DEVELOPMENT OF A ROBUST, LOW-COST INTERFACE
FOR EMBEDDED OPTICAL FIBERS

THE PROBLEM AND THE OPPORTUNITY

Intelligent filament-wound composite structures hold great promise for reducing the
cost and improving the performance of many commercial and military products. The
realization of this promise has been delayed by the cost and difficulty of terminating
the optical fiber at the structure surface, and reliably connecting it with appropriate
apparatus. If the fiber is left to project out of the structure unprotected, it is subject to
breakage. If it is terminated at the surface of the structure, as a practical matter, it is
difficult to cut and polish the end appropriately since small bits of debris lodge in the
adjacent composite and manage eventually to scratch the interface [Udd, 1995].
Furthermore, this approach makes it difficult to align an external device with the fiber,
since required tolerances are on the order of a few microns.

An ideal fiber termination design will have the following characteristics:

1) It will leave the fiber and ferrule in a protected position, and protect the polished
fiber end from inadvertent scratching.

2) It will provide an easy and positionally accurate way to plug a device into the fiber.
3) It will be easily manufacturable, with reasonable dimensional tolerances for the
manufacturing processes involved.

4) It will be simple to design for a wide variety of connecting devices.

5) It will not excessively impact the strength of the composite structure.

A robust optical fiber interface design will make it possible to incorporate optical fiber
sensors in commercial products. For instance, fiber-reinforced pressure vessels for the
storage of natural gas fuel on cars, trucks, and buses could be built with embedded
optical fiber pressure sensors. These sensors will allow evaluation of the structural
integrity of the tank every time it is filled, and eliminate the need to remove it from the
vehicle for periodic proof testing. Such a product would give the manufacturer a
significant competitive advantage, provided an optical fiber interface design meeting
the criteria outlined above is available.

PHASE | TECHNICAL OBJECTIVES

1. Examine the excitation and sensing light frequencies, amplitudes, and tolerable
signal/noise ratios for various applications to identify minimum transmission
requirements. Compare them with the capabilities of standard connectors and
termination techniques, since these, or portions of them, will be used where
appropriate.

2. Identify a conceptual design or designs for an interface. ldentify appropriate
materials, and study the manufacturability and reliability of the design. Use finite
element analysis techniques to study the effect of the design on the surrounding
composite, and refine the design accordingly.
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3. Construct one or more prototype composite test plates incorporating a fiber and the
interface design. Examples with fiber ingress/egress both parallel and perpendicular
to the laminates will be built.

4. Test and evaluate the design concept for function, manufacturability, durability,
cost, and commercial potential. Identify appropriate design improvements.

PHASE | WORK PLAN
Task 1. Study Optical Requirements and Standard Techniques and Components

Initial work will determine necessary functional specifications and appropriate off-the-
shelf hardware to use in the design. Since the interface design should be generally
applicable, requirements and connection hardware appropriate to a wide array of fibers
and mating devices will be investigated. Various LED and laser sources will be studied,
in particular at the commonly used frequencies of 1550 nm, 1300 nm, and 850 nm.
The use of single mode, multimode, and polarization maintaining optical fibers will be
investigated. The efficiency and design of standard connectors and splices will also be
studied, and whenever it is possible and appropriate, these, or portions of them, will be
used in the design. Devices or stratagems currently used for easing the alignment
requirements of optical fibers will be studied. Polished optical fiber ends are
sometimes subject to disabling scratches, and the use of lenses or other techniques for
minimizing this problem will be studied.

Task 2. Develop a Conceptual Design

Designs for the ingress and egress of optical fibers can be divided into two general
categories: those in which the embedded fiber is terminated at or beneath the surface
of the structure, and those in which it projects beyond the surface. Optical fibers that
are joined to a more robust fiber or encased in a simple protective sheath just before
they emerge from the structure will be considered in the latter category. In both
designs, the polished fiber ends can be scratched and damaged. Fibers that project
beyond the surface, with a terminating device attached outside the structure, will
typically be built with several centimeters of excess fiber between the structure and the
termination so that damaged terminals can be repaired. However, the excess fiber and
its interfaces with the structure and the terminal are potential sites for additional
damage, and must be protected. Such a design is not always easy to protect, especially
during the manufacture of the structure. For this reason, fibers terminated at or below
the surface of a structure will always have a lower failure rate than those that project
beyond the surface. The drawback, of course, is that embedded terminals cannot be
easily repaired. The design approach taken here will be to terminate the fibers at or
below the surface of structure, and find ways to mitigate or eliminate the risk of
damage to the polished fiber end.

Design concepts that are inexpensive, reliable, and manufacturable will be developed.
One concept currently under consideration is to cut the fiber to length, attach special



ferrules to each end, polish as necessary, and embed this assembly in the composite

structure with the ferrules at its surface.

The ferrules will be partially encased in a

dissolvable or removable 'pattern’' that will serve as a small male mold in the
composite. The pattern may be made of a salt, a high density foam, or a eutectic
metal, or it may simply be a removable cap placed on the ferrule. After the structure is
cured or otherwise set, the pattern will be removed, leaving a cavity of some desired
shape around an exposed section of the ferrule (see Figures 1 and 2). This concept will
allow the end of the ferrule to be recessed below the surface of the composite,
protecting it from damage. It also allows the surrounding composite to be contoured
for some purpose, for example, to accept a bayonet connector housing.
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Figure 1: A ferrule with attached consumable pattern, or mold.
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Figure 2: Ferrule after embedding and removal of the mold.






