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Abstract. For detecting early-stage damage, how to exactly capture the damage induced nonlinear
information (such as second harmonic waves) in wave propagation is significant but difficult. In this
paper, Fabry-Pérot bound states in the continuum (FP BICs) [1] are designed to enhance the second
harmonic waves caused by damage in beams, and the damage can be effectively detected. We propose a
dual-resonator configuration supporting FP BICs in a beam, and theoretically investigate their high-Q
performance for enhancing second harmonic waves. As illustrated in Fig. 1(a), Beam 1 is an intact
beam, Beam 2 includes an early-stage damage in the middle, and Beam 3 has the FP BICs with two
resonators separately arranged far from both sides of damage.

Beam 1

o
=t

g

= st e

E AU B 2 ----; Weak SHG
= R

= 1 T

g -5}

£ . .

E ok Beam3 |\ Enhanced
& i SHG
=

Beam 3 =
eam ¢ P sl
— ' ’ 2 0 10 20 30 40

?q/r Frequency (kHz)
(@) (®)
Figure 1: (a) Beam 1: intact beam; Beam 2: beam with early-damage; Beam 3: beam with early-damage
and the FP BICs. (b) The SHG in Beam 1-3.

The performance of proposed high-Q FP BICs is numerically verified and experimentally tested on a
circular beam containing a contact-type damage within the FP cavity (Beam 3), and a comparison with
the beam without FP BICs (Beam 2) is illustrated in Fig. 1(b). Results demonstrate the superiority of the
proposed FP BICs, yielding an effectively enhancement of second harmonic generation (SHG). This
amplification is driven by a spatiotemporal localization mechanism: the high-Q mode not only
concentrates the fundamental wave amplitude in space domain, but also simultaneously increases the
effective wave-damage interaction in time domain. Finally, the capability of this model to serve as a
high-sensitivity platform for early-stage structural health monitoring (SHM) is highlighted. Therefore,
the investigation of high-Q FP BICs can promote the development of wave manipulation techniques,
and also can provide an effective tool for damage detection and structural health monitoring.
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