
METHOD FOR DETECTING THE PERFORMANCE OF AUXILIARY POWER UNIT
TECHNICAL FIELD OF THE INVENTION  [0001]The present application
relates to a method for detecting the equipment's operation
5condition of an aircraft, in particular to a method for detecting
the performance of an airborne auxiliary power unit. BACKGROUND
[0002]APU (Airborne Auxiliary Power Unit) is a small turbine engine
mounted at the tail  10 of an aircraft. The main function of the APU
is to provide power and gas source, and a few APUs may provide
additive thrust to the aircraft. In particular, the APU supplies
power to start a main engine before the aircraft takes off from
ground without need to rely on a ground power, gas source vehicle to
start the aircraft. When on the ground, APU also supplies power and
compressed air to ensure the lighting and air-conditioning in the
cockpit 15and cabin. When the aircraft takes off, the APU can be used
as a backup power. After landing, APU still supplies power to the
lighting and air-conditioning. [0003]The functions of APU determine
the operation stability thereof directly relates to flight cost and
quality of service of the aircraft. Moreover, in the absence of
guarantees of the ground power and gas source, once there is some
malfunction of the APU, the result is  20 that the aircraft cannot
fly. At present, the troubleshooting and maintenance of the APU
always are post-processing. However, among the equipments of
aircraft, the maintenance cost of APU is higher. In addition, the
price of parts of APU is higher, the cost for storing the spare parts
is higher, and the repair cycle reaches up to 4-5 months. The stable
operation of the APU cannot be guaranteed due to the post-processing
maintenance. Moreover, the repair 25cycle is time-consuming, which
directly causes the aircraft delays even to be grounded. SUMMARY
[0004]Regarding one or more technical problems in the conventional
technology, in one 30aspect of the present application, there
provides a method for detecting performance of an APU, comprising:
obtaining EGT (Exhaust Gas Temperature), LCIT (Compressor Inlet
Temperature), STA (Starting Time), TSR (Service Time) and PT (bleed
air pressure); 



comparing respectively a difference of EGT and LCIT (i.e., EGT-LCIT),
STA, TSR and PT  with their respective threshold values; assigning
weights to comparison results between the EGT-LCIT, STA, TSR and PT
and the respective threshold values; and determining the performance
of the APU based on the weighted comparison results between the
EGT-LCIT, STA, TSR and PT and the respective threshold values.
5[0005] In another aspect of the present application, there provides
a method for detecting performance of an APU, comprising: obtaining
an operation parameter selected from a group composing of EGT
(Exhaust Gas Temperature of APU), STA (Starting Time), PT (bleed air
pressure) and an angle of IGV; determining whether the parameter
changes significantly; determining the performance of the APU based
on whether the parameter 10changes significantly. [0006]In further
aspect of the present application, there provides a method for
detecting performance of an APU, comprising: obtaining an operation
parameter selected from a group composing of EGT (Exhaust Gas
Temperature of APU) and PT (bleed air pressure); determining whether
the parameter is close to its extreme value; and determining the
15performance of the APU based on whether the parameter is close to
the extreme value. BRIEF DESCRIPTION OF THE DRAWINGS
[0007]Hereinafter, some preferred embodiments of the application will
be described in 20reference to the accompanying drawings. [0008]Fig.
1 is a schematic illustrating a structure of the APU according to one
embodiment of the present application. [0009]Fig. 2 is a schematic
illustrating a structure of an inlet guide vane assembly according to
one embodiment of the present application. 25[00010] Fig. 3 is a
schematic illustrating a control structure of an inlet guide vane
according 



to one embodiment of the present application. [00011] Fig. 4 is a
schematic illustrating a curve of the change of the performance of
the APU according to one embodiment of the present application.
[00012] Fig. 5 is an example of Al3 message of Airbus; 30[00013] Fig.
6 is a flow chart illustrating a method for detecting the performance
of the APU according to one embodiment of the present application.
[00014] Fig. 7 is a flow chart illustrating a method for detecting
the performance of the APU according to another one embodiment of the
present application. [00015] Fig. 8 is a flow chart illustrating a
method for detecting the performance of the APU  according to further
one embodiment of the present application. BRIEF DESCRIPTION OF THE
DRAWINGS 5[00016] Fig. 1 is a schematic illustrating a structure of
the APU according to one embodiment of the present application. As
shown, APU 100 includes a generator 102, a gearbox 104, a compressor
portion 106 and a hot segment portion 108. The compressor portion 106
includes a front end axial flow centrifugal compressor 105 for
generating high pressure air and outwardly providing bleed air. The
hot segment portion 108 includes a rear  10 end axial flow
centrifugal compressor 107. The rear end axial flow centrifugal
compressor 107 is used for providing high pressure air to a
combustion chamber 120 of the hot segment portion 108 to be combusted
in the combustion chamber 120. A fuel oil system (not shown) of the
APU provides the fuel oil to the combustion chamber 120. The fuel oil
is combusted in the combustion chamber 120 to generate high
temperature and high pressure gas which is  15 applied to a turbine
140 of the hot segment portion 108 so as to make the turbine 140
turn. The turbine 140 drives the front end axial flow centrifugal
compressor 105 by a shaft 103 to generate high pressure air, and
simultaneously drives the generator 102 through the transmission of
the gearbox 104. The generator 102 generates power and supplies power
outward. 20 [00017] Generally, APU is an axial flow centrifugal
engine, such as GTCP131-9A, AP53200 model etc. The most significant
difference between the APU and the engine of aircraft is the rotors
of APU are constant-speed and the rotors of the engine of aircraft
are variable-speed. Therefore, APU consistently operates at a
constant rotation speed and provides compressed  25 gas to the front
end axial flow centrifugal compressor 105 to supply to the load at
rear part. APU has a bleed air control valve for controlling high
pressure gas to be directed to a bleed air load or to a exhaust pipe
to be discharged. Therefore, the pressure of bleed air can reflect
performance of the front end compressor indirectly. 30[00018] The
greater the need for the power of the bleed air load is, the greater
the resistance when the front end axial flow centrifugal compressor
105 rotates is. For keeping constant rotation speed, the hot segment
portion 108 should provide higher torque. The fuel oil control system
of the APU should supply more fuel oil to be combusted in the
combustion chamber 120 so as to supply more heat energy to the
turbine 140 for driving the front end 



