
METHOD FOR DETETCTING WHETHER PERFORMANCE OF AIRCRAFT COMPONENTS IS
IN THE DECLINE PERIOD TECHNICAL FIELD OF THE INVENTION 5 [0001] The
present application relates to a method related to the maintenance of
an aircraft, in particular to a method for detecting whether the
performance of the aircraft components is in the decline period.
BACKGROUND 10 [0002] Aircraft is an important vehicle. A lots of
passengers travel by flying everyday. Therefore, the safety of flight
must be ensured. When a component of the aircraft fails, the aircraft
must be grounded and maintained until problems are resolved. Thus, it
is possible that the aircraft is delayed and even wounded once a
component of the aircraft fails. [0003]At present, maintenance of the
aircraft mainly is post-processing or performed on a fixed 15
schedule. As mentioned above, post-processing is hard to avoid delay
and grounding of the aircraft, since maintenance of some parts of the
aircraft is a time-consuming process. Sometimes, there are no spare
parts in the airport for replacing due to high price or using up
thereof, which will directly cause grounding of the aircraft.
Maintaining on a fixed schedule means a certain component of the
aircraft is maintained or replaced after a fixed time, which can
avoid delay or 20 grounding of the aircraft to some extent, however,
its cost is too high. In particular to some expensive parts, their
performance may be well when they are replaced, which is huge waste.
Furthermore, under some special circumstances, some components of the
aircraft may decline quickly. And in this case, maintenance according
to a fixed schedule cannot avoid the delay and grounding of the
aircraft completely. 25SUMMARY [0004] To the one or more technical
problems in the conventional technology, in one aspect of the present
application, there provides a method for detecting whether
performance of an aircraft component is in a decline period,
comprising: obtaining one or more detection parameters reflecting
operation status of the aircraft component; comparing data of the one
or more detection 30 parameters with respective desired values; and
determining whether the performance of the  aircraft component is in
the decline period based on a comparison result. [0005]In another
aspect, there provides a method for maintaining an aircraft,
comprising: determining whether the performance of the aircraft
component is in the decline period based on the above method;
arranging a maintenance schedule of the aircraft in response to the
5performance of the aircraft component being in the decline period;
and maintaining the aircraft component of the aircraft.     In
further aspect, there provides a method for obtaining one or more
detection parameters reflecting operation status of an aircraft
component, comprising: obtaining multiple parameters related to
operation status of the aircraft component; associating data of the
multiple parameters 



10 with failure events of the aircraft component; and determining the
detection parameters based on the associations between the multiple
parameters and the failure events. BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Hereinafter, some preferred embodiments of the invention will
be described in reference to 15 the accompanying drawings. [0007]
Fig. 1 is a schematic illustrating change of the performance of the
aircraft components according the one embodiment of the present
application.  [0008]Fig. 2 is a flow chart illustrating a method for
detecting whether the performance of the aircraft components is in
the decline period according the one embodiment of the present
20application. [0009]Fig. 3 is a flow chart illustrating a method for
obtaining detection parameters reflecting the operation status of the
aircraft components according the one embodiment of the present
application.    [00010] Fig. 4 is a flow chart illustrating a method
for detecting the performance of the aircraft 25 components according
the one embodiment of the present application. [00011] Fig. 5 is a
flow chart illustrating a method for detecting the performance of the
aircraft components according the one embodiment of the present
application. [00012] Fig. 6 is a flow chart illustrating a method for
detecting the performance of the aircraft components according the
one embodiment of the present application. 30 [00013] Fig. 7 is a
schematic illustrating change of the performance of an APU according
the one  embodiment of the present application. [00014] Fig. 8 is a
schematic illustrating an example of Al 3 message of Airbus. [00015]
Fig. 9 is a flow chart illustrating a method for detecting the
performance of the APU according to one embodiment of the present
application. 5 [00016] Fig. 10 is a flow chart illustrating a method
for detecting the performance of the APU according to another one
embodiment of the present application. [00017] Fig. 11 is a flow
chart illustrating a method for detecting the performance of the APU
according to further one embodiment of the present application.
[00018] Fig. 12 is a schematic illustrating a performance curve of
the crew oxygen system. 10 [00019] Fig. 13 is a flow chart
illustrating a method for detecting the performance of the crew
oxygen system according to one embodiment of the present invention.
[00020] Fig. 14 is a schematic illustrating the relationship between
the oxygen pressure in the oxygen cylinder under standard condition
and measuring time according to one embodiment of the present
invention. 15 [00021] Fig. 15 is a schematic illustrating the
relationship between the oxygen pressure in the oxygen cylinder under
standard condition and measuring time according to one embodiment of
the present invention.  [00022] Fig. 16 is a schematic illustrating
the relationship between a 24-hour 3-days rolling average leakage
rate of the crew oxygen system rate and measuring time according to
the 20 embodiment shown in Fig. 15. 



[00023] Fig. 17 is a flow chart illustrating a method for maintaining
the aircraft crew oxygen system according to one embodiment of the
present invention. BRIEF DESCRIPTION OF THE DRAWINGS 25 [00024] Fig.
1 is a schematic illustrating change of the performance of the
aircraft components according the one embodiment of the present
application. As service time increases, the performance of all of
parts of the aircraft will deteriorate gradually, i.e., the decline
indexes will gradually increase. The decline indexes indicate a speed
at which the performance of parts of the aircraft declines. When the
decline indexes are relatively stable, the performance of the
aircraft  components is in a stable period; when performance decline
of the aircraft components gradually accelerates, the performance of
the aircraft components enters a decline period; when a certain
threshold value is exceeded, the performance of the aircraft
components enters a failure period, and failure may occur at any
time. When the aircraft components enter the failure period, the  5
quality of service and safety of flight will 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
aircraft component is in the decline period. [00025] The detection of
decline period has the following advantages: firstly, when the
aircraft  10 components enter decline period, the probability of
failure still is low. Therefore, safety of flight and the quality of
service will be guaranteed if the aircraft is maintained at this
time. Secondly, when it is determined the aircraft components enter
the failure period, the airline can timely arrange maintenance for
the aircraft, so as to avoid unscheduled maintenance, reduce the
delay of the aircraft and the waste of cost of maintenance caused by
maintaining according to a fixed  15 schedule Certainly, embodiments
of the present invention also can be applied to detect whether the
performance of the aircraft component is in the failure period.
[00026] Fig. 2 is a flow chart illustrating a method for detecting
whether the performance of the aircraft components is in the decline
period according the one embodiment of the present application. In
the method 200 in this embodiment, at step 210, one or more detection
parameters  20 of the operation status of the aircraft components are
obtained. At step 220, the values of the obtained one or more
detection parameters are compared with their respective predetermined
values. And at step 240, it is determined whether the performance of
the aircraft components is in the decline period based on the
comparison result. [00027] For performing detection of the operation
status of the aircraft components, the first  25 problem required to
be solved is which parameters need to be detected, i.e., which
parameters reflecting the operation status of the aircraft components
are selected as detection parameters. Taking the A320 aircraft of
Airbus as an example, the amount of data obtained by the aircraft
summed up to more than 13000, wherein, a plurality of data among them
can directly or indirectly reflect the performance of the aircraft
components. Therefore, it is a difficult problem how to 30 select a
suitable detection parameter from so many parameters reflecting he
performance of the aircraft components, especially for parts having
more complicated structures. [00028] Fig. 3 is a flow chart
illustrating a method for obtaining detection parameters reflecting
the operation status of the aircraft components according the one



