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method for detecting fuel shutoff valve failures in a system including
multiple fuel shutoff valves connected in series. By commanding differ-
ent fuel shutoff valves to close and detecting changes in the system oper-
ating conditions, the system and method may determine if any of the tuel
shutoff valves are not working properly.
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SYSTEM AND METHOD TO DETECT

SHUTOFF VALVE FAILURES

CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of and incorporates by reference herein the disclosure

of U.S. Serial No. 61/925,837, filed January 10, 2014.

TECHNICAL FIELD OF THE DISCLOSURE

The present disclosure is generally related to engine fuel systems and, more

specifically, to a system and method for detecting shutoff valve failures.

BACKGROUND OF THE DISCLOSURE

[0001] Most combustion engines have fuel systems that deliver fuel to the engine in
metered amounts, where the fuel delivery may be controlled by an engine management system.
Gas turbine engines, such as auxiliary power units (APUs), are used as an example herein, but
those skilled in the art will recognize that the systems and methods disclosed herein may be used
with any fuel delivery system. APUs are typically used by aircraft to provide electrical and/or
pneumatic power to aircraft for various uses. A typical APU consists of a gas turbine engine that
rotates at high speed during operation. To prevent overspeed of the engine, the APU is designed

to not only control speed but to also have redundant shut down capability. Such redundant shut
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down capability consists of a minimum of two separate systems, each capable of shutting down
the APU. Each independent system must not have a latent failure potential that in and of itself

could lead to overspeed of the APU from a single event failure.

[0002] APUs typically contain a fuel metering valve to meter fuel flow to the APU’s
combustor and one or more fuel shutoff solenoid valves to allow or prevent fuel flow. If the fuel
metering valve sticks in the open position, an APU overspeed condition could result. To prevent
overspeed in this case, the fuel shutoff solenoid valve must be commanded closed. To prevent
latent failure of the fuel shutoff solenoid valve, proper operation of the fuel shutoff solenoid

valve is typically checked during each APU commanded shutdown.

SUMMARY OF THE DISCLOSURE

[0003] In one embodiment, a method for detecting shutoff valve failures in an engine
fuel system is disclosed, the method comprising the steps of: commanding a secondary fuel
shutoff valve to close; determining if a speed of the engine drops a first percentage within a first
time period responsive to the commanding the secondary fuel shutoff valve to close; detecting
that the secondary fuel shutoff valve is not operating correctly based on determining that the
engine speed did not drop the first percentage within the first time period; commanding a
primary fuel shutoff valve to close; determining if a fuel pressure at the primary shutoff valve
output exhibits at least a differential pressure drop within a second time period responsive to the
commanding the primary fuel shutoff valve to close; and detecting that the primary fuel shutoff
valve is not operating correctly based on determining that the fuel pressure did not exhibit the

differential pressure drop within the second time period.
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[0004] In a further embodiment of the above, the engine comprises a gas turbine

auxiliary power unit mounted in an aircraft.

[0005] In a further embodiment of any of the above, the steps are performed when the

aircraft is on the ground.

[0006] In a further embodiment of any of the above, the primary and secondary fuel

shutoff valves comprise solenoid fuel shutoff valves.

[0007] In another embodiment, a method for detecting shutoff valve failures in an engine
fuel system is disclosed, the method comprising the steps of: during a first test: commanding a
secondary fuel shutoff valve to close; determining if a speed of the engine drops a first
percentage within a first time period responsive to the commanding the secondary fuel shutoff
valve to close; detecting that the secondary fuel shutoff valve is not operating correctly based on
determining that the engine speed did not drop the first percentage within the first time period;
and during a second test subsequent to the first test: commanding a primary fuel shutoff valve to
close; determining if a speed of the engine drops a second percentage within a second time
period responsive to the commanding the primary fuel shutoff valve to close; and detecting that
the primary fuel shutoff valve is not operating correctly based on determining that the engine

speed did not drop the second percentage within the second time period.

[0008] In a further embodiment of the above, the first percentage is equal to the second

percentage.

[0009] In a further embodiment of any of the above, the first time period is equal to the

second time period.
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[0010] In a further embodiment of any of the above, the engine comprises a gas turbine

auxiliary power unit mounted in an aircraft.

[0011] In a further embodiment of any of the above, the steps are performed when the

aircraft is on the ground.

[0012] In a further embodiment of any of the above, the primary and secondary fuel

shutoff valves comprise solenoid fuel shutoff valves.

