
METHOD AND SYSTEM FOR DETECTING THE PERFORMANCE OF A CREW 

OXYGEN SYSTEM 

TECHNICAL FIELD OF THE INVENTION 
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[0001] The present invention relates to a method and a system for detecting the operation 

conditions of equipments of an aircraft, in particular to a method and a system for detecting 

the performance of a crew oxygen system. 

10 BACKGROUND 

[0002] A modern aircraft generally flies at a height between 7000-15000 meters. At such 

height, the oxygen content in the air is very low and the oxygen partial pressure always is only 

about lOkpa (kilopascals), which is not sufficient to maintain normal breath. Generally, air is 

15 pressurized and then pressed into a cabin by an engine to provide oxygen. However, in special 

conditions, such as loss of cabin pressure and like, the aircraft must provide additional oxygen 

to crew members and passengers for breathing. 

[0003] In an aircraft, there are two independent oxygen systems, i.e., a crew oxygen system 

20 and a passenger oxygen system. The crew oxygen system uses hyperbaric oxygen stored in an 

oxygen cylinder in the aircraft. The hyperbaric oxygen is decompressed and diluted, and then 

is specially provided to crew members in the control cabin. The passenger oxygen system 

provides oxygen, which is obtained through chemical reaction, to passengers and crew 

members in the passenger cabin. 

25 
[0004] The crew oxygen system is very important to ensure safety of flight of the aircraft. In 

the conventional method for detecting performance of crew oxygen system, the pressure of the 

crew oxygen system is recorded through artificial way, and the oxygen cylinder is replaced 

when the pressure of the crew oxygen system is lower than a certain threshold. Or the aircraft 

30 system is configured to give an alarm to indicate the oxygen cylinder needs to be replaced, 

when the pressure of the crew oxygen system is lower than a certain threshold. 

[0005] However, all of the above methods can increase the costs of operation for airlines. The 

more important thing is, if there is only slight leakage existing in the crew oxygen system, all 

35 of the above methods cannot help recognize the leakage in time and thus the problem cannot 
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be eliminated in time. Under this situation, the troubleshooting and maintenance of the crew 

oxygen system always are post-processing, so that the safety of flight cannot be guaranteed. 

Moreover, the troubleshooting of the leakage of the crew oxygen system is a time-consuming 

process, which can cause airline delays even grounding. 

5 

SUMMARY 

[0006] For one or more technical problem of the conventional technology, one aspect of the 

invention provides a method for detecting the performance of a crew oxygen system, 

10 comprising: obtaining an oxygen pressure in an oxygen cylinder of the crew oxygen system, an 

ambient air temperature and a cockpit temperature; generating crew oxygen messages from 

the obtained oxygen pressure in the oxygen cylinder of the crew oxygen system, the ambient 

air temperature and the cockpit temperature; receiving the crew oxygen messages, and 

determining an oxygen pressure in the oxygen cylinder under standard temperature; and 

15 determining performance of the crew oxygen system. 

[0007] According to another aspect of the invention there is provided a method for 

generating crew oxygen messages, comprising: obtaining an oxygen pressure in an oxygen 

cylinder of the crew oxygen system, an ambient air temperature and a cockpit temperature; 

20 generating crew oxygen messages from the obtained oxygen pressure in the oxygen cylinder of 

the crew oxygen system, the ambient air temperature and the cockpit temperature. 

[0008] According to another aspcct of the invention there is provided a system for detecting 

the performance of a crew oxygen system, comprising: a crew oxygen pressure data obtaining 

25 device; a crew oxygen messages generating device configured to generate crew oxygen 

messages according to an oxygen pressure in a oxygen cylinder of the crew oxygen system 

obtained by the crew oxygen pressure data obtaining device, an ambient air temperature and 

a cockpit temperature, and the crew oxygen messages are transmitted through a crew oxygen 

messages transmitting device; and a crew oxygen pressure data processing device configured 

30 to receive the crew oxygen messages, determine an oxygen pressure of the oxygen cylinder 

under standard temperature, and determine performance of the crew oxygen system 

accordingly. 

35 

[0009] According to another aspect of the invention there is provided a system for detecting 

the performance of a crew oxygen system, comprising: a pressure sensor configured to 
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measure an oxygen pressure of an oxygen cylinder of the crew oxygen system; a DMU of AIDS 

of ACMS or a part thereof configured to obtain an oxygen pressure of an oxygen cylinder of 

the crew oxygen system, an ambient air temperature and a cockpit temperature, generating 

crew oxygen messages, wherein, the crew oxygen messages are transmitted through the 

5 ACARS; a server configured to receive the crew oxygen messages from the ACARS, 

determine an oxygen pressure of the oxygen cylinder under standard temperature, and 

determine performance of the crew oxygen system accordingly. 

[00010] According to another aspect of the invention there is provided a method for 

10 maintenance of a crew oxygen system, comprising ; obtaining an oxygen pressure of an oxygen 

cylinder of the crew oxygen system, an ambient air temperature and a cockpit temperature; 

generating crew oxygen messages from obtained oxygen cylinder of the crew oxygen system, 

the ambient air temperature and the cockpit temperature; receiving the crew oxygen 

messages, and determining an oxygen pressure of the oxygen cylinder under standard 

15 temperature; and arranging maintenance for the crew oxygen system in respond to 

degradation of the crew oxygen system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [00011] Hereinafter, some preferred embodiments of the invention will be described in 

reference to the accompanying drawings. 

