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Abstract
The inflatable mandrel is easy to be broken and wrinkled during the co-curing process of the hat-stiffened wall panels. The 
metal mandrel is difficult to demold, the water-soluble mandrel is easy to be broken, and the pressure transmission uniform-
ity of the silicone mandrel with preformed apertures is difficult to ensure during the manufacturing process. To solve these 
problems, a new process for co-curing carbon fiber-reinforced polymer hat-stiffened panels based on silicone airbag mandrel 
was proposed in this paper. The co-curing process of the hat-stiffened panels was simulated using finite element software 
and the effects of silicone airbag mandrels with different thicknesses on the thickness and pressure of the parts were studied 
by establishing a thermo-force-flow multi-field coupling finite element model, and found that the thickness and pressure 
of the parts were relatively uniform during the manufacturing process of the new method. The correctness of the finite ele-
ment model was verified by the autoclave co-curing experiment. At the same time, it demonstrated the feasibility of a new 
process of autoclave co-curing CFRP hat-stiffened panels with silicone airbag mandrels. This new process greatly improved 
the accuracy of the carbon fiber-reinforced resin matrix composite hat-stiffened panels compared to conventional processes.
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Introduction

As a new type of material with excellent performance, car-
bon fiber-reinforced resin matrix composite material has a 
series of advantages, such as high specific strength, high 
specific modulus, high temperature resistance, corrosion 
resistance, fatigue resistance, good damping and shock 
absorption, good safety, good designability and functional 
integration. This composite has gradually becomes one of 
the indispensable main structural materials in aerospace 
materials, mainly used in large main bearing structures such 

as aircraft wings, tails and fuselage [1]. To improve various 
performances of the aircraft’s main bearing structures, the 
reinforced structures are commonly used in aircrafts. Com-
posite stiffened panels are generally classified into T-type, 
J-type, I-type, and hat-type (Ω-type) according to the struc-
ture of the long truss. Among them, the hat-stiffened struc-
ture is widely used in the curved structure of the aircraft 
owing to its advantages such as good structural stability, 
high efficiency for the axial load transfer and high buckling 
strength. More than 80% of the aircraft cabins are equipped 
with hat-stiffened panels, such as the rear side panels of the 
rear fuselage of the C919 [2].

The autoclave process dominates the manufacture of aero-
space composite materials because of its excellent product 
quality, and the autoclave process is still the main manufac-
turing method nowadays.

For open-type stiffened panels, such as T-shape, J-shape, 
I-shape reinforced wall panels, domestic and foreign schol-
ars have done a lot of researches. Wang et al. [3–5] studied 
the effects of pressure distribution, packing, tool assemble 
scheme and overall forming process on the compaction of 
T-reinforced panels. Ma [6] studied the compaction effect 
of the T-shaped stiffened panel triangle by vacuum-assisted 
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