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(57) ABSTRACT 
An aircraft has several ultrasonic phased arrays acoustically 
bonded to parts of its structure to be monitored. The arrays 
are energized to produce an ultrasonic beam that scans the 
structure in tWo planes. A monitor receives the output from 
the arrays produced by re?ection of energy from disconti 
nuities Within the structure. When there is a change in these 
outputs, the monitor signals a pilot display unit and a ?ight 
control system such that the aircraft ?ight envelope can be 
restricted to minimize damage. 
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MONITORING 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to monitoring. 

[0002] The invention is more particularly concerned With 
arrangements for monitoring defects caused during the life 
of a mechanical component, such as a component in an 
aircraft. 

[0003] Aircraft structural components and moving com 
ponents can be subject to excessive stress, Which can lead to 
damage in the components. It is knoWn to attach stress 
monitors on such components. Although these can detect 
stress in the components they cannot detect defects arising 
from such stress. Defects Within a component can be moni 
tored by ground-based equipment during periodic inspection 
but this does not enable defects arising during use to be 
detected until the next inspection. In an aircraft, a defect 
caused during ?ight could lead to catastrophic failure unless 
action is taken to avoid this. 

BRIEF SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to provide an 
improved monitoring system and method. 

[0005] According to one aspect of the present invention 
there is provided a monitoring system including a compo 
nent to be monitored, at least one phased acoustic array 
acoustically coupled With the component, and means for 
monitoring the output of the array during use of the com 
ponent, the monitoring means being responsive to defects 
arising during use of the component and providing an output 
in accordance thereWith. 

[0006] The monitoring means preferably provides the out 
put in response to a change in output from the acoustic array. 
The array is preferably energiZed to generate acoustic energy 
propagated into the component and may be energiZed to scan 
a beam of acoustic energy in tWo planes. The array may be 
provided by a square of PZT material diced into an array of 
square elements and is preferably operative at ultrasonic 
frequencies. The array may be bonded to the component and 
the system may include a plurality of arrays distributed over 
the component. 

[0007] According to another aspect of the present inven 
tion there is provided an aircraft including a component to 
be monitored, at least one acoustic array acoustically 
coupled With the component, and means in the aircraft for 
monitoring the output of the array during aircraft ?ight, the 
monitoring means being responsive to defects arising during 
?ight and providing an output in accordance thereWith. 

[0008] The aircraft preferably includes a pilot display 
arranged to receive an output from the monitoring means. 
The monitoring means may be arranged to provide an output 
to an aircraft ?ight control system When the monitoring 
means detects a possible fault in the component, so as to 
limit the ?ight envelope of the aircraft. 

[0009] According to a further aspect of the present inven 
tion there is provided a method of monitoring defects in a 
component during use of the component comprising the 
steps of acoustically coupling to the component at least one 
phased acoustic array, and monitoring the output of the array 
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during use of the component so as to detect any defect 
arising during use of the component. 

[0010] The method preferably includes the step of moni 
toring the output of the array for a change in output. The 
method preferably includes the step of energiZing the acous 
tic array to produce a beam of acoustic energy that scans the 
component. The acoustic array is preferably energiZed to 
produce a beam of acoustic energy that scans the component 
in tWo planes. 

[0011] An aircraft monitoring system and its method of 
use, in accordance With the present invention, Will noW be 
described, by Way of example, With reference to the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic vieW of the system; 

[0013] FIG. 2 is a perspective vieW of a scanning sensor 
of the system; 

[0014] FIG. 3 shoWs use of the system to detect corrosion; 
and 

[0015] FIG. 4 shoWs use of the system to detect de 
lamination. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0016] With reference ?rst to FIG. 1, the system com 
prises an aircraft component 1 (shoWn in section) such as a 
structural beam or the like and tWo sensors 2 and 3 bonded 
to adjacent faces 4 and 5 of the component inclined at right 
angles to one another. The sensors 2 and 3 are bonded to the 
component by a material, such as With an epoxy adhesive, 
Which acoustically couples the sensor With the respective 
face of the component. The sensors and their Wires may need 
to be protected from mechanical or chemical damage such as 
by means of a protective casing or by appropriate position 
ing. The sensors 2 and 3 are electrically connected With a 
monitor in the form of a processor unit 6, Which provides 
outputs to a pilot’s display 7 and to various ?ight control 
systems 8 Within the aircraft. The processor unit 6 also has 
an output 9, to Which ground test equipment can be con 
nected, and has an input 10 connected to a pilot-operated 
control 11. 