[0013] In another embodiment, a fuel system for an engine is disclosed, comprising: a
primary fuel shutoff valve including a primary fuel shutoff valve output; a secondary fuel shutoff
valve including a secondary fuel shutoff valve input operatively coupled to the primary fuel
shutoff valve output; and a pressure sensor operative to sense a fuel pressure downstream from
the primary fuel shutoff valve; wherein the system is configured to: command the secondary fuel
shutoff valve to close; determine if a speed of the engine drops a first percentage within a first
time period responsive to the commanding the secondary fuel shutoff valve to close; detect that
the secondary fuel shutoff valve is not operating correctly based on determining that the engine
speed did not drop the first percentage within the first time period; command the primary fuel
shutoff valve to close; determine if the fuel pressure exhibits at least a differential pressure drop
within a second time period responsive to commanding the primary fuel shutoff valve to close;
and detect that the primary fuel shutoff valve is not operating correctly based on determining that

the fuel pressure did not exhibit the differential pressure drop within the second time period.

[0014] In a further embodiment of the above, the engine comprises a gas turbine

auxiliary power unit mounted in an aircraft.



WO 2015/106153 PCT/US2015/010894

[0015] In a further embodiment of any of the above, the steps are performed when the

aircraft is on the ground.

[0016] In a further embodiment of any of the above, the primary and secondary fuel

shutoff valves comprise solenoid fuel shutoff valves.

[0017] In a further embodiment of any of the above, the system is further configured to:
during a first test: command the secondary fuel shutoff valve to close; determine if a speed of the
engine drops a second percentage within a third time period responsive to the commanding the
secondary fuel shutoff valve to close; detect that the secondary fuel shutoff valve is not operating
correctly based on determining that the engine speed did not drop the second percentage within
the third time period; and during a second test subsequent to the first test: command the primary
fuel shutoff valve to close; determine if a speed of the engine drops a third percentage within a
fourth time period responsive to commanding the primary fuel shutoff valve to close; and detect
that the primary fuel shutoff valve is not operating correctly based on determining that the engine

speed did not drop the third percentage within the fourth time period.

[0018] In a further embodiment of any of the above, the second percentage is equal to the

third percentage and the third time period is equal to the fourth time period.

[0019] In a further embodiment of any of the above, the engine comprises a gas turbine

auxiliary power unit mounted in an aircraft.

[0020] In a further embodiment of any of the above, the steps are performed when the

aircraft is on the ground.
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[0021] In a further embodiment of any of the above, the primary and secondary fuel

shutoff valves comprise solenoid fuel shutoff valves.

[0022] Other embodiments are also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The embodiments and other features, advantages and disclosures contained
herein, and the manner of attaining them, will become apparent and the present disclosure will be
better understood by reference to the following description of various exemplary embodiments of

the present disclosure taken in conjunction with the accompanying drawings, wherein:

[0024] FIG. 1 is a schematic partial cross-sectional view of a gas turbine engine in an

embodiment.

[0025] FIG. 2 is a schematic diagram of a fuel system in an embodiment.

[0026] FIG. 3 is a schematic flow chart of a method for determining shutoff valve

failures in an embodiment.

[0027] FIG. 4 is a schematic flow chart of a method for determining shutoff valve

failures in an embodiment.

[0028] FIG. 5 is a schematic flow chart of a method for determining shutoff valve

failures in an embodiment.
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DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS

[0029] For the purposes of promoting an understanding of the principles of the invention,
reference will now be made to certain embodiments and specific language will be used to
describe the same. It will nevertheless be understood that no limitation of the scope of the
invention is thereby intended, and alterations and modifications in the illustrated device, and
further applications of the principles of the invention as illustrated therein are herein

contemplated as would normally occur to one skilled in the art to which the invention relates.

[0030] FIG. 1 schematically illustrates a gas turbine engine 20. The gas turbine engine
20 is disclosed herein as a two-spool turbofan that generally incorporates a fan section 22, a
compressor section 24, a combustor section 26 and a turbine section 28. Alternative engines
might include an augmentor section (not shown) among other systems or features. The fan
section 22 drives air along a bypass flow path B in a bypass duct, while the compressor section
24 drives air along a core flow path C for compression and communication into the combustor
section 26 then expansion through the turbine section 28. Although depicted as a two-spool
turbofan gas turbine engine in the disclosed non-limiting embodiment, it should be understood
that the concepts described herein are not limited to use with two-spool turbofans as the

teachings may be applied to other types of turbine engines including three-spool architectures.

