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Description

FIELD OF THE INVENTION

[0001] The present invention relates to aeronautical engineering, particularly in the field of pressure sensing system
of a Flush Air Data system (FADS) employed in space vehicles. The present invention more specifically relates to a
system and method for detecting and isolating faults in pressure ports and pressure transducers of the pressure sensing
system.

BACKGROUND OF THE INVENTION

[0002] Pressure sensing systems utilized by Flush Air Data Systems (FADS) of a space vehicle, high-speed aircrafts
and planetary probes generally consist of pressure ports, pneumatic tubing and pressure transducers. The pressure
transducers measure surface air pressure from the pressure ports and provide the pressure data input to the FADS
processor, which in turn generates air data parameters like angle of attack, slide slip angle, Mach number, and dynamic
pressure. These air data parameters are crucial to the guidance and control system of the vehicle for real time control
and gust load alleviation so as to protect the vehicle systems from aerodynamic heating, to carry out gain scheduling
and for guiding the vehicle along the desired trajectory. Hence, it is essential to maintain the accuracy of these pressure
measurements for controlling the vehicles.
[0003] However, inaccuracies in the pressure measurements can occur as a result of faults in the pressure transducers
or due to the blockage of pressure ports caused by icing or foreign particles. The blocked pressure ports and the faulty
pressure transducers create significant deviation of the estimated air data parameters from their true values, which may
ultimately lead to loss of control  and failure of the vehicle’s mission. The Mishap Investigation Board studying the cause
of the X-31 experimental aircraft accident of NASA on January 19, 1995, has reasoned that an accumulation of ice in
or on the unheated pitot-static system of the aircraft provided false airspeed information to the flight control computers.
This led to a false reading of total air pressure data and caused the aircrafts flight control system to automatically
misconfigure for a lower speed. The aircraft suddenly began oscillating in all axes, pitched up to over 90 degrees angle
of attack, went out of control and crashed.
[0004] Moreover, there are several other reports of sealing of the pressure ports of the air data systems by insects or
due to freezing of trapped water in pneumatic tubing during flight. These events may raise concern about the potential
for a takeoff with erroneous airspeed indications and the possibility of inappropriate crew action, which leads to a high-
speed rejected takeoff or loss of situational awareness in flight. Therefore, it is always needed to remove the blocked
pressure ports and/or the failed transducers from the FADS computations for enhancing the accuracy and reliability of
the air data parameter estimation of the FADS in the space vehicles.
[0005] The conventional fault detection and isolation (FDI) techniques utilize artificial intelligence algorithm like neural
network, for identifying the blocked pressure ports, which are indirect and complex methods that utilize inverse models.
In such existing systems, either single or two pressure transducers are connected to one pressure port, which causes
difficulty in isolating port blockages from the pressure transducer failures. Further, powering of the single or two trans-
ducers is done using a single power supply, which affects the entire pressure measurement when power supply failures
occur.
[0006] US Patent 7257470 describes about a fault isolation method and apparatus in artificial intelligence based air
data systems, which is specific to artificial intelligence based air data systems. Such method is an inverse method  that
requires as many numbers of neural networks as the number of pressure ports. The method mainly depends on the
input parameters of the FADS for fault detection in the pressure ports, and thus it requires an inverse model to solve
the pressure measurement failures. Such inverse model computations require the output of the pressure estimation at
each pressure port in the FADS, which results in computationally expensive and complex process.
[0007] GB Patent 2432914A describes about fault detection in artificial intelligence based air data systems, which is
also specific to artificial intelligence based air data systems. This method also makes use of large number of neural
networks for air data generation and fault detection of the pressure sensors. The main drawback of prior art systems is
that they rely on an inverse model for estimating the pressure values at the pressure ports, which complicates the fault
detection and isolation (FDI). Also, the existing systems require extensive validation of statistical characteristics like
variance of pressure residuals.
[0008] With respect to the conventional methods, numerous neural networks are utilized for achieving air data gen-
eration and fault detection of the pressure pots in the pressure sensing system of the space vehicles. However, these
methods pertain to the inverse model for fault detection, which is very difficult and complex to process on the FADS. In
order to overcome the above mentioned deficiencies of the prior art, an FDI scheme with reduced computational load
and suitability for onboard implementation point of view is required. Therefore, it is essential to provide an improved
system and method for detecting and isolating faults in pressure ports and pressure transducers of the pressure sensing
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system.

OBJET OF THE INVENTION

[0009] An object of the present invention is to provide a system for detecting and isolating faults in pressure ports and
pressure transducers of a pressure sensing  system, which enhances the accuracy and reliability of the pressure esti-
mation of the FADS.
[0010] Another object of the present invention is to provide a system for detecting and isolating faults in pressure ports
and pressure transducers of a pressure sensing system, which achieves accurate and reliable air data generation that
is required for controlling space vehicle in real time.
[0011] Yet another object of the present invention is to provide a method for detecting and isolating faults in pressure
ports and pressure transducers of a pressure sensing system, which is direct, simple, fool proof and accurate.

