
Economics and Key Trades of Fiber Optic
Links: An Airborne Platform Example

Item Type text; Proceedings

Authors Greenwell, Roger D.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 16:07:41

Link to Item http://hdl.handle.net/10150/614326

http://hdl.handle.net/10150/614326


ECONOMICS AND KEY TRADES OF FIBER OPTIC LINKS:
AN AIRBORNE PLATFORM EXAMPLE

Roger D. Greenwell
Naval Ocean Systems Center

San Diego, CA 92152

In the evaluation of any new fiber optic link, the two main criteria used to determine its
benefit are performance and cost. In other words, the economics associated with the
application of the fiber optic link and the key trades which identified improved
performance criteria are of prime concern. In most cases, depending upon particular
application, designers strive to optimize the product of cost and performance.

Cost is the primary factor which influences a manager’s decision on future fiber optic link
design alternatives. For a program manager in fiber optics, the principal aim of a cost
analysis is to estimate the cost of various electro-optical equipment design alternatives that
can then be employed to make cost-effective system trade-offs. Since design selections can
affect more than the simple cost of purchasing components, it is required that the manager
choose a cost analysis methodology which allows for comparison of the alternatives on a
broader cost basis.

The selected economic methodology is a function of the type of trade-off to be performed:
absolute analysis, a comparative analysis, or some combination of the two. The important
factor in an absolute analysis is the generation of extremely credible economic estimates
such as budgetary reporting. Comparative analysis emphasizes only relative economic
factors of selected designs. It must be realized that one of the most difficult elements in
any analysis is the correct selection of these relative economic criteria.

The determination of economic factors and key trades of fiber optic links provide the
justification for selection of future systems. Figure 1. illustrates the economic analysis
process in a schematic manner. The various major steps required to arrive at a decision as
to whether or not a fiber optic link meets the required economic criteria are indicated. Of
these steps the first one is usually the most important and also normally the least
understood:  the definition of the objective. Once the objective of a fiber optic program has
been defined, the next step is to determine all feasible alternatives which meet the
objective and given criteria. Manpower, time and funding limitations impact on the
analysis effort in the formulation and justification step.



BENEFITS

The tools and techniques for estimating fiber optics systems costs must not only include
the various cost factors but most also be contrasted to the achievable benefits. It is well
known that present-day metallic wire and coaxial cables have operational limitations that
cannot be cost-effectively overcome because of their inherent characteristics. Because
optical fibers are fabricated totally of dielectric materials their characteristics are
fundamentally different from those which require conductive materials. It has been
demonstrated that optical fibers can improve on or entirely eliminate the deficiencies of
conductive cables. (See figure 2.) It must be kept in mind that some of these benefits are
difficult or impossible to quantify and must hence be considered in a qualitative manner:

ELECTROMAGNETIC COMPATIBILITY.  With proper design, a jacketed optical
cable will neither emit nor pick up electromagnetic radiation, ensuring secure
communications and immunity from interference and crosstalk to a degree not possible
with electrical cables. Suitably designed fiber optics interfaces have been proven to be
immune to all forms of electromagnetic compatibility problems, i.e., to crosstalk, short-
circuit loading, EMI, radio frequency interference (RFI), ground loops, ground isolation,
ringing, and echoes. Fiber optics Systems also offer increased security by eliminating
signal leakage and increasing significantly the difficulty of surreptitious tapping of
communications lines.

WEIGHT AND SIZE.  The fiber optics transmission line is much smaller in size and
lighter in weight than an electrical line of equivalent bandwidth. When electrical lines must
meet nuclear attack hardening and EMP-immunity requirements, the weight and size
advantages of fiber optics lines can be multiplied.

BANDWIDTH CAPACITY.  The wide bandwidth capacity of fiber optics can far
surpass the 1 MHz limit of twisted-shielded wire pairs and the 20 MHz limit of coaxial
cable. Fiber optics offers excellent multiplexing bandwidth possibilities; depending on the
fibers and the source-receiver combination, the bandwidth-link products of a fiber optic
link at present range from 20 MHz/km to 40 GHz/km. The bandwidth capacity increase
that can be achieved with optical fibers is related to the potential for improved
multiplexing capability. Electrical-line multiplexing is limited by problems of crosstalk,
EMI, and impedance matching, problems alien to fiber optics.

RELIABILITY AND MAINTAINABILITY.  Even though the communications
process in fiber optics systems requires the added step of converting electrical signals into
light and back again, the increased multiplexing capability of fiber optics will reduce the
quantity and complexity of interfaces to enhance system reliability and maintainability
correspondingly. The single optical junction of the fiber optics line with source - detector



should be an extremely reliable interface that does not require electrical or mechanical
contacts. Fewer, more reliable, and less complex components of the fiber optics system
means troubleshooting and preventive/corrective maintenance, along with simplified
maintenance support.

IMPROVED ABILITY TO SURVIVE “BATTLE DAMAGE”.  Fiber optics is
inherently less susceptible to battle damage than electrical wires and their required
interfaces. The electromagnetic fields created by a nuclear weapon burst or lightning can
generate large electric pulses in wires and cables. These pulses can cause circuit burnout
or temporary errors which can degrade mission performance. Electromagnetic pulses do
not affect optical fibers or their required interfaces. Thus, fiber optics data links can
provide electromagnetic pulse immunity and “survivability” improvement for all weapons
and systems. The ability to survive battle damage can be enhanced further by routing a
redundant fiber optics interface system, a practicable, expedient approach because of the
reduced weight and bulk of fiber optics components. In addition, fiber optics is capable of
withstanding higher temperatures, reduces the possibility of sparks and shorts occurring in
hazardous areas, and reduces significantly electromagnetic interference problems. (See
figure 3.)

