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I. Introduction

In 1983, 455,000 km of cabled fiber were peruced in the U. S.l, and
this production increased to 1,465,000 km in 1985." In that same year, the
U. S. market” for fiber cable and related components reached $500M. While
telecommunications have undeniably provided the impetus for this explosive
growth, the readv availability of fiber optic technology has allowed fiber
optics to be considered for diverse applications, far removed from
conventional telecommunications.

This Conference focuses on applicaticns of optical fibers in hostile
environments. As the introductory paper in this Conference, this
communication will .race the evolution of applications of tibers in hostile
environments and explore some of the motivations fnr these applications. A
few key examples will be used,

I1. Key Attributes of Fiber Optjcs

Fiber optics offer a very high bandwidth transmission medium with
multi-mude fibers providing capability well above 1 Gliz over km lengths.
Sirgle mode fibers further Increase the &vallable bandwidth. Fnr many
applicarions, fiber ontics cables are lower in cost than coaxial cables and
1{ theae costs are normalized in some manner for bandwidth capabllity, fiber
optics are clearly a leader.

Cabled fiber optics are far liphter than coax cables and can occupy
far less area per data channel then coaxial cable. Fibers present an all-
dielectric data transmission medium providing immunitv to electromagnetic
interference. This attribute also prevents Introduction of sparks into a
prorected arca or provides lipghtning protection.

An ohvious, but critical, attvfhute s that fiber optics transmit
optical data. To the extent that a physical process can deliver an optical
output, then that process mav be directly detected through an optical {iber
transmission line. Very few measurement parameters have resisted determined
rescearch offorts to develop a direct op’ical prohe!

111, Evolution of Applications of Fiber optics In Hogtile © cdvonments

Depending on the definlition of a "hoautile environment", the cmlest
application f [lber optices ta such an environment can vary over a wide
range.  High Joan optical fibers have been avatlable foy conturfes!  Many
applications of such fihers for fmaping detectors In high enervgy physles
experiments are documented In the early 19%) 'y,

As 1w loss (1hers were reallzed in the 19700y, applications In
hast i le envivonment s sharply increased,  The first optical flhers were used
at the Nevada Test S,te fn 196, The st International conference on the
h\ﬂ||r§t of Fiher Optics {n Adverse anllwrnwuln uowan qpu|Nu»ro¢I|\v SPIF (n
1981, " Two other SPIE conferences, (o 198 and 198% , focused on this
subject with another SPLE conference scheduled Tater fo 1986, Including th
present conference mul the thiee preceding ones, 107 papers have been



presented
opties in

from 8 countries. Over half of these papers have dealt with fiber
radlation environments, for applications in nuclear testing,

accelerator experiments, nuclear power plants, and military environments.
Other subjects with large numbers of papers have inciuded EMI and thermal
environments, blast and shock experiments, and space and airplane
applications. Other related conferences and papers have stressed a range of
manufacturing, chemical sensor, and utility distribution applications.

Three International Conferences on Optical Fiber Sensors (OFS) have been

sponsored

by the 1EEE and OSA with the Fourth Conference scheduled later in

1986. At the 1985 OFS conference, 35 papers treated many aspects of sensor

operatiomn,
Optic and

Furthermore, th~ SPIE has organized three confrrences on "Fiber
Laser Sensors", in 1963, 1984, and 1985. The latest conference in

this series featured 64 papers on a very wide range of sensor systems, many
characterized by hostile environments,

Each application has been driven by one or more of the attributes of
fiber optics discussed in Section I1. For example,

a)

b)

c)

d)

f)

Nuclear testing - High bandwidth data must be transmitted over km
distances to isolate instiumentation from blast and radiation
interactions. Furthermore, many critical parameers can be sensed
through optical phenom:na,

Milicary applications: Light-weight, portable, rugged data
transmissi{on systems are frequently required. SMP resistance can
protect critical components,

Nuclear power plants - Reliable communications in electrically
nolsy areas withou* risk of sparks are essential.

