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Fig. 2 Expandable multifunctional sensor network
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Fig.3 Schematic of the substrate of sensor network
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Fig. 7 Multifunctional sensor network integrated with RTDs. resistance strain gauges and PVDF film sensors

125

= Experimental data

120+ ——— Linear fit

1154

1104

Resistance /O

105 4

100 1

0 20 40 60 80
Temperature /°C
B8 e B s 0y SEM 8 Bl B — 38 % 6 R
Fig. 8 SEM and the characterization of

RTD temperature sensor

1.0 T T T T T

0.54

0.0

Voltage /mV

=0.5 4

-1.0 T T —f— T v T v T v
0.0 01 0.2 0.3 0.4 0.5

Time/s

B 10 10Hz B PVDF J s 5 A2 1 25 00 i 17 iy 28
Fig. 10 The response curve of PVDF film sensor

under 10Hz actuation

3148.0
31478 -
31476 = experimental data
3147.4 4 — linear fitting

2 3147.2 1

S 31470

£ 31468 -

B 31466 -

€ 31464
31462
3145.0t

100 200 300 400 500
Strain/ppm
B9 R R AR AR IS i) SEML IR K B — R 748 56 2

Fig. 9 SEM and the characterization of strain gauge
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Design and manufacture technology of expandable

multifunctional composite structure state sensing network

FAN Zhong', WANG Yi-shou*, QIU Xue-giong®’, QING Xin-lin*"*
(1. School of Mechanical and Electrical Engineering, Taizhou Vocational Technical Institute, Taizhou 318000, China; 2. School of
Aerospace Engineering, Xiamen University, Xiamen 361005, China; 3. Beijing Aeronautical Science and Technology Research Institute of

COMAC, Beijing 102211, China)

Abstract: The use of advanced composite materials can provide an effective way for reducing weight,
improving efficiency and decreasing operating costs of large engineering structures. Because of the
limitation of design, manufacturing and detection technology, the superior performance of composite
materials is still far from being fully utilized in large engineering structures. In this paper, an
expandable multifunctional sensing network integrated with composite structure is proposed to form
multimodal sensing capability of composite structures, so that composite structure can “feel” and
“think” its own state. For this reason, on the microscopic scale, new methods were developed for
fabrication of high density resistance temperature sensor and resistance strain gauge as well as PVDF
piezoelectric thin film sensor network, the expansion from microscopic scale to macroscopic scale of
multifunction sensor network was realized by using expandable sensor network carrying layer. After
expansion, flexible sensor network can cover composite structure with large area and complex
appearance, which provides an effective method to evaluate the integrity of composite structure in
process of manufacture and use.

Keywords: composite; sensor network; expandable; structural state sensing; structural health moni-

toring