[0031] The exemplary engine 20 generally includes a low speed spool 30 and a high
speed spool 32 mounted for rotation about an engine central longitudinal axis A relative to an

engine static structure 36 via several bearing systems 38. It should be understood that various
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bearing systems 38 at various locations may alternatively or additionally be provided, and the

location of bearing systems 38 may be varied as appropriate to the application.

[0032] The low speed spool 30 generally includes an inner shaft 40 that interconnects a
fan 42, a low pressure compressor 44 and a low pressure turbine 46. The inner shaft 40 is
connected to the fan 42 through a speed change mechanism, which in exemplary gas turbine
engine 20 is illustrated as a geared architecture 48 to drive the fan 42 at a lower speed than the
low speed spool 30. The high speed spool 32 includes an outer shaft 50 that interconnects a high
pressure compressor 52 and high pressure turbine 54. A combustor 56 is arranged in exemplary
gas turbine 20 between the high pressure compressor 52 and the high pressure turbine 54. An
engine static structure 36 is arranged generally between the high pressure turbine 54 and the low
pressure turbine 46. The engine static structure 36 further supports bearing systems 38 in the
turbine section 28. The inner shaft 40 and the outer shaft 50 are concentric and rotate via bearing
systems 38 about the engine central longitudinal axis A which is collinear with their longitudinal

axes.

[0033] The core airflow is compressed by the low pressure compressor 44 then the high
pressure compressor 52, mixed and burned with fuel in the combustor 56, then expanded over
the high pressure turbine 54 and low pressure turbine 46. The turbines 46, 54 rotationally drive
the respective low speed spool 30 and high speed spool 32 in response to the expansion. It will
be appreciated that each of the positions of the fan section 22, compressor section 24, combustor
section 26, turbine section 28, and fan drive gear system 48 may be varied. For example, gear
system 48 may be located aft of combustor section 26 or even aft of turbine section 28, and fan

section 22 may be positioned forward or aft of the location of gear system 48.
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[0034] The engine 20 in one example is a high-bypass geared aircraft engine. In a further
example, the engine 20 bypass ratio is greater than about six (6), with an example embodiment
being greater than about ten (10), the geared architecture 48 is an epicyclic gear train, such as a
planetary gear system or other gear system, with a gear reduction ratio of greater than about 2.3
and the low pressure turbine 46 has a pressure ratio that is greater than about five. In one
disclosed embodiment, the engine 20 bypass ratio is greater than about ten (10:1), the fan
diameter is significantly larger than that of the low pressure compressor 44, and the low pressure
turbine 46 has a pressure ratio that is greater than about five 5:1. Low pressure turbine 46
pressure ratio is pressure measured prior to inlet of low pressure turbine 46 as related to the
pressure at the outlet of the low pressure turbine 46 prior to an exhaust nozzle. The geared
architecture 48 may be an epicycle gear train, such as a planetary gear system or other gear
system, with a gear reduction ratio of greater than about 2.3:1. It should be understood,
however, that the above parameters are only exemplary of one embodiment of a geared
architecture engine and that the present invention is applicable to other gas turbine engines

including direct drive turbofans.

[0035] A significant amount of thrust is provided by the bypass flow B due to the high
bypass ratio. The fan section 22 of the engine 20 is designed for a particular flight condition --
typically cruise at about 0.8 Mach and about 35,000 feet. The flight condition of 0.8 Mach and
35,000 ft, with the engine at its best fuel consumption - also known as “bucket cruise Thrust
Specific Fuel Consumption (“TSFC’)” - is the industry standard parameter of lbm of fuel being

burned divided by Ibf of thrust the engine produces at that minimum point. “Low fan pressure
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ratio” is the pressure ratio across the fan blade alone, without a Fan Exit Guide Vane (“FEGV”)
system. The low fan pressure ratio as disclosed herein according to one non-limiting
embodiment is less than about 1.45. “Low corrected fan tip speed” is the actual fan tip speed in
ft/sec divided by an industry standard temperature correction of [(Tram °R) / (518.7 °R)]0'5. The
“Low corrected fan tip speed” as disclosed herein according to one non-limiting embodiment is

less than about 1150 ft / second.