portion to rotate at constant speed. APU also includes a temperature
sensor for detecting the EGT (Exhaust Gas Temperature) of the gas
exhausted from the APU, and an IGV (Inlet Guide Vane) assembly.
5[00019] Fig. 2 is a schematic illustrating a structure of an inlet
guide vane assembly according to one embodiment of the present
application. As shown, the IGV assembly 200 essentially has a shape
of a circular disc. A plurality of IGVs are provided on a side close
to the bottom of the circular disc. A plurality of IGVs can open at
different angles under control. The angle of the IGV is from 15 to
115. The IGV does not fully close, and the vane is 10set in the
position of 150 to cool the front end axial flow centrifugal
compressor 105. [00020] Fig. 3 is a schematic illustrating a control
structure of an inlet guide vane according to one embodiment of the
present application. As shown, an inlet guide vane control structure
300 includes an IGVA (Inlet Guide Vane Actuator) 301 and a LVDT (Line
Variable  15 Differential Transformer) 302 connecting to the IGVA
301. The IGV assembly 200 is installed on an inlet channel of the
front end axial flow centrifugal compressor 105. LVDT is connected to
the IGV of the IGV assembly 200. The IGVA controls the IGV to open at
a suitable angle through the LVDT according to requirements to
compressed air by the aircraft. 20[00021] The EGT temperature sensor
of APU detects the EGT of the APU. Because of the limit of material
for manufacturing the APU, the EGT has a limit, i.e., a redline value
EGTReaine. To avoid burnout of the API), the APU control system
generally keeps the actual EGT under the redline value EGTRedune.
Therefore, when temperature is close to the redline value EGTRedune,
the fuel oil system of the APU will reduce the supply of fuel oil to
lower  25 EGT. Meanwhile, the original heavy load is driven, which
will reduce the rotation speed due to reduction of fuel oil supply
However, since the APU must keep constant rotation speed, the APU
adjusts the IGV's angle through the IGVA to turn down the inlet and
thus reduce the amount of gas transmitted to the front end compressor
to reduce the burden of the front end compressor, in order to reduce
the load of the front end compressor. Therefore, both of 30the
pressure and flow rate of bleed gas outputted from the front end
compressor are reduced. [00022] Fig. 4 is a schematic illustrating a
curve of the performance of the APU according to one embodiment of
the present application. As service time increases, performance of
all of APU gradually deteriorates, i.e., the decline indexes
gradually increases. When the decline indexes of the APU is
relatively steady, the performance of the APU is in a stable period;
when performance degradation of the APU gradually accelerates, the
performance of the APU enters a decline period; when a certain
threshold value is exceeded, the performance of the APU enters a
failure period, and failure may occur at any time. When the APU
enters the failure period, the use of the APU is influenced, the
quality of service and safety of flight  5 also suffer bad influence,
and an unscheduled maintenance may be generated easily which can
cause delay and grounding of the aircraft. There is no means in
conventional technology to detect whether the performance of the APU
is in the decline period. However, some embodiments of the present
application can perform such detection. [00023] Detecting the decline
period has the following advantages. Firstly, when the APU is  10 in
the decline period, the probability of failure is still low.
Therefore, safety of flight and the quality of service will be



20 (Aircraft Condition Monitoring System) of Airbus and AHM (Aircraft
Heath Monitor) of Boeing. A feature of such systems is that it can
monitor the operation data of the aircraft in real time, and
automatically generate messages including special data when a certain
trigger condition is met. [00025] Taking the ACMS of Airbus as an
example (the AHM of Boeing can be comparable  25 with the ACMS of
Airbus), the ACMS includes an aircraft integrated data system (AIDS).
The core of the AIDS is a data management unit (DMU). The DMU has the
following two important functions:  collecting, processing and
recording many parameters in the aircraft, including data from the
black box. These parameters are stored in an internal storage memory
30of the DMU or an external recorder, such as a digital AIDS recorder
(DAR);  generating system messages, and triggering the messages when
the trigger condition is satisfied by the aircraft state or system
parameters. These messages are stored a nonvolatile storage memory in
the DMU. [00026] According to one embodiment of the present
application, the aircraft data system,  such as ACMS or AHM, can be
used to obtain the operation data of the APU. [00027] The ACARS is
comprised of an avionics computer called ACARS managing unit (MU),
and a control display unit (CDU). The MU is used for sending and
receiving VHF radio digital messages to and from the ground. On the
ground, the ACARS is comprised of a  5 network including the ground
station having a radio transceiver, which can receive or send
messages (data link messages). These ground stations generally are
owned by service providers, and distribute received messages to
respective servers of different airlines on the network. According to
one embodiment of the present application, the APU messages are
generated from obtained operation data of the APU and transmitted to
the server on the 10ground through ACARS. [00028] According to one
embodiment of the present invention, the APU message can be
transmitted by a communication device or system of the ATN (Aviation
Telecommunication Network). [00029] As to the current flight data
system, monitoring the performance of the APU actually  15 is an
existing project. Therefore, corresponding APU message can be
automatically generated and transmitted to the ground via ACARS or
ATN. However, the monitored data is not used for detecting the
decline period of the performance of the APU. [00030] For example,
the A13 message of Airbus, i.e., APU MES/IDLE REPORT, or the APU
message of Boeing is an example of such APU message. 20[00031] In the
following embodiments, the A13 message is used as an example, and the
APU message of Boeing can be processed similarly. [00032] Fig. 5 is a
schematic illustrating an example of Al3 message of Airbus. As shown,
the A13 message mainly includes four parts of information, which
respectively are a header, an APU history information, an operation
parameter for starting the aircraft engine and an 