SUMMARY OF THE INVENTION

[0012] According to one aspect, the present invention, which achieves the objectives, relates to a system for detecting
and isolating faults in pressure ports and pressure transducers of a pressure sensing system comprising a set of pressure
ports flushed to a nose cap of a space vehicle in crucifix form. Three pressure transducers are connected to each
pressure port through pneumatic tubes for measuring surface pressure from the pressure ports. Separate power supplying
units are connected to the three pressure transducers for powering the pressure transducers at each pressure port. A
processing unit is configured to acquire voltage inputs corresponding to the measured surface pressure from the pressure
transducers. The processing unit executes one or more levels of fault checking to detect and isolate pressure transducer
failures and blockage of the pressure ports based on the voltage inputs. Hence, it is possible to enhance the accuracy
and reliability of the pressure estimation of the FADS.
[0013] According to another aspect, the present invention, which achieves the objectives, relates to a method for
detecting and isolating faults in pressure ports and pressure transducers of a pressure sensing system comprising:
distinguishing pressure port blockage failures from pressure transducer failures by cross comparison of surface pressures
measured at the pressure ports. Determination is made whether the measured surface pressures lie within a desired
range to a coarse level at a specific instant of flight phase. Constant pressure and rate on the measured surface pressures
are checked to identify full or partial blockage in the pressure ports and sudden failures on the pressure transducers.
Structured sets of angle of attack and sideslip angle estimates are generated from predefined combinations of the
pressure ports lying along a vertical and horizontal meridians of a vehicle nose cap. The faults in the pressure ports and
the pressure transducers in the vertical and horizontal meridians are detected and isolated based on the structured sets
of angle of attack and sideslip angle estimates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will be discussed in greater detail with reference to the accompanying Figures.

FIG. 1 shows a system for detecting and isolating faults in pressure ports and pressure transducers of a pressure
sensing system, in accordance with an exemplary embodiment of the present invention;

FIG. 2 illustrates a graph plotted between port pressure and Mach number, in accordance with principles of the
present invention;

FIG. 3 illustrates geometry and numbering scheme of the pressure ports, in accordance with principles of the present
invention; and