[00012] Fig. 1 is a schematic illustrating a structure of the aircraft crew oxygen system 

according to one embodiment of the present invention. 

25 

[00013] Fig. 2 is a schematic illustrating a branch structure of the aircraft crew oxygen system 

according to one embodiment of the present invention. 

[00014] Fig. 3 is a schematic illustrating a circuit structure of a pressure sensor according to 

30 one embodiment of the present invention. 

[00015] Fig. 4 is a schematic illustrating a system for detecting the performance of the crew 

oxygen system according to one embodiment of the present invention. 
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[00016] Fig. 5 is a flow chart illustrating a process of generating a crew oxygen message 

according to one embodiment of the present invention. 

[00017] Fig. 6 is a schematic illustrating a system for detecting the performance of the crew 

5 oxygen system according to an example of one embodiment of the present invention. 

[00018] Fig. 7 is a schematic illustrating a performance curve of the crew oxygen system. 

[00019] Fig. 8 is a flow chart illustrating a method for detecting the performance of the crew 

10 oxygen system according to one embodiment of the present invention. 

[00020] Fig. 9 is a schematic illustrating the relationship between the oxygen pressure in the 

oxygen cylinder in standard state and measuring time according to one embodiment of the 

present invention. 

15 

[00021] Fig. 10 is a schematic illustrating the relationship between the oxygen pressure in the 

oxygen cylinder in standard state and measuring time according to one embodiment of the 

present invention. 

20 [00022] Fig. 11 is a schematic illustrating the relationship between a 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. 10. 

[00023] Fig. 12 is a flow chart illustrating a method for maintenance of the aircraft crew 

25 oxygen system according to one embodiment of the present invention. 

DETAILED DESCRIPTION 

[00024] Fig. 1 is a schematic illustrating a structure of the aircraft crew oxygen system 

30 according to one embodiment of the present invention. As shown in fig. 1, the crew oxygen 

system 100 includes an oxygen cylinder 101 (storing hyperbaric oxygen inside), a 

decompression regulator 102 and an oxygen pipeline 103. The oxygen cylinder 101 is 

connected to the decompression regulator 102. Hyperbaric oxygen is transformed into 

hypobaric oxygen through the decompression regulator 102. The hypobaric oxygen is supplied 

35 to a driver mask 110, a copilot mask 130, an observer mask 120 and a second observer mask 
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140 via the oxygen pipeline 103. In the figure, the driver mask 110, the copilot mask 130 and 

the second observer mask 140 also show their respective storage boxes for storing an oxygen 

mask (the oxygen mask is placed in the storage box); while the observer mask in the figure 

shows separate observer mask 120 and a storage box 121 for storing the observer mask. The 

5 oxygen cylinder 101 is further connected to a fragile disc 105 via a release tube 104. When the 

pressure in the oxygen cylinder is too high, the fragile disc 105 breaks so that the oxygen will 

flow out of the cabin. 

[00025] Fig. 2 is a schematic illustrating a branch structure of the aircraft crew oxygen system 

10 according to one embodiment of the present invention. As shown in fig. 2, the whole branch of 

the crew oxygen system can be divided into hyperbaric section and hypobaric section. The 

hyperbaric oxygen stored in the oxygen cylinder 101 passes through a splitter 210, one branch 

of which is connected to the release tube, and to outside of the cabin via the fragile disc so as 

to prevent overpressure, and another branch of which is connected to a decompression splitter 

15 220. Unlike the decompression regulator shown in fig. 1, the decompression splitter 220 has 

both decompression and splitting functions. After decompressing and splitting, two branches 

are connected to the oxygen pipeline and respectively supply oxygen to the oxygen masks of 

crew members; while another branch is connected to a test port to perform the test. 

20 [00026] According to one embodiment of the present invention, the decompression regulator 

or the decompression splitter is provided with a pressure sensor, such as a pressure sensor 

230, for measuring the oxygen pressure in the oxygen cylinder. According to one embodiment 

of the present invention, the pressure sensor 230 can be installed on one branch of the splitter 

210 or one branch of the oxygen cylinder. In a word, the pressure sensor 230 can be installed 

25 in any position of the hyperbaric section to measure the oxygen pressure in the oxygen 

cylinder. 

[00027] Fig. 3 is a schematic illustrating a circuit structure of a pressure sensor according to 

one embodiment of the present invention. As shown, the pressure sensor 300 includes a casing 

30 310 for protecting internal circuit structure. According to one embodiment of the present 

invention, the pressure sensor 300 is a piezoelectric crystal sensor including a piezoelectric 

crystal 320 connected between a power supply Va and a ground. The oxygen pressure is 

applied on the piezoelectric crystal. The oxygen pressure is transformed into electrical signals 

by the piezoelectric crystal. The electrical signals indicating the oxygen pressure is 

35 transmitted to an aircraft data system. Different aircrafts have different aircraft data systems, 



such as Aircraft Condition Monitoring System (ACMS) of Airbus or Aircraft Heath Monitor 

(AHM) of Boeing. 