EMP testing - The transmission system must be immune from EMI.

Blast and shock testing - *reedom from sparks is essential in
explosive environnents and very compact sensors are sometimes
required for minimea intrusion,

Alr and space applicatfons - Welght reduction, high temperature
capability, inert sensors, and EM] resistance are needed in many
svitems,

IV. System Exomples

From
optics hav
cnvl ronmen

n)

the wanv applicat{fons that bave been denonstrated where fiber
o plaved erltical roles fn prohlems involving hostfle
ts, fouwr successtul svstem: are diseassed below,

gar Centrlifvge Dlagrosties Ao operat o UF, pas centrlfuge
presents a complex dlapnes tie challenpe,  Tewperature and pressure
of the pas ave Fev v fables, but asy mechiniceal sampling system
fn the unlt would destroy he centilfupge operation. Furthermoro,
the only statlonmy loavaifen In the contrifupe {3 on the axis, but
vapid varfation 1 pas pressure ocemrs inoa thin layer at the hiph
specd periphory,



c)

d)

An all-optical system provided an elegant solution. An o-*ical
signal was introduced on the axis with wavelength chosen to
fluoresce the UF, gas. An optical system imaged different gas
volumes into an array of optical fibers which exited the
centrifuge on the axis. Thesc fibers were coupled to detectors
tuned to detect UF, fluoresrence. Since the fluorescence
intensity and decay time are functions of temperature and
pressure, :Ee sesultlng signals werc used as a non-intrusive
diagnostic. ™’

d Shoc Nnos 5

Electrical sensors for shock usually use shorting electrical pin
detcctors. With care, these electrical pins and the cennecting
coax cable can be made reasonably small, about 1 mm in diameter.
However, even these dimensions, Incorporated in large numbers, can
s2riously perturh a measurement. Furthermore, explosives are
frequently the object under rest and Introduction of conductors
into an explosive can lead to spark initiation.

An all-optical system has greatly simplified this poblem. A gas-
filled micro-balloon on a fiber is used. Shock heating of the gas
provides a luminous signal ia the flber. Any spark hazargs
are—emoved and the resulting sensor ls far less Intrusive

Al : u Lty

Pulsed power rasearch is conducted in arcas with severe EMI and
electrical sensors can be completely compromisced due to this EMI,
Fiber optlc probes using the Faraday magneto optlce effect offer an
elegant solution to this pioblem and have been successfully us.d
at Los Alamos for Lurregt measurements abcve 50 MA In explosive
flux compression tests.

Nuclear Testing Measurements

Multi-channel, high bandwidth, data recording requirements must he
addressed in nuclear testing. Coaxial cables allowed most
measurements to be accomplished, but with heavy and nostly cable
and at a reduced bandwidth. Fiber optic cables have been
{ncreasingly uti{lized In nuclear testing. Many fnnovative
experiments have depended on the optjcal transmission propertics
of the fiber cables

Of particular note {8 a recent system that utillzed a lirear (1-D)
array of flhers vo transmit an fmage (2-D data), In this system,
one spatlal dimensfon way encoded on each fiber rhrough variatlone
[n wavelength,  Substant{al rvduvs&nn In tiber o ber was

accompl ished throuph this scheme,



V. Radiation Fffects

As summarized earlier in this paper, more than half the papers
presented at conferences of this title have dealt with radiation effects, as
do most of the papers at this particular conference. In addition to these
conferances, two large working groups are devoted to these concerns, the
U.S. Tri-Services Working Group on Radiation Effects in Fiber Optics and the
NATO Task Group on Radiation Effects in Fiber Optlies. The latter group is
coordinating measurements on three test fibers to demonstrate consistency in
radiation-induced absorption data among laboratories. Under the auspices of
the NATO group, a standard set of test conditions is being developed.
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