FIG. 4 illustrates a flowchart of a method for detecting and isolating faults in pressure ports and pressure transducers
of a pressure sensing system, in accordance with an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Referring to FIG. 1, a system for detecting and isolating faults in pressure ports 2 and pressure transducers 3
of a pressure sensing system is illustrated, in accordance with an exemplary embodiment of the present invention. Such
system detects the blocked pressure ports 2 and the defective pressure transducers 3 in the space vehicles. The system
comprises nine pressure ports 2, pneumatic tubing 4 and a Flush Air Data System (FADS) processor 10 as major
components along with other components. Each of the nine pressure ports 2 is provided with three absolute pressure
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transducers 3, i.e. totally twenty-seven pressure transducers in the system, for obtaining pressure measurements.
[0016] The pressure ports 2 are arranged in a crucifix fashion on a nose cap 1 of the vehicle. Each pressure port 2 is
connected to three pressure transducers 3 by means of pneumatic tubing 4. One end of the pneumatic tube 4 is connected
to the pressure ports 2 using an adapter 5 while the other end is connected to the pressure transducers 3 mounted on
an interface bracket 6. The Inconel pneumatic tube 4 should have inner diameter of 1.75 mm, outer diameter of 3.175
mm and length of 600 +/- 50 mm for meeting the frequency response requirement of natural frequency greater than 50
Hz and time constant less than 20 milliseconds in the operating flight regime of the FADS.
[0017] The pressure transducers 3 are housed in a single package in order to measure pressure and also provide
capability to isolate transducer failures from pressure port blockage failures. The pressure transducers 3 can measure
the surface pressure from the pressure ports 2 and output analog voltage inputs to the FADS processor 10 of the vehicle
based on the surface pressure measured from the pressure ports 2. Three independent power supplies 7, 8 and 9 are
used for respectively powering the three pressure transducers 3 at the pressure ports  2, which avoids loss of all pressure
data at the pressure ports 2 caused due to failure of single power supply.
[0018] Furthermore, the analog voltages from the pressure transducers 3 are routed to the digital signal processor 10
working at 32 MHz clock frequency, through the interface bracket 6. The 27 pressure readings in the form of analog
voltages are digitized using an analog to digital converter inside the FADS processor 10. The 27 pressure readings are
acquired at a rate of 25 milliseconds by the FADS processor 10. The accuracy of the pressure transducers 3 and the
analog to digital converter is selected in such a way that the overall accuracy in pressure measurement is better than
100 Pascal. Subsequently, the four levels of faults checking are carried out using these pressure readings from the
pressure transducers 3 to detect failures of the pressure transducers 3 and/or blockage of the pressure ports 2.
[0019] Referring to FIG. 4, a flowchart of a method for detecting and isolating faults in the pressure ports 2 and the
pressure transducers 3 of the pressure sensing system is illustrated, in accordance with an exemplary embodiment of
the present invention. The fault detection and isolation (FDI) method utilizes four levels of checking the faults in the
pressure ports 2 and the pressure transducers 3. In the first level, the FDI check is carried out as Triple Modular Redundant
(TMR) logic check on the pressure transducers 3 at each pressure port 2, as illustrated at step 405. Each pressure port
2 exhibits the three absolute pressure transducers 3 that measure the surface pressure at the particular pressure port
location. Since the powering of the three transducers 3 is done using three independent power supplies 7, 8 and 9, the
failure of single power supply does not affect the pressure measurement.
[0020] Under no-failure condition of the pressure transducers 3, all the three pressure readings at the pressure ports
2 should match within a threshold value. Failure of the pressure transducers 3 can be detected by cross comparison
(TMR  logic) of the three pressure readings at the pressure port 2. This procedure should be done for all the nine pressure
ports 2, as depicted at step 410. If any transducer failures are detected, then the failed transducer 3 can be removed
from FADS computations, as shown at steps 415 and 440. However, this TMR logic check cannot detect fully or partially
blocked ports 2 or simultaneous failure of two pressure transducers 3 at the pressure port 2. Hence, the next level of
check, namely range validity check, is done on the measured pressure readings.
[0021] In the second level, the range validity check is done to determine whether the measured pressures lie within
the expected range to a very coarse level at the particular instant of the flight phase, as mentioned at step 420. Based
on the pressure values expected in the space vehicle as shown in FIG. 2 depicting a graph plotted between port pressure
and Mach number, threshold levels of 50,000 Pa and 2500 Pa are fixed for pressure values around Mach number 2,
i.e. to say that the region in which the Mach number is > 2 should have a value <50000 Pascal whereas the pressures
should be >2500 Pa for the region below Mach number 2, which concludes that if values of the corresponding ports 2
are outside this range, then the ports 2 are fully blocked ports. If any transducer or port failures are detected by the
range validity check, then the failed transducer 3 or port 2 can be removed from FADS computations, as shown at steps
425 and 440.
[0022] In the third level, the dynamic behavior check is applied on the measured pressures, which includes constant
pressure check and rate check, as illustrated at step 430. In the constant pressure check, a record on the highest and
lowest pressure readings at every pressure port 2 is maintained for block duration of every 100 seconds. If the difference
between the highest and lowest pressure readings during any block is less than a specified threshold (<100 Pascal
typical value), then the specific port 2 is removed from the FADS computations, as depicted at steps 435 and 440. This
constant pressure check is to be disabled during cruise operations. Similarly, in rate check, it is determined whether the
reading at the pressure port 2 is changed by more than a threshold value (5000 Pascal typical value) during one
computational update cycle time of 25 milliseconds, If so, then that pressure port 2 is removed from the FADS compu-
tations. The constant pressure check along with the rate check can enable to identify fully and partially blocked pressure
ports 2 and sudden failures occurring in the pressure transducers 3.
[0023] Finally, the fourth level of checking is performed based on the generation of structured sets of angle of attack
and sideslip angle estimates. The faults in the pressure ports 2 or the pressure transducers 3 in the FADS cause deviation
of the angle of attack and sideslip angle estimates within a "structured set". These structured sets are generated from
predefined combinations of the pressure ports 2 lying along the vertical and horizontal meridian of the FADS nose cap
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1 of the vehicle. The faults in the pressure ports 2 or the pressure transducers 3 lying along the vertical meridian are
detected and isolated using the angle of attack estimates, whereas the faults of the pressure ports 2 or the pressure
transducers 3 lying along the horizontal meridian are detected and isolated using the angle of sideslip estimates.
[0024] Moreover, the pressure port geometry of a typical system for the FDI scheme is shown in FIG. 3 depicting
geometry and numbering scheme of the pressure ports 2, in accordance with principles of the present invention. In this
system consideration, the nine pressure ports 2 are arranged in a crucifix fashion along the vertical and horizontal
meridians. The pressure ports 2 along the vertical meridian are numbered as 1, 2, 5, 8 and 9. The remaining four pressure
ports 2 along the horizontal meridian are numbered as 3, 4, 6 and 7.
[0025] The failure of pressure ports 2 or transducers 3 along the vertical meridian, i.e. failure of ports numbered 1, 2,
5, 8 and 9, are identified using a structured set of angle of attack estimates, as depicted at steps 445. The structured
set consists of ten estimates of angle of attack, where each angle of  attack estimate is formed from the three pressure
ports 2. The structured set 1 of the ten angle of attack estimates using the pressure ports 2 along the vertical meridian
is shown in Table 1. The detection of faults in the pressure ports 2 and/or the pressure transducers 3 in the vertical
meridian is done by checking the dispersion of outliers from the median of the structured set.
[0026] In this FDI check of the vertical meridian ports, the ten angle of attack estimates of the structured set shown
in Table 1 are arranged in an ascending or descending order in order to find the median of the ten angle of attack
estimates. If the total number of estimates is an even value, then the median is the average of the two centre values of
the structured set. Then, the outlier in the entire structured set is identified by finding the angle of attack estimate that
lies farthest from the median. The difference between the angle of estimate value of the outlier and the median value is
detected.

