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Virtual sensing of surface deformation for phased array antenna

under complex experimental modal

ZHOU Jinzhu', ZHAO Zheng', WANG Lin', XU Wenhua®, CHENG Dongming'
(1.State Key Laboratory of Electromechanical Integrated Manufacturing of High-performance Electronic Equipments,
Xidian University, Xi’an 710071, China; 2.The 14th Research Institute of China Electronics Technology Corporation,
Nanjing 210039, China)

Abstract: The electromagnetic performance of phased array antenna is greatly affected by the phased array antenna surface defor-
mation. How to apply the strain measurement data of sparse fiber grating strain sensors to sense the shape of antenna array is the
key to realize structural health monitoring and electromagnetic performance control. This paper proposes a virtual sensing method
for structural deformation under complex experimental modes. In this method, the complex mode transformation is first used to pro-
cess the complex mode data obtained from modal testing to obtain the corresponding real displacement modes, and then the full
field expansion of finite real displacement modes is realized using mode expansion; Combining the extended real displacement mod-
al and finite element modal data, two virtual sensing equations named CMT-SEREP (complex mode transformation-system equiv-
alent reduction expansion process) and CMT-LC (complex mode transformation-local correspondence) , which characterize the re-
lationship between sparse measured strain information and the full field displacement of the structure, have been derived to achieve
the real-time estimation of the deformation shape of the antenna structure from sparse measured strain information. Using the devel-
oped large phased array antenna array deformation experimental platform, experimental verification of different sensing methods
was carried out under three deformation working conditions. Experimental results show that the proposed method can reconstruct
the full field displacement of the antenna array structure using sparse strain measurement information, and the sensing accuracy of
CMT-LC is higher than that of CMT-SEREP. Compared to the traditional modal method, the relative percentage error of deforma-
tion sensing using CMT-LC method has been reduced by at least 6.105% . This method is not only suitable for deformation sensing

of non-proportional damping antenna structures, but also suitable for other complex engineering structures, and it has a great appli-
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cation potential.
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Fig.5 Experimental platform for phased array antenna array
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Tab.1 Wavelength setting of bare FBG strain sensor

string
iy (F4451) P /nm | 4i's (A5 2) Ao K /nm
1 1515 1 1515
2 1522 2 1525
3 1529 3 1535
4 1536 4 1545
5 1543 5 1555
6 1550 6 1565
7 1557 7 1575
8 1564 — —
9 1571 — —
10 1578 — —
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Tab.2 Comparison of measured and simulated modal

frequencies
L S S e
1 14.395 15.021 4.35
2 16.361 19.768 20.82
3 20.974 19.971 4.78
4 21.862 23.626 8.07
5 32.315 26.327 18.53
6 33.428 26.899 19.53
7 34.157 38.186 11.79
8 39.007 38.195 2.08
9 43.712 42.031 3.85
10 45.977 45.205 1.71
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Tab.3 Comparison of modal frequencies before and after

conversion
B FLIE L/ S AR 1Y \ AR X
% WA/ He  BUSIR/He 322/
1 0.75 14.395 14.426 0.22
2 0.76 16.361 17.399 6.34
3 0.66 20.974 19.193 8.49
4 0.94 21.862 22.350 2.23
5 0.70 32.315 28.538 11.69
6 0.49 33.428 33.150 0.83
7 0.46 34.157 33.550 2.36
8 0.89 39.007 42.201 8.19
9 0.82 43.712 43.203 1.16
10 0.94 45.977 48.537 5.57
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Fig. 12 Positions of the adjusting mechanism
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Tab.4 First order finite element displacement mode

frequencies
B R /Hz | 818 BR/Hz | B WA/Hz
1 15.0 4 23.6 7 38.1
2 19.7 5 26.3 8 38.2
3 19.9 6 26.8
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Fig. 13 MAC values on observation degrees of freedom
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Tab.5 Comparison of virtual sensing accuracy between

two experiments under the first working condition
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Tab. 6 Comparison of virtual sensing accuracy between

two experiments under the second working condition
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Fig. 16 Dynamic displacements and reconstruction errors at

the center of the experimental platform
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