[00028] Fig. 4 is a schematic illustrating a system for detecting the performance of the crew 

5 oxygen system according to one embodiment of the present invention. As shown in the figure, 

the system for detecting the performance of the crew oxygen includes a crew oxygen pressure 

data acquisition device 401, a crew oxygen message generating device 402, a crew oxygen 

message transmitting device 403 and a crew oxygen data processing device 404. 

10 [000291 The crew oxygen pressure data acquisition device 401 is configured to obtain the 

oxygen pressure data in the oxygen cylinder of the crew oxygen system. The aircraft crew 

oxygen system and the pressure sensor thereof in the embodiments shown in figs. 1-3 can be 

applied in crew oxygen pressure data acquisition device 401 in the present embodiment so as 

to obtain the required oxygen pressure data. The crew oxygen pressure data acquisition device 

15 401 also can obtain the oxygen pressure data in the oxygen cylinder in other ways. Since the 

crew oxygen is important for safety of flight, almost every aircraft can automatically obtain 

the crew oxygen pressure data. That is, every existing aircraft is provided with respective crew 

oxygen pressure data acquisition device. According to another embodiment of the present 

invention, the crew oxygen pressure data acquisition device 401 can be any type of crew 

20 oxygen pressure data acquisition device. 

[00030] As the aircraft system is more and more complex, the aircraft data system has been 

greatly developed. For example, the ACMS of Airbus and AHM of Boeing. In addition, the 

centralized fault display system (CFDS) also has been greatly developed. Such systems have a 

25 characteristic, i.e., they can automatically generate messages including specific data according 

to data monitored in real time when specific trigger condition is satisfied. The crew oxygen 

message generating device 402 in the embodiment can be such system or a part of such 

system, 

30 [00031] Taking the ACMS of Airbus as an example (the AHM of Boeing can be comparable 

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 

35 from the black box. These parameters are stored in an internal storage memory of the 
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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. 

5 
[00032] According to one embodiment of the present invention, the crew oxygen message 

generating device 402 is the DMU or a part of the DMU. The crew oxygen message generating 

device 402 obtains the oxygen pressure data in the oxygen cylinder from the crew oxygen 

pressure data acquisition device 401. 

10 
[00033] Since the oxygen pressure in the oxygen cylinder of the crew oxygen system is related 

to the temperature, the oxygen pressure and the temperature in the oxygen cylinder must be 

obtained simultaneously. However, a temperature sensor generally is not provided in the 

oxygen system. Therefore, the temperature in the oxygen cylinder need to be calculated based 

15 on other temperature which can be measured. According to one embodiment of the present 

invention, a temperature sensor for measuring the oxygen temperature can be provided into 

the crew oxygen system. 

[00034] 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: 

kxTat + k2Tc 
2 

where, Tat is the ambient air temperature or the temperature outside the airplane, Tc is the 

cockpit temperature, kj and k2 are adjustment parameters and ki + k2 = 2. According to one 

25 embodiment of the present invention, kj > 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 [00035] According to one embodiment of the present invention, ki^ k2. That is, the formula 

(1) can be changed to: 

T=;kTat + Tc_ (2) 
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where, k is the adjustment parameter. According to one example of the present invention, k is 

close to 1. Each of k, ki and k2 can be obtained through measurement or statistical analysis. 

[00036] According to one embodiment of the present invention, k = X. Then formula (2) can be 

5 changed to: 

T-Tat + Tc 
2 

The oxygen temperature obtained based on the formula (3), which may be less precise than 

those calculated from the formula (1) and the formula (2), is enough for the system for 

detecting the performance of the crew oxygen system in this embodiments of the present 

10 invention. 

[00037] As described above, the aircraft data system, such as the ACMS of Airbus or the 

AHM of Boeing, can automatically obtain many flight parameters. Theses parameters include 

the ambient air temperature Tat and the cockpit temperature Tc. When the trigger condition 

15 is satisfied, and when the oxygen pressure data in the oxygen cylinder of the crew oxygen 

system is obtained, the ambient air temperature or the temperature Tat outside the airplane 

and the cockpit temperature Tc at present are obtained simultaneously, so as to generate crew 
oxygen messages. 

20 [00038] The crew oxygen messages are transmitted to the crew oxygen data processing device 

404 through the crew oxygen message transmitting device in real time or at certain timing. 

According to one embodiment of the present invention, the crew oxygen message transmitting 

device includes an aircraft portion 403 and a ground portion 410, for performing 

communication from the aircraft to the ground. One example of the crew oxygen message 

25 transmitting device is an aircraft communication addressing and reporting system (ACARS). 

The ACARS is a digital data link system for transmitting messages (i.e., short messages) 

between the aircraft and the ground station through radio or a satellite, and offers services to 

the air-ground or ground-ground heavy data communication of the airline, so that all kinds of 

information can be exchanged. 

30 

[00039] 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 

network including the ground station 410 having a radio transceiver, which can receive or 
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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. 

5 [00040] On the one hand, the ACARS can make the flying aircraft automatically provide 

real-time data such as flight dynamics, engine parameters and like to the ground station of the 

airline without crew members' intervention, meanwhile, also transmit other information to 

the ground station, so that the operating control center of the airline can obtain real-time, 

uninterrupted, and a great deal of flight data and relevant information on an application 

10 system thereof and master their own aircraft's dynamic, monitor the aircraft in real time, 

meet requirements of relevant departments such as a flight operations department, a 

operations department, a maintenance department and like. On the other hand, the ground 

station can provide multiple services to the flying aircraft, such as meteorological information, 

airway information, troubleshooting measures for air emergency fault and like, so as to 

15 enhance the guaranteed ability of safety of aircraft and the service level to passengers. In the 

case, i.e., normal VHF ground-air communication channel is increasingly burdened, the 

amount of information transmitted by it is low and speed is slow, such bi-directional data 

communication system can obviously improve and enhance guaranteed ability of the 

communication between the ground and the aircraft flying in the air. 

