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Abstract ; The variant aircraft will change the wing structure and skin shape on a large scale when performing different flight tasks. The
large-scale deformation reconstruction of the skin multi-dimensional is a difficult point in the research of deformed aircraft. To solve this
problem, this article proposes a deformed shape reconstruction method for the deformed aircraft skin based on multi-core optical fiber
sensing. Based on the principle of multi-core fiber grating strain sensing, this method uses multiple grating sensing points on the sensor
to establish the conversion relationship between grating wavelength drift and curvature, which realizes three-dimensional curve
reconstruction. In addition, to reconstruct the shape under the multi-dimensional large-scale deformation of the variable configuration
aircraft, this article studies the transformation of the reconstruction curve into the unfolding angle and flip angle of the aircraft wing, and
combines the inherent parameters such as the two angles and the length and width of the aircraft wing, and continuously integrates the
deformation caused by the change of the two angles by fitting the interpolation, so as to realize the multi-dimensional large-scale
deformation reconstruction of flexible skin. Meanwhile, to reduce the error caused by temperature, this article uses the characteristics

that the intermediate fiber core of multi-core fiber is not stretched and compressed, and is only affected by temperature, and the center
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wavelength drift of the intermediate fiber core and the side shaft core is differentiated, so as to realize temperature decoupling. To evaluate

the effectiveness of the proposed deformation reconstruction method, the deformation of the aircraft skin under different conditions is

experimentally tested, and the deformation reconstruction results are compared with visual measurements. The results show that the average

error of multi-dimensional large-scale deformation reconstruction of aircraft skin is 7 mm, and the average error of deformation angle

reconstruction is 3. 6% , which can realize multi-dimensional large-scale deformation reconstruction of modified configuration aircraft, and

this method has good application prospects in the field of structural deformation monitoring such as aerospace vehicles.

Keywords : deformation aircraft; fiber Bragg gratings; flexible skinning; multi-dimensional large-scale deformation reconstruction
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Fig. 1 Structural diagram of the variant aircraft
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Fig.3 Layout of the fiber optic sensor
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Fig. 5 Multicore fiber cross-section and pure bending model
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Fig. 6 Skinned deformed coordinate system
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Table 1 Multicore fiber gate center wavelength nm
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X 5 1546.2940 1546.1698 1546.178 8 1546.3356
HHX 6 1550.553 0 1550.4397 1550.2848 1 550.6753
MHX 7 1554.2292 1554.1006 1554.0117 1554.2954
X 8 1557.9742 1557.9192 1557.716 5 1 558.190 1
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Table 3 Multicore fiber curve reconstruction error
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Fig. 11 Four skin deformation reconstruction results

SR A SRR 22 5 ET 1 12— 2 Hh R Kl 5 ot
AR EEVIG . B RGITB 895 K A5 18] 5 5 )
AR ZEN T mm , BRI T A R S5 fA B
RS I  (F- A1 258 3. 6% , B A IR 2245/, UEBH E A4
TR R R R

5 & it

ARSCEE R A AR YR AT 45 52 B Y 22 4R RO ARSI W
TR PR T — R T 2 OG5 B AR ) 22 4R
REASIE B TT5

AT UG ET e AR AL SRR A AL B
ERIZASOHME RS S T OEHEE A R At R 2 1R
MR C R R BT T 3% T i/ Sl A =
RN PLI s S TR O RS A LR s sl A
FICA 58 i S T A S8, L T 52 Je e A 1 i 24k
WA, S Y NI B RS TRAT R A A SRR B 4 5 ), AR SC
A 3T TP R 2T 88 32 U RE S e A R DIPTSR T
HA )£ 055 S5 N T O K TR e 22 (1 14 L JEE A O
V5 Wl NI BE DA P S T MR E RS S T SRR SR K %
YERREARIE R TR SERAS SRR WA S e th A4 T
R ITRIER T mm, fAEH B R 22D 3. 6% .

AR SO R G ET AL JEIE AL AL 7 1A R IR R AT 2%
Fe MRS R AR T W DN ST R G 1 o 5
SZ 3Lk
[1] k. Pl A5 IR & ol e e il g 8 S5 A i 15 43 47

FBAERAU[ D], BRJRTE /R BE TRERSA, 2011,
WANG X. Numerical simulation on damage evolution of
ultra high temperature ceramics with micro crack under
thermal shock condition[ D]. Harbin:Harbhin Engineering
University, 2011.

[2] S5 L2 R M TBCC 44 & 3h Pl &
FE[D]. MR MR EE Talk K2, 2018,

MA J X. Control study for over-under TBCC engine with
safety boundaries [ D ]. Harbin; Harbin Institute of
Technology, 2018.

[ 3] NICOLAS M J, SULLIVAN R W, RICHARDS W L.
Large scale applications using FBG sensors : Determination
of in-flight loads and shape of a composite aircraft
wing[ J]. Aerospace,2016,3(3) :18-32.

[ 4] BANG H, SHIN H, JU Y. Structural health monitoring of a
composite wind turbine blade using fiber Bragg grating
sensors[ C]. Sensors and Smart Structures Technologies for
Civil, Mechanical, and Aerospace Systems, 2010.

[5] GREESR. 5 T Ouar ot 2 & M 45 (Y A2 I8 s i wf
FE[D]. BIAT: B AL R K2, 2016.