25APU starting parameter. [00033] The header is composed of CC
section and C 1 section including mainly the following information:
flight information of the aircraft, leg in which the message is
generated, the state of the bleed air valve, total air temperature
(i.e., external temperature) and like. The APU history information is
composed of El section including the following 30 information: the
APU serial number, service hours and circulation and like. The
operation parameter for starting the aircraft engine is composed of
N1-S3 sections, wherein, N1 and SI indicate the operation status when
the first aircraft engine is started, N2 and S2 indicate the
operation status when the second aircraft engine is started, and N3
and 53 indicate the status after the APU starts all of engines
successfully and when the aircraft is running  slowly. [00034] The
Al3 message includes a plurality of parameters relating to operation
status of the APU. The operation parameter for starting the aircraft
engine includes the EGT, the opening angle of the IGV, the inlet
pressure of the compressor, the load compressor inlet  5 temperature,
the flow rate of the bleed air, the pressure of the bleed air, the
oil temperature and the APU generator load. The parameter when the
APU starts includes the starting time, the peak value of the EGT, the
rotation speed at the peak value of EGT and the load compressor inlet
temperature. [00035] The performance of the APU may relate to other
parameters, in addition to the  10 parameters in the A13 message.
Taking the aircraft A320 of Airbus as an example, the amount of
system data obtained by the aircraft can reach up to more than
13,000, wherein, a plurality of data can directly or indirectly
reflect the performance of the APU. Therefore, it is one of issues to
be solved by the present application that how to select suitable
parameters from all of APU performance parameters and to generate a
suitable algorithm corresponding 15to the selected parameters so as
to accurately reflect the performance of the APU. [00036] Fig. 6 is a
flow chart illustrating a method for detecting the performance of the
APU according to one embodiment of the present application. As shown,
in the method 6000 for detecting the performance of the APU in the
embodiment, at step 6100, the following operation information of the
APU is obtained: EGT, LCIT (Compressor Inlet Temperature),  20 STA
(Starting Time), service time TSR and bleed air pressure PT. At step
6200, the difference between EGT and LCIT (i.e., EGT-LCIT), STA, TSR
and PT are respectively compared with their respective threshold
values. According to one embodiment of the present application, the
respective threshold values are extreme values of respective
parameters. At step 6300, each comparison result between EGT-LCIT,
STA, TSR and PT  25 and their respective threshold values is assigned
with a weight. At step 6400, comparison results between EGT-LCIT,
STA, TSR and PT and their respective threshold value considering the
weight are integrated together. At step 6510, it is determined
whether the integrated result exceeds a first predetermined value. If
the integrated result does not exceed the first predetermined value,
it is determined at step 6520 that the performance of the APU 30 is
good; and at step 6610, it is determined whether the integrated
result exceeds a second predetermined value. If the integrated result
does not exceed the second predetermined value, it is determined at
step 6620 that the performance of the APU is normal, and at step
6710, it is determined whether the integrated result exceeds a third
predetermined value. If the integrated result does not exceed the



[00038] If the aircraft data system does not automatically generate
the operation status message of the APU, corresponding sensor and
trigger condition should be added to generate the desired APU
message. If the existing APU message of the aircraft data system does
not cover one or more of the EGT, LCIT, STA, TSR and PT, the
generating condition  15 of the APU message should be modified to add
the lacking one or more parameters. Since the APU message can be
transmitted to a data server of an airline in real time via ACARS or
ATN, the real time monitoring of the performance of the APU can be
achieved. Certainly, the transmission way of the message can avoid
high cost and human error caused by the manual way. 20[00039]
According to one embodiment of the present application, the
information required at step 6100 can be obtained directly from the
aircraft data system without generating the APU message. [00040] At
step 6200, the threshold value for the difference of EGT and LCIT
(EGT-LCIT) is EGTRedfine. EGTRediine is an EGT redline value of the
APU. EGTReciiine depends on the model  25 of the APU. Different
models of APUs have different EGT redline values, which can be
obtained from related manuals. The threshold value for STA is
STAwamingLine which is a performance decline value of the STA and
also depends on the model of the APU. The threshold value for TSR is
TSRA, which means a corresponding time where the reliability of
time-on-wing of a certain model of APU is 70%. The threshold value of
PT is PT/Ain, it is the 30 minimum bleed air pressure required by a
certain model of APU. Or the threshold value of PT also can be
PTBaseLine, it is the lowest inherent amount of bleed air of a
certain model of APU during normal operation. Comparison between
EGT-LCIT, STA, TSR, PT and their respective threshold values can
reflect an offset degree between current performance and standard
performance of the APU, and further reflect a decline degree of the
performance of  the APU. EGTRealine, STAWamingLine and PTmin or
PTBaseLine can be obtained from related aircraft manuals or from
manufactures. Certainly, they can be obtained through actual
experiment. However, there is certain bias between TSRIt and a
standard value in general, since TSRft is influenced by geography and
maintenance environments and other factors. 5 Through long period
observation and analysis, the inventor finds that the time-effect
model of the APU satisfies Poisson distribution. The desired TSRft
can be obtained from actual data through utilizing Poisson
distribution so as to obtain more accurate TSRri. For example, the
parameters (such as a mean value) of Poisson distribution followed by
the actual TSR can be calculated firstly, and then the corresponding
TSILE where the failure rate is 30% (the 10security rate is 70%) can
be calculated utilizing the obtained parameters of Poisson
distribution actually followed by the TSR. [00041] Comparison between
EGT-LCIT, STA, TSR, PT and their respective threshold values can be
done by calculating the ratio or difference. To facilitate
considering weights of respective parameters, the ratios of EGT-LCIT,
STA, TSR, PT and their respective threshold 15values are calculated
at step 6200 according to one embodiment of the present application.
[00042] EGT-LCIT, STA, TSR and PT have different influence on the
performance of the APU, therefore, they need to be assigned with
different weights. According to one embodiment of the present
application, in case that the ratios of EGT-LCIT, STA, TSR, PT and
their respective threshold values are obtained, R1, R2, R3 and R4 are