[0017] With reference noW also to FIG. 2, the sensor 2, 
Which is identical With the other sensor 3, comprises a 
rectangular housing 20 With a ?at front face 21 supporting 
a square matrix array 22 of deposited PZT material diced 
into an array of about ten by ten elements 23 extending in 
tWo orthogonal directions, each element being about 25 
micron square. Different numbers and siZes of elements 
could be used. When energiZed, each element 23 emits 
pulses at ultrasonic Wavelengths. The array 22 is connected 
to a drive unit 24 Within the housing 20, Which also provides 
signal conditioning and buffer functions. The drive unit 24 
drives the array 22 in a phased manner so that it produces a 
beam of ultrasonic energy that scans in tWo planes. The 
poWer output of the array 22 may be at loW levels selected 
so that it is insu?icient to cause fatigue or other damage to 
the structure being monitored. The array 22 receives signals 
re?ected back from boundaries, interfaces, imperfections, 
defects or other discontinuities Within the component 1. The 
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drive unit 24 of each sensor 2 and 3 is connected to the 
processing unit 6, Which monitors the outputs from the 
sensors to build up a three-dimensional representation of the 
component 1. The data may be monitored continuously or 
appropriately sampled or selected according to the process 
ing capabilities. When the processing unit 6 detects a change 
in the outputs of the sensors 2 and 3, it analyses the nature 
of this change using image processing technology to deter 
mine its effect. If the change has a characteristic indicative 
of a Weakening of the structure, such as a crack, or a 
potential future Weakening, it provides an output to the pilot 
display 7 accordingly. The system can also respond to more 
gradual defects, such as caused by corrosion, as shoWn in 
FIG. 3, since the re?ection from a corroded surface Will 
generally be at a loWer level or shifted in phase compared 
With re?ections from an uncorroded surface. A gradual 
reduction or change in phase of a re?ected signal can, 
therefore, be indicative of a build-up of corrosion. The 
system can also respond to defects on non-metallic struc 
tures, such as, for eXample, carbon ?bre reinforced plastics 
or other composite materials, as shoWn in FIG. 4. Delami 
nation Within such materials Will produce characteristic 
re?ections Within the thickness of the material. 

[0018] The display 7 preferably provides a display repre 
sentation of the safe operational ?ight envelope for the 
aircraft given the nature of the detected defect. The pilot is 
then prompted to respond by operating the control 11, 
thereby signalling the processing unit 6 to provide output 
signals to the ?ight control systems 8. These output signals 
cause the systems 8 to limit the ?ight envelope of the aircraft 
such as to keep propagation of the defect to Within accept 
able limits relative to the estimated time to complete the 
?ight. The limits on the ?ight envelope may be different 
according to the location of the detected defect. The engine 
revs and the rates of manoeuvre, for eXample, could be 
limited. 

[0019] The system described enables a real-time monitor 
ing of defects during ?ight of an aircraft so that any defects 
arising Will be detected at an early stage and before they 
become catastrophic. 

[0020] The small siZe of the individual elements 23 of the 
array 22 enables the use of relatively short Wavelength 
ultrasonic energy, giving them a relatively high resolution, 
Which is more suitable for relatively thin and complex 
sections used in airframes. Because high quality metals are 
generally used in airframes, there is less scattering and 
attenuation compared With coarse grained and cast metals 
used in general engineering. The effect of signal attenuation 
and scattering Will generally be greater in composite or 
laminated materials but aircraft structures tend to be rela 
tively thin and de-lamination failures can be eXpected to 
produce a relatively large signal. 

[0021] The system may be operable in the passive mode, 
that is, Where the sensors do not generate a signal themselves 
but respond to ultrasonic signals produced by the structure 
to Which they are attached. The processor 6 can be sWitched 
to monitor for such signals. Crack propagation, in particular, 
can produce signals of this kind to Which the system is 
responsive. 

[0022] The system can, therefore, respond to various 
defects such as caused by cracks, corrosion, voids and the 
separation of bonded or laminated structures. It can also 
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respond to change in shape of the structure to Which it is 
attached, such as defects caused by distortion, yielding and 
excessive motion. It can also detect defects caused by battle 
damage and may be able to detect embrittlement. 

[0023] Atypical airframe might have many tens of sensors 
attached to structures knoWn to be particularly subject to 
damage, or to structures that are particularly critical to 
safety. Alternatively, sensors could be distributed across the 
entire airframe or other system so that defects and stresses 
can be equalized. Sensors could be attached to moving 
structures, such as helicopter rotor blades, and signals sup 
plied to and from the sensors either by slip rings or Wireless 
telemetry. The overall data image produced by these sensors 
may be very compleX but this need not be a problem since 
the system need only respond to changes in the data image, 
Whether this be short-term or long-term. 