[00030] It is can be determined which parameters are highly related
to the failure events of the aircraft components through data mining
utilizing existing data of the multiple parameters related  15 to the
operation status of the aircraft components when failures occurred to
the aircraft components, so that the range of the detection
parameters is determined. [00031] According to one embodiment of the
present application, a correlation between the data change of the
multiple parameters and the failure events of the aircraft components
is calculated. The failure events can directly influence the decline
of some parameters. For example, if a crew 20 oxygen system has a
leak, a crew oxygen pressure parameter would drop rapidly. If an
engine malfunctions, a rotation speed of the engine would drop
rapidly. The declines of these parameters indicate that failures
occur. The correlation calculated between a parameter of the
operation status of the aircraft components and a parameter
indicating failure event can reflect a correlation between the
parameter and the failure event. According to one embodiment of the
present  25 application, the correlation between the parameter
relevant to the operation status of the aircraft components and the
parameter indicating the failure event can be calculated using the
partial correlation method. A plurality of partial correlation
analysis methods in statistics can be applied to the embodiment. If
the correlation calculated between the parameter and the failure
event is greater than a threshold, the parameter can be used as a
detection parameter. The detection 30 parameters reflecting operation
status of the aircraft components can be determined through testing
all of parameters related to operation status of the aircraft
components using such a method. [00032]The value of the threshold
determines the number of the final obtained detection  parameters,
and the accuracy of the performance detection. Certainly, the more
the number of the parameters is, the more accurate the detection is,
and the higher the cost of the method is. If the performance of the
aircraft components relates to multiple parameters, and the
correlation of each parameter is not high, the value of the threshold
should be lowered to get more parameters.  5 According to one
embodiment of the present application, a range of the threshold is
0.3-0.5. If the performance of the aircraft components relates to a
few parameters, and correlations of certain parameters are strong,
the value of the threshold can be higher to reduce unnecessary
detection. According to one embodiment of the present application, a
range of the threshold is 0.6-0.8. [00033] After obtaining a
plurality of detection parameters, it is possible that the
correlations 10 between the obtained detection parameters are strong.
In this case, one detection parameter may indicate another one
parameter. Therefore, some detection parameters can be removed
through detecting the correlations. According to one embodiment of
the present application, the method comprises: calculating
correlations between multiple detection parameters; and removing one
or more detection parameters based on the correlations between the
multiple detection parameters.  15 Thus, multiple detection
parameters can be obtained, which are independent relatively and can
reflect operation status of the aircraft components. [00034] The
degree of decline of a detection parameter can be directly reflected
through comparing a measured value of the detection parameter with an
extreme value of the detection parameter. Given the measured value of



[00036] Respective weights of detection parameters can be estimated
according to actual data. According to one embodiment of the present
application, the weight of each detection parameter 10is obtained
based on the correlation between data change of the multiple
detection parameters and failure events of the aircraft component.
[00037] According to one embodiment of the present application, it is
determined that the performance of the aircraft component is in the
decline period when the performance reference value of the aircraft
component is greater than a threshold. Generally, the threshold needs
to be 15estimated based on actual data. [00038] Fig. 5 is a flow
chart illustrating a method for detecting the performance of the
aircraft components according the one embodiment of the present
application. As shown, the method 500 in this embodiment comprises:
at step 520, obtaining multiple detection parameters reflecting
operation status of the aircraft components; and at step 540,
calculating a slope of the change 20 trend of the measured values of
the detection parameters in a certain period. [00039] As service time
increases, the performance of the aircraft components deteriorates
gradually. This characteristic can be reflected by the following
fonmila: X = /30 + filto(1)             wherein, X is a measured
value of the detection parameter, to an installation time of  25 the
aircraft component, (30 *II 01 are fitting parameters. 01 is a slope
reflecting the changing trend of the detection parameter. [00040] At
step 560, the slope of the changing trend of the measured values of
the one or more detection parameters in a certain period is compared
with a reference slope to determine whether there is significant
difference between them. It is determined that the performance of the
aircraft 30component is in the decline period when the slope changes
significantly relative to the reference slope.  [00041] According to
one embodiment of the present application, the reference slope is a
slope of change trend in a certain period after the aircraft
component is installed. According to another one embodiment of the
present application, the reference slope is a slope of change trend
in a certain period of the same aircraft component having good
working condition in another aircraft of the  5 same model. Through
this method, change that happens in same aircraft in different
periods can be identified, and comparison can be performed between
different aircrafts. [00042] According to one embodiment of the
present application, the measured values of the detection parameters
can be replaced with the converted values under the specific
condition. [00043] According to one embodiment of the present
application, the measured values of the 10 detection parameters are
performed smooth processing to reduce influence caused by data
perturbation. The smooth processing adopts multipoint average rolling
mean algorithm. The following formula is applied: = Clic",0"m +
C2Xold( 2 ) 