(1) EGTReameSTAIVamingLineTSR",PT wherein, PDI (Performance Detection
Index) is a parameter reflecting the 30 performance of the APU.
According to observation and analysis of the inventor, if PDI is less
than 0.7, it means the performance of the APU is well; if the PDI is
greater than 0.7 but less than 0.85, it means the performance of the
APU is normal; and if the PDI is greater than 0.85, it means the
performance of the APU is poor and  in the decline period. If PDI is
close to 1, for example PDI is greater than 0.95, it means the APU is
in the failure period and failures may occur at any time. Therefore,
an example of the first predetermined value at step 6510 is 0.7, an
example of the second predetermined value at step 6610 is 0.85, and
an example of the third 5predetermined value at step 6710 is 0.95.
[00044] The method in the above embodiment of the present application
is further discussed through two examples hereinafter.   [00045]
Example 1: the related information of the APS3200 APU is as follows:
EGTRedline =682, STAwarningulle-90, PTmin-3, TSR,1=5000. The weight
parameters respectively are 10R1=0.2, R2=0.3, R3=0.35, R4=0.15.
[00046] The APU message of the aircraft is obtained remotely from
SITA network control center or ADCC network control center in real
time, and the obtained APU message of the aircraft is decoded by an
ACARS message decoder so as to obtain the operation information of
the aircraft APU including: EGT:629, LCIT:33, STA:59, TSR:4883 and
PT:3.66. 15According to the following formula: PDI RlEGT - LCIT + R2
STA  +R3  TSR R4 PT m", EGTRea,""STAff,""""gn",TSR",PT      it is
calculated that PDI=0.85. Therefore, it is determined that the
performance of the APU is in the decline period, and maintenance of
the APU of the aircraft should be planned. 20[00047] Example 2: the
related information of the GTCP131-9A APU is as follows:
EGTRedline=642, STAWamingLine=60, PTmin=3.5, TSRA=5000. The weight
parameters respectively are R1=0.3, R2=0.2, R3=0.35, R4=0.15. [00048]
The APU message of the aircraft is obtained remotely from SITA
network control center or ADCC network control center in real time,
and the obtained APU message of the  25 aircraft is decoded by an
ACARS message decoder so as to obtain the operation information of
the aircraft APU including: EGT=544, LCIT=31, STA=48, TSR=2642 and
PT=3.76. According to the following formula: PDI - RlEGT - LCIT + R2
STA   R3  TSR   R4 PT m," 



EGTR" daleSTAWarningLineTiRrtPT        [00049] it is calculated that
PDI=0.72. Therefore, it is determined that the performance of the
30APU is normal, and the APU can be used normally. [00050] Compared
with the prior art, in the method of the above embodiment of the
present application, EGT, LCIT, STA, TSR and PT are obtained in real
time, the PDI is obtained  according to the formula (1), and then the
obtained PDI is compared with the predetermined value, therefore, the
method can accurately determine the performance of the APU based on
the comparison between the PDI and the predetermined value. In
addition, the ACARS message of operation status of the aircraft APU
is obtained remotely in real time, which can 5reduce working load and
enhance the work efficiency, compared with obtaining manually.
[00051] The altitude and temperature can influence measuring results
of the EGT and PT. According to one embodiment of the present
application, the measured EGT and PT is converted into values under
the standard condition and thus to remove the effect of altitude and
temperature, so as to more accurately detect the performance of the
APU. For example, 10the altitude of 0 meter and the temperature of
50C can be selected as the standard condition, and other altitude and
temperature also can be e selected as the standard condition. [00052]
According to one embodiment of the present application, under the
standard condition having the altitude of 0 meter and the temperature
of 50C, the corrected formula of the PT is as follows: ALTx0.3048
1000 R(TAT+273.I5) 15PT=PI7V,dxerng(2)       wherein, PT,td is the
pressure under the altitude of 0 meter, ALT is the altitude or the
standard altitude, TAT is the ambient temperature or total
temperature, m is the air quality and can be 29, g is 10m/s2, R is
the adjustment parameter and can be 8.51. [00053] Therefore, the
correction coefficient S of the altitude pressure is: AL Tx0.3048
1000 