ZHANG Y J. Research on the deformation monitoring



541

TEIuEE S R T 5 H AR R Bl Uk 205

(6]

(7]

[8]

(9]

[10]

[11]

[12]

(13]

[14]

[15]

based on fiber Bragg grating [ D ]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2016.
MEERE, PN IF, ZR4L, 45 B PR MRS LB RO
LRI RERTTL[T]. SRR, 2018,39(1) «
144-151.

QU D M, SUN G K, LI H, et al. Optical fiber sensing and
reconstruction method for morphing wing flexible skin
shape[ J]. Chinese Journal of Scientific Instrument, 2018,
39(1) :144-151.

WADA D, HIROTAKA I, MASATO T, et al. Flight
demonstration of aircraft fuselage and bulkhead monitoring
using optical fiber distributed sensing system [ J]. Smart
Materials and Structures, 2018, 27. 025014.

SKRERRE, PN, AR, A AR TE LB R 52 R AR
LG LR LTk it gE [ 1], AU, 2018,
39(2) :66-72.

ZHANG J K, SUN G K, LI H, et al. Optical fiber shape
sensing of polyimide skin for flexible morphing wing[ J].
Chinese Journal of Scientific Instrument, 2018, 39(2):
66-72.

NICOLAS M J, SULLIVAN R W, RICHARDS W L.
Large scale applications using FBG sensors: Determ-
ination of in-flight loads and shape of a composite aircraft
wing[ J]. Aerospace, 2016, 3(3) .18.

CIMINELLO M, FENZA A D, DIMINO I, et al. Skin-
spar failure detection of a composite winglet using FBG
sensors[ J ]. Archive of Mechanical Engineering, 2017,
DOI:10. 1515/meceng-2017-0017.

JENETT B, CALISCH S, CELLUCCI D, et al. Digital
morphing wing: Active wing shaping concept using
composite lattice-based cellular structures [ J ]. Soft
Robotics, 2017, 4( 1) : 33-48.

WADA D, HIROTAKA I, MASATO T, et al. Flight
demonstration of aircraft wing monitoring using optical
fiber distributed sensing system [ J]. Smart Materials and
Structures, 2019, 28, 055007.

SOUZA E A, MACEDO L C, FRIZERA A, et al. Fiber
Bragg grating array for shape reconstruction in structural
elements[ J]. Sensors,2022,DOI;10. 3390/S22176545.
EH, RIRT, BREF, & —Fl T RETT AL
FIRAE R Ty e [T ], AL & 546, 2012,
20(11) :2894-2896.

WANG Y, ZHU ZHY, CHEN ZH P, et al. A method of
wing shape predictions for highly flexible UAVS [ ] ].
Computer Measurement and Control, 2012, 20 ( 11).
2894-2896.

SRMERE, RFW, dALH, A RRCITRSREE A
SEAEAFOCL R RAL K [T]. 208 5306 T,

2019,48(6) :393-400.
ZHANG X X, SONG Y M, MENG F Y, et al. Flexible
composite skin embedded optical fiber shape sensingfor
variant aircraft [ J ].
2019,48(6) :393-400.
KB, DY, BT, . BT A ROk i AR
AL o B p R EM[T]. AL 4, 2020,
41(8): 223617.

ZHANG K, YUAN SH F, REN Y Q, et al.

Infrared and Laser Engineering,

[16]

Shape
reconstruction of self-adaptive morphing wings’ fishbone
method [ J]. Acta
Aeronautica et Astronautica Sinica, 2020, 41(8) : 223617.
THEE, ek, BiE, S ARTENEESIES
FEHDCLTREIEOAR [J]. Uz 24, 2020,41(10):
223808.

YUHY, LIHF, ZENG J, et al. Monitoring technique

based on inverse finite element

(17]

for shape reconstruction of variable camber trailing edge
Acta Aeronautica ET
Astronautica Sinica, 2020, 41(10) . 223808.

WANG W R, LU Y, ZHAO D Z, et al. Research on large

deflection deformation reconstruction of elastic thin plate

based on optical fiber sensors[ J].

(18]

based on strain monitoring [ J ]. Measurement, January

2020, DOI; 10. 1016/j. measure-ment. 2019. 107000.
EEE T

FTHE,2019 4 T RIS, G5+
AL, O AL U BRHE R L WS A
FEWFTE T 10 R OCEFAR B
E-mail : 934830995@ qq. com

Wang Yuanfeng received his B. Sc. degree
in 2019. He is

currently a master student at Beijing Information Science and

from Wuhan University

Technology University. His main research interests include fiber
optic sensing and its application.

MERCAEEEH) 2011 4 T 22 58
R RAG T2 SR (AL
2018 4F T RUH TR AR A I e, BN
JEEUE BRI B A R0,
TEWFFE 7 161 R G2 B R T R R R
AP NS5
E-mail ; heyanlin@ bistu. edu. cn

He Yanlin ( Corresponding author) received her B. Sc. degree
from Lanzhou Jiaotong University in 2011, and received her
Ph. D. degree from Beijing Institute of Technology in 2018. She
is currently an associate professor and a master advisor at Beijing
Information Science and Technology University. Her main

research interests include optical fiber sensing and its

application, intelligent material micro robot, etc.