wherein, Xeld is the measured value, Xnew is the value after smooth
processing, Xsmooth  15 is the value of adjacent points after smooth
processing or is the average value of points around the current
point, Cl and C2 are the weight values and Cl is generally much
greater than C2 so as to improve effect of smooth processing. [00044]
Fig. 6 is a flow chart illustrating a method for detecting the
performance of the aircraft components according the one embodiment
of the present application. As shown, the method 600  20 in this
embodiment comprises: at step 620, obtaining multiple detection
parameters reflecting operation status of the aircraft components; at
step 640, taking measured values of the detection parameter in a
certain period as a sample; at step 660, setting the measured values
of the detection parameter in a pervious period of the same length as
a reference sample; and at step 680, determining whether a
significant change occurs between the sample and the reference sample
25 based on an independent sample test. [00045] A plurality of
independent sample tests can be applied to the embodiment. It is
determined that the performance of the aircraft component is in the
decline period, when there is significant change between the sample
of measured values of one or more detection parameters and their
respective reference samples. 30 [00046] According to one embodiment
of the present application, measured values of detection parameters
can be replaced with converted values under specific status. 8
[00047] When the performance of the aircraft component is in the
decline period according to above method, maintenance of the aircraft
can be arranged duly corresponding to the fact that the performance
of the aircraft is in the decline period so as to maintain the
aircraft component. Example of the APU (Airborne Auxiliary Power
Unit) 5 [00048] APU (Airborne Auxiliary Power Unit) is a small
turbine engine mounted at the tail 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 10 ensure the lighting and
air-conditioning in the cockpit and 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. [00049] 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 15 power and gas
source, once there is some malfunction of the APU, the result is 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 20  guaranteed due
to the post-processing maintenance. Moreover, the repair cycle is
time-consuming, which directly causes the aircraft delays even to be
grounded. [00050] Fig. 7 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



5 [00052] The header is composed of CC section and Cl 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 information: the APU serial number, service
hours and circulation and like. The operation parameter for starting
the aircraft 10 engine is composed of NI-S3 sections, wherein, Ni 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 S3 indicate the status after
the APU starts the engines successfully and when the aircraft is
running slowly. [00053] The A 13 message includes a plurality of
parameters relating to operation status of the 15 APU. The operation
parameter for starting the aircraft engine includes the EGT (exhaust
gas temperature), the opening angle of the IGV, the inlet pressure of
the compressor, the load compressor inlet 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 20compressor inlet temperature.
[00054] The performance of the APU may relate to other parameters, in
addition to the 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. 25 [00055] As to the engine, there are two most important
indicators influencing the heat engine, one is the service time,
another is EGT (Exhaust Gas Temperature). From the physical view, the
service time is a very important parameter. When the APU fails, the
EGT of the APU would increase and be close to an extreme value.
Therefore, valuable information can be obtained from these two
parameters. In this embodiment, the external influence, such as the
altitude, total 30 temperature, loads of generator, flow rate of
bleed air, inlet pressure, load compressor inlet temperature, is
removed through a method of partial correlation. The following result
is obtained by performing a data analysis on actual data of the APU.
Correlations,.        Control Variables,' r.description,' Vaable TSRP



STA: EGTA_EMAX, IGV_EILAX," PT_ElEAL, OTA_EMAX.3 Altitude& total
temperature &loadsof generator & flow rate of bleed air & inlet
pressure & l oad  compressor inlet temperature Correlation. 1.00 0.23
0.24 1.06 1.02   Significance 2-tail ed)d. 



0.00 0.00 0.00 0.06 0.00   0.00 11023. 00 11023. 00 11023. 00 11023.
00 11023. 00  Correlation,. 0.23 1.00 0.33 -0.04 -0.10 



0.32  Significance 2-tailed).' 0.00 a 0.00 0.00 0.00 0.00  dfd 11023.
00 0. 00 11023. 00 11023. 00 11023. 00 11023. 00  Correlation, 0.24
0. 33 



1. 00 -0.51 0.20 -0.01  Significance 2-tailed).' 0.00 0.00  0.00 0.00
0.19  df 11023. 00 11023. 00 0.00 11023. 00 11023. 00 1023.00  



Correlation.. -0.06 -0.04 -0.51 1.00 -0.40 0.55  IGV_EMAXd
Significance 2-tailed), 0.00 0.00 0.00  0.00 0.00  df- 11023. 00
11023. 00 11023. 00 0. 00 



11023. 00 11023. 00  Correlation., -0.02 -O. 10 0.20 -0.40 1.00 -0.21
aSignificance 2-tailed), 0.06 0. 00 0. 00 0.00  0. 00  dfa 11023. 00 



11023. 00 11023. 00 11023. 00 0.00 11023. 00  Correlation,. 0.29 0.32
-0.01 0.55 -0.21 1.00  OTA_EMAX0 Significance 2-tailed). 0.00 0.00
0.19 0.00 0.00  



tiff 11023. 00 11023. 00 11023. 00 11023. 00 11023. 00 0.00  [00056]
In this embodiment, a correlation r is divided into three levels: rI
<0.4, which means the correlation is a low linear correlation; 0.4a1
<0.7, which means the correlation is a significant correlation; <1,
which means the correlation is a high linear correlation. 5 [00057]
It is obtained through analysis that the correlations between TSR
(service time), STA (starting time), EGT (Exhaust Gas Temperature)
and PT (pressure of bleed air) are low, however, the correlations
between an angle of IGV (Inlet Guide Vane) and TSR, STA, EGT and PT
and the correlations between OTA (Oil temperature) and TSR, STA, EGT
and PT are strong. [00058] It can be seen from the above, the angle
of the IGV and OTA can be represented by the 10 TSR, STA, EGT and PT,
when the aircraft components operate normally. It also can be seen
that the TSR, STA, EGT and PT are relatively independent relatively,
and each of them indicates a certain operation character of the APU.
The overall performance of the APU can be reflected through effective
combination of these four parameters utilizing characters thereof
[00059] Fig. 9 is a flow chart illustrating a method for detecting
the performance of the APU 15 according to one embodiment of the
present application. As shown, in the method 9000 for detecting the
performance of the APU in the embodiment, at step 9100, the following
operation information of the APU is obtained: EGT, LCIT (Compressor
Inlet Temperature), STA (Starting Time), service time TSR and bleed
air pressure PT. At step 9200, the difference between EGT and LCIT
(i.e., EGT-LCIT), STA, TSR and PT are respectively compared with
their respective 20 threshold values. According to one embodiment of
the present application, the respective threshold values are extreme
values of respective parameters. At step 9300, each comparison
result between EGT-LCIT, STA, TSR and PT and their respective
threshold values is assigned with a weight. At step 9400, comparison
results between EGT-LCIT, STA, TSR and PT and their respective
threshold value considering the weight are integrated together. At
step 9510, it is determined whether the integrated result exceeds a
first predetermined value. If the integrated  5 result does not
exceed the first predetermined value, it is determined at step 9520
that the performance of the APU is good; and at step 9610, 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 9620 that the
performance of the APU is normal, and at step 9710, it is determined
whether the integrated result exceeds a third predetermined value. If
10 the integrated result does not exceed the third predetermined
value, it is determined at step 9720 that the performance of the APU
is in the decline period. If the integrated result exceeds the third
predetermined value, it is determined at step 9800 that the
performance of the APU is in the fault period. [00060] According to
one embodiment of the present application, the information required
at step 