20 

[00041] According to one embodiment of the present invention, the crew oxygen message 

transmitting device also can be a communication device or system based on the Aviation 

Telecommunication Network (ATN). 

25 [00042] According to one embodiment of the present invention, the crew oxygen message 

transmitting device also can be a solid state memory device. The crew oxygen messages are 

stored in the solid state memory device. The transmission of crew oxygen messages can be 

performed through the transmission of the solid state memory device. 

30 [00043] The crew oxygen data processing device 404 receives crew oxygen messages from the 

crew oxygen message transmitting device 403. According to one embodiment of the present 

invention, the crew oxygen data processing device 404 can be a server of a certain airline. 

According to one embodiment of the present invention, the server receives crew oxygen 

messages from a certain aircraft through ACARS or ATN. 

35 
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[00044] The crew oxygen data processing device 404 decodes messages through a device such 

as an ACARS message decoder so as to obtain data and store the obtained data in the server. 

[00045] For improving the accuracy of the method for detecting the performance of the crew 

5 oxygen system of the present invention, more accurate oxygen pressure in the oxygen cylinder 

of the crew oxygen system, ambient air temperature and cockpit temperature should be 

obtained, so as to generate more accurate crew oxygen messages. 

[00046] Fig. 5 is a flow chart illustrating a process of generating a crew oxygen message 

10 according to one embodiment of the present invention. In the method 500 of generating a crew 

oxygen message shown in fig. 5, at step 510, the aircraft takes off. When the aircraft takes off 

or after it takes off, at step 521, the oxygen pressure data in the oxygen cylinder at the time of 

1 minute before its taking-off is obtained. At step 522, the ambient air temperature and the 

cockpit temperature at the time of 1 minute before taking-off are obtained. Though steps 521 

15 and 522 are separately described, they can be performed simultaneously and become one step, 

or the step 522 is performed before the step 521 is performed. This also applies to the 

following steps of acquisition. 

[00047] The operation data of aircraft including the oxygen pressure data in the oxygen 

20 cylinder in the crew oxygen system, the ambient air temperature and the cockpit temperature, 

can be measured in real time and stored in data caches. When the trigger condition, which is 

set to be the taking-off of the airplane, it is entirely possible to obtain relevant data of 1 

minute before taking-off from data caches. According to one embodiment of the present 

invention, other trigger conditions, such as a timer, may be used to directly obtain data of 1 

25 minute before taking-off, including the oxygen pressure data in the oxygen cylinder in the 

crew oxygen system, the ambient air temperature and the cockpit temperature. 

[00048] According to one embodiment of the present invention, at steps 521 and 522, after the 

data at the time of 1 minute before taking-off is obtained, the oxygen pressure data, the 

30 ambient air temperature and the cockpit temperature at the time of 30 seconds before 

taking-off are obtained, and then the oxygen pressure data, the ambient air temperature and 

the cockpit temperature at the time of taking-off are obtained again. That is, three sets of 

data, i.e., the crew oxygen pressure data, the ambient air temperature and the cockpit 

temperature at the time of 1 minute before taking-off, at the time of 30 seconds before 

35 taking-off and at the time of taking-off, are respectively obtained. The mean value or the 
10 



median of the data measured 3 times serves as the data for generating the crew oxygen 

messages. The crew oxygen messages generated in such way are more accurate. 

[00049] According to one embodiment of the present invention, crew oxygen messages can be 

5 directly generated according to the obtained oxygen pressure data, the ambient air 

temperature and the cockpit temperature before taking-off (or at the time of taking-off). 

Proceeding to step 560 after step 522 to generate the crew oxygen messages. 

[00050] The crew oxygen messages can be generated according to combination of the crew 

10 oxygen pressure data and temperature data obtained before taking-off (or at the time of 

taking-off) and the data obtained after landing. Or uncompleted messages can be generated 

when the crew oxygen pressure data and temperature data before taking-off are obtained, and 

then can be stored in a memory; uncompleted messages are completed when the crew oxygen 

pressure data and temperature data after taking-off are obtained. 

15 

[00051] As shown by the example in fig. 10, at step 530, the obtained oxygen pressure data, 

the ambient air temperature and the cockpit temperature before taking-off (or at the time of 

taking-off) or the uncompleted messages including such data are stored in the memory in the 

air data system. At step 540, the aircraft lands. At step 551, the oxygen pressure data in the 

20 oxygen cylinder at the time of 1 hour after landing is obtained; at step 552, the ambient air 

temperature and the cockpit temperature at the time of 1 hour after landing is obtained. As to 

steps 551 and 552, time after landing is trigger condition for obtaining above data. At step 560, 

the obtained data before taking-off (or when taking-off) is combined with the obtained data 

after landing to generate complete crew oxygen messages. 

