e Mk M

a4t B3 Vol. 44 No. 3
2023 4 3 H Chinese Journal of Scientific Instrument Mar. 2023

DOLI: 10. 19650/j. cnki. ¢jsi. J2210739

FRP EREEAREHMERERELENTE"

RER R R,FFFE
(VU2 PR R WL TR TH%E 710071)

& E N T BURS R AR L AR MR B T —Fh FRP 253 E AN L EA VA . B, RS = BT DI AR R S
T —ME SRR ik IR TG R IR AR BIE  HE S T A N A R A O R, R R RN R AR Sk
HST T MR, Horp R IUR B-REA L R B 1 T i AR I (BB AR (R 85, 15 T 3 vh Ml AR S A, IR 3k
T AR B T RS M I AR A v L T IR R AR S P RN AR R OC R L RO T RAE TR TR R
Wk, LA 25 J2RREF 4E 5 A B REIE 5 A R -1 RS & 3 T AUE T SRR ISR, 5 0R , Sr AYJm A B
FA BT AE AN [ Bl 1) 28 4 RS, (S B S AR ZZ /N T 8%

KR AL E JE I AEIE ; b ARG ; NURBS ; A48 300 17 2% i #

FE 4SS TH410 XERERIREE, A BERREZERSEKRE; 410.20

Online monitoring method for buckling deformation of FRP laminated beams

Zhao Feifei,Bao Hong,Guo Yanhao
(School of Mechano-Electronic Engineering, Xidian University ,Xi'an 710071, China)

Abstract : To achieve the online monitoring of the buckling deformation of the beam structure, a shape sensing method for monitoring the
buckling deformation of FRP composite beam structure is proposed. Firstly, according to the higher order shear deformation theory, a
method for describing the deformation field of laminate composite beam structure is proposed. Based on the von Karman strain gradient
theory, the section strain expressions are derived. Then, the least square function is employed to formulate the displacement
reconstruction model. In this model, the displacement interpolation functions are constructed by using the quartic non-uniform rational B-
splines (NURBS) basis function as the shape function, and the theoretical section strain field formulation is derived. Based on a small
number of discrete point sirain measurement values, a nonlinear strain decoupling method is proposed, and the transformation
relationship between surface strains and measured section strains is established. Finally, to evaluate the accuracy and effectiveness of the
proposed method, a simply supported beam test platform is established with 25 layer carbon fiber composite beams as samples, and its
numerical calculation and experimental demonstration are carried out. Results show that the proposed model and the reconstruction
displacement error is less than 8% under different axial loads.
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Fig. 1 Fix-support beam model subjected axial load
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Fig. 3  Finite element model of FRP laminate beam
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Table 3 Scheme of strain sensors placement
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5.2 RIGIE

R T 2P BEAS SCHR Y A T AR TR W Ty VA AR
EVERE R @RI T & ik 6 Fros . H, ke 4k
EEF IR LA R T Yl )7 0 S A R TR T — 3
IF H VAR -8 3 0 e e Tl V65 b CRA il o
R AR RN N AE [, 220 55 K SRR 42 TR IR AR AR ]
T AAEE)) o BRI 3 AR 5 IERR
BENCET IO AR A% gt | LA S I 2R M5 4 10 A2 3715 B .
RIS, A &= R b 7 8005 e 43 BR 2 7] ( northern digital
incorporation, NDI) 4 7= (75 4E sh 2538 B R GU AR B o 1%
SRS RO R HE AR B Y A (R 23, a0 1Rl 6 (b) T

INo HHNYES AR RGN EAEEE N 0. 1 mm,

FEASTRV ) T3/ R T, )R 0 S 1 A% 54 AR B A A%
Y 7 fias, AR 7 BT LAE B file A ) SEAA 4 B
5 NDI 57 85 ¥ Fe 3 B2 30, 76 3R 4 60 b, MD
23. 63 Fl1 109. 74 mm, MAE XN 1.92 F11 6. 46 mm, Jf H.
RRMS A} 3. 71% F1 5. 45% (F5) . [Alita7 1 b,
MD 7 2. 68 Fll 33. 44 mm, MAE {4 0.22 1 2. 51 mm,
RRMS }37.34% M17.35% , wboh, WK S5 B, 7EUFh
B A KRS B RRMS 24/ T 8% , 55 {E 4y
Mres iR —20, B, i LIS UEAR SCHEEST B FRP 22 il A2
TEAE LR WA A (RS B e A 3K



86 e M & 2

44t

(a) [ 5432 %4 T

(a) Fixed-sliding support installation

(b) FLBWERGE

(b) Displacement measurement system

Ko Sesihilra

Fig. 6  Experimental test platform
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