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Introduction
The goal of this project was to investigate the production of Filament wound carbon fiber composite cylinders as pressure cases and their usefulness as hydrostatic pressure cases.  This involved the purchase of stock production composite tubing to be cut to length.  The inner diameter and wall thickness were chosen to match materials already in use here at MBARI in an attempt to validate the designs.  This also included the design and production of stainless steel rings to be bonded on the ends of the cut tubes, and the manufacture of end caps to seal the assemblies.
For all the examples, theoretical calculations and physical tests the internal diameters were fixed at seven inches. For the theoretical calculations and Finite Element Analysis the wall thicknesses, lay-up angles and tube lengths were varied.
The questions to be pursued, were:
1. What influence does the length have on the failure mode as well as it’s value.
2. What influence does the angle of lay-up and mixture of lay-up angles have on the failure mode as well as it’s value.
3. How well does the theoretically calculate failure values match the real test failure pressures.
4. What .
This study evolved into several parts. 
The first part was exclusively theoretical calculations involving various lay-up angles, wall thicknesses and lengths. 
The second part involved a series of Finite Element analysis of several candidate lay-ups to look at the differences of linear and non-linear solutions. 
Thirdly, a series of pressure tests were run on full size pressure case assemblies to determine the real world failure values.
Finally, .



Background
The use of carbon fiber composite tubing as a hydrostatic pressure case has the attraction of using the high strength of carbon fibers while reducing both the air weight and displacement of the final assembly. Graphite/Epoxy laminate will be less the half the weight of Grade 5 Titanium.(TENSILE PROPS) 
In this application the use of o-rings requires the placement of metallic rings on the ends of the tube to provide sealing surfaces for the o-rings.  These and the addition of endcaps will add significantly to the over all weight of the assembly.
There are many ways to make up a cylindrical shape with carbon fiber composites. The first being to simply lay-up each layer individually one on top of the other with fiber mat and wet-out each layer, butt joining the two matching edges.
The second fabrication method would be to cylindrically roll the cylinder in a spiral using pre-preg matt and heat cure the assembly leaving an exposed edge.
The fabrication method pursued here is a filament winding process where individual threads are wound at the specified angle from one end to the other repeatedly until the desired thickness is achieved.
See the graphic in  Fig. 1.


Theoretical Considerations
All the design calculations were for both the short (7 inch long) and the long (21 inch) cases was done in what is now an obsolete software package called Composite Pro.
This also allowed the pursuet of various lengths, wall thicknesses (number of layers), winding angles, in an attempt to define some optimal design.
In an attempt to validate at least some of the software calculations, an effort was made to do duplicate calculations in MATHCAD.
What follows is a walk thru of the design process within Composite Pro to calculate the failure modes and values for each of the two example case lengths. 
Within Composite Pro the fiber composition and matrix material can be selected from the menus or imported from external files.  Once the number of layers is specified as well as the individual layup angles of the fibers in each layer,   Composite Pro will display the 2D “smeared” laminate properties.  (see Figs. xx, xx, & xx)
From here the shape and dimensions, in this case a tube, can be specified.  Then specific solution modules can be chosen. 
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Figure 5   Visijet M3 Crystal SolidWorks Linear Material Properties
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Figure 8   SolidWorks FEA Stress-Strain Curve from Coupon Test Data.



Figure 9   SolidWorks FEA Model Non-linear Response Curve


Figure 10   Visijet Case Vertical Build.

Figure 11   Visijet Case Horizontal Build.
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Figure 14    Test Duration In Minutes To Failure.
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