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CLAIMS

1. A structural health monitoring method comprising:

forming in-situ a plurality of acoustic transducers on a surface of a structure
to be monitored;

generating, from a first position on the structure, bulk acoustic wave signals
for propagation in the structure;

detecting, at a second paosition on the structure, the bulk acoustic wave
signals propagating in the structure; and

analyzing the detected bulk acoustic wave signals to determine structural
health of the structure,

wherein at least one of generating and detecting the bulk acoustic wave
signals is performed by one or more of the acoustic transducers.

2. The method as claimed in claim 1, wherein forming in situ the plurality of
acoustic transducers comprises:

directly coating and patterning a piezoelectric layer and electrode layers of
the acoustic transducers on the surface of the structure such that the piezoelectric
layer is crystallized in situ; and

polarizing the piezoelectric layer.

3. The method as claimed in claim 2, wherein the piezoelectric layer is
polarized in a polarization direction substantially normal to the surface of the

structure.

4. The method as claimed in claim 3, further comprising patterning a top
electrode layer of the acoustic transducers into a comb pattern, and selecting a
period of the comb pattern to be substantially equal to a wavelength of the bulk

acoustic wave signals.

5. The method as claimed in claim 2, wherein the piezoelectric layer is
polarized in a polarization direction along the surface of the structure.

6. The method as claimed in claim 5, wherein the structure comprises an
elongated pipe, and wherein the piezoelectric layer is polarized in a longitudinal
direction of the pipe.



WO 2020/027729 PCT/SG2019/050375
15

7. The method as claimed in claim 5, wherein the structure comprises an
elongated pipe, and wherein the piezoelectric layer is polarized in a circumferential
direction of the pipe.

8. The method as claimed in any one of claims 2 to 7, wherein the
piezoelectric layer comprises a polymer.

9. The method as claimed in any one of claims 2 to 7, wherein the
piezoelectric layer comprises a ceramic, and wherein the ceramic is substantially

lead-free.

10. The method as claimed in any one of claims 3 to 7, wherein generating the
bulk acoustic wave signals comprises applying an alternating electric potential in a
direction substantially parallel or perpendicular to the polarization direction of the
piezoelectric layer.

11.  The method as claimed in any one of claims 1 to 10, wherein forming in situ
the plurality of acoustic transducers comprises forming two groups of acoustic
transducers at the first and second positions respectively, and wherein the bulk
acoustic wave signals are generated by one or more acoustic transducers of the

first group and detected by one or more acoustic transducers of the second group.

12. The method as claimed in any one of claims 1 to 10, wherein forming in situ
the plurality of acoustic transducers comprises forming one group of acoustic
transducers at the first position, and wherein the bulk acoustic wave signals are
generated by the in-situ formed acoustic transducers and detected by one or more
discrete acoustic transducers.

13. The method as claimed in any one of claims 1 to 10, wherein forming in situ
the plurality of acoustic transducers comprises forming one group of acoustic
transducers at the second position, and wherein the bulk acoustic wave signals are
generated by one or more discrete acoustic transducers and detected by the in-situ

formed acoustic transducers.

14.  The method as claimed in any one of claims 1 to 13, wherein at least one of
generating and detecting the bulk acoustic wave signals comprises operating the
acoustic transducers substantially at a resonant frequency.



WO 2020/027729 PCT/SG2019/050375
16

15. The method as claimed in any one of the claims 1 to 14, wherein the bulk
acoustic wave signals are generated for propagation based on at least one of a
longitudinal mode, a torsional mode, a shear mode and a flexural mode.

16. A structural health monitoring system comprising:

a plurality of acoustic transducers formed in situ on a surface of a structure
to be monitored, wherein one or more of the acoustic transducers are configured to
perform at least one of:

generating, from a first position on the structure, bulk acoustic wave
signals for propagation in the structure; and

detecting, at a second position on the structure, the bulk acoustic
wave signals propagating in the structure; and

a processor configured to analyze the detected bulk acoustic wave signals
to determine structural health of the structure.

17. The system as claimed in claim 16, wherein the plurality of acoustic
transducers comprise a piezoelectric layer and electrode layers directly coated and
patterned on the surface of the structure, and wherein the piezoelectric layer
comprises a crystallized structure.

18. The system as claimed in claim 17, wherein the piezoelectric layer is
polarized in a polarization direction substantially normal to the surface of the

structure.

19. The system as claimed in claim 18, wherein a top electrode layer of the
acoustic transducers is patterned into a comb pattern, and wherein a period of the
comb pattern is substantially equal to a wavelength of the bulk acoustic wave
signals.

20. The system as claimed in claim 17, wherein the piezoelectric layer is
polarized in a polarization direction along the surface of the structure.

21.  The system as claimed in claim 20, wherein the structure comprises an
elongated pipe, and wherein the piezoelectric layer is polarized in a longitudinal
direction of the pipe.
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22. The system as claimed in claim 20, wherein the structure comprises an
elongated pipe, and wherein the piezoelectric layer is polarized in a circumferential
direction of the pipe.

23. The system as claimed in any one of claims 17 to 22, wherein the
piezoelectric layer comprises a polymer.

24. The system as claimed in any one of claims 17 to 22, wherein the
piezoelectric layer comprises a ceramic, and wherein the ceramic is substantially

lead-free.

25. The system as claimed in any one of claims 18 to 22, wherein an
alternating electric potential is configured to be applied in a direction substantially
parallel or perpendicular to the polarization direction to generate the bulk acoustic

wave signals.

26. The system as claimed in any one of claims 16 to 25, wherein the in-situ
formed acoustic transducers comprise two groups of acoustic transducers
disposed at the first and second positions respectively, and wherein one or more
acoustic transducers of the first group are configured to generate the bulk acoustic
wave signals and one or more acoustic transducers of the second group are

configured to detect the bulk acoustic wave signals propagating in the structure.

27. The system as claimed in any one of claims 16 to 25, further comprising
one or more discrete acoustic transducers disposed at the second position,
wherein the in-situ formed acoustic transducers comprise one group of acoustic
transducers disposed at the first position and configured to generate the bulk
acoustic wave signals, and wherein the one or more discrete acoustic transducers

are configured to detect the bulk acoustic wave signals.

28. The system as claimed in any one of claims 16 to 25, further comprising
one or more discrete acoustic transducers disposed at the first position and
configured to generate the bulk acoustic wave signals, wherein the in-situ formed
acoustic transducers comprise one group of acoustic transducers disposed at the
second position and configured to detect the bulk acoustic wave signals.
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29. The system as claimed in any one of claims 16 to 28, wherein the acoustic

transducers are configured to operate substantially at a resonant frequency.

30. The system as claimed in any one of claims 16 to 29, wherein the bulk acoustic
wave signals are configured to propagate based on at least one of a longitudinal

mode, a torsional mode, a shear mode and a flexural mode.