25 

[00052] According to one embodiment of the present invention, after the data, i.e., oxygen 

pressure data, the ambient air temperature and the cockpit temperature at the time of 1 hour 

after landing are obtained, the crew oxygen pressure data, the ambient air temperature and 

the cockpit temperature at the time of 1 hour and 30 seconds after landing are obtained, and 

30 then the crew oxygen pressure data, the ambient air temperature and the cockpit temperature 

at the time of 1 hour and 60 seconds after landing are obtained. That is, three sets of data, i.e., 

the crew oxygen pressure data, the ambient air temperature and the cockpit temperature at 

the time of 1 hour, at the time of 1 hour and 30 seconds and at the time of 1 hour and 60 

seconds after landing, are respectively obtained. The mean value or the median of data 

35 measured 3 times serves as the data for generating the crew oxygen messages. As to steps 551 
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and 552, if it can be ensured that the temperature of the aircraft is identical with the ambient 

temperature and the effect of flight is eliminated, other time can be selected to obtain the crew 

oxygen pressure data and temperature data. 

5 [00053] According to one embodiment of the present invention, if the aircraft takes off again 

within less than 1 hour after landing, the oxygen pressure data, the ambient air temperature 

and the cockpit temperature before re-taking-off (or at the time of the re-taking-off) are 

obtained, to replace the data at the time of 1 hour after landing. Certainly, multiple 

measurements and adoption of mean value or the median also can be applied. 

10 

[00054] Fig. 6 is a schematic illustrating a system for detecting the performance of the crew 

oxygen system according to an example of one embodiment of the present invention. As shown 

in fig.6, the system for detecting the performance of the crew oxygen includes the DMU 

onboard. The DMU obtains the crew oxygen pressure data, the ambient air temperature and 

15 the cockpit temperature before taking-off (during taking-off) and after landing, and generates 

the crew oxygen messages. The DMU transmits the crew oxygen messages to the manage unit 

(MU) onboard of ACARS. The MU directly transmits the crew oxygen messages to the service 

provider in the ground station of ACARS through VHF radio; or, communicates with the 

satellite and then the crew oxygen messages are transmitted to the service provider in the 

20 ground station by the satellite. The ground service provider transmits the received crew 

oxygen messages to the server of corresponding airline. The crew oxygen data included in 

crew oxygen messages is processed by the server. A user can check the status of crew oxygen 

through logging into the server, so as to determine performance of crew oxygen. 

25 [00055] Through the system for detecting the performance of crew oxygen described in the 

present invention, it is realized that the performance of the crew oxygen onboard can be 

automatically detected, so as to avoid cost of artificial record and potential mistakes or 

omittance caused by artificial record. 

30 [00056] Fig. 7 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 A p will be produced at different time. The gas leakage rate can be 

represented as PL= A p/t. When the gas leakage rate is stable, the performance of the crew 

oxygen system is in stable period; when the gas leakage ratio PL gradually increases, the 

35 performance of the crew oxygen system enters deterioration period; when the gas leakage 
12 



ratio PL is larger than a threshold PLg, 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 oxygen system enters deterioration 

5 period. However, according to one embodiment of the present invention, this detection is 

possible. 

[00057] The detection of deterioration period has the following advantages: firstly, when the 

crew oxygen system enters deterioration period, the probability of failure is low. Therefore, 

10 safety of flight will be guaranteed if the aircraft is maintained at this time; secondly, when it is 

determined the crew oxygen system enters 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 replacement of oxygen cylinder 

according to time limit or during maintenance. Certainly, embodiments of the present 

15 invention also can be applied to detect the failure period. 

[00058] Fig. 8 is a flow chart illustrating a method for detecting the performance of the crew 

oxygen system according to one embodiment of the present invention. In the method 800 for 

detecting the performance of the crew oxygen system as shown in fig. 8, at step 810, the 

20 oxygen pressure data in the oxygen cylinder in the crew oxygen system, the ambient air 

temperature and the cockpit temperature are obtained. At step 820, crew oxygen messages are 

generated according to obtained oxygen pressure data in the oxygen cylinder in the crew 

oxygen system, the ambient air temperature and the cockpit temperature. At step 830, the 

generated crew oxygen messages are transmitted to the server for processing crew oxygen 

25 messages. At step 840, 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 20 CC. Certainly, the standard temperature also can be other temperature. 

30 [00059] 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: 

P,=YP (4) 
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where, Ps is the standard state pressure, Ts is the standard temperature, P is the obtained 

oxygen pressure through measurement, T is the oxygen temperature when measuring. The 

standard temperature can be 20°C. Certainly, the standard temperature also can be other 

temperature. 

[00060] As shown in fig. 8, at step 850, multiple sets of standard state pressure data of crew 

oxygen system at different time are obtained in the way of steps 810-840. 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. 

[00061] At step 860, 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 870, 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 same type of aircraft, so as to determine if performance of the crew 

oxygen system deteriorates. 

[00062] 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: 

(5) 
t t2-tx 

where, tj is take-off time, is landing time, Psi is standard state pressure of the crew oxygen 

system when aircraft takes-off, Ps2 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 landing. For example, if the value of APS= Psi- PS2 is larger than 100 

PSI, it means that the performance of the crew oxygen system deteriorates. 

[00063] Performance of the crew oxygen system also can be determined according to the leg 

„ AP, P„-P,2 

leakage rate. For example, if the leg leakage rate t is larger that 48 PSI/day, 

it means the performance of the crew oxygen system deteriorates. 
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[00064] 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 different. 

