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Array antenna deformation detection method based
on area coordinate shape functions
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2. School of Electro-Mechanical Engineering, Xidian University ,Xi'an 710071, China)

Abstract : To address the distortion issues of the thin plate deformation reconstruction, this study developed a quadrilateral element model
based on the area coordinate shape function. Unlike the traditional isoparametric transformation method reliant on the Jacobian matrix,
this approach introduces area coordinates as an intermediary between isoparametric and Cartesian coordinates. This ensures linear
conversion and second-order completeness of shape functions, eliminating precision degradation caused by element distortion in
isoparametric transformations and enhancing the model’s adaptability for complex structures. Considering the practical limitations of
sensor placement, the study also presents a reconstruction method based on single-surface strain, grounded in the first-order shear
deformation theory of classical Kirchhoff plates. By developing a multi-objective particle swarm optimization model, the optimal sensor
layout for single-surface arrangement was determined. Simulation and experimental validation on an antenna structure model demonstrated
that with a maximum deformation of 60 mm, the root mean square error (RMSE) was 0. 72 mm, and the percentage error (PD) was
2.89%. This method achieved high-precision deformation reconstruction of antenna structures and shows promise for application in the
design and manufacturing of deformable antenna structures.
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Fig. 1 The geometric model of quadrilateral plate structure
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Table 1 The material properties of array structure parts Table 2 Optimized sensor position and paste angle
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B 2 0.3 0.3 70 2.78 &1 2 0 0.556 6 0.014 7
ik 4 0.3 0.3 70 2.78 fRIRE 3 0 1.173 1 0. 005 2
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Fig.3 The finite element model of the array antenna iR 15 45 1. 660 2 -0.018 3
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Fig.4 The finite element model of the leading edge

plate and array antenna
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Table 3 The comparison of deformation reconstruction and

simulation results at marked points

i’ TH 1 T2 T3 T 4
ANSYS -5.42 -36.32 -109.51 -292. 54
iFEM -5.36 -35.93 -107.55 -289. 38
R -0.06 -0.39 -1.96 -3.16
ANSYS -10. 89 -73.13 -221.29  -591.89
iFEM i -10.78 -71.96 -220.16  -591.53
R -0. 11 -1.17 -1.13 -0.36
ANSYS -4.93 -34.42 -111.57  -303.84
iFEM i -5.08 -33.53 -109. 53 -301.71
R 0.15 -0.89 -2.04 -2.13
ANSYS -10.03 -69. 98 -226.38  -615.36
iFEM i -10.33 -68. 34 -228.39  -613.04
PR 0.30 -1.64 2.01 -2.32
RMSE 1.87
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Fig.5 The deformation reconstruction results of the leading edge plate and antenna under four different loading conditions

3.2 SKIGIEIE

S PPAS T WA BT Y 1A FROT I AR SE bR TR
AR ARSEIOA EE T 1 A5 BUE () A [R) ) BE 31) R 2
M6, RSB e RS ) e R0 e T 7 ¥
J7 -5 RO 58 4 — 3,

MR LR GEH 5Z 478 TV B ORG W AE FL 3 18 1 OGO
AR B AS (AL 6 (a) TR ) Wbl Z 8T8 | 314 A8 4k 1 %

(a) A EHME R 5 AR A%

(a) FBG sensors and displacement sensors

(b) fFEAX
(b) Demodulator

KA B A B a4 (An & 6 (b) Frs A5 3 pm, kil
100 Hz) Hr, Sl CEHOEMHRIE R 40, ol LI AR
TE TG N AR AE 3 26 AR {6 F 5548 A5 2 b 5o
S AR T 7 00 ph e i) B =0 I a8 A5 NDIL( S 4 Bl A
BEERG EE 0.1 mm, WK 6(c) i) KM, &,
SR AR TT & 0 = 4 3 b S o, S K O AR
meE 7 Fis,

(c) NDI(SE =7 W& B 4)
(c¢) NDI(third-party measurement equipment)

Ko &
Fig. 6 Experimental platforms



55 8 1] Kl AR T T ARALARIE BRI 91 R A A I T 1 119

K7 AR
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deformation
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Table 4 The comparison of deformation reconstruction and simulation results at marked points
FRic s BiR 2 1 2 3 5 6 7 RMSE PD
NDI 2.39 3.79 5.78 7.50 10.77 13.77 16. 89
T8 0. 40 1. 17%
HE 2.45 3.92 5.96 7.65 10. 90 14. 04 17.27
NDI 8.59 13.53 20. 16 26.59 37.08 47. 68 58.99
T.0 2 0. 63 2.57%
HIE 8.68 13.69 20.22 26.73 37.27 48.04 59.55
NDI -4.24 -6.31 -9.27 -12. 04 -17.64 -23.51 -29.73
TH 3 0.41 1. 82%
FHIIE -4.29 -6.53 -9.55 -12.26 -17.75 -23.88 -30. 13
NDI -7.91 -12.34 -18.51 -24.70 -35.76 —-47.43 -59.78
T4 0.72 2. 89%
HHMH -8.02 -12.90 -18.92 -24.32 -35.12 -46.97 -59.26
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