15 9100 can be obtained from the APU message such as the A 13
message. For example, the A13 message of the operation status of the
aircraft's APU can be obtained remotely from SITA (Societe
Internationale de Telecommunications Aeronautiques) network control
center and ADCC (Aviation Data Communication Corporation) network
control center in real time, and the obtained Al3 message of the
operation status of the aircraft's APU can be decoded by a message
decoder 20so as to obtain the operation information of the aircraft's
APU. [00061] 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 of the APU message should be 25 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.    [00062]
According to one embodiment of the present application, the
information required at step 30 9100 can be obtained directly from
the aircraft data system without generating the APU message. [00063]
At step 9200, the threshold value for the difference of EGT and LCIT
(EGT-LCIT) is EGTRediine. EGTRediine is an EGT redline value of the
APU. EGTRecnine depends on the model 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 TSR,t, 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 PTK", it is the
minimum bleed air pressure required by  5 a certain model of APU. Or
the threshold value of PT also can be PTBasth,,,, 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. EGTRecume,
STAWamingLine and PTN4,,, or PTBaseLine  10 can be obtained from
related aircraft manuals or from manufactures. Certainly, they can be
obtained through actual experiment. However, there is certain bias
between TSR,., and a standard value in general, since TSR,1 is
influenced by geography and maintenance environments and other
factors. Through long period observation and analysis, the inventor
finds that the time-effect model of the APU satisfies Poisson
distribution. The desired TS12,-, can be obtained from actual  15
data through utilizing Poisson distribution so as to obtain more
accurate TSR,t. 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 TSR,t where the failure rate is
30% (the security rate is 70%) can be calculated utilizing the
obtained parameters of Poisson distribution actually followed by the
TSR. 20 [00064]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



wherein, PD! (Performance Detection Index) is a parameter reflecting
the performance of the APU. According to observation and analysis of
the inventor, if PDI is less than 0.7, it means the  5 performance of
the APU is well; if the PDI is greater than 0.7 but less than 0.85,
it means the perfonnance 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 9510 is 0.7, an example of the second 10predetermined
value at step 9610 is 0.85, and an example of the third predetermined
value at step 9710 is 0.95. [00067]The method in the above embodiment
of the present application is further discussed through two examples
hereinafter. [00068]Example 1: the related information of the APS3200
APU is as follows: EGTRenne =682, 15STAWamingLinC90, PT/Ain-3,
TSRA=5000. The weight parameters respectively are R1=0.2, R2=0.3,
R3=0.35, R4=0.15. [00069]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 20 APU including: EGT:629, LCIT:33,
STA:59, TSR (time-on-wing):4883 and PT:3.66. According to the
following formula: PDI - RlEGT - LCIT + R2  STA  +R3  TSR  + R4PTI4;"
EGTRea",,STAlvar"thgb"eTSR,,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. 25 [00070]Example 2: the related information of the
GTCP131-9A APU is as follows: EGTRedline=642, STAWarningLine-60,
PTmin=3.5, TSR,1=5000. The weight parameters respectively are R1=0.3,
R2=0.2, R3=0.35, R4=0.15. [00071] 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 30 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 PTvii"
EGTReAmeSTAWarningLineTSR"PT [00072] it is calculated that PDI=0.72.
Therefore, it is determined that the performance of the APU is
normal, and the APU can be used normally. [00073] Compared with the
prior art, in the method of the above embodiment of the present 



5 application, EGT, LCIT, STA, TSR and PT are obtained in real time,
the PDI is obtained according to the above formula, and then the
obtained PD1 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 reduce working 10 load
and enhance the work efficiency, compared with obtaining manually.
[00074] 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, the altitude of 0 meter 15and 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. [00075]
According to one embodiment of the present application, under the
standard condition having the altitude of 0 meter and the temperature
of 50C, the correction formula of the PT is as follows: AL Tx0.3048
1000 R(TAT+273.15)  20PT = PTstd x e (4) [00076]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. [00077] Therefore, the
correction coefficient 5 of the altitude pressure is: ALTx0.3048 1000
R(TAT+273.15)  255 = emg [00078] Considering the effect of the
temperature, the final correction formula of the PT is as follows:  



= -PT + APT (5) 5       wherein, PT"r is the corrected bleed air
pressure, A PT is a function related to the temperature and can be
calculated by the following formula: APT = a1TAT2 + hi TAT + cl(6)
5wherein, TAT is the ambient temperature, al, bl and cl are
adjustment coefficient and can be measured through experiments.
According to one embodiment of the present application, al has an
order of le, bl has an order of 10-2, and cl is between 0 and -1.
[00079] When al, b 1 and el can be obtained through experiments, the
measured PT can be converted into the corrected PTc0,- under the
standard status according to formula (6). 10 [00080] The correction
formula of BUT is as follows: EGT"". = EGT + AEGT + pl-PT + p2(PT,",.
- PTReq)(7) 5      Wherein, EGT.. is the BUT under the standard
condition, A BUT is the function related to the temperature, PTReq,
that is PTmin 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  15 application, the range
of values of the p1 is 20-60, the range of value of the p2 is 70-100.
The specific values of p1 and p2 can be obtained through experiments.
For example, different EGTs can be obtained at different altitudes,
maintaining a certain power output and temperature of 50C. Then, the
measured EFTs are compared with the BUT under the temperature of 50C
and under sea level pressure, and the changes of the EGT and the
temperature are regressed, so that the 20adjustment coefficient in
the correction formula can be obtained. [00081] ABUT can be
calculated from the following formula: AEGTA= a2TAT2 +b2TAT + c2(8)
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 25range of a2 is
0.005-0.02, the range of b2 is 0.5-2.5 and the range of c2 is 60-100.
[00082] When adopting the corrected BUT and PT, the formula (3) can
be rewritten as the following: EGT,".STATSR  PDI - R1' +R2+R3+R4 (7) 