[00065] 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 t0 of oxygen cylinder of the 

crew oxygen system, and through the calculation of the slope of fitting curves. 

[00066] The relationship between Ps and to meet the following formula: 
Ps= j3H-|82* t0 + fi (6) 

where, Ps is the standard state pressure, t0 is the installation time of oxygen cylinder of the 

crew oxygen system, /SI is an intercept term which relate s to flight time; 02 is a slope term 

which indicates the gas tightness of oxygen system; |Jis a random term which indicates 

uncertainty between Ps and t0. 

[00067] Mean value of t0 can be expressed as following: 
j /=»» 

(?) 
n /s( 

where, n is the number of sampled points which are used in the calculation. 

[00068] Mean value of Ps can be expressed as following: 

(8) 
n /=i 

where, n is the number of sampled points which are used in the calculation. 

[00069] jS2 also can be determined by the following formula according to formulas (6)-(8): 

^ O-oI ~ K-avg ) * CPSI ~ K-ai'g ) 
P1 = M 7= (9) 

^oi ^a-avg ) /=! 
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[00070] The /32 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 

detecting change of /S2, 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. 

5 

[00071] 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. 

10 [00072] 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 leakage rate. 

[00073] Since the interval of flight leg time is short, the change of system pressure may be 

15 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 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 
20 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 sampling, Pu4 may be 3 days rolling average which 

means the average value is calculated from all of PL24 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 

25 based on special data condition. 

[00074] According to one embodiment of the present invention, the 24-hour interval 3 days 

rolling average leakage rate PL-avg24 ,which indicates performance of crew oxygen system, can 

be calculated by the following formula: 

30 PL-OVS24 =~^,(^L24 1+'"^Z24 n) (10) 
n /=1 

where, n is the number of data points in 3 days. 

[00075] 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 
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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 statistical probability, so that the period and degree of deterioration of 

5 performance of crew oxygen system can be determined. 

[00076] According to one embodiment of the present invention, respective PL-avg24 of two sets 

of data and variance of PL-aVg24 are calculated firstly. Assume SI2 is the variance of the first set 

of PL-avg24 (including n data), S22 is the variance of the second set of PL-avg24 (including m 

10 data). Since Sl2/S22 should follow F (n-l,m-l) 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 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. 

15 
[00077] It can be determined if the difference between two sets of data is significant through 

other 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 

20 data indicates that the performance of crew oxygen system deteriorate according to the 

average value of leakage rate. 

[00078] 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 

25 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 oxygen system between before and after replacement of oxygen cylinder 

and oxygenating. 

30 [00079] 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. 

35 

[00080] Fig. 9 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 
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embodiment of the present invention. The curve shown in fig. 9 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 (9) of slope detection method that leakage rate of crew oxygen system is large, slope is 

5 -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. 

[00081] Fig. 10 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 

10 embodiment of the present invention. Fig. 10 shows a process of replacement of oxygen 

cylinder of crew oxygen system. The dots shown in fig. 10 indicate the standard state pressure 

representing actual sampling and transforming. Fig. 11 is a schematic illustrating the 

relationship between a 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 

15 in Fig. 10. 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 before and after replacement of oxygen cylinder are identical is zero. 

The performance of crew oxygen system degrades, and the average leakage rate doubles. The 

20 performance of crew oxygen system has entered deterioration period. 

[00082] It can be seen from Figs. 9-11, the method described in the present invention can 

determine if performance of crew oxygen system degrades and enters deterioration period or 

failure period of crew oxygen system, through processing and analyzing oxygen pressure data 

25 of crew oxygen system and temperature data obtained from crew oxygen messages, and 

through calculation of slope or independent sample T test and like. 

[00083] Fig. 12 is a flow chart illustrating a method for maintaining the aircraft crew oxygen 

system according to one embodiment of the present invention. In the method 1200 for 

30 maintaining the aircraft crew oxygen system shown in fig. 12, at step 1210, oxygen pressure 

data of the oxygen cylinder in the crew oxygen system, the ambient air temperature and the 

cockpit temperature are obtained. At step 1220, 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 temperature. At step 1230, the generated crew oxygen messages 

35 are transmitted to the server. At step 1240, the crew oxygen messages are processed by the 
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server to obtain standard state pressure of oxygen cylinder of the crew oxygen system under 

the standardized temperature. At step 1250, 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 1260, if performance of crew oxygen system deteriorates, maintenance of crew 

5 oxygen system at the appropriate time is arranged. 

[00084] The present invention need not manual recording and can save human's labor. 

Moreover, the present invention can determine performance of oxygen system onboard based 

on standard state pressure of oxygen and oxygen leakage rate obtained from oxygen messages, 

10 and thus can perform maintenance before the oxygen system onboard enters failure period, 

can speed up the fault diagnosis and reduce troubleshooting time, so that service time of 

oxygen system onboard can be extended and operating costs of airline can be reduced, 

meanwhile also can make the oxygen system onboard free from passengers' safety issue 

caused by sudden massive leakage, and can enhance operating safety of aircraft. The 

15 invention can predict the remaining service time of the oxygen system onboard based on the 

leakage rate, so that the service time can be extended obviously and maintenance cost of 

aircraft can be reduced. 