Set 1

[0027]

[0028] If the difference in magnitude between the outlier and the median is situated within a threshold, then all the five
ports in the vertical meridian are good. If the difference between the outlier and the median is more than the specified
threshold, then one of the three ports that constituted the outlier is faulty. These three ports are identified to be in the
faulty list, where the remaining two ports in the vertical meridian are good. Thereafter, a second set of three structured
estimates is formed using these two good ports and one port each from the faulty list. Finally, out of this second structured
set, the two estimates can match within a threshold and the port in the outlier of the second structured set taken from
the faulty list is declared faulty. If any port failure is detected in the vertical meridian, then the failed port is removed from
the computations, as shown at step 450 and 465.
[0029] Similarly, the failure of remaining four pressure ports 2 or transducers 3 along the horizontal meridian, i.e. failure
of ports numbered 3, 4, 6 and 7, are identified using a structured set of angle of sideslip estimates, as illustrated at step
455. The structured set consists of four sets, each containing ten estimates of angle of sideslip, where each estimate is
formed from the three pressure ports 2. The combinations of three ports in each of the four structured sets mentioned
above are selected such that they satisfy the conditions that all the ten estimates within a structured set should have at
least one off vertical meridian, horizontal port common to them and at least two of the ports 2 in a sideslip estimate are

Table 1: Structured set 1 of angle of attack estimates for vertical port failure isolation

Angle of attack estimate No Ports from which estimate is formed

1 1, 2, 5

2 1, 2, 8

3 1, 2, 9

4 1, 5, 8

5 1, 5, 9

6 1, 8, 9

7 2, 5, 8

8 2, 5, 9

9 2, 8, 9

10 5, 8, 9



EP 2 422 204 B1

6

5

10

15

20

25

30

35

40

45

50

55

formed from ports 2 lying along the vertical meridian.
[0030] In addition, the four structured sets (set 2 to set 5) each containing ten angles of sideslip estimates and the
pressure ports 2 from which they are formed are given in Table 2. The faults in the pressure ports 2 and/or the pressure
transducers 3 lying along the horizontal meridian are detected by checking absolute magnitude of median of a structured
set. In this FDI check of the horizontal meridian ports, operation is made on one set of angle of sideslip  estimates shown
in Table 2, at a time. The angle of sideslip estimates are arranged in an ascending or descending order and the median
of the ten angle of sideslip estimates are determined. If the total number of estimates is an even value, then the median
is the average of the two centre values of the structured set.

[0031] Thereafter, checking can be made whether the absolute magnitude of the identified median is less than a
specified threshold. If the absolute magnitude of  the identified median is less than a specified threshold, then the port
common to the ten sideslip estimates in the specified structured set is good. Whereas, if the absolute magnitude of the
identified median is greater than the specified threshold, then the port common to the ten angle of sideslip estimates in
the specified structured set is faulty. The above steps are repeated for all the four structured sets to detect and isolate
any faulty port 2 and/or pressure transducer 3 in the horizontal meridian. Once the fault is detected in the structured set,
then the isolation of the faulty port or transducer is carried out subsequently through logical reasoning, as mentioned at
steps 460 and 465. Thereafter, as depicted at step 470, the above processes are repeated for next cycle of FADS
computations.
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[0032] For example, let us consider that the outlier identified is estimate number 5 in Table 1, which is an illustrative
example for detecting the failure of ports in the vertical meridian. As this estimate is formed using the ports numbered
1, 5 and 9, these ports are kept in the faulty list, which indicates that the ports numbered 2 and 8 are good. Then, the
second set of structured estimates is formed using the port combinations, such as ports numbered 2, 8, 1, ports numbered
2, 8, 5 and ports numbered 2, 8, 9. Cross comparison among this second set of structured angle of attack estimates is
carried out to identify the outlier in the set. The first, second or third estimate can be the outlier depending upon whether
the port numbered 1, 5 or 9 is the failed port. In this manner, one port failure along the vertical meridian can be detected
and isolated from the FADS computations.
[0033] Similarly, let us consider a specified threshold is 15, which is an illustrative example for detecting the failure of
ports in the horizontal meridian. According to Table 2, if the horizontal port numbered 3 has failed, then the median in
the structured set 2 can have an absolute magnitude greater than 15 indicating that the port common to that structure
set, i.e. port numbered 3 is faulty. The absolute magnitude of median in the sets 3, 4 and 5 exhibits a magnitude less than 15
[0034] indicating that these ports are healthy. In this manner, faults of ports lying along the horizontal meridian can
be detected and isolated from the FADS computations.

