There may be many variations to these blocks and/or
operations without departing from the teachings of the present disclosure. For
instance, the blocks may be performed in a differing order, or blocks may be added,
deleted. or modified. The structure illustrated is thus provided for efficiency of
teaching the present embodiment. The present disclosure may be embodied in other

10 specific forms without departing from the subject matter of the claims. Also, one
skilled in the relevant arts will appreciate that while the systems, methods anad
computer readable mediums disclosed and shown herein may comprise a specific
number of elements/components, the systems, methods and computer readable
mediums may be modified to include additional or fewer of such

15  elements/components. The present disclosure is also intended to cover and
embrace all suitable changes in technology. Modifications which fall within the scope
of the present invention will be apparent to those skilled in the art, in light of a review

of this disclosure, and such modifications are intended to fall within the appendead

claims.
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CLAIMS

1. A method for metering oil flow to a propeiller of an engine, the method comprising:
receiving a requested propeller speed and an actual propeller speed,

generating an oil flow request based on a difference between the requested

5  propeller speed and the actual propeller speed,;

determining a leakage flow rate as a function of parameters of the engine and

the propeller and generating a leakage compensation component;

combining the leakage compensation component with the oil flow request to

obtain a compensated oil flow request; and

10 outputting the compensated oil flow request to an oill metering unit of the

propeller.

2. The method of claim 1, wherein determining the leakage flow rate as a function of
parameters of the engine comprises estimating the leakage flow rate from a laminar

flow model.

15 3. The method of claim 1, wherein determining the leakage flow rate comprises
using engine and propeller environmental parameters and engine geometric

parameters to calculate the leakage flow rate.

4. The method of claim 3, wherein the engine and propeller environmental

parameters comprise temperature and pressure.

20 5. The method of claim 3, wherein the engine geometric parameters comprise shaft

propeller geometry.

6. The method of any one of claims 1 to 5, further comprising biasing the leakage
flow rate towards a current value of the compensated oil flow request using at least

one bias value.

25 7. The method of claim 6, wherein the at least one bias value is updated when the

engine Is in a maintenance mode and the propeller is in a steady state.

8. The method of claim 6, wherein the at least one bias value is updated upon at

least one of engine start-up and engine reconfiguration.

9. The method of claim 6, wherein the at least one bias value is updated when the

30 engine Is set to take-off power.

- 10 -
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10. A system for metering oil flow to a propeller of an engine, the system
comprising:
a processing unit; and
a non-transitory memory communicatively coupled to the processing unit and
5  comprising computer-readable program instructions executable by the processing
unit for:
receiving a requested propeller speed and an actual propeller speed,;

generating an oll flow request based on a difference between the requested
propeller speed and the actual propeller speeq;
10 determining a leakage flow rate as a function of parameters of the engine and
the propeller and generating a leakage compensation component;

combining the leakage compensation component with the oll flow request to

obtain a compensated oll flow request; and

outputting the compensated oil flow request to an oill metering unit of the

15  propeller.

11. The system of claim 10, wherein determining the [eakage flow rate as a function
of parameters of the engine comprises estimating the leakage flow rate from a

laminar flow model.

12. The system of claim 10, wherein determining the leakage flow rate comprises
20 using engine and propeller environmental parameters and engine geometric

parameters to calculate the leakage flow rate.

13. The system of claim 12, wherein the engine and propelier environmental

parameters comprise temperature and pressure.

14. The system of claim 12, wherein the engine geometric parameters comprise

25  shaft propeller geometry.

15. The system of any one of claims 10 to 14, wherein the program instructions are
further executable for biasing the leakage flow rate towards a current value of the

compensated oil flow request using at least one bias value.

16. The system of claim 15, wherein the at least one bias value is updated when the

30 engine is in a maintenance mode and in a steady state.

- 11 -
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17. The system of claim 15, wherein the at least one bias value Is updated upon at

least one of engine start-up and engine reconfiguration.

18. The system of claim 15, wherein the at least one bias value I1s updated when the

engine Is set to takeoff power.

5 19. A system for metering oil flow to a propeller of an engine, the system

comprising:

means for receiving a requested propeller speed and an actual propeller speed;
means for generating an oil flow request based on a difference between the
requested propeller speed and the actual propeller speed;
10 means for determining a leakage flow rate as a function of parameters of the
engine and the propeller and generating a leakage compensation component;
means for combining the leakage compensation component with the oil flow
request to obtain a compensated oll flow request; and
means for outputting the compensated oll flow request to an oil metering unit of

15 the propeller.

20. The system of claim 19, further comprising means for biasing the |leakage flow
rate towards a current value of the compensated oll flow request using at least one

bias value.

20

_ 19
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