[00085] The above embodiments of the invention have been disclosed for illustrative purposes 

20 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. Therefore, the invention is to cover all modifications, equivalents and alternatives 

falling within the scope of the appended claims. 
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CLAIMS 

1. A method for detecting the performance of a crew oxygen system, comprising: 

obtaining an oxygen pressure in an oxygen cylinder of the crew oxygen system, an 

ambient air temperature and a cockpit temperature; 

generating a crew oxygen message from the obtained oxygen pressure in the oxygen 

cylinder, ambient air temperature and cockpit temperature; 

receiving the crew oxygen message and determining an oxygen pressure in the oxygen 

cylinder under standard temperature; and 

determining the performance of the crew oxygen system. 

2. A method according to claim 1, further comprising: 

obtaining an oxygen pressure in the oxygen cylinder under a standard temperature 

before taking-off; and 

obtaining an oxygen pressure in the oxygen cylinder under the standard temperature 

after landing. 

3. A method according to claim 2, further comprising: 

determining the performance of the crew oxygen system deteriorates, if a difference 

between pressures in the oxygen cylinder under the standard temperature before taking-off 

and after landing is greater than 100PSI. 

4. A method according to claim 2, further comprising: 

determining performance of the crew oxygen system deteriorates, if a leakage rate of the 

oxygen cylinder from taking-off to landing is greater than 48PSI/day. 

5. A method according to claim 1, further comprising: 

determining a slope of a fitting curve through statistical relation between a pressure Ps in 

the oxygen cylinder under the standard temperature and an installation time t0 of the oxygen 

cylinder. 

6. A method according to claim 5, further comprising: 

determining the slope /32 of the fitting curve according to the following formula: 
20 



i^ol K-avg ) * ^s-avg ) 

/?2 = ̂  

10 

/=n 

^ 1 ftrf ^o~avg ) 
/=1 

where, t0_avg is an average value of t0, Ps.avg is an average value of Ps, n is the number 

of sampling points. 

7. A method according to claim 1, further comprising: 

calculating a set of rolling average leakage rates in a certain period; 

making a comparison between the set of rolling average leakage rates and another set of 

rolling average leakage rates which serves as a reference; and 

determining if significant change occurs. 

8. A method according to claim 7, further comprising: 

calculating a variance of the set of rolling average leakage rates, and a variance of 

another set of rolling average leakage rates which serves as a reference; and 

determining if significant change occurs according to a F distribution which is followed 

15 by a ratio of the variance of the set of rolling average leakage rates and the variance of 

another set of rolling average leakage rates which serves as a reference. 

9. A method according to claim 7, the period is longer than 24 hours. 

20 10. A method according to claim 7, the rolling average leakage rate is a rolling average 

leakage rate in 2-4 days. 

11. A method according to claim 1, further comprising: 

determining an oxygen temperature in the oxygen cylinder according to the ambient air 

25 temperature and the cockpit temperature. 

12. A method according to claim 11, wherein, 

determining the oxygen temperature in the oxygen cylinder according to the following 

formula: 

30 
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_ k{Tat + k2Tc 
~ 2 

where, Tat is the ambient air temperature or the temperature outside the airplane, Tc is 

the cockpit temperature, kj and k2 are adjustment parameters and ki + k2 = 2. 

13. A method according to claim 12, wherein, ki is greater than k2. 

14. A method according to claim 12, wherein, ki = k2 = 1. 

15. A method according to claim 1, wherein, 

the step of obtaining the oxygen pressure in the oxygen cylinder of the crew oxygen 

system, the ambient air temperature and the cockpit temperature comprising: 

obtaining the oxygen pressure in the oxygen cylinder of the crew oxygen system, the 

ambient air temperature and the cockpit temperature at a first time before taking-off. 

16. A method according to claim 15, wherein, the first time is 1 minute before taking-off. 

17. A method according to claim 1, wherein, 

the step of obtaining an oxygen pressure in the oxygen cylinder of the crew oxygen 

system, an ambient air temperature and a cockpit temperature comprising: 

obtaining the oxygen pressure in the oxygen cylinder of the crew oxygen system, the 

ambient air temperature and the cockpit temperature at the time of 1 minute before 

taking-off, at the time of 30 seconds before taking-off and at the time of taking-off. 

18. A method according to claim 1, wherein, 

the step of obtaining an oxygen pressure in the oxygen cylinder of the crew oxygen 

system, an ambient air temperature and a cockpit temperature comprising: 

obtaining an oxygen pressure in the oxygen cylinder of the crew oxygen system, an 

ambient air temperature and a cockpit temperature at a second time after landing. 

19. A method according to claim 1, wherein, 

the step of obtaining an oxygen pressure of an oxygen cylinder of the crew oxygen system, 

an ambient air temperature and a cockpit temperature comprising: 

obtaining an oxygen pressure of an oxygen cylinder of the crew oxygen system, an 
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ambient air temperature and a cockpit temperature at a second time after landing, 30 seconds 

after the second time, and 60 seconds after the second time. 

20. A method according to claim 19, wherein, the second time is 1 hour after landing. 

21. A method according to claim 19, wherein, 

obtaining the oxygen pressure in the oxygen cylinder of the crew oxygen system, the 

ambient air temperature and the cockpit temperature before re-taking-off, if the aircraft 

takes off again within 1 hour after landing. 