Claims

1. A system for detecting and isolating faults in pressure ports and pressure transducers of a pressure sensing system
of a Flush Air Data System (FADS), comprising:

a plurality of pressure ports flushed to a nose cap of a space vehicle in crucifix form;
at least three pressure transducers connected to each pressure port through a plurality of pneumatic tubes for
measuring surface pressure from said plurality of pressure ports;
at least one independent power supply unit separately connected to each of said at least three pressure trans-
ducers for powering said at least three pressure transducers at each pressure port; and
a processing unit configured to acquire voltage inputs corresponding to the measured surface pressure from
said at least three pressure transducers,
wherein said processing unit executes two or more levels of fault checking to detect and isolate pressure
transducer failures and blockage of said plurality of pressure ports based on the voltage inputs.

2. The system as claimed in claim 1, wherein said processing unit configured to acquire the voltage inputs from said
at least three pressure transducers through an interface bracket.

3. The system as claimed in claim 1, wherein said at least three pressure transducers of each pressure port are housed
in a single package.

4. The system as claimed in claim 1, wherein said two or more levels of fault checking are carried out sequentially as
triple modular redundant (TMR) logic, range validity, dynamic behavior and generation of structured sets of angle
of attack and sideslip angle estimates.

5. A method for detecting and isolating faults in pressure ports and pressure transducers of a pressure sensing system,
comprising:

distinguishing pressure port blockage failures from pressure transducer failures by cross comparison of surface
pressures measured at a plurality of pressure ports;
determining whether the measured surface pressures lie within a desired range to a coarse level at a specific
instant of flight phase;
checking constant pressure and rate on the measured surface pressures to identify full or partial blockage in
said plurality of pressure ports and sudden failures on a plurality of pressure transducers;
generating one or more structured sets of angle of attack and sideslip angle estimates from predefined combi-
nations of said plurality of pressure ports lying along a vertical and horizontal meridians of a vehicle nose cap; and
detecting and isolating the faults in said plurality of pressure ports and said plurality of pressure transducers in
the vertical and horizontal meridians based on said one or more structured sets of angle of attack and sideslip
angle estimates.

6. The method as claimed in claim 5, wherein the checking of constant pressure comprises detecting and isolating the
blocked pressure port and the failed pressure transducer if the difference between highest and lowest readings of
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the surface pressures for a predefined block duration is less than a desired threshold value.

7. The method as claimed in claim 5, wherein the checking of rate comprises detecting and isolating the blocked
pressure port and the failed pressure transducer if the measured surface pressures are more than a desired threshold
value during one computational update cycle time.

8. The method as claimed in claim 5, wherein the faults in said plurality of pressure ports and said plurality of pressure
transducers in the vertical meridian  are detected and isolated by checking dispersion of outlier from the median of
said one or more structured sets of angle of attack estimates.

9. The method as claimed in claim 5, wherein the faults in said plurality of pressure ports and said plurality of pressure
transducers in the horizontal meridian are detected and isolated by checking absolute magnitude of median of said
one or more structured sets of sideslip angle estimates.

10. The method as claimed in claim 5, wherein said one or more structured sets of angle of attack and sideslip angle
estimates are configured from at least three pressure ports of said plurality of pressure port.

11. The method as claimed in claim 5, wherein the blocked pressure port and the failed pressure transducer are isolated
from computations through logical reasoning.

12. The method as claimed in claim 8, wherein the checking of dispersion of outliers from the median of said one or
more structured sets of angle of attack estimates, further comprising:

determining the median of the angle of attack estimates after arranging the angle of attack estimates in an
ascending or descending order;
identifying the outlier in said one or more structured sets by finding the angle of attack estimates that lies farthest
from the median of the angle of attack estimates;
determining the difference between the outlier and the median of the angle of attack estimates; and
representing said plurality of pressure ports in the outlier as faulty ports, if the difference between the outlier
and the median is more than a desired threshold; and
forming a second structured set of angle of attack estimates using the remaining pressure ports and one of the
faulty ports and isolating the pressure port in the outlier of said second structured set.

13. The method as claimed in claim 9, wherein the checking of dispersion of outliers from the median of said one or
more structured sets of sideslip angle estimates, further comprising:

determining the median of the sideslip angle estimates after arranging the sideslip angle estimates in an as-
cending or descending order;
checking whether the absolute magnitude of the determined median of the sideslip angle estimates is less than
a desired threshold; and
isolating the pressure port common to said one or more structured sets of sideslip angle estimates, if the absolute
magnitude of the determined median of the sideslip angle estimates is more than the desired threshold.

14. The method as claimed in claim 13, wherein said one or more structured sets of sideslip angle estimates are formed
with at least one pressure port in the horizontal meridian common to said plurality of pressure ports and remaining
ports in the structured set taken from the vertical meridian.