EGTReameST All'amingLineTSR,   [00083] According to one embodiment of
the present application, as to the corrected PDT, if the 30corrected
PDI is less than 0.7, it means the performance of the APU is well; if
the 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  5
predetermined value at step 6610 is 0.8, and an example of the third
predetermined value at step 6710 is 0.85. [00084] Fig. 10 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 1000 for detecting the performance of the APU in
the embodiment, at step 1010, one or more of the 10 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. 9 can be applied in this embodiment. [00085] 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 15 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 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 20 prevented from
overheating. The STA is a parameter reflecting the overall
performance of the APU, which includes the performance of the
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 25also
contributes to determine the failure sources and find hidden
failures. [00086] At step 1020, it is determined whether one or more
of EGT, IGV angle, STA and PT change significantly. When one or more
of EGT, IGV angle, STA and PT change significantly, it is determined
that corresponding parameter deteriorates. [00087] As to the EGT and
PT, EGTcor and PTcor mentioned in the above embodiment can replace 30
the directly measured EGT and PT to remove the influence of the
altitude and temperature so as to obtain more accurate results.
[00088] 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 =130 +
flit(10)         wherein, X is any one of the EGT, STA, PT and IGV
angle, to is the installation time of APU, )3001 are fitting
parameters. )31 is the slope reflecting the changing trend of
parameters. [00089] 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
)31.131 is 



5 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 )31 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 and also can be the data of other APU of
the same model working well. 10 [00090] 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. [00091] Variations can be obtained through
comparison between the subsequent parameters and the 15 reference
value. These variations conform to the formula (10). 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 said one parameter among EGT, STA, PT and IGV changes
significantly, i.e., said parameter deteriorates, if there is
significant difference 20 between two slopes. [00092] 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 deteriorates if the
above comparison shows significant difference. 25 [00093] For
reducing influence of fluctuation, perform smooth processing to the
values of parameters of measured EGT, STA, PT and JOY. 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.
According to one embodiment of the present application, the values of
parameters are performed smooth processing 30according to the
following formula: X",", = C1Xs",00d, + C2Xou(11)      wherein, Xolo
is the value before smooth processing, i.e., the measured value,
Xney, is the value after smooth processing, Xsmooth is the smooth
value which can be the value of an adjacent  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. [00094] At step 1030, it is determined whether the
performance of the APU deteriorates through 5 considering whether one
or more of EGT, STA, PT and IGV change significantly. [00095]
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 BUT, 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 period if 10 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 EGT,
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 EGT and



30 [000100] According to one embodiment of the present application,
as to the BUT, the formula is as the following: EGTTolera"ce =
EGTRedLi", - EGT,0,(12)      wherein, EGTTolerance is the margin of
the BUT, i.e., the difference between the BUT 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 EGTroierance is close to 0. 5
[000101] PT is an important parameter when the APU is in the decline
period. [000102] According to one embodiment of the present
application, as to the PT, the formula is as the following:
PTTokrance -PTReg(13) wherein, PTToierance is the margin of the PT,
i.e., the difference between the PT and the lowest 10 bleed air
pressure required when the engine starts. The magnitude of the
PTrolerance reflects operation status of the APU in the decline
period. When PTTolerance is close to 0, the APU should be replaced.
[000103] Example 3: it is can be calculated from data of EGT, TAT
(External Temperature), ALT (Altitude) and PT obtained from the
messages that EGTcor= 654.49, PTcor = 3.27. According to the 15
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
EGTRedune of APS3200 APU is 645. It can be obtained from the above
evaluation formula that EGTrolerance= -9.49, the degree in which it
is close to 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 20 EGT and PT deteriorate and the APU is
in the decline period and should be replaced at right time so as to
improve the availability of the flight. [000104] The method shown in
figs. 9-11 can be used simultaneously to more accurately detect the
performance of the APU. [000105] Compared with conventional
technology, the method discussed in the embodiment can 25 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 APU
so as to avoid delay and grounding of the aircraft. Meanwhile,
targeted maintenance and operation control can 30 be performed
through evaluation of the performance of the APU, which will
significantly reduce maintenance cost. Example of the crew oxygen
system  [000106] Fig. 12 is a schematic illustrating a performance
curve of the crew oxygen system. Every oxygen system has a certain
level of gas leakage, therefore, when the temperature is fixed,
pressure difference ,6 P will be produced at different time. The gas
leakage rate could be represented as PL= A Pit. When the gas leakage
rate is stable, the performance of the crew oxygen system is in
stable 



5 period; when the gas leakage ratio PL gradually increases, the
performance of the crew oxygen system enters deterioration period;
when the gas leakage ratio PL is larger than a threshold Piz, the
performance of the crew oxygen system enters failure period, failure
may happen, which can influence safety of flight and easily causes
unscheduled maintenance, and thus result in delay of aircraft and
being grounded. In present technology, there is no any means to
detect if the crew 10 oxygen system enters deterioration period.
However, according to one embodiment of the present invention, this
detection is possible. [000107] As to the crew oxygen system, the
detection parameter is easily obtained. The pressure of the oxygen
cylinder in the crew oxygen system is the best parameter reflecting
the performance of the crew oxygen system. Since the pressure of the
oxygen cylinder in the crew oxygen system 15 relates to the
temperature, the temperature of oxygen in the oxygen cylinder must be
obtained at the same time when the oxygen pressure is obtained.
However, there is no temperature sensor in the crew oxygen system.
Therefore, the temperature of oxygen in the oxygen cylinder needs to
be calculated using other measurable temperature. [000108]In
consideration of the position of the oxygen cylinder in the crew
oxygen system, 20 according to one embodiment of the present
invention, the following formula can be used to obtain the oxygen
temperature in the oxygen cylinder: T kiTat +k2Tc 2 where, Tat is the
ambient air temperature or the temperature outside the airplane, Tc
is the cockpit temperature, lc, and k2 are adjustment parameters and
k1+ k2= 2. According to one embodiment 25 of the present invention,
k1> k2. That is, the oxygen temperature T is related to the ambient
air temperature Tat and the cockpit temperature Tc, and the ambient
air temperature has greater influence (is more relevant). Certainly,
other mean value formulas also can be used to calculate the oxygen
temperature. 30 [000109]According to one embodiment of the present
invention, kl = k2. That is, the formula (14) can be changed to:  T -
kTat + Tc 2 (15)  where, k is the adjustment parameter. According to
one example of the present invention, k is close to 1. Each of k, lc,
and k2 can be obtained through measurement or statistical analysis. 5
[000110]According to one embodiment of the present invention, k = 1.
Then formula (15) can be changed to: T -Tat 2+ Tc  