22. A method for generating a crew oxygen message, comprising: 

obtaining an oxygen pressure in an oxygen cylinder of the crew oxygen system, an 

ambient air temperature and a cockpit temperature; 

generating a crew oxygen message from the obtained oxygen pressure in the oxygen 

cylinder, ambient air temperature and cockpit temperature. 

23. A method according to claim 22, wherein, 

the step of obtaining the oxygen pressure in the oxygen cylinder of the crew oxygen 

system, the ambient air temperature and the cockpit temperature comprising: 

obtaining the oxygen pressure in the oxygen cylinder of the crew oxygen system, the 

ambient air temperature and the cockpit temperature at a first time before taking-off. 

24. A method according to claim 23, wherein, the first time is 1 minute before taking-off. 

25. A method according to claim 24, wherein, 

the step of obtaining an oxygen pressure in an oxygen cylinder of the crew oxygen system, 

an ambient air temperature and a cockpit temperature comprising: 

obtaining an oxygen pressure in an oxygen cylinder of the crew oxygen system, an 

ambient air temperature and a cockpit temperature at the time of 1 minute before taking-off, 

at the time of 30 seconds before taking-off and at the time of taking-off. 

26. A method according to claim 22, wherein, 

the step of obtaining the oxygen pressure in an oxygen cylinder of the crew oxygen 

system, an ambient air temperature and a cockpit temperature comprising: 
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obtaining the oxygen pressure in the oxygen cylinder of the crew oxygen system, an 

ambient air temperature and a cockpit temperature at a second time after landing. 

27. A method according to claim 22, wherein, 

the step of obtaining the oxygen pressure in the oxygen cylinder of the crew oxygen 

system, an ambient air temperature and a cockpit temperature comprising: 

obtaining the oxygen pressure in the oxygen cylinder of the crew oxygen system, an 

ambient air temperature and a cockpit temperature at a second time after landing, 30 seconds 

after the second time, and 60 seconds after the second time. 

28. A method according to claim 27, wherein, the second time is 1 hour after landing. 

29. A method according to claim 27, wherein, 

obtaining the oxygen pressure in the oxygen cylinder of the crew oxygen system, the 

ambient air temperature and the cockpit temperature before re-taking-off, if the aircraft 

takes off again within 1 hour after landing. 

30. A system for detecting the performance of a crew oxygen system, comprising: 

a crew oxygen pressure data obtaining device; 

a crew oxygen message generating device configured to generate a crew oxygen message 

according to the obtained oxygen pressure in the oxygen cylinder obtained by the crew oxygen 

pressure data obtaining device, an ambient air temperature and a cockpit temperature, the 

crew oxygen messages are transmitted through a crew oxygen messages transmitting device; 

and 

a crew oxygen pressure data processing device configured to receive the crew oxygen 

messages, determine an oxygen pressure of the oxygen cylinder under standard temperature, 

and thereby determine the performance of the crew oxygen system. 

31. A system according to claim 30, wherein, the crew oxygen pressure data obtaining 

device comprises a pressure sensor installed on a hyperbaric section of the crew oxygen 

system. 

32. A system according to claim 30, wherein, the crew oxygen messages generating device 

is an aircraft data system or is a part thereof. 
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33. A system according to claim 32, the crew oxygen messages generating device is ACMS 

of Airbus or AHM of Boeing, or is a part thereof. 

5 34. A system according to claim 30, wherein, the crew oxygen pressure data processing 

device determines the performance of the crew oxygen system deteriorates if it determines a 

difference of pressures in the oxygen cylinder under the standard temperature before 

taking-off and after landing is greater than 100PSI. 

10 35. A system according to claim 30, wherein, the crew oxygen pressure data processing 

device determines the performance of the crew oxygen system deteriorates if it determines a 

difference of leakage rates of the oxygen cylinder before taking-off and after landing is greater 

than 48PSI/day. 

15 36. A system according to claim 30, wherein, the crew oxygen pressure data processing 

device determines a slope of a fitting curve through statistical relation between a pressure Ps 

in the oxygen cylinder under the standard temperature and an installation time t0 of the 

oxygen cylinder. 

20 37. A system according to claim 36, wherein, the slope /32 of the fitting curve is 

determined according to the following formula: 

= ~ !=: 

*X/ -K-mg) 
1=I 

where, t0_avg is an average value of t0 , Ps_avg is an average value of Ps, n is the number 

of sampling points. 

25 

38. A system according to claim 30, wherein, the crew oxygen pressure data processing 

device calculates a set of rolling average leakage rates in a certain period, and makes a 

comparison between the set of rolling average leakage rates and another set of rolling average 

leakage rates which serves as a reference, so as to determine if significant change occurs. 

39. A system according to claim 38, wherein, the crew oxygen pressure data processing 
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device calculates a variance of the set of rolling average leakage rates, and a variance of 

another set of rolling average leakage rates which serves as a reference; and determine if 

obvious change occurs according to a F distribution which is followed by a radio of the 

variance of the set of rolling average leakage rates and the variance of another set of rolling 

5 average leakage rates which serves as a reference. 

40. A system according to claim 38, wherein, the period is longer than 24 hours. 

41. A system according to claim 38, wherein, the rolling average leakage rate is a rolling 

10 average leakage rate in 2-4 days. 
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