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A method for achieving linear engine thrust response comprising the steps of measuring a throttle position (FNRQ), measuring a
plurality of engine parameters, inputting the plurality of engine parameters and the throttle position into a plurality of schedules to
produce a plurality of outputs, combining the plurality of outputs to produce a part power scheduled airflow (W2RSCH), and using
the W2RSCH to produce a near linear thrust response of the engine.
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ABSTRACT OF THE DISCLOSURE

A method for achieving linear engine thrust response comprising the steps of
measuring a throttle position (FNRQ), measuring a plurality of engine parameters, inputting
the plurality of engine parameters and the throttle position into a plurality of schedules to
produce a plurality of outputs, combining the plurality of outputs to produce a part power

scheduled airflow (W2RSCH), and using the W2RSCH to produce a near linear thrust

response of the engine.
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METHOD FOR CONTROL SCHEDULING TO ACHIEVE LINEAR THRUST RESPONSE

BACKGROUND OF THE INVENTION
(1) Field of the Invention
[0001] The present invention relates to a method of utilizing multiple schedules to provide
linear thrust in response to linear throttle movements. More particularly, the present
invention relates to a method of altering the operation of a gas turbine engine 1n response to

throttle adjustments to produce a thrust response linearly related to such throttle adjustments.

(2) Description of the Related Art

[0002] Linear thrust response vs. throttle position i1s highly desirable to military pilots
attempting precise maneuvers such as refueling or attempting to land on an aircraft carrier
deck. Current methods of controlling a gas turbine engine allow linear thrust vs. throttle
position to be scheduled at one flight condition (such as a carrier landing) but cannot maintain
thrust lineanty over a range of other critical flight conditions, such as refueling.

[0003] The shortcoming of the current method 1s rooted 1n the fact that a single characteristic
of engine inlet corrected airflow (W2R) increase vs. thrust increase 1s used as a control
schedule for all flight conditions. As each flight condition has its own unique values of idle
and intermediate inlet airflows, engine thrust 1s typically very non-linear vs. inlet airflow.
[0004] FIG. 1 1s a logic diagram 1llustrating the current method of scheduling part power 1nlet
airflow at any flight condition for known idle and intermediate inlet airflows. The illustrated
method requires the inputting of the throttle position (FNRQ), the 1dle power scheduled
airflow (W2RID), and the intermediate power scheduled airflow (W2RINT). At step 1, there
1s utilized a schedule 11 used to schedule engine airflow comprised of a plot of the part power
index (PLAIDX) as a function of the FNRQ. The inputted FNRQ measured at any time
during an engine's operation 1s used as an index to the schedule 11 of step 1 and PLAIDX is
outputted. This outputted PLAIDX 1s combined with the W2RID and the W2RINT to
calculate a part power scheduled airflow (W2RSCH) according to the equation W2RSCH =
W2RID + PLAIDX (W2RINT - W2RID). The calculated W2RSCH 1is utilized to add or
subtract fuel flow to the engine 1n order to obtain a linear airflow giving rise to a
predominantly linear thrust response to the movement of the throttle position.

[0005] Varations of this method involving engine fan speed are also possible due to the
unique relationship between inlet flow and fan speed. The method described above provides

a relatively linear thrust in response to linear movements of the throttle under certain well
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defined operating constraints. However, this method fails to produce a substantially linear
thrust response over a broad range of operating conditions.

[0006] What is therefore needed 1s a method of achieving approximately linear thrust from
idle power to intermediate power (1.e. maximum non-augmented thrust) at any flight

condition.

SUMMARY OF THE INVENTION
[0007] Accordingly, it 1s an object of the present invention to provide a method of utilizing
multiple schedules to provide linear thrust in response to linear throttle movements. More
particularly, the present invention relates to a method of altering the operation of a gas turbine
engine in response to throttle adjustments to produce a thrust response linearly related to such
throttle adjustments.
[0008] In accordance with the present invention, a method for achieving linear engine thrust
response comprises the steps of measuring a throttle position (FNRQ), measuring a plurality
of engine parameters, inputting the plurality of engine parameters and the throttle position
into a plurality of schedules to produce a plurality of outputs, combining the plurality of
outputs to produce a part power scheduled airflow (W2RSCH), and using the W2RSCH to
produce a near linear thrust response of the engine.
[0009] In further accordance with the present invention, a system for achieving linear engine
thrust response comprises means for measuring a throttle position (FNRQ), means for
measuring a plurality of engine parameters, means for inputting the plurality of engine
parameters and the throttle position into a plurality of schedules to produce a plurality of
outputs, means for combining the plurality of outputs to produce a part power scheduled
airflow (W2RSCH), and means for using the W2RSCH to produce a near linear thrust

response of the engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 A diagram of the method of scheduling part power inlet airflow known
in the art.
[0011] FIG. 2 A diagram of the method of scheduling part power 1nlet airflow of the

present invention.
[0012] FIGS. 3a-3c¢  Graphs showing the near linear thrust response of the present invention
compared to that of the present invention.