(16) [000111]The oxygen temperature obtained based on the formula
(16), which may be less precise than those calculated from the
formula (14) and the formula (15), is enough for the system for 10
detecting the performance of the crew oxygen system in this
embodiments of the present invention. [000112] After the oxygen
temperature is obtained, the crew oxygen pressure measured under
different temperatures can be transformed into the standard state
pressure under the standard temperature, so as to make a comparison
and calculate the leakage rate. The standard state pressure can be
calculated by the following formula: 15P = -TP (17) s where, Ps is
the standard state pressure, T, is the standard temperature, P is the
obtained oxygen pressure through measurement, T is the oxygen
temperature when measuring. The standard temperature can be 25C.
Certainly, the standard temperature also can be other temperature.
[000113]Fig. 13 is a flow chart illustrating a method for detecting
the performance of the crew 20 oxygen system according to one
embodiment of the present invention. In the method 1300 for detecting
the performance of the crew oxygen system as shown in fig. 13, at
step 1310, the oxygen pressure data in the oxygen cylinder in the
crew oxygen system, the ambient air temperature and the cockpit
temperature are obtained. At step 1320, crew oxygen messages are
generated according to obtained oxygen pressure data in the oxygen
cylinder in the crew oxygen system, the ambient air 25 temperature
and the cockpit temperature. At step 1330, the generated crew oxygen
messages are transmitted to the server for processing crew oxygen
messages. At step 1340, the oxygen pressure data in the oxygen
cylinder in the crew oxygen system is transformed into standard state
pressure under the standard temperature by the server according to
the ambient air temperature and the cockpit temperature. The standard
temperature can be 25C. Certainly, the standard temperature also
30can be other temperature. [000114] As shown in fig. 13, at step
1350, multiple sets of standard state pressure data of crew  oxygen
system at different time are obtained in the way of steps 1310-1340.
After multiple sets of standard state pressure data of the oxygen of
the crew oxygen system at different time are obtained, the
performance of the crew oxygen system can be determined by processing
and evaluating the obtained data. 5 [000115]At step 1360, the
multiple sets of standard state pressure data at different time are
analyzed, so as to determine if the performance of crew oxygen system
deteriorates. Or, at step 1370, the multiple sets of standard state
pressure data at different time serve as one sample and then 



the sample is compared with another sample of another set of standard
state pressure data of the 10same type of aircraft, so as to
determine if performance of the crew oxygen system deteriorates.
[000116]According to one embodiment of the present invention, the leg
leakage rate is used to determine if performance of the crew oxygen
system deteriorates. The leg leakage rate of the crew oxygen system
can be calculated by the following formula: 15 AP,Ps2  (18)P = t2tI -
where, ti is take-off time, t2 is landing time, 13,1 is standard
state pressure of the crew oxygen system when aircraft takes-off,
13,2 is standard state pressure of the crew oxygen system after
landing. Therefore, performance of the crew oxygen system can be
determined according to the difference A Ps between the standard
state pressure of the crew oxygen system before taking-off and that
after 20 landing. For example, if the value of A P, = Pa- Pa is
larger than 100 PSI, it means that the performance of the crew oxygen
system deteriorates. [000117]Performance of the crew oxygen system
also can be determined according to the leg p APs _ Psi Ps2  leakage
rate. For example, if the leg leakage ratet2 -is larger that 48
PSI/day, it means the performance of the crew oxygen system
deteriorates. 25 [000118]The pressure of the crew oxygen system under
a certain temperature can be evaluated according to the calculated
leg leakage rate. This can obviously reduce such case, i.e.,
unscheduled replacement of oxygen cylinder before flight caused by
the fact that the aircraft temperature of the aircraft after the
flight and the temperature when the engine is cold are greatly
30different. [000119] According to one embodiment of the present
invention, performance of the crew oxygen 



system can be determined through statistical relation between the
oxygen standard state pressure Ps of the crew oxygen system and
installation time to of oxygen cylinder of the crew oxygen system,
and through the calculation of the slope of fitting curves. 5
[000120]The relationship between Ps and to meet the following
formula: Ps= 01 +* to +(19) where, Ps is the standard state pressure,
to is the installation time of oxygen cylinder of the crew oxygen
system, $1 is an intercept term which relate s to flight time; 02 is
a slope term which     indicates the gas tightness of oxygen system;
pis a random term which indicates uncertainty 10 between Ps and to.
[000121]Mean value of to can be expressed as following: o-avg = -(t01
...to") 72 1=1 1(20) where, n is the number of sampled points which
are used in the calculation. 15 [000122] Mean value of Ps can be
expressed as following: 1 1=" = -n (f (21)  where, n is the number of
sampled points which are used in the calculation. 20 [000123] 02 also
can be determined by the following formula according to formulas
(6)-(8): E(tt avg)* (Psi Ps-an) 