R(TAT+273.15) 208=eing [00054] Considering the effect of the
temperature, the final correction formula of the PT is as follows: =
-PT + APT (3)                 wherein, PTc" is the corrected bleed
air pressure, A PT is a function related to the 25temperature and can
be calculated by the following formula: APT = alTAT2 + blTAT + cl(4)
wherein, TAT is the ambient temperature, al, b 1 and cl are
adjustment coefficient and can be measured through experiments.
According to one embodiment of the present application, al has an
order of 10-5, bl has an order of 10.2, and cl is between 0 and -1.
[00055] When al, bl and cl are obtained through experiments, the
measured PT can be converted into the corrected PTcor under the
standard status according to formula (3). [00056] The correction
formula of EGT is as follows: EGT" = EGT + AEGT + pl -PT + p2(PT", -
Pike(5) 5Wherein, EGT. is the EGT under the standard condition, A EGT
is the function related to the temperature, PTReg is the lowest bleed
air pressure required when the engine is started, pl and p2 are the
adjustment coefficient. According to one embodiment of the present
application, the range of values of the pl is 20-60, the range of
value of the p2 is 70-100. The specific values of pl and p2 can be
obtained through experiments. For example, different EGTs  10 can be
obtained under different altitudes, maintaining a certain power
output and temperature of 50C. Then, the measured EFTs are compared
with the EGT under the temperature of 50C and under sea level
pressure, and the changes of the EGT and the temperature are
regressed, so that the adjustment coefficient in the correction
formula can be obtained. [00057] A EGT can be calculated from the
following formula: 15AEGTA = a2TAT2 + b2T4T + c2(6)          wherein,
TAT is the ambient temperature, a2, b2 and c2 are adjustment
coefficients and can be measured through experiments. According to
one embodiment of the present application, the range of a2 is
0.005-0.02, the range of b2 is 0.5-2.5 and the range of c2 is 60-100.
20[00058] When adopting the corrected EGT and PT, the formula (1) can
be rewritten as the following: 



EGT"'+ R2 ST4TSRPT. PDI - R1+R3+R4 (7) EGTReaweST AwaminguneTSR,,PT,
[00059] According to one embodiment of the present application, as to
the corrected PDT, if the corrected PDI is less than 0.7, it means
the performance of the APU is well; if the  25 corrected PDI is
greater than 0.7 but less than 0.8, it means the performance of the
APU is normal; if the corrected PDI is greater than 0.8, it means the
performance of APU is poor and is in the decline period. And if PDI
is greater than 0.85, it indicates that APU is in the failure period.
Therefore, an example of the first predetermined value at step 6510
is 0.7, an example of the second predetermined value at step 6610 is
0.8, and an example of the third 30predetermined value at step 6710
is 0.85. [00060] Fig. 7 is a flow chart illustrating a method for
detecting the performance of the APU  according to another one
embodiment of the present application. As shown, in the method 700
for detecting the performance of the APU in the embodiment, at step
710, one or more of the following operation information of the APU
are obtained: EGT, STA, PT and the IGV angle. The method for
obtaining operation information of the APU shown in fig. 6 can be
5applied in this embodiment. [00061] According to the operation
principle of the APU, the EGT (APU Exhaust Gas Temperature) is an
important parameter reflecting the performance of the APU. Since the
EGT directly reflect the heat energy conversion efficiency of the
whole APU when the APU operates at constant rotation speed. The lower
the heat energy conversion efficiency of the  10 APU is, the higher
the value of the EGT is. Since the control system of the APU can
control the fuel oil valve and the inlet angle of the IGV to ensure
overheat will not occur, the PT and the angle of the IGV in the APU
parameters can reflect change indicating the APU is close to overheat
status and need to be prevented from overheating. The STA is a
parameter reflecting the overall performance of the APU, which
includes the performance of the  15 starting motor, the performance
of the gearbox, the efficiency of the compressor unit and power unit
(i.e., one compressor and two stages of turbines). The current
performance and changing trend of the APU can be reflected through
monitoring the four key parameters EGT, IGV, STA and PT. Moreover,
respectively monitoring the parameters also contributes to determine
the failure sources and find hidden failures. 20[00062] At step 720,
it is determined whether one or more of EGT, IGV angle, STA and PT
change significantly. It is determined that corresponding parameter
deteriorates when one or more of EGT, IGV angle, STA and PT change
significantly.   [00063] As to the EGT and PT, EGT,or and Freor
mentioned in the above embodiment can replace the directly measured
EGT and PT to remove the influence of the altitude and  25
temperature so as to obtain more accurate results. [00064] As the
service time passes, the performance of the APU gradually
deteriorates. This characteristic of performance parameters of the
APU can be reflected by the following formula: X = ,80+ /Otto(8) 



30wherein, X is any one of the EGT, STA, PT and IGV angle, to is the
installation time, )30 *II 01 are fitting parameters. 01 is the slope
reflecting the changing trend of parameters. [00065] According to one
embodiment of the present application, a plurality of values of one
parameter of EGT, STA, PT and IGV obtained in a certain period are
fitted so as to  obtain 01.01 is compared with the reference slope,
and it is determined that said parameter of EGT, STA, PT and IGV
changes significantly if there is significant difference between 01
and the reference slope. The reference slope is calculated utilizing
data of the APU having good operation condition. The data can be the
data after initial installation of the same APU 5and also can be the
data of other APU of the same model working well. [00066] According
to one embodiment of the present application, after the APU is
installed and parameters thereof is initialized, a plurality of
initial parameters recorded are averaged and thus respective initial
value of every parameter is obtained as their respective reference
values. The amount of recorded parameter is 10 or more. 10[00067]
Variations can be obtained through comparison between the subsequent
parameters and the reference value. These variations conform to the
formula (8). Their slopes also can reflect the changing trend of
parameters of the APU. Therefore, in this embodiment, comparing the
slope of the variation of one of EGT, STA, PT and IGV relative to its
corresponding reference value with the slope of the reference
variation, it is determined that 15said one parameter among EGT, STA,
PT and IGV changes significantly, i.e., said parameter deteriorates,
if there is significant difference between two slopes. [00068]
According to one embodiment of the present application, the values of
one parameter of EGT, STA, PT and IGV in two consecutive periods of
the same length are compared as independent samples. It is determined
that said one parameter changes significantly and 20deteriorates if
the above comparison shows significant difference. [00069] For
reducing influence of fluctuation, perform smooth processing to the
values of parameters of measured EGT, STA, PT and IG'V. According to
one embodiment of the present application, perform smooth processing
to the values of parameters through adopting multipoint smooth
average rolling mean. The amount of multipoint is more than 3.
25According to one embodiment of the present application, the values
of parameters are performed smooth processing according to the
following formula: Ace", = ClX".",0011, + C2X Old(9)
wherein, Xold is the value before smooth processing, i.e., the
measured value, Xnew is the value after smooth processing, Xmooth is
the smooth value which can be the value of an s  