[0013] FIG. 4 A diagram of the system of the present invention.
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DETAILED DESCRIPTION
[0014] The present invention teaches a method of achieving approximately linear thrust from
idle power to intermediate power (1.e. maximum non-augmented thrust) at any flight
condition. This is achieved by determining the unique thrust vs. airflow charactenstic at each
flight condition that permits scheduling linear thrust vs. throttle position and using this real
time characteristic as a control schedule. As a result, a plurality of control schedules are used
to define inlet airflow between idle and intermediate power and are utilized to maintain linear
thrust as flight condition changes instead of remaining fixed.
[0015] With reference to FIG. 2, there is 1llustrated the method of the present invention
whereby the W2RD, W2RINT, and the FNRQ may be combined to produce a W2RCH which
provides a substantially more linear thrust response to linear movements of the throttle. This
1s primarily accomplished through the utilization of three schedules (S1, S2, and S3) as
opposed to the single schedule utilized 1n step 1 and discussed above with reference to the
prior art. Returning to FIG. 2, note that step 4 of the method of the present invention
computes W2RSCH from W2RID, W2RINT, and PLAIDX through a combination according
to the equation W2RSCH = W2RID + PLAIDX (W2RINT - W2RID) as illustrated 1n step 4.
[0016] As with the prior art, W2RID and W2RINT are variables which are continuously
derived from engine performance during the duration of engine operation. Specifically, for
any given engine a schedule may be created from which W2RID is represented as a function
of block number (XM) and inlet pressure (P2). Similarly, W2RINT may be represented by a
schedule which expresses W2RINT as a function of P2 and inlet temperature (P2). As a
result, P2, T2 and XM may be continuously monitored during engine operation and W2RID
and W2RINT may subsequently be computed therefrom. FNRQ 1s obtained from a
measurement of the throttle position.
[0017] With reference to step 3, there is 1llustrated the use of the schedule S1. Schedule S1 is
a schedule which maps the engine inlet corrected airflow (W2R) to a W2R index (W2RX)
comprising a value between 0 and 1.0. In schedule S1, the range of W2R spans from the
absolute minimum to the absolute maximum airflow possible in an engine type for which
schedule S1 1s computed. As a result, the W2R observed in an operating engine will always

be of a value represented on the x-axis of schedule S1. By entering W2RID as the value of
W2R 1n schedule S1, a W2RID index (W2RIDX) 1s outputted. Similarly, by inputting
W2RINT into schedule S1 as the value of W2R, a W2RINT index (W2RINTX) 1s outputted.
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These two outputs (W2RIDX), and (W2RINTX) form inputs of step 8 as described more fully
below.

[0018] With reference to step 5, schedule S2 1s utilized to map W2R to a throttle index
(FNR). In the present example, the range of FNR of schedule S2 extends 1n an exemplary
fashion from 15 to 100. The proper scale tor FNR 1n schedule S2 1s from a number indicative
of throttle position at idle up to and including a number indicative of throttle position at
maximum dry throttle. As 1s evident, W2RID is used as an input to schedule S2 to form the
output throttle position index FNRQX. Likewise, W2RINT i1s inputted into schedule S2 so as
to form the output throttle position index FNRQY. FNRQX. and FNRQY are then combined
with FNRQ to create an FNRQ equivalent (FNRQEQ) as shown in step 6. In step 6 there 1s
illustrated the equation by which FNRQEQ 1s computed. Specifically, FNRQEQ = FNRQX +
((FNRQY - FNRQX) / full range) (FNRQ - FNRQIDLE)) where full range is equivalent to
the intermediate throttle position minus the 1dle throttle position of the engine and
FNRQIDLE 1s equal to the 1dle throttle position of the engine. As a result of step 6, there is
computed and outputted FNRQEQ. FNRQEQ 1s used as the input to schedule S3 as
illustrated in step 7 to produce the output PLAX. Schedule S3 maps the FNR value to a
PLAX. PLAX is the fraction between minimum and maximum engine airflows (0=minimum
airflow at any condition, 1.0=maximum airflow at any condition) to provide the fraction of
thrust above minimum thrust (0=minimum or idle thrust, 1.0=maximum or intermediate
thrust) requested by the throttle position. Lastly, step 8 1llustrates the equation by which the
outputs of step 3 and step 7 are combined to form the output PLAIDX used as input to step 4.
Specifically in step 8, PLAIDX 1s computed as follows: PLAIDX = (PLAX - W2RIDX plus
bias) / (W2RINX - W2RIDX plus bias) where bias 1s a small value (typically approximately
0.0001) used to insure that the computation of PLAIDX never involves a division by zero. In
an alternative embodiment, a check may be performed to insure that PLAIDX never involves
such a division and, in the case that division by zero is present, PLAIDX is preferably
outputted with a value of 1.0.

[0019] With reference to step 4, there 1s illustrated once again the combination of W2RID,
W2RINT and PLAIDX to form the W2RSCH which is the scheduled thrust response used to
achieve a linear thrust in response to the linear movement of the throttle.