[000124]The 02 is a negative value. The smaller the value of 02 is,
the worse the air tightness of   crew oxygen system is. The
performance of crew oxygen system can be determined through
25detecting change of 02, i.e., the slope term. The performance of
crew oxygen system also can be determined through making a comparison
between slope terms of different aircrafts. [000125] When performing
performance detection of crew oxygen system using above slope
detection method, it would be better if there is no replacement of
oxygen cylinder or oxygenating in  the period represented by data
points which are used in the calculation. [000126] According to one
embodiment of the present invention, the deterioration of the
performance of the crew oxygen system can be determined through the
independent sample test to 5leakage rate. [000127] Since the interval
of flight leg time is short, the change of system pressure may be
slight, the obtained standard state pressure fluctuates greatly
sometimes due to the influence by the fitting accuracy of external
temperature and detection accuracy of the pressure sensor. For
reducing the 10 influence by the accuracy of external temperature and
accuracy of the pressure sensor, one embodiment of the present
invention does not use the leg leakage rate, but uses two points
which are more than 24-hour apart to compare the pressure at those
two points, that is, adopts the 24-hour interval leakage rate PL24.
Certainly, other intervals also can be adopted, such as an interval
which is greater than 12-hour or 36-hour. Meanwhile, for removing bad
data point effect caused by  15 sampling, P124 may be 3 days rolling
average which means the average value is calculated from all of Pug
in 3 days. The person skilled in the art can understand that 3 days
is only an example, other days, such 2-4 days also can be used based
on special data condition. [000128]According to one embodiment of the
present invention, the 24-hour interval 3 days 20 rolling average
leakage rate PL-avg24 ,which indicates performance of crew oxygen
system, can be calculated by the following formula: 1 1=nn PL-avg24
=(rt. ,.*PL24 n) 1-1 where, n is the number of data points in 3 days.
25 [000129] According to one embodiment of the present invention,
when it is required to know if performance of crew oxygen system
changes in a certain period, the data in that period can be selected
as a set of samples; meanwhile, another set of data of a aircraft of
the same type can be selected as another set of samples. It is
determined if the two sets of data are significantly different,
through making a comparison between respective PL-avg24 of two sets
of samples, according to the 



30statistical probability, so that the period and degree of
deterioration of performance of crew oxygen system can be determined.
[000130]According to one embodiment of the present invention,
respective PL.,,g24 of two sets of  data and variance of PL-avg24 are
calculated firstly. Assume S12 is the variance of the first set of
PL-avg24 (including n data), 522 is the variance of the second set of
PL-avg24 (including m data). Since 512/522 should follow F (n-1,m-1)
distribution, the value of F can be determined by searching the F
distribution table. It can be determined if the difference between
two sets of data is significant 5  according to the value of F. If
the probability that the two sets of data belong to the same
distribution is less than 2.5%, it can be determined that the
difference of two sets of data is significant. [000131] It can be
determined if the difference between two sets of data is significant
through other 10  independent sample T test. If the difference is
significant, it can be determined there is significant change on
performance of crew oxygen system. Given it is determined there
occurs significant change on performance of crew oxygen system, it is
easy to determine which set of data indicates that the performance of
crew oxygen system deteriorate according to the average value of
leakage rate. 15 [000132] The independent sample test for average
leakage rate either uses data at different time of the same aircraft,
or uses data of a different aircraft of the same type. Therefore,
this method is flexible. Moreover, this detection manner is not
limited by replacement of oxygen cylinder and oxygenation, and can be
used to determine if significant change occurred on performance of
crew 20 oxygen system between before and after replacement of oxygen
cylinder and oxygenating. [000133] Hereinafter, how to determine if
significant change occurs to the performance of crew oxygen system
using the method of the present invention is described through some
embodiments. 25 [000134]Fig. 14 is a schematic illustrating the
relationship between standard state pressure of oxygen in the oxygen
cylinder of the crew oxygen system and measuring time according to
one embodiment of the present invention. The curve shown in fig. 14
indicates the standard state pressure of actual sampling and
transforming, straight line indicates regression line according to
the standard state pressure of oxygen and measuring time. It can be
found using the formula (22) of 30  slope detection method that
leakage rate of crew oxygen system is large, slope is -0.024929 which
is much lower than a normal slope -0.015. This indicates performance
of crew oxygen system deteriorates and has entered deterioration
period. [000135] Fig. 15 is a schematic illustrating the relationship
between standard state pressure of  oxygen in the oxygen cylinder of
the crew oxygen system and measuring time according to one embodiment
of the present invention. Fig. 15 shows a process of replacement of
oxygen cylinder of crew oxygen system. The dots shown in fig. 15
indicate the standard state pressure representing actual sampling and
transforming. Fig. 16 is a schematic illustrating the relationship
between a 5 24-hour 3-days rolling average leakage rate and measuring
time of oxygen in the oxygen cylinder of the crew oxygen system
according to the embodiment shown in Fig. 15. Two sets of data
obtained respectively before and after replacement of oxygen cylinder
serve as two samples, and independent sample T test is used to
determine if the two samples are identical. The calculation results
indicate the probability that two sets of data obtained respectively



leakage rate doubles. The performance of crew oxygen system has
entered deterioration period. [000136] It can be seen from Figs.
14-16, the method described in the present invention can determine if
performance of crew oxygen system degrades and enters deterioration
period or failure 15 period of crew oxygen system, through processing
and analyzing oxygen pressure data of crew oxygen system and
temperature data obtained from crew oxygen messages, and through
calculation of slope or independent sample T test and like. [000137]
Fig. 17 is a flow chart illustrating a method for maintaining the
aircraft crew oxygen 20 system according to one embodiment of the
present invention. In the method 1700 for maintaining the aircraft
crew oxygen system shown in fig. 17, at step 1710, oxygen pressure
data of the oxygen cylinder in the crew oxygen system, the ambient
air temperature and the cockpit temperature are obtained. At step
1720, oxygen messages are generated from obtained oxygen pressure
data of the oxygen cylinder in the crew oxygen system, the ambient
air temperature and the cockpit 25 temperature. At step 1730, the
generated crew oxygen messages are transmitted to the server. At step
1740, the crew oxygen messages are processed by the server to obtain
standard state pressure of oxygen cylinder of the crew oxygen system
under the standardized temperature. At step 1750, it can be
determined if performance of crew oxygen system deteriorates based on
multiple sets of standard state pressure data at different times. At
step 1760, if performance of crew oxygen system 30 deteriorates,
maintenance of crew oxygen system at the appropriate time is
arranged. [000138] 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. Those skilled
in the art will appreciate that various modifications, additions and
substitutions are possible. 27  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
whether performance of an aircraft component is in a decline period,
comprising:         obtaining one or more detection parameters
reflecting operation status of the aircraft 5 component;
comparing data of the one or more detection parameters with
respective predetermined values; and     determining whether the
performance of the aircraft component is in the decline period based
on the comparison results. 10      2. A method according to claim 1,
wherein, the step of obtaining comprising: obtaining multiple
parameters related to operation status of the aircraft component;
associating data of the multiple parameters with failure events of
the aircraft component; and          determining the detection
parameters based on the associations between the multiple
15parameters and the failure events. 