30adjacent point (such as the previous point) being smooth-processed
and also can be the average value of points around the current point
(not the current point), Cl and C2 are the weight values and Cl is
greater than C2, for example, C1=0.8, C2=0.2. [00070] At step 730, it
is determined whether the performance of the APU deteriorates through
considering whether one or more of EGT, STA, PT and IGV change
significantly.  [00071] According to one embodiment of the present
application, it is determined that the performance of the APU
deteriorates and the APU is in the decline period if any one of EGT,
STA, PT and IGV deteriorates. According to another embodiment of the
present application, it is determined that the performance of the APU
deteriorates and the APU is in the decline  5 period if STA
deteriorates. According to another embodiment of the present
application, it is determined that the performance of the APU
deteriorates and the APU is in the decline period if any two of BUT,
STA, PT and IGV deteriorate. According to another embodiment of the
present application, it is determined that the performance of the APU
deteriorates and the APU is in the decline period if both of BUT and
PT deteriorate. 10[00072] The method shown in figs. 6 and 7 can be
used simultaneously to more accurately detect the performance of the
APU. [00073] Fig. 8 is a flow chart illustrating a method for
detecting the performance of the APU according to further one
embodiment of the present application. As shown, in the method 800
for detecting the performance of the APU in the embodiment, at step
810, one or two of  15 BUT and PT of the operation information of the
APU are obtained. The method for obtaining performance information of
the APU mentioned above can be applied in this embodiment.   [00074]
At step 820, the EGT and PT are compared with their respective
limits. In particular, the EGT may be compared with the EGTRedune,
the PT is compared with the PTReq which is  20 the lowest bleed air
pressure required when the engine starts. [00075] At step 830, it is
determined that any one of EGT and PT deteriorates if that one is
close to its limit. According to one embodiment of the present
application, it is determined that the performance of the APU is in
decline period if any one of BUT and PT deteriorates. According to
one embodiment of the present application, it is determined that the
25performance of the APU is in decline period if both of BUT and PT
deteriorate. [00076] According to one embodiment of the present
application, as to the BUT, the formula is as the following:
EGTToleralice = EGTWare - EGTcor(10) wherein, EGTrolerance is the
margin of the BUT, i.e., the difference between the BUT  30 and the
EGTRedune. Since the control system of the APU can prevent the BUT
from overheating, it means that the APU cannot obtain more power by
increasing fuel oil supply when the control system beginning to work.
The power of the APU gradually decreases as service time passes,
which means the APU is in the decline period. Therefore, it means the
APU is in the decline period when the EGTTolerance is close to 0.  



[00077] PT is an important parameter when the APU is in the decline
period. [00078] According to one embodiment of the present
application, as to the PT, the formula is as the following:
PTTolerance PTcor PTReq(11) 5wherein, PT Tolerance is the margin of
the PT, i.e., the difference between the PT and the lowest bleed air
pressure required when the engine starts. The magnitude of the
PTTolerance reflects operation status of the APU in the decline
period. When PTToierance is close to 0, the APU should be replaced.
[00079] Example 3: it is can be calculated from data of EGT, TAT
(External Temperature),  10 ALT (Altitude) and PT obtained from the
messages that EGT..= 654.49, PTcor = 3.27. According to the search,
the lowest bleed air PTReq required when the engine of the A319
aircraft of Airbus starts is 3.2. It can be obtained according to
long term experimental verification that the redline value EGTsedune
of APS3200 APU is 645. It can be obtained from the above evaluation
formula that EGTToleranee= -9.49, the degree in which it is close to
15 0 is 9.49/645, i.e., about 1.4%; PTTolerance= 0.07, the degree in
which it is close to 0 is 0.07/3.2, i.e., about 2.2%. On that
evidence, both of the EGT and PT deteriorate and the APU is in the
decline period and should be replaced. [00080] The method shown in
figs. 6-8 can be used simultaneously to more accurately detect the
performance of the APU. 20[00081] Compared with conventional
technology, the method discussed in the embodiment can obtain EGT of
the APU, LCIT, STA, TSR, PT and the angle of the IGV in real time,
and thus perform detection of the performance of the APU through
processing these parameters and determine whether the performance of
the APU is in the decline period, which can support the maintenance
of the APU for engineers and thus ensure normal operation of the  25
APU so as to avoid delay and grounding of the aircraft. Meanwhile,
targeted maintenance and operation control can be performed through
evaluation of the performance of the APU, which will significantly
reduce maintenance cost. [00082] The above embodiments of the
invention have been disclosed for illustrative purposes and the
invention is not to be limited to the particular forms or methods
disclosed.  30 Those skilled in the art will appreciate that various
modifications, additions and substitutions are possible. Therefore,
the invention is to cover all modifications, equivalents and
alternatives falling within the scope of the appended claims.  CLAIMS
1. A method for detecting performance of an APU, comprising:
obtaining exhaust gas temperature EGT, compressor inlet temperature
LCIT, starting time STA, service time TSR and bleed pressure PT;
5comparing respectively a difference between EGT and LCIT (i.e.,
EGT-LCIT), STA, TSR 