Patentansprüche

1. System zum Erkennen und Isolieren von Störungen in Drucköffnungen und Druckwandlern eines Drucksensorsy-
stems eines bündigen Luftdatensystems (FADS), wobei das System Folgendes umfasst:

mehrere Drucköffnungen die an einer Nasenkappe eines Raumfahrzeugs in Kreuzform bündig angebracht sind,
wenigstens drei Druckwandler, die durch mehrere Pneumatikröhren mit jeder Drucköffnung verbunden sind,
um den Oberflächendruck von den mehreren Drucköffnungen zu messen,
wenigstens eine unabhängige Energieversorgungseinheit, die gesondert mit jedem der wenigstens drei Druck-
wandler verbunden ist, um die wenigstens drei Druckwandler an jeder Drucköffnung mit Energie zu versorgen,
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und
eine Verarbeitungseinheit, die dafür konfiguriert ist, Spannungseingaben zu erfassen, die dem gemessenen
Oberflächendruck von den wenigstens drei Druckwandlern entsprechen, wobei die Verarbeitungseinheit zwei
oder mehr Ebenen einer Störungsprüfung ausführt, um auf der Grundlage der Spannungseingaben Druckwand-
lerstörungen und eine Blokkierung der mehreren Drucköffnungen zu erkennen und zu isolieren.

2. System nach Anspruch 1, wobei die Verarbeitungseinheit dafür konfiguriert ist, die Spannungseingaben von den
wenigstens drei Druckwandlern durch eine Schnittstellenkonsole zu erfassen.

3. System nach Anspruch 1, wobei die wenigstens drei Druckwandler jeder Drucköffnung in einem einzigen Gehäuse
untergebracht sind.

4. System nach Anspruch 1, wobei die zwei oder mehr Ebenen einer Störungsprüfung nacheinander als dreifach
redundante modulare (TMR) Logik, Bereichsgültigkeit, dynamisches Verhalten und Erzeugung von strukturierten
Sätzen von Anstellwinkel- und Schiebewinkelschätzungen ausgeführt werden.

5. Verfahren zum Erkennen und Isolieren von Störungen in Drucköffnungen und Druckwandlern eines Drucksensor-
systems, wobei das Verfahren Folgendes umfasst:

das Unterscheiden von Drucköffnungsstörungen von Druckwandlerstörungen durch einen Quervergleich von
an mehreren Drucköffnungen gemessenen Oberflächendrücken,
das Feststellen, ob die gemessenen Oberflächendrücke zu einem spezifischen Augenblick der Flugphase bis
zu einem groben Niveau innerhalb eines gewünschten Bereichs liegen,
das Prüfen des Konstantdrucks und der Rate an den gemessenen Oberflächendrücken, um eine vollständige
oder teilweise Blockierung bei den mehreren Drucköffnungen und plötzliche Störungen an mehreren Druck-
wandlern zu identifizieren,
das Erzeugen von einer oder mehreren strukturierten Sätzen von Anstellwinkel- und Schiebewinkelschätzungen
aus vordefinierten Kombinationen der mehreren Drucköffnungen, die entlang eines vertikalen und eines hori-
zontalen Meridians einer Fahrzeug-Nasenkappe liegen, und
das Erkennen und Isolieren der Störungen in den mehreren Drucköffnungen und den mehreren Druckwandlern
in dem vertikalen und dem horizontalen Meridian auf der Grundlage der einen oder der mehreren strukturierten
Sätzen von Anstellwinkel- und Schiebewinkelschätzungen.

6. Verfahren nach Anspruch 5, wobei das Prüfen des Konstantdrucks das Erkennen und Isolieren der blockierten
Drucköffnung und des gestörten Druckwandlers, falls die Differenz zwischen höchsten und niedrigsten Messwerten
der Oberflächendrücke für eine vordefinierte Blockdauer geringer ist als ein gewünschter Schwellenwert, umfasst.

7. Verfahren nach Anspruch 5, wobei das Prüfen der Rate das Erkennen und Isolieren der blockierten Drucköffnung
und des gestörten Druckwandlers, falls die gemessenen Oberflächendrücke während einer rechnerischen Aktuali-
sierungszykluszeit mehr betragen als ein gewünschter Schwellenwert, umfasst.

8. Verfahren nach Anspruch 5, wobei die Störungen in den mehreren Drucköffnungen und den mehreren Druckwand-
lern in dem vertikalen Meridian durch das Prüfen der Ausreißerstreuung von dem Medianwert der einen oder der
mehreren strukturierten Sätzen von Anstellwinkelschätzungen erkannt und isoliert werden.

9. Verfahren nach Anspruch 5, wobei die Störungen in den mehreren Drucköffnungen und den mehreren Druckwand-
lern in dem horizontalen Meridian durch das Prüfen der  absoluten Größe des Medianwerts der einen oder der
mehreren strukturierten Sätzen von Schiebewinkelschätzungen erkannt und isoliert werden.