3. A method according to claim 2, wherein, the steps of associating
data of the multiple parameters with failure events of the aircraft
component and determining the detection parameters based on the
associations comprising: 20calculating correlations between data
changes of the multiple parameters and the failure events; and
setting one or more parameters, which have greater correlations than
a threshold, of the multiple parameters as the detection parameters.
254. A method according to claim 3, wherein, a range of the threshold
is 0.3-0.5. 5. A method according to claim 3, wherein, a range of the
threshold is 0.5-0.7.   6. A method according to claim 3, further
comprising: calculating correlations between the multiple detection
parameters; and         removing one or more of the multiple
detection parameters based on the correlations 5between the multiple
detection parameters.  7. A method according to claim 1, wherein, the
step of obtaining comprising: obtaining multiple parameters related
to operation status of the aircraft component; and
determining the detection parameters based on respective physical
representations indicated 10by the multiple parameters.      8. A
method according to claim 1, wherein, the predetermined value is an
extreme value of the one or more detection parameters; and the step
of comparing comprising: 15calculating differences or ratios between
measured values of one or more detection parameters and their
respective extreme values.      9. A method according to claim 8,
wherein, the measured values of the one or more detection parameters
are replaced with converted values under a specific condition. 20
10. A method according to claim 8, wherein, the step of determining
comprising:     determining whether the measured values of the one or
more detection parameters are close to or exceed the respective
extreme values. 



2511. A method according to claim 8, further comprising:
assigning a weight to the ratio between the measured value of each of
the one or more detection parameter and the respective extreme value.
12. A method according to claim 11, further comprising:     obtaining
the weight of each detection parameter based on a correlation between
data change of the multiple detection parameters and the failure
events of the aircraft component. 5 13. A method according to claim
11, wherein, the step of determining comprising: integrating the
weighted ratios of the measured values of the multiple detection
parameters to the extreme values thereof to obtain performance
reference values of the aircraft component. 1014. A method according
to claim 13, further comprising:     determining the performance of
the aircraft component is in the decline period if the reference
value of the aircraft component is greater than a threshold value.
15. A method according to claim 1, wherein, the predetermined value
is a reference slope of 15a change trend of one or more detection
parameters, and wherein the step of comparing comprising:
calculating a slope of a change trend of the measured values of the
one or more detection parameters in a period. 2016. A method
according to claim 15, further comprising:     comparing the slope of
a change trend of the measured values of the one or more detection
parameters in a period with the reference slope to determine whether
there is significant difference between them. 2517. A method
according to claim 16, wherein, the step of determining whether the
performance of the aircraft component is in the decline period based
on the comparison result comprising:       determining the
perfonnance of the aircraft component is in the decline period if
there is significant difference between the slope of a change trend
of the measured values of the one or more detection parameters in a
period and the reference slope. 518. A method according to claim 15,
wherein, the reference slope is a slope of change trend 



in a period after the aircraft component is initially installed.
19. A method according to claim 15, wherein, the reference slope is a
slope of change trend in a period of the same aircraft component
having good working condition in other identical 10model of aircraft.
20. A method according to claim 15, further comprising:     replacing
the measured values of the one or more of the detection parameters
with converted values under a specific condition. 15        21. A
method according to claim 15, further comprising:     performing a
smooth processing on the measured values of the one or more of the
detection parameters. 2022. A method according to claim 21, wherein,
the smooth processing adopts multipoint average rolling mean
algorithm.     23. A method according to claim 21, wherein, the
smooth processing adopts following formula: 25= =smooth + C2X0m
wherein, Xold is the measured value, Xnew is a value after the smooth
processing, Xsmooth is a value of adjacent points after the smooth
processing or is an average value of several adjacent points, Cl and
C2 are the weight values.   24. A method according to claim 1,
wherein, the step of comparing: setting measured values of the one or
more detection parameters in a period as a sample;         setting
measured values of the one or more detection parameter in a pervious
period of the 5 same length as a reference sample; and
determining whether there is significant difference between the
sample and the reference sample based on an independent sample test.
25. A method according to claim 24, wherein, the step of determining
whether the 10 performance of the aircraft component is in the
decline period based on the comparison result comprising:
determining the performance of the aircraft component is in the
decline period, if there is significant difference between the sample
of the measured values of one or more detection parameters in a
period related and the corresponding reference sample. 15  26. A
method according to claim 24, further comprising: 



replacing the measured values of the one or more detection parameters
with converted values under a specific condition. 2027. A method for
maintaining an aircraft, comprising:     determining whether the
performance of the aircraft component is in the decline period based
on the method in any one of claims 1-26;     arranging a maintenance
schedule of the aircraft if the performance of the aircraft component
is in the decline period; and 25maintaining the aircraft component of
the aircraft. 28. A method for obtaining one or more detection
parameters reflecting operation status of an  aircraft component,
comprising: obtaining multiple parameters related to operation status
of the aircraft component; associating data of the multiple
parameters with failure events of the aircraft component; and
determining the detection parameters based on the associations
between the multiple 5parameters and the failure events.
29. A method according to claim 28, wherein, the step of obtaining
comprising:     calculating a correlation between a data change of
the multiple parameters and the failure events; and 10setting one or
more parameters, which have greater correlations than a threshold, of
the multiple parameters as the detection parameters.           30. A
method according to claim 29, wherein, a range of the threshold is
0.3-0.5. 1531. A method according to claim29, wherein, a range of the
threshold is 0.5-0.7.  32. A method according to claim29, further
comprising: calculating correlations between the multiple detection
parameters; and          removing one or more of the multiple
detection parameters based on the correlations 20 between the
multiple detection parameters.  33. A method according to claim28,
wherein, the step of obtaining comprising: obtaining multiple
parameters related to operation status of the aircraft component; and



determining the detection parameters based on respective physical
meaning indicated by the 25multiple parameters. 