and PT with their respective threshold values;     assigning
respectively weights to comparison results between EGT-LCIT, STA, TSR
and PT and their respective threshold values; and
determining the performance of the APU based on the weighted
comparison results between 10 EGT-LCIT, STA, TSR and PT and their
respective threshold values.      2. A method according to claim 1,
wherein, the threshold value of EGT-LCIT is an EGT redline value
EGTBealine of the APU. 153. A method according to claim 1, wherein,
the threshold value of STA is a performance decline value
STAWamingLine Of STA.     4. A method according to claim 1, wherein,
the threshold value of TSR is a corresponding time TSRA where the
reliability of time-on-wing of the APU is 70%. 20      5. A method
according to claim 1, wherein, TSR,., is calculated based on actual
data through Poisson distribution.        6. A method according to
claim 1, wherein, the threshold value of the PT is a minimum bleed
25air pressure PTmia of the APU or is a lowest inherent bleed air
amount PTBaseune of the APU during normal operation.      7. A method
according to claim 1, wherein, the step of comparing comprising:
calculating ratios or differences between EGT-LCIT, STA, TSR, PT and
their respective 30threshold values.      8. A method according to
claim 1, wherein, the weight of the TSR is greatest and the weight of
the PT is lowest.       9. A method according to claim 8, wherein,
given R1, R2, R3 and R4 are respective weights of the EGT-LCIT, STA,
TSR, PT, R1=0.2, R2=0.3, R3=0.35 and R4=0.15 where the APU is an
APS3200 APU. 510. A method according to claim 9, wherein, given RI,
R2, R3 and R4 are respective weights of the EGT-LCIT, STA, TSR, PT,
R1=0.3, R2=0.2, R3=0.35 and R4=0.I5 where the APU is an
GTCP131-9AAPU.           11. A method according to claim 1, wherein,
the step of determining comprising: 10determining the performance of
the APU based on the following formula: PDI = RlEGT - LCIT + R2  STA
+R3  TSRPT  



EGTReameSTAwanangLineTSR,.,PT     wherein, PDI is a performance
detection index reflecting the performance of the APU, RI, R2, R3 and
R4 are respective weights of EGT-LCIT, STA, TSR and PT, and PTmin may
be replaced by PThaseune. 15           12. A method according to
claim 11, further comprising:     determining the performance of the
APU is well when the PDI is less than a first predetermined value;
determining the performance of the APU is normal when the PDI is
greater than the first 20 predetermined value but less than a second
predetermined value;     determining the performance of the APU is in
a decline period when the PDI is greater than the second
predetermined value; and     determining the performance of the APU
is in a failure period when the PDI is greater than a third
predetermined value. 25      13. A method according to claim 12,
wherein, the first predetermined value is 0.7, the second
predetermined value is 0.85 and the third predetermined value is
0.95.           14. A method according to claim 1, wherein, the step
of determining comprising: 30determining the performance of the APU
based on following formula: EGT,0.STATSRPTm  PDI - R1' + R2+ R3+ R4
EGTRedtmeSTArva,"thgL,",TSR" wherein, PDI is a performance detection
index reflecting the performance of the APU, RI ,  R2, R3 and R4 are
respective weights of the EGT-LCIT, STA, TSR and PT, EGTeor is the
EGT under standard condition, PTcor is the bleed air pressure under
standard condition, and PTmio can be replaced by PThaseune. 515. A
method according to claim 14, further comprising:     determining the
performance of the APU is well when the PDI is less than a first
predetermined value; 



determining the performance of the APU is normal when the PDI is
greater than the first predetermined value but less than a second
predetermined value; 10determining the performance of the APU is in a
decline period when the PDI is greater than the second predetermined
value; and     determining the performance of the APU is in a failure
period when the PDI is greater than a third predetermined value.
1516. A method according to claim 15, wherein, the first
predetermined value is 0.7, the second predetermined value is 0.8 and
the third predetermined value is 0.85.      17. A method according to
claim 14, wherein, the PTcor is calculated according to a following
formula: 20P7'cor=+ APT     wherein, A PT is a function related to a
temperature, S is an altitude pressure correction factor and is
calculated according to a following formula: AL Tx0.3048 1000 R(TA
T+273.15) 8=e mg          wherein, ALT is an altitude or standard
altitude, TAT is an ambient temperature or total 25 temperature, m is
an air quality and is 29, g=10m/s2, and R is an adjustment parameter.
18. A method according to claim 17, wherein, the EGTcor is calculated
according to a following formula: EGT," = EGT + AEGT + pl-PT +
p2(PTcor - PTRe 30wherein, A EGT is a function related to a
temperature, PTReg is a lowest bleed air pressure required when an
engine starts, and pl and p2 are correction coefficients. 19 