[0036] The present disclosure provides a method that, during APU commanded
shutdown, reliably checks multiple fuel shutoff solenoid valves in series for correct operation
and to assure that no latent failures are present. It will be appreciated that the presently disclosed
method may also be used with any fuel system for any engine in which fuel shutoff valves are
provided in a series configuration. FIG. 2 schematically illustrates an engine fuel system
indicated generally at 100. A supply of fuel under pressure is supplied at 102 to an input 104 of
a primary fuel shutoff valve 106. Primary fuel shutoff valve 106 is a fuel shutoff valve in an
embodiment, to name one non-limiting embodiment. An output 108 of the primary fuel shutoff
valve 106 operatively supplies fuel to a first engine fuel supply port 110. The first engine fuel
supply port 110 may comprise a primary nozzle of a duplex nozzle 112 in an embodiment. A
pressure of the fuel exiting output 108 of the primary fuel shutoff valve 106 may be measured by

fuel pressure sensor 114 in an embodiment.

[0037] The output 108 of the primary fuel shutoff valve 106 also operatively supplies
fuel to an input 116 of a secondary fuel shutoff valve 118. Secondary fuel shutoff valve 118 is a
fuel shutoff solenoid valve in an embodiment, to name one non-limiting example. Fuel from the

output 108 may optionally pass through a flow divider valve 120 in an embodiment. An output

10
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122 of the secondary fuel shutoff valve 118 operatively supplies fuel to a second engine fuel
supply port 124 and to a third engine fuel supply port 126. The second engine fuel supply port
124 may comprise a simplex nozzle 128 in an embodiment. The third engine fuel supply port

126 may comprise a secondary nozzle of the duplex nozzle 112 in an embodiment.

[0038] In the exemplary embodiment, the first engine fuel supply port 110 is used to
supply fuel to start the APU. Once the APU is running, it will require more fuel to continue
running. Fuel from the output 122 of the secondary fuel shutoff valve 118 operatively supplies
fuel to the second engine fuel supply port 124 and to the third engine fuel supply port 126 to
maintain the APU in a running state. When the secondary fuel shutoff valve 118 closes and
prevents fuel from being supplied to the second engine fuel supply port 124 and to the third
engine fuel supply port 126, the APU engine speed will slow and eventually stop. Therefore, if
either the primary shutoff valve 106 or the secondary shutoff valve 118 is closed, the APU will

slow and eventually stop.

[0039] A control system 130 operatively coupled to fuel system 100, such as a control
unit of the APU, may be used to test the fuel system 100 for proper functioning of the primary
fuel shutoff valve 106 and the secondary fuel shutoff valve 118. Such testing may be done in
order to verify that the primary fuel shutoff valve 106 and the secondary fuel shutoff valve 118
close and stop fuel flow as commanded by the control system. The control system 130 may be
operatively coupled to the primary fuel shutoff valve 106 and the secondary fuel shutoff valve
118 for control of the opening and closing thereof. Alternatively, control system 130 may not
control the opening and closing of the primary fuel shutoff valve 106 and the secondary fuel

shutoff valve 118, but may instead sense such control commands issued by another system.

11
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Control system 130 may also be operatively coupled to the pressure sensor 114 and receive a fuel
pressure reading therefrom in an embodiment. Control system 130 may additionally be coupled
to an engine speed sensor 132 for receipt of an engine speed reading of an engine supplied by the

fuel supply ports 110, 124, and 126 in an embodiment.

[0040] FIGs. 3-5 are process flows for methods that may be used to verify the closing of
two valves in a series connection in a fuel system with and without primary fuel pressure
feedback. The methods of FIGs. 3-4 provide verification of the operation of the two valves with
fuel pressure feedback. The method of FIG. 5 may be employed and does not require fuel
pressure feedback. The methods of FIGs. 3-5 are described in the context of testing an APU
installed in an aircraft; however, it will be appreciated that the methods of FIGs. 3-5 may be used

with any engine fuel system including two shutoff valves in series.

[0041] Referring now to FIG. 3, a method 200 for verifying the closing of two valves in a
series connection in a fuel system with primary fuel pressure feedback is schematically
illustrated. While the aircraft is on the ground, the secondary fuel shutoff valve 118 is
commanded to close at block 202. The control system 130 then verifies that the engine speed
drops a first percentage range within a first time period range at block 204. If the engine speed
drops at the expected rate, then it may be determined at block 206 that the secondary fuel shutoff
valve 118 is operating correctly (i.e., it is not stuck in the open position). If the engine speed
does not drop at the expected rate, then it may be declared at block 208 that the secondary fuel
shutoff valve 118 is not operating correctly (i.e., it is stuck in the open position or at least not

closing completely).