[0020] FIGS. 3a-3¢ show a comparison of thrust linearity between the method known in the
art 31 and the method of the present invention 33 at three different but representative flight
conditions, sea-level (SL)/.2 MN, 10K/.5 MN, and 30K/.8 MN, respectively. The method
known 1n the art 31 was defined to provide linear thrust near the SL/.2 MN condition and
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therefore is essentially equal to the method of the present invention 33 relative to thrust vs.
throttle lineanty (FIG. 3a). However, 1t 1s seen in FIGS. 3b and 3c that at the other two
conditions, the method known 1n the art 31 does not maintain good linearity, while the
method of the present invention 33 achieves near linearity.

[0021] With reference to FIG. 4 there 1s illustrated the system of the present invention.
Operating parameters of operating engine 41, preferably a gas turbine engine, are sensed
using a sensor 43 known in the art to sense gas flow, temperature, pressure, and the like.
These sensed parameters include both the W2RINT and the W2RID. At the same time, the
throttle position (FNRQ) 1s sensed at the throttle 45. W2RINT, W2RID, and FNRQ are
electronically transmitted to processor 47. Processor 47 1s an electronic computing device
capable of accessing the schedules (S1, S2, S3), producing the outputs detailed above, and
computing the W2RSCH. The calculated W2RSCH 1s utilized to add or subtract fuel flow to
the engine 41 1n order to obtain a linear airflow giving rise to a predominantly linear thrust
response to the movement of the throttle position 45.

[0022] It is apparent that there has been provided 1n accordance with the present invention a
method of altering the operation of a gas turbine engine in response to throttle adjustments to
produce a thrust response linearly related to such throttle adjustments which fully satisfies the
objects, means, and advantages set forth previously herein. While the present invention has
been described in the context of specific embodiments thereof, other alternatives,
modifications, and vanations will become apparent to those skilled in the art having read the
foregoing description. Accordingly, it 1s intended to embrace those alternatives,

modifications, and variations as fall within the broad scope of the appended claims.
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Claims:

1. A method for achieving linear engine thrust response comprising the steps of:
measuring a throttle position (FNRQ);
measuring a plurality of engine parameters;
inputting said plurality of engine parameters and said throttle position into a
plurality of schedules to produce a plurality of outputs;
combining said plurality of outputs to produce a part power scheduled airflow
(W2RSCH); and

using said W2RSCH to produce a near linear thrust response of said engine.

2. The method of claim 1 wherein measuring said plurality of engine parameters
comprises measuring said plurality of engine parameters selected from the group

consisting of an intermediate power scheduled airflow (W2RINT), and an idle power

schedule airflow (W2RID).

3. The method of claim 2 wherein said inputting said plurality of engine parameters into
a plurahity of schedules comprises the step of inputting said W2RID and said
W2RINT into a first schedule to produce a W2RID index (W2RIDX) and a W2RINT

index (W2RINTX).

4. The method of claim 3 wherein said inputting said plurality of engine parameters into
a plurality of schedules comprises the step of inputting said W2RID and said
W2RINT into a second schedule to produce a first output throttle position index
FNRQX and a second output throttle position index FNRQY.

5. The method of claim 4 comprising the additional step of combining said FNRQX and
sald FNRQY to produce an FNRQ equivalent (FNRQEQ).

6. The method of claim 5 wherein said combining said FNRQX and said FNRQY
compnises the step of combining said FNRQX and said FNRQY to produce said
FNRQEQ according to an equation FNRQEQ = FNRQX + (FNRQYX - FNRQX)/
full range))(FNRQ — FNRQIDLE) where full range is (W2RINT — W2RID) and
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10.

11.

12.

FNRQIDLE is an idle throttle position of said engine.

The method of claim 6 wherein said inputting said plurality of engine parameters into
a plurality of schedules comprises the step of inputting said FNRQEQ 1nto a third
schedule to produce a PLAX.

The method of claim 7 comprising the additional step combining said PLAX, said
W2RIDX, and said W2RINX to produce a power part index (PLAIDX).

The method of claim 8 wherein said combining said PLAX, said W2RIDX, and said
W2RINX comprises the step of combining said PLAX, saitd W2RIDX, and said
W2RINX according to an equation PLAIDX = (PLAX — W2RIDX + bias)/(W2RINX
— W2RIDX + bias) where bias 1s approximately 0.0001.

The method of claim 9 wherein said combining said plurality of outputs to produce
said W2RSCH comprises the step of combining said W2RID, said W2RINT, and said
PLAIDX according to the equation W2RSCH = W2RID + PLAIDX(W2RINT -
W2RID).

The method of claim 1 wherein said using said part power scheduled airflow to
produce said near linear thrust response of said engine comprises the step of using

saild W2RSCH to alter a fuel flow to said engine.

A system for achieving linear engine thrust response comprising:

means for measuring a throttle position (FNRQ);

means for measuring a plurality of engine parameters;

means for inputting said plurality of engine parameters and said throttle
position into a plurality of schedules to produce a plurality of outputs;

means for combining said plurality of outputs to produce a part power
scheduled airflow (W2RSCH); and

means for using said W2RSCH to produce a near linear thrust response of said

engine.
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