SAFETY.  The curving or breakage of fiber optics lines during transmission does not
produce sparks or other hazards. This offers safety advantages for fiber optics systems
located in areas which contain fuel, ammunition, oxygen, etc., as well as during
catastrophic situations to which a military platform may be subjected.

AIRBORNE PLATFORM EXAMPLE

In a contract awarded to the Boeing Aerospace Corporation, Seattle, Washington, the
objective of the task was to develop installation processes and procedures for the
incorporation of fiber optic interconnect systems aboard military aircraft. As a portion of
this task, a life-cycle cost analysis of the optical cable was performed. It was apparent that
weight and size reductions of fiber optics offered economic advantages. With the E-3A as
the baseline military aircraft, it was possible to increase the E-3A sortie time by
2.5 percent, which can be equated to a reduction of fleet squadron size by 1.5 aircraft.

The reliability of fiber optic interconnect systems appears to be equivalent to wire
interconnect systems. It appears easier to install, remove and/or replace optical fibers.
Optical fiber interconnect systems are also simpler to test. Spares, repair parts, materials,
and special support/test equipment add to initial costs, as does almost any new technology,
but the impact is minor. With simpler equipment and techniques there may be a long-term
savi0ngs potential. Overall costs and benefits of fiber optics appear to surpass the E-3A
wire interconnect configurations.



An important assumption has been made that must be recognized as a basis for the results
of this life-cycle analysis. Material costs are based on current vendor estimates but
production set-up cost and other engineering/manufacturing costs are based on a futuristic
analysis and prediction of a large production of fiber optic harnesses fabricated at a rate
typical of wire harnesses.

The overall results from Boeing’s parametric cost model (PCM) indicate a per system cost
for this project’s twenty-one systems at $7893 for technology developments. Projecting
these initial costs and manufacturing technology concepts to a planning production cost
base, the fiber optic harness cost with be about $3620, which is a reduction of more than
half of the initial technology development costs. Wire harness costs per system are about
$4900, which is a nine-percent increase over the optical fiber harness. Engineering costs
are reduced by 38 percent for the fiber optic harness and manufacturing costs are reduced
by 16 percent. Because of the high cost of the connectors, fiber optic material costs have
increased above wire material costs by nearly 300 percent. With a reduction in connector
costs, fiber optic harness production costs will be greatly reduced.

This cost analysis includes acquisition cost elements involved in producing fiber optic
harnesses in a modern production and manufacturing facility. It also includes ownership
cost elements derived from applicable historical data and from reliability and
maintainability analysis.

Production set-up costs, the non-recurring costs, are based on the assumption of a
production facility which is of minimal scale for yielding economy from advanced
automated equipment and methods. Equipment costs are based on quotes or estimates of
purchase prices or upon engineering estimates.

Manufacturing costs, the recurring costs, relate primarily to the flow of tasks and
processes which generally dictate the big share of the cost of a harness assembly.

Production and manufacturing cost estimates are based on a survey and analysis of
company experience in producing large and small quantities of wire harness assemblies for
both military and commercial programs. Three separate and distinctly different company
production/ manufacturing facilities provide the primary base of experience. The approach
is to correlate this experience with similar tasks related to production/manufacturing of a
fiber critics harness assembly and then to provide engineering estimates of unique
equipment, tasks or processes. These results are supported by harness assembly cost
model estimates and by gross level cost factors established from direct experience on past
and ongoing company programs.



Operation and support costs analyses are based on historical data on the E-3A aircraft
along with an extensive history on four Navy aircraft, the S-3A, E-2C, P-3C and EC130G
and Q.

A reliability analysis of both the baseline wire harness assembly and the fiber optics
assembly provides the added information base appropriate for prediction of fiber optic
harness field reliability maintenance factors. Policies of the using agency relative to
inventory, spares, and repair parts appears to be the dominant factor affecting the supply
and support cost factors. Since the baseline harness assembly is for an E-3A aircraft, the
policy for this aircraft was selected as a baseline in conjunction with policies formulated in
the A-7 ALOFT Project Technical Report NELC TR2024, 1998, 1982 and 1968. Some
cost elements are also derived based on operational efficiencies that could be realized for a
fiber optic harness configured E-3A.

In summary, acquisition cost estimates by models and by analysis of processes and
techniques reflect potential cost savings for fiber optic interconnect systems as compared
to wire harnesses. Since most models rely upon historical data and “conventional methods
of business,” it is implied that savings are realizable with technology maturity and with
methods and techniques commonly employed.

Many options exist for production set-up and related costs. The most desirable option will
depend on many factors such as levels of business forecasts, advancement of the
technology, demands on existing harness/cable production equipment and facilities, facility
space available for expansion or relocation, economic posture of the company, etc.

The potential for cost improvement in the manufacturing/fabrication process is promising.
The development of automated equipment and expedient techniques is needed to exploit
this Potential; however,

a.  cost elements related to operations and support aspects appear to have off-setting
effects.

b.  cost savings are realized through weight and size advantages, while losses occur
through added inventories, training, and special equipment requirements.

c.  reliability considerations have a similar neutralizing effect.
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Figure 1.  Schematic Illustration of Economic Analysis Process.



MAJOR BENEFITS

• Noise immunity

• Protection from EMI, EMP, lightning induced voltages

- Circumvent noise problems from use of composite aircraft skin

- Reduce vulnerability of components (ICs) and digital systems

• Weight and size

SECONDARY BENEFITS

- Higher data rates

- “ILITIES”

Figure 2.  Fiber Optic Key Trades.

Figure 3.  Improved Ability to Survive “Battle Damage.”