10. Verfahren nach Anspruch 5, wobei die eine oder die mehreren strukturierten Sätzen von Anstellwinkel- und Schie-
bewinkelschätzungen aus wenigstens drei Drucköffnungen von den mehreren Drucköffnungen konfiguriert sind.

11. Verfahren nach Anspruch 5, wobei die blockierte Drucköffnung und der gestörte Druckwandler durch logisches
Schluss folgern aus Berechnungen isoliert werden.

12. Verfahren nach Anspruch 8, wobei das Prüfen der Streuung von Ausreißern von dem Medianwert der einen oder
der mehreren strukturierten Sätzen von
Anstellwinkelschätzungen ferner Folgendes umfasst:
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das Bestimmen des Medianwertes der Anstellwinkelschätzungen nach dem Anordnen der Anstellwinkelschät-
zungen in aufsteigender oder absteigender Reihenfolge,
das Identifizieren des Ausreißers in der einen oder den mehreren strukturierten Sätzen durch das Finden
derjenigen der Anstellwinkelschätzungen, die am weitesten entfernt von dem Medianwert der Anstellwinkel-
schätzungen liegt,
das Bestimmen der Differenz zwischen dem Ausreißer und dem Medianwert der Anstellwinkelschätzungen und
das Darstellen der mehreren Drucköffnungen in dem Ausreißer als gestörte Öffnungen, falls die Differenz
zwischen dem Ausreißer und dem Medianwert mehr beträgt als ein gewünschter Schwellenwert, und
das Bilden eines zweiten strukturierten Satzes von Anstellwinkelschätzungen unter Verwendung der verblei-
benden Drucköffnungen und einer der gestörten Öffnungen und das Isolieren der Drucköffnung in dem Ausreißer
des zweiten strukturierten Satzes.

13. Verfahren nach Anspruch 9, wobei das Prüfen der Streuung von Ausreißern von dem Medianwert der einen oder
der mehreren strukturierten Mengen von Schiebewinkelschätzungen ferner Folgendes umfasst:

das Bestimmen des Medianwertes der Schiebewinkelschätzungen nach dem Anordnen der Schiebewinkel-
schätzungen in aufsteigender oder absteigender Reihenfolge,
das Prüfen, ob die absolute Größe des bestimmten Medianwertes der Schiebewinkelschätzungen geringer ist
als ein gewünschter Schwellenwert, und
das Isolieren der Drucköffnung, die der einen oder den mehreren strukturierten Sätzen von Schiebewinkel-
schätzungen gemeinsam ist, falls die absolute Größe des bestimmten Medianwertes der Schiebewinkelschät-
zungen mehr beträgt als der gewünschte Schwellenwert.

14. Verfahren nach Anspruch 13, wobei die einen oder die mehreren strukturierten Sätzen von Schiebewinkelschät-
zungen mit wenigstens einer Drucköffnung in dem den mehreren Drucköffnungen gemeinsamen horizontalen Me-
ridian und aus dem vertikalen Meridian entnommenen verbleibenden Öffnungen in dem strukturierten Satz geformt
werden.

Revendications

1. Système de détection et d’isolement d’anomalies dans des lumières de pression et des transducteurs de pression
d’un système capteur de pression d’un système de données d’air lisse (FADS), comprenant :

une pluralité de lumières de pression lissées à un chapeau de proue d’un engin spatial en forme de croix ;
au moins trois transducteurs de pression reliés à chaque lumière de pression via une pluralité de tubes pneu-
matiques pour mesurer une pression de surface à partir de ladite pluralité de lumières de pression ;
au moins une unité d’alimentation indépendante séparément reliée à chacun desdits au moins trois transducteurs
de pression pour alimenter lesdits au moins trois transducteurs de pression au niveau de chaque lumière de
pression ; et
une unité de traitement configurée pour acquérir des entrées de tension correspondant à la pression de surface
mesurée provenant desdits au moins trois transducteurs de pression, dans lequel ladite unité de traitement
exécute deux niveaux ou plus de vérification d’anomalies pour détecter et isoler des défaillances de  transducteur
de pression et un blocage de ladite pluralité de lumières de pression en se basant sur les entrées de tension.

2. Système selon la revendication 1, dans lequel ladite unité de traitement est configurée pour acquérir les entrées
de tension provenant desdits au moins trois transducteurs de pression via une console d’interface.

3. Système selon la revendication 1, dans lequel lesdits au moins trois transducteurs de pression de chaque lumière
de pression sont logés dans un seul conditionnement.

4. Système selon la revendication 1, dans lequel lesdits deux niveaux ou plus de vérification d’anomalies sont réalisés
séquentiellement sous forme de logique redondante trimodulaire (TMR), validité de portée, comportement dynami-
que et génération de jeux structurés d’estimées d’angle d’attaque et d’angle de dérapage.