12
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[0042] The primary fuel shutoff valve 106 is commanded to close at block 210. At
block 212, the control system 130 verifies, such as by reading fuel pressure sensor 114 in an
embodiment, that the pressure of the fuel downstream from the primary fuel shutoff valve 106
exhibits a differential pressure drop range within a second time period range. If the fuel pressure
drops at the expected rate, then it may be determined at block 214 that the primary fuel shutoff
valve 106 is operating correctly (i.e., it is not stuck in the open position). If the fuel pressure
does not drop at the expected rate, then it may be determined at block 216 that the primary fuel
shutoff valve 106 is not operating correctly (i.e., it is stuck in the open position or may not be

closing completely).

[0043] As shown in FIG. 4 and indicated at 300, further testing of the fuel system 100
may be conducted, such as while the aircraft is airborne. At altitude, many APUs do not require
fuel from the secondary shutoff valve 118, therefore the secondary shutoff valve 118 may only
be checked while the aircraft is on the ground. However overspeed protection still occurs when
the primary shutoff valve 106 is tested as described in the method 300 and all fuel flow to the
APU flows through the primary shutoff valve 106. At block 302, the primary fuel shutoff valve
106 1is commanded to close. The control system 130 then verifies that the engine speed drops a
second percentage range within a third time period range at block 304. If the engine speed
drops at the expected rate, then it may be determined at block 306 that the primary fuel shutoff
valve 106 is operating correctly (i.e., it is not stuck in the open position). If the engine speed
does not drop at the expected rate, then it may be determined at block 308 that the primary fuel
shutoff valve 106 is not operating correctly (i.e., it is stuck in the open position or at least not
closing completely). Next, the secondary fuel shutoff valve 118 is commanded to close at block

310 to complete the shutdown procedure.

13
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[0044] Referring now to FIG. 5, a method 400 for verifying the closing of two valves in a
series connection in a fuel system without primary fuel pressure feedback is schematically
illustrated according to an embodiment. While the aircraft is on the ground, the control system
130 will alternate between closing the primary fuel shutoff valve 106 and the secondary fuel
shutoff valve 118. At block 402, the secondary fuel shutoff valve 118 is commanded to close.
The control system 130 then verifies that the engine speed drops a third percentage range in a
fifth time period range at block 404. If the engine speed drops at the expected rate, then it may
be determined at block 406 that the secondary fuel shutoff valve 118 is operating correctly (i.e.,
it is not stuck in the open position). If the engine speed does not drop at the expected rate, then it
may be determined at block 408 that the secondary fuel shutoff valve 118 is not operating
correctly (i.e., it is stuck in the open position or may not be closing completely). The method
400 then waits at block 410 for the next APU ground shutdown before moving to block 412. At
block 412, the primary fuel shutoff valve 106 is commanded to close. The control system 130
then verifies that the engine speed drops a fourth percentage range in a sixth time period range at
block 414. If the engine speed drops at the expected rate, then it may be determined at block
416 that the primary fuel shutoff valve 106 is operating correctly (i.e., it is not stuck in the open
position). If the engine speed does not drop at the expected rate, then it may be determined at
block 418 that the primary fuel shutoff valve 106 is not operating correctly (i.e., it is stuck in the
open position or may not be closing completely). At block 420 the control system 130 waits for
the next APU ground shutdown before returning to block 402. Such consecutive ground tests
limit the latent failure potential for each of the primary shutoff valve 106 and secondary shutoff

valve 118 to consecutive ground shutdowns.

14
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[0045] While the invention has been illustrated and described in detail in the drawings
and foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only certain embodiments have been shown and described and
that all changes and modifications that come within the spirit of the invention are desired to be

protected.

15
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What is claimed:

1. A method for detecting shutoff valve failures in an engine fuel system, the method
comprising the steps of:

commanding a secondary fuel shutoff valve to close;

determining if a speed of the engine drops a first percentage within a first time period responsive
to the commanding the secondary fuel shutoff valve to close;

detecting that the secondary fuel shutoff valve is not operating correctly based on determining
that the engine speed did not drop the first percentage within the first time period;

commanding a primary fuel shutoff valve to close;

determining if a fuel pressure at the primary shutoff valve output exhibits at least a differential
pressure drop within a second time period responsive to the commanding the primary fuel
shutoff valve to close; and

detecting that the primary fuel shutoff valve is not operating correctly based on determining that
the fuel pressure did not exhibit the differential pressure drop within the second time

period.