19. A method according to claim 1, wherein, the step of obtaining
comprising: obtaining the EGT, LCIT ,STA ,TSR and PT from an APU
message. 520. A method according to claim 19, wherein, the APU
message includes an A13 message of Airbus or an APU message of
Boeing.  21. A method according to claim 19, further comprising:
generating the APU message including the POT, LCIT ,STA ,TSR and PT
of operation 10 information of the APU.  22. A method according to
claim 19, further comprising: transmitting the APU message to a
server utilizing ACARS or ATN. 1523. A method for detecting
performance of an APU, comprising:   obtaining an operation parameter
of APU selected from a group consisting of exhaust gas temperature
POT, starting time STA, bleed air pressure PT and an angle of IGV of
APU; determining whether the parameter changes significantly; and
determining the performance of the APU based on whether the parameter
changes 20significantly.     24. A method according to claim 23,
wherein, the operation parameters includes the POT, STA, PT and the
angle of the IGV. 2525. A method according to claim 23, further
comprising: obtaining a plurality of values of the parameter in a
period; fitting the plurality of values of the parameter to obtain a
slope; and     comparing the slope with a reference slope to
determine whether the slope changes significantly. 30 26. A method
according to claim 23, further comprising:     obtaining initial
value of the parameter after installation of the APU as respective
reference value; obtaining a plurality of values of the parameter in
a period; 



calculating a plurality of variations between the plurality of values
of the parameter and the respective reference value; fitting the
plurality of variations of the parameter to obtain a slope; and
comparing the slope with a reference slope to determine whether the
slope changes 5significantly.      27. A method according to claim
23, further comprising: obtaining a plurality of values of the
parameter in a period as a sample;          obtaining a plurality of
values of the parameter in a pervious period of equal length as 10
another sample; and     comparing the two samples as independent
samples to determine whether significant change occurs. 28. A method
according to claim 23, further comprising: 15obtaining a plurality of
values of the parameter in a period; and performing multipoint smooth
processing on the plurality of values of the parameter. 29. A method
according to claim 23, further comprising: obtaining a plurality of
values of the parameter in a period; and 20performing smooth
processing on the plurality of values of the parameter according to
the following formula: = ClX51,0011, + C2Xoid        Wherein, Xoid is
a value before the smooth processing, i.e., a measured value, X", is
a value after the smooth processing, Xstnooth is a value of an
adjacent value after being smooth-processed, 25or is an average value
of several adjacent value, and Cl and C2 are weights. 



30. A method according to claim 29, wherein, the Cl is 0.8 and the C2
is 0.2. 31. A method according to claim 23, further comprising:
30converting respectively the obtained EGT and PT into EGTeor and
PTcor under a standard condition.      32. A method according to
claim 31, wherein, the PTc"r is calculated according to a following
formula:  PT PTco. = - + APT ,     wherein, A PT is a function
related to a temperature, 8 is an altitude pressure correction factor
and is calculated according to a following formula: AL Tx0.3048 1000
R(TAT+273.15) 8=eing 5wherein, ALT is an altitude or standard
altitude, TAT is an ambient temperature or total temperature, m is an
air quality and equal to 29, g=10m/s2, and R is an adjustment
parameter.      33. A method according to claim 32, wherein, the
EGTcor is calculated according to a following formula: 10EGIor = EGT
+ AEGT + pl -PT + p2(PTc," - PTReq) 8 



wherein, A EGT is a function related to a temperature, PTReg is a
lowest bleed air pressure required when an engine starts, and pl and
p2 are correction coefficients.           34. A method according to
claim 23, wherein, the step of obtaining comprising: 15obtaining the
parameters from an APU message.      35. A method according to claim
23, wherein, it is determined that the performance of APU is in the
decline period if any one of EGT, STA, PT and IGV changes
significantly. 2036. A method according to claim 23, wherein, it is
determined that the performance of APU is in the decline period if
any two of EGT, STA, PT and IGV change significantly. 37. A method
for detecting performance of an APU, comprising:          obtaining
an operation parameter of APU selected from a group consisting of
exhaust gas 25 temperature EGT and bleed air pressure PT of APU;
determining whether the parameter is close to its extreme value; and
determining the performance of the APU based on whether the parameter
is close to its respective extreme value. 3038. A method according to
claim 37, wherein, the extreme value of the EGT is EGT's redline
value EGTRenne of the APU.      39. A method according to claim 37,
wherein, the extreme value of the PT is the lowest bleed air pressure
PTRN required when an engine starts. 540. A method according to claim
37, wherein, as to the PT, the following formula is adopted:
PTTolvance = PTcor PTReq     wherein, PTibierance is a margin of the
PT, i.e., a difference between the PT and the lowest bleed air
pressure required when an engine starts; when PTToierance is close to
0, the performance of the APU is in a decline period; 10wherein, the
PTcor is calculated according to the following formula: PTcor PT
=-67-+ APT 



wherein, A PT is a function related to a temperature, S is an
altitude pressure correction coefficient and is calculated according
to a following formula: AL Tx0.3048 1000 R(TAT+273.15) S=e mg
15wherein, ALT is an altitude or standard altitude, TAT is an ambient
temperature or total temperature, m is an air quality and equal to
29, g=10m/s2, and R is an adjust parameter.      41. A method
according to claim 40, wherein, as to the EGT, the following formula
is adopted: 20Reame -EGT EGTTolerance = EGTcor   wherein, EGTwerance
is a margin of the EGT, i.e., a difference between the EGT and the
EGTRedune; when the EGTToierance is close to 0, the performance of
the APU is in a decline period; wherein, the EGT. is calculated
according to the following formula: EGTcor = EGT + AEGT + pl -PT +
p2(PTco, - PTR,q) (5. 25wherein, A EGT is a function related to a
temperature, PTReq is the lowest bleed air required when an engine
starts, pl and p2 are correction coefficient.     42. A method
according to claim 40, wherein, the step of obtaining comprising:
obtaining the parameters from an APU message. 