5. Procédé de détection et d’isolement d’anomalies dans des lumières de pression et des transducteurs de pression
d’un système capteur de pression, comprenant les étapes consistant à :
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distinguer des défaillances de blocage de lumière de pression de défaillances de transducteur de pression par
comparaison croisée de pressions de surface mesurées en une pluralité de lumières de pression ;
déterminer si les pressions de surface mesurées se trouvent dans une plage souhaitée à un niveau grossier à
un instant spécifique de phase de vol ;
vérifier une pression constante et un taux sur les pressions de surface mesurées pour identifier un  blocage
total ou partiel dans ladite pluralité de lumières de pression et de défaillances soudaines sur une pluralité de
transducteurs de pression ;
générer un ou plusieurs jeux structurés d’estimées d’angle d’attaque et d’angle de dérapage à partir de com-
binaisons prédéfinies de ladite pluralité de lumières de pression se trouvant le long de méridiens vertical et
horizontal d’un chapeau de proue d’engin ; et
détecter et isoler les anomalies dans ladite pluralité de lumières de pression et ladite pluralité de transducteurs
de pression dans les méridiens vertical et horizontal en se basant sur lesdits un ou plusieurs jeux structurés
d’estimées d’angle d’attaque et d’angle de dérapage.

6. Procédé selon la revendication 5, dans lequel la vérification de pression constante comprend la détection et l’iso-
lement de la lumière de pression bloquée et du transducteur de pression défaillant si la différence entre des lectures
les plus hautes et les plus basses des pressions de surface pour une durée de bloc prédéfinie est inférieure à une
valeur seuil souhaitée.

7. Procédé selon la revendication 5, dans lequel la vérification de taux comprend la détection et l’isolement de la
lumière de pression bloquée et du transducteur de pression défaillant si les pressions de surface mesurées sont
supérieures à une valeur seuil souhaitée pendant un temps de cycle de mise à jour de calcul.

8. Procédé selon la revendication 5, dans lequel les anomalies dans ladite pluralité de lumières de pression et ladite
pluralité de transducteurs de pression dans le méridien vertical sont détectées et isolées en vérifiant la dispersion
d’observation aberrante par rapport à la médiane desdits un ou plusieurs jeux structurés d’estimées d’angle d’attaque.

9. Procédé selon la revendication 5, dans lequel les anomalies dans ladite pluralité de lumières de pression et ladite
pluralité de transducteurs de pression dans le méridien horizontal sont détectées et isolées en vérifiant la grandeur
absolue de médiane desdits un ou plusieurs jeux structurés d’estimées d’angle de dérapage.

10. Procédé selon la revendication 5, dans lequel lesdits un ou plusieurs jeux structurés d’estimées d’angle d’attaque
et d’angle de dérapage sont configurés à partir d’au moins trois lumières de pression de ladite pluralité de lumières
de pression.

11. Procédé selon la revendication 5, dans lequel la lumière de pression bloquée et le transducteur de pression défaillant
sont isolés des calculs par le raisonnement logique.

12. Procédé selon la revendication 8, dans lequel la vérification de dispersion d’observations aberrantes par rapport à
la médiane desdits un ou plusieurs jeux structurés d’estimées d’angle d’attaque comprend en outre les étapes
consistant à :

déterminer la médiane des estimées d’angle d’attaque après rangement des estimées d’angle d’attaque par
ordre croissant et décroissant ;
identifier l’observation aberrante dans lesdits un ou plusieurs jeux structurés en trouvant les estimées d’angle
d’attaque qui se situent le plus loin de la médiane des estimées d’angle d’attaque ;
déterminer la différence entre l’observation aberrante et la médiane des estimées d’angle d’attaque ;
représenter ladite pluralité de lumières de pression dans l’observation aberrante comme des lumières présentant
une anomalie, si la différence entre l’observation aberrante et la médiane est supérieure à un seuil souhaité ; et
former un second jeu structuré d’estimées d’angle d’attaque en utilisant les lumières de pression restantes et
l’une des lumières présentant une anomalie et isoler la lumière de pression dans l’observation aberrante dudit
second jeu structuré.

13. Procédé selon la revendication 9, dans lequel la vérification de dispersion d’observations aberrantes par rapport à
la médiane desdits un ou plusieurs jeux structurés d’estimées d’angle de dérapage, comprend en outre les étapes
consistant à :

déterminer la médiane des estimées d’angle de dérapage après rangement des estimées d’angle de dérapage
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par ordre croissant et décroissant ;
vérifier si la grandeur absolue de la médiane déterminée des estimées d’angle de dérapage est inférieure à un
seuil souhaité ; et
isoler la lumière de pression commune auxdits un ou plusieurs jeux structurés d’estimées d’angle de dérapage,
si la grandeur absolue de la médiane  déterminée des estimées d’angle de dérapage est supérieure au seuil
souhaité.

14. Procédé selon la revendication 13, dans lequel lesdits un ou plusieurs jeux structurés d’estimées d’angle de dérapage
sont formés avec au moins une lumière de pression dans le méridien horizontal commun à ladite pluralité de lumières
de pression et les lumières restantes dans le jeu structuré prélevé du méridien vertical.
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