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ABSTRACT

In recent years, patch antenna is widely used as sensors for the strain,
displacement and crack sensing in the structure health monitoring (SHM). However,
traditional patch antenna sensors are stressed when the sensors are applied to the
practical use. Due to the stress in the patch antenna, the measuring accuracy will be
decreased by the strain transfer efficiency and paste strength of glue. Besides, existed
antenna sensors mainly use Vector Network Analyzer (VNA) for the interrogation. On
the one hand, the VNA is expensive for the SHM. On the other hand, the interrogation
frequency will be limited by the sampling frequency of the used VNA, which means
that the VNA is hard to applied to the vibration detection.

For the problem about the stress in the patch antenna, this paper proposes two
prototypes of antenna sensor with overlapped patches. The temperature effect of one
prototype is then analyzed. For the problem of vibration interrogation, this paper
proposes a Frequency Modulated Continuous Wave Radar (FMCW Radar) based
interrogation system. The main contents of this paper are as followings:

(1) The resonant frequency of a patch antenna will decrease with the increase of
the length of radiation patch. In this paper, the radiation patch is divided to a lower
patch and a stacked movable patch. When the stacked movable patch moved relatively
to the lower patch, the totally length of the radiation patch will be changed and further
changed the resonant frequency. The basic parameters of the patch antenna are
confirmed by the theoretical calculation and numerical simulation. Then the proposed
patch antenna with optimized parameters is fabricated in the laboratory and tested by
the VNA and Ultra-wideband antenna. The results of experiment fit well with the
theoretical and numerical results, which inferred that this antenna is suitable using as
a deformation sensor.

(2) The resonant frequency of a patch antenna will be influenced by the location
of the coupled components. This paper proposes a kind of patch antenna with a
coupled overlapped patch utilized as deformation sensor. When the location of the
coupled patch is changed, the coupling effect will be weak or enhanced and further
change the resonant frequency. Since both the patch antenna and the coupled patch
could cause a 1% resonant frequency, we can increase the accuracy by combining the

two 1% resonant frequencies. The results of experiment fit well with the theoretical
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and numerical results. Besides, the accuracy is increased compared with the two 1%
resonant frequencies when the combined resonant frequency is used for sensing.

(3) The temperature effect of the proposed patch antenna sensor is analyzed. First
of all, the theoretical results that how the temperature influenced the resonant
frequency of patch antenna is investigated. Then the temperature effect is analyzed in
COMSOL Multiphysics. After numerical simulation, the experiment is carried out by
using an incubator. The experiment results fit well with the numerical results, which
suggests that the temperature effect can be compensated by linear interpolation.

(4) Based on the FMCW Radar, an interrogation system is proposed. The
hardware implementation of the FMCW interrogation system is then analyzed. After
the system is set up, it is utilized to interrogate the resonant frequency of proposed
antenna sensor in this paper. The results show that this system can interrogate the

resonant frequency of patch antenna with a sample rate of S00Hz.

Key Word: Combined patch antenna, Deformation sensor, Passive wireless, Resonant

frequency, FMCW radar, Dynamic interrogation system
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