A THI CK WALLED COWPCOSI TE TUBULAR AND METHOD OF MAKI NG Abstract A nethod and
apparatus for formng a tubular 62 froma conposite nmaterial. The conposite
material includes fibers 54, 56, 58 and epoxy resin 60 that are fornmed into
plies 52[err] that are wound around an axis to forman annul ar nenber. The
fibers 54, 56, 58 in each ply are arranged axially and hoopw se. The
axially oriented fibers 54, 56 are angled from about 10[err] up to about
20[err] with respect to an axis of the tubular 62 The hoopw se fibers 58
are wound in the plies 52[err] ranging fromabout 60[err] at the innernost
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angles with distance away fromthe i nnernost |ayer 52[err]. Transitioning
t he hoop fiber alignment in the successive plies better distributes hoop
stress through the wall of the tubular 62 thereby reducing stress
concentrations on the innernost ply Oak&et]. Figure 5

A method and apparatus for forming a tubular 62 from a composite material. The composite
material includes fibers 54, 56, 58 and epoxy resin 60 that are formed into plies 52; that are wound
around an axis to form an annular member. The fibers 54, 56, 58 in each ply are arranged axially and
hoopwise. The axially oriented fibers 54, 56 are angled from about 10° up to about 20° with respect
to an axis of the tubular 62. The hoopwise fibers 58 are wound in the plies 52; ranging from about
60° at the innermost ply 52; up to about 90° in the outermost ply 52,,. The hoop fibers 58 in the
intermediate plies 52;1;_,.; are arranged at increasing angles with distance away from the innermost
layer 52,. Transitioning the hoop fiber alignment in the successive plies better distributes hoop stress

through the wall of the tubular 62 thereby reducing stress concentrations on the innermost ply 52;.

Figure 5
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