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Table 1 Parameters of the inner metal tank in the filament wound pressure vessel

External Wall thickness Height Weight Volume  Work pressure ~ Top pressure
diameter/mm /mm /mm /kg /L /MPa /MPa

30CrMo steel 325 5 750 453 55 20 34

Material
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Fig. 1 Preparation of the filament wound pressure vessel with the embedded strain gauges: (a) the fiber winding processing;
(b) the strain gauges attached on the inner steel tank; (c) the pressure vessel with the embedded stain gauges
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Fig.2 Experimental setup for in-situ monitoring Fig. 3 Parameters of hydraulic fatigue cycling
the filament wound pressure vessel
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Table 2 Parameters of the hydraulic fatigue cycling
Media Cycling rate  Minimum pressure/MPa  Rising pressure time/s Minimum pressure holding time/s
Water 7.8 2 3.1 2
Temperature/C. Cycle times ~Maximum pressure/MPa Pressure drop time/s Maximum pressure holding time/s
11.2 5700 25 0.6 2
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Fig. 4 Strain monitored by the embedded strain gauge during the 3000th—3300th cycles fatigue test (a) and the zoomed-in plot (b)
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Fig. 5 Strain monitored by the embedded strain gauge during the 5100th—5700th cycles fatigue test (a) and the zoomed-in plot (b)
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Fig. 6 Strain monitored by the embedded strain gauge during the bursting test:
(a) before the test and (b) after 5700 cycles fatigue test
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Fig. 8 Strain monitored by the embedded strain gauge during pressurization: (a) up to 5 MPa, and (b) up to 15 MPa
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Table 3 Maximum strain of the pressure vessel at various pressures

Maximum strain

Pressure/MPa
Without fatigue and groove ~ Without fatigue, with groove  Fatigue, without groove Fatigue, with groove

5 -120 -100 —400 —-1000

10 -160 -150 —-1200 —-1200

15 =300 =300 -1200 -1200

20 =500 —-500 —-1500 —-1500

25 —600 —650
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Structural Health Monitoring of Filament Wound Pressure Vessel
by Embedded Strain Gauges

XIAO Biao, YANG Bin, HU Chaojie, XIANG Yanxun, XUAN Fuzhen

(School of Mechanical and Power Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: During the manufacturing process of a filament wound pressure vessel, we embed the strain

gauges between the metal tank and glass fiber reinforced epoxy composite layer to obtain the capability of

in-situ monitoring . Experiments with a full-scale composite pressure vessel during hydraulic fatigue cycling

and pressurization are performed. The maximum and minimum pressures in the fatigue test are set as 25 and

2 MPa, and the maximum cycle number is set as 5700 cycles, respectively. The pressurization speed is set as

2 MPa/s from 0 MPa to busting pressure. The strain of the pressure vessel in the two loading tests is

monitored by the embedded strain gauge. The relationship between the stain and the loading conditions of

the pressure vessel was thus built. Results show that, by embedding the strain gauges during the processing,

it is possible to monitor the health status of the vessel under hydraulic fatigue cycling and pressurization load

without hurting the sensors by the external load.

Keywords: filament wound pressure vessel; structural health monitoring; embedded strain gauge; fatigue;

bursting
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