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Pressure distribution and forming quality of composite hat-stiffened structures
during curing process based on combined mandrel pressurization method
CHANG Tengfei' , ZHAN Lihua®, DENG Fan?, LI Shujian'

(1. School of Mechanical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;
2. Light Alloy Research Institute, Central South University, Changsha 410006, China)

Abstract: In order to improve the problem that the process window for the size of the silicone rubber mandrel was

too narrow, which led to the high sensitivity of the forming quality of the composite hat-stiffened structure, a novel

mandrel pressurization method combining silicon rubber mandrel and vacuum bag airbag was proposed, and the

pressure distributions in the co-curing process and the forming accuracy, microstructure and mechanical proper-

ties of the composite hat-stiffened structures formed under the combined mandrel with different adjustable

apertures were studied. The results show that the internal pressure fluctuates obviously and unevenly without the

opening of adjustable aperture. With the increase of aperture proportion Xg, the internal pressure is uniform and

stable at the required pressure of 0.6 MPa within Xs=0.40-0.53. At the same time, the average differences between

the component thickness and the cavity height areonly 0.046 mm and 0.40 mm. The microstructure quality of the

triangular area is high, and the average pull-off performance and increase rate are 3.42 MPa and 23.02% respect-

ively. The method proposed in this study has a wider process window of adjustable aperture, which has a certain

application potential in the forming manufacturing of composite hat-stiffened structures.
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(@) | Vacuum bag airbag

Silicon rubber mandrel
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Fig.1 Physical drawing of combination mode and vacuum airbag (a)

and packaging (b) of silicon rubber mandrel
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Fig.2 (a) Outer contour dimension of silicone rubber mandrel;

(b) Schematic diagram of the trapezoidal centroid
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Fig.4 Geometric dimension of composite hat-stiffened structure specimen

Step 1: Preparation of mold and materials

Step 2: Stage 1: Lay-up of hat stiffener

Step 2: Stage 2: Rolling the vacuum bag into a barrel

_A

Step 3: Assembly ready for autoclave curing

B Composite mould
B Composite preform
[""] Rubber block
B Stop block
[ Press plate

[ Filler
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Fig.5 Co-curing process flow of composite hat-stiffened structure
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Fig. 7 Pull off failure test of composite hat-stiffened structure: (a) Com-

ponent clamping; (b) Interface cracking; (c) Failure process diagram
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Fig. 8 Pressure variation curves at each monitoring position with different hole proportion X values of composite hat-stiffened structure
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Table1 Corresponding pressure in stable stage of the monitoring positions of composite hat-stiffened structure
X Monitoring positions pressure/MPa
S
Hat top Hat side Hat bottom Lying side Triangle area Pressure difference (Max)

0.00 0.681 0.665 0.669 0.671 0.573 0.108
0.34 0.631 0.615 0.630 0.577 0.610 0.054
0.40 0.614 0.610 0.602 0.595 0.612 0.019
0.48 0.591 0.586 0.594 0.588 0.592 0.008
0.53 0.578 0.582 0.576 0.575 0.583 0.008
0.60 0.556 0.558 0.550 0.548 0.553 0.010
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Fig.9 Thickness (a) and thickness out of tolerance (b) at each testing position with different hole proportion Xg of composite hat-stiffened structure
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Fig. 10 Cavity height (a) and height out of tolerance (b) under different hole proportion X of composite hat-stiffened structure
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