[0024] The system is non-destructive and does not cause 
any signi?cant electromagnetic emission problems. As Well 
as being used in-?ight, it can also be used for pre-?ight 
checks and maintenance. 

[0025] The sensors need not be permanently bonded to the 
structure being monitored, providing that there is a good 
acoustic coupling. This could be achieved by bolting the 
sensors in place and using an acoustic coupling substance to 
form an ef?cient interface betWeen the sensor and the 
surface of the structure. 

[0026] It Will be appreciated that the invention is not 
con?ned to use in aircraft applications but could be used in 
other structures Where it is important to be able to monitor 
defects, such as in marine vessels, buildings, civil engineer 
ing structures, pipelines, processing plants and the like. 

What I claim is: 
1. A monitoring system comprising: a component to be 

monitored; at least one phased acoustic array acoustically 
coupled With said component; and a monitor for monitoring 
the output of said array during use of said component, 
Wherein said monitor is responsive to defects arising during 
use of said component and provides an output in accordance 
thereWith. 

2. Amonitoring system according to claim 1, Wherein said 
monitor is arranged to provide said output in response to a 
change in output from said acoustic array. 

3. Amonitoring system according to claim 1, Wherein said 
monitor is arranged to energiZe said array to generate 
acoustic energy propagated into said component. 

4. Amonitoring system according to claim 3, Wherein said 
monitor is arranged to energiZe said array to scan a beam of 
acoustic energy in tWo planes . 

5. Amonitoring system according to claim 1, Wherein said 
array is provided by a square of PZT material diced into an 
array of square elements. 

6. Amonitoring system according to claim 1, Wherein said 
array is operative at ultrasonic frequencies. 

7. Amonitoring system according to claim 1, Wherein said 
array is bonded to said component. 

8. A monitoring system according to claim 1 including a 
plurality of said arrays distributed over said component. 

9. A monitoring system comprising: a component to be 
monitored; at least one phased ultrasonic array having a 
plurality of elements in tWo orthogonal directions, the array 
being acoustically coupled With said component; and a 
monitor for energiZing said array to produce a beam of 
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ultrasonic energy that scans the component in tWo planes, 
Wherein said monitor is arranged to monitor the output of 
said array in response to ultrasonic energy received from 
said component during use of said component, and Wherein 
said monitor is responsive to defects arising during use of 
said component and provides an output in accordance there 
With. 

10. An aircraft comprising: an aircraft structural compo 
nent to be monitored; at least one acoustic array acoustically 
coupled With said component; and a monitor in said aircraft 
for monitoring the output of said array during aircraft ?ight, 
Wherein said monitor is responsive to defects arising during 
?ight and provides an output in accordance thereWith. 

11. An aircraft according to claim 10 including a pilot 
display and a connection betWeen the display and the 
monitor so that the display receives an output from the 
monitor. 

12. An aircraft according to claim 10, Wherein the monitor 
is arranged to provide an output to an aircraft ?ight control 
system When the monitor detects a possible fault in the 
component, and Wherein the ?ight control system is 
arranged to limit the ?ight envelope of the aircraft in 
response to said output. 

13. An aircraft comprising: an aircraft structural compo 
nent to be monitored; a plurality of ultrasonic acoustic arrays 
acoustically coupled With said component; a monitor in said 
aircraft for monitoring the output of said arrays during 
aircraft ?ight; a pilot display; an aircraft ?ight control 
system; and connections betWeen said display, said ?ight 
control system and said monitor, Wherein said monitor is 
responsive to defects arising during ?ight and provides an 
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output in accordance thereWith to said display and to said 
?ight control system such that the ?ight envelope of the 
aircraft is limited. 

14. A method of monitoring defects in a component 
during use of said component comprising the steps of: 
acoustically coupling to said component at least one phased 
acoustic array, and monitoring the output of said array 
during use of said component so as to detect any defect 
arising during use of said component. 

15. A method according to claim 14, Wherein the output 
of said array is monitored for a change in output. 

16. Amethod according to claim 14, Wherein said array is 
energiZed to produce a beam of acoustic energy that scans 
said component. 

17. Amethod according to claim 16, Wherein said array is 
energiZed to produce a beam of acoustic energy that scans 
said component in tWo planes. 

18. A method of monitoring defects in a component 
during use of said component comprising the steps of: 
acoustically coupling to said component at least one phased 
acoustic array, energiZing said array to produce a beam of 
ultrasonic energy that scans said component in tWo planes, 
monitoring the output of said array produced by ultrasonic 
energy received by said array after re?ection from discon 
tinuities in said component, and determining When said 
output changes in a manner indicative of change in discon 
tinuities in said component arising during use of said com 
ponent. 


