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Abstract: According to the demand of stress and strain field monitoring on the key area of main bearing
structure of helicopter, it is necessary to study the corresponding distributed on-line monitoring technol-
ogy and its strain field inversion method, so as to provide the assessment reference for structure health
state and the real-time identification of the structure deformation of helicopter rotor blades. The finite
element simulations of the single ended fixed supported aluminum alloy beam and plate structure are car-
ried out by Patran/Nastran simulation software. The basic configuration rules of fiber Bragg grating
sensor and resistance strain sensor are presented, and an inverse method is given for the strain field of a
single ended fixed supported aluminum alloy structure based on the three-B-spline interpolation algo-
rithm. On this basis, a distributed strain on-line monitoring system based on fiber Bragg grating sensor
and resistance strain sensor is constructed. Research results show that the method is reliable and appli-
cable.
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Fig. 1 Structure of fiber Bragg grating snesor
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Fig.2 Resistance strain gauge structure
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Tab.1 Geometry and material properties of beam structure
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Single ended clamped beam

Fig. 3

LU BROGOS HA5 R bl » e BCR oo o +
BRI D R R =k B ORE 2R s BT DL
{0 ) SR 5 R F A S BN R DR (. A RO K4S
A5 T AN [R) R AR SRR 1 LA R A R AN T 4
IR

5400

4 800 e

e R

4200 Il A EL A LR
3 600
3000
A 2400

1 800
1200
600
5
0%
4 RSO B BB I A5 4 5

Fig.4 Strain interpolation fitting results of

different number of sensors
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Tab. 2 Interpolation fitting error of different

number of sensors

e ki it FHERE pe
2 0.028 0
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5 0.007 3
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Tab.3 Interpolation fitting error of different

sensors layout
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3 1,10,20 0.015 0
3 4,14,17 0.244 7
5 1,3,10,16,20 0.007 3
5 3,8,11,14,18 0.5319
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Fig. 5 Fiber Bragg grating sensor and resistance strain

sensor layout of plate structure

B 5 s BN B AT T S U X 4 A H
TCRE AT i 5 WU S 1~ 144 KU B0 25 3R
KU BREEWIE A ML BT LA iR (642
PR 11 X 38k T B4R v 1 5 3 AT 24 30 R O
PR M 75 2 A 2 DX I A 0T 2658 2 1) A SRl o Tl 7
ATARTAT [ R 2 B A AT LAl A S R

e HUA BRI 73 A I A5 0 A TR il i A 4 20 S
RN A2 (B TR UL A% St I R L R T =1k B
R 2% 3 LA 320 08 AR T ML A 5 9 A 114 i 1) oz A
Tl . EFLG TR 5 L A 300 14 T 50 M
A% 778 Bl S5 AR LA RO ELAE SRR AT R L L 4R
miE 6 frs.

4 = L

4.1 NMTMNRSE
A E SRS MR ARG FEHBG4S
M FCEF AL 2% | fE B AR F L G £ S g 1

B YJ-4501A F A BH N AR AL LA B v 3 ML AL [R] 41
LW 7R .

K6 ARITO 75 E G SR
Fig. 6 Comparison of finite element simulation and

interpolation fitting results

IV T RS R

Fig. 7 Monitoring system of plate structural strain
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Fig. 8 Strain gauge measurement and fitting values
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Fig. 9 Measurement and fitting values of

fiber Bragg grating sensor
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Tab. 4 Strain values corresponding to different positions
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