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ABSTRACT

Manufacturing of repeatable high quality fiber-feirted composite structures with

spatially varying fiber orientation is possible ngiadvanced tow-placement machines.
Changing the fiber orientation angle within the fiamproduces paths with variable

stiffness properties. Contrary to traditional cosipes with straight fibers that provide

uniform directional properties, this method allotve designer to fully benefit from the

distributed directional material properties of tlkemposite to improve laminate

performance.

An intensive study of rectangular panels with stdefiber paths, termed variable
stiffness panels, was carried out by Gurdal efljl. The fiber paths in those studies
were generated from a base curve that changesiétstation angle linearly from one
end of the panel to the other. By using linearat&on of fiber orientation angles, earlier
studies showed that significant improvements inlémeinate response can be obtained
for panels with and without holes under compresaiwh shear loads [2-3].

A challenging problem in the design of pressuredéshthin-walled stiffened panel
structures, such as the aircraft fuselage panglgshe so-called pressure pillowing
problem. An unstiffened fuselage would carry thiteinal pressure load as a shell in
membrane response, like pressure vessels. Howeamtatnal longitudinal and
transverse stiffeners are necessary to carry mandoads. The presence of these
stiffeners prevents the fuselage skin from expapdis a membrane, and the skin
bulges, or “pillows”, within each panel bay undge taction of the internal pressure.
When the skin is restrained against out-of-plangaegion at the stiffener locations, a
bending boundary layer is formed causing bendirgsstconcentrations. Such stresses
can cause peeling of the skin-stiffener interfas®] hence designs have to be usually
modified to account for them. In a recent study fde variable stiffness concept based
on steered fibers has been used to alleviate tiggm. It was demonstrated that the
failure loads of panels can be substantially impoblay using tailored fiber paths.

In the proposed paper, tailoring for pressure wilhg problem of a fuselage panel with



a cutout bounded by two frames and two stringessldtessed using tow-placed steered
fibers. The panel is modelled as a two-dimensipiate with a typical fuselage window
opening and loaded by out-of- plane pressure afmaime loads. A Python-ABAQUS
script is developed to perform the nonlinear fitement analysis of variable stiffness
panels for various combinations of fibre path paetars. An in-depth parametric study
using steered fibers with linear variation of filmerentations is carried out to determine
the failure loads of panels. Designs for both gtraifibers and steered fibers are
obtained for different loading cases and boundandiions.

Preliminary results indicate that by using stedileers, the pressure pillowing problem
can be alleviated for panels with cutouts, anddle carrying capacity of the structure
can be significantly improved compared to tradidibdesigns with straight fibers. For
example, for a pressure loaded panel with clamplgg® an improvement in the load
carrying capacity of about 40% was obtained usitegred fibers over the optimal
straight fiber design. The corresponding fiber risition is illustrated in Fig. 1. The
proposed paper will include complete set of restdtsvarious boundary conditions,
including the conditions around the cutout, and loiored loads.

Fig 1. The distribution of fiber orientations for maximum pressure failure load.
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