2. The method of claim 1, wherein the engine comprises a gas turbine auxiliary power unit

mounted in an aircraft.

3. The method of claim 2, wherein the steps are performed when the aircraft is on the

ground.

16
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4. The method of claim 1, wherein the primary and secondary fuel shutoff valves comprise

solenoid fuel shutoff valves.

5. A method for detecting shutoff valve failures in an engine fuel system, the method
comprising the steps of:
during a first test:
commanding a secondary fuel shutoff valve to close;
determining if a speed of the engine drops a first percentage within a first time period
responsive to the commanding the secondary fuel shutoff valve to close;
detecting that the secondary fuel shutoff valve is not operating correctly based on
determining that the engine speed did not drop the first percentage within the first
time period; and
during a second test subsequent to the first test:
commanding a primary fuel shutoff valve to close;
determining if a speed of the engine drops a second percentage within a second time
period responsive to the commanding the primary fuel shutoff valve to close; and
detecting that the primary fuel shutoff valve is not operating correctly based on
determining that the engine speed did not drop the second percentage within the

second time period.

6. The method of claim 5, wherein the first percentage is equal to the second percentage.

7. The method of claim 5, wherein the first time period is equal to the second time period.

17
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8. The method of claim 5, wherein the engine comprises a gas turbine auxiliary power unit

mounted in an aircraft.

9. The method of claim 8, wherein the steps are performed when the aircraft is on the
ground.
10. The method of claim 5, wherein the primary and secondary fuel shutoff valves comprise

solenoid fuel shutoff valves.

11. A fuel system for an engine, comprising:
a primary fuel shutoff valve including a primary fuel shutoff valve output;
a secondary fuel shutoff valve including a secondary fuel shutoff valve input operatively coupled
to the primary fuel shutoff valve output; and
a pressure sensor operative to sense a fuel pressure downstream from the primary fuel shutoff
valve;
wherein the system is configured to:
command the secondary fuel shutoff valve to close;
determine if a speed of the engine drops a first percentage within a first time period
responsive to the commanding the secondary fuel shutoff valve to close;
detect that the secondary fuel shutoff valve is not operating correctly based on
determining that the engine speed did not drop the first percentage within the first

time period;

18
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command the primary fuel shutoff valve to close;

determine if the fuel pressure exhibits at least a differential pressure drop within a second
time period responsive to commanding the primary fuel shutoff valve to close;
and

detect that the primary fuel shutoff valve is not operating correctly based on determining
that the fuel pressure did not exhibit the differential pressure drop within the

second time period.

The fuel system of claim 11, wherein the engine comprises a gas turbine auxiliary power

unit mounted in an aircraft.

The fuel system of claim 12, wherein the steps are performed when the aircraft is on the

ground.

The fuel system of claim 11, wherein the primary and secondary fuel shutoff valves

comprise solenoid fuel shutoff valves.

The fuel system of claim 11, wherein the system is further configured to:
during a first test:
command the secondary fuel shutoff valve to close;
determine if a speed of the engine drops a second percentage within a third time
period responsive to the commanding the secondary fuel shutoff valve to

close;
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detect that the secondary fuel shutoff valve is not operating correctly based on
determining that the engine speed did not drop the second percentage
within the third time period; and

during a second test subsequent to the first test:

command the primary fuel shutoff valve to close;

determine if a speed of the engine drops a third percentage within a fourth time
period responsive to commanding the primary fuel shutoff valve to close;
and

detect that the primary fuel shutoff valve is not operating correctly based on
determining that the engine speed did not drop the third percentage within

the fourth time period.

The fuel system of claim 15, wherein the second percentage is equal to the third

percentage and the third time period is equal to the fourth time period.

The fuel system of claim 15, wherein the engine comprises a gas turbine auxiliary power

unit mounted in an aircraft.

The fuel system of claim 17, wherein the steps are performed when the aircraft is on the

ground.

The fuel system of claim 15, wherein the primary and secondary fuel shutoff valves

comprise solenoid fuel shutoff valves.
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