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FOREWORD

This report summarizes the Phase II development effort
for fiber optic hermetically-sealed feedthrough units.
The major contract effort included design, development,
evaluation, fabrication, testing and delivery of a
prototype fiber optic hermetically-sealed feedthrough.
Research in basis areas of technology was conducted,
conclusions drawn and prototypes built to enable
evaluation through observation, test and analysis. The
areas researched in the Phase I design and associated
testing were applied to further development in this Phase
II effort. Emphasis has been placed on recognizing areas
of improvement over existing hermetic sealing technology
especially for fiber optics. Tests and evaluations were

conducted to verify the design.
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Executive Summary

Feedthrough units were developed which sustained
cryogenic (-196°C) to elevated (+200°C) temperatures
while maintaining 10™** cc/sec He leak rate. Program
accomplishments include a comprehensive review and
evaluation of component elements of hermetic
feedthroughs. These components were optical fibers,
sealing materials, feedthrough housings and backshells.
Final component selection was based upon findings of the
Phase I research effort and more focussed research in
initial stages of Phase II effort. The component
research was then used as a basis for design of
feedthrough and backshell units, fabrication of test
items and comprehensive evaluation/performance testing of
developed feedthroughs. Testing of the feedthrough units
included mechanical and environmental testing with pre
and post leak rate and signal transmission level
monitoring. Appendix F shows the program Work Plan.
Appendix A presents the Final Test Report with summary

data and discussion of results.
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Introduction

Scope

Specific tasks which were planned and carried out in the Phase

II SBIR development program are listed below:

Task 1 - Development and Refinement of

Sealing Concepts

Task 2 - Feedthrough Development/Design
Task 3 - Backshells Development

Task 4 - Fabrication and Assembly

Task 5 - Tests and Evaluation

Task 6 - Radiation Hardening Testing
Task 7 - System Design and Specifications
Task 8 - Management and Documentation

The program accomplished the goals of defining the best
component elements of feedthroughs and verifying superior
performance through construction of prototypes and
comprehensive testing of the prototypes. Testing was in
signal performance with insertion loss and change in
optical transmittance while undergoing the following; in
mechanical stability with Sinusoidal, Random Vibration
and Mechanical Shock tests, in environmental stability

with Salt Spray, Thermal Shock and Humidity tests, and in




exposure to Neutron Fluence Radiation, Gamma Radiation

and Ion Radiation tests.

Objectives and Approach

The objective of this contract effort has been to develop
the technology needed for a fiber optic cable feedthrough
especially applicable to harsh environments such as
encountered by the Space Shuttle main engine. A
conceptual design for the fiber optic cable feedthrough
consisting of the sealing device, fiber optic feedthrough
unit, and ruggedized backshells was first fully prepared.
The major effort of the contract has been to design,
develop, fabricate, test, evaluate, and deliver prototype
fiber optic feedthroughs and sealing devices which are
hermetically sealed and can be used on a rocket engine
controller interface. The performance of the feedthrough
and backshell have been assessed and documented with

accelerated environmental and mechanical testing.

Background

The measurement of cryogenic liquid propulsion systems with
reliable, safe sensing technology has been of great interest
to many researchers and engineers in recent years. New

advances in the areas of combustion technology, and high



temperature metallurgical and chemical processes power
generation equipment, nuclear energy systems, weapons, space
applications and similar areas have established a need for
development of a highly accurate, high resolution, high
temperature and high pressure feedthrough unit. Optical fiber
feedthrough technology provides such a means. These
feedthroughs are particularly useful because they are free
from the interference effects caused by strong nuclear and

electromagnetic radiation fields.

Military systems must survive the adverse nuclear environment
induced by tactical/strategic weapons, harsh environment and

harsh mechanical conditions.

Commercial systems must survive adverse environments in space
(or artificial satellites), on the ocean floor, in vessels
with nuclear power engines and in nuclear power plants.
Systems exposed to radiation fields are no exception where the

advantageous features of lasers/fibers are widely used.

Radiation exposure can be categorized as transient (EMP,
ionized nuclear weapon effect) or continuous long-term (space,
nuclear power, etc). One of the most adverse environments is
the space environment which is effectively long-term radiation
exposure. Optical fibers and feedthroughs directly exposed to

the rays of the sun can experience temperatures higher than



150°C, and when away from the sun’s rays can experience
temperatures as low as -150°C. Besides the natural spaceborne
radiation environment, which can average around 1 rad (si) per
day, a military spacecraft may be required to tolerate much
higher levels of radiation exposure. The combined hostile
environment of temperature fluctuation and radiation exposure
can have adverse effects on optical fibers and feedthroughs,

as well as traditional electronic components.

Exposure to extreme pressure differentials requires high
hermetic sealing capability where optical fibers pass through

the pressure differential barrier.

Influence of radiation on mechanical and signal transmitting
properties of optical fibers, cables, feedthroughs, and
sealing are concerns in building a more-reliable fiber optics
sensor system. Fiber coatings and fiber sealing play a
significant role in space applications due to temperature and
outgassing influences. A wrong coating and inadequate sealing
may cause increased microbending losses during temperature
cycling. In addition, the coating and sealing may chemically
deteriorate and produce a film over a space shuttle optic
channel due to outgassing. This outgassing process, combined
with the temperature extremes and the radiation environment of
the space shuttle, complicate the selection of fiber, design

of feedthrough and sealing units.



Fiber optic feedthrough research, design and limited testing
were carried out in Phase I of the Fiber Optic Cable
Feedthrough and Sealing NASA Contract NAS3-26240. This
research effort was conducted to investigate improved means of
providing reliable fiber optic cable feedthrough sealing and
temperature withstanding capability in high temperature
exposure, low temperature (cryogenic) exposure, high pressure

and severe vibration conditions.

NASA has interest in research of fiber optic technology in
cryogenic liquid propulsion systems environment. High and low
temperature extremes in space applications demand highly

ruggedized and reliable fiber optic feedthroughs.

In Phase I, state of the art information was sought and
documented regarding potential fibers and potential hermetic
sealing of materials. Fibers were evaluated and the most
promising candidate fibers for feedthrough applications were
selected. Limited tests were carried .out on selected fiber
samples. A design of a prototype feedthrough unit was
developed, prototypes fabricated and tested at assembly for
optical insertion loss. A helium leak-rate test was conducted
at 107 for a polycrystalline feedthrough material. Another
helium leak-rate test was conducted at 10°® for zircon silicate
feedthrough material. Temperature testing on

fiber/feedthrough units was conducted up to 1040°F. Results



are reported and were promising for particular fibers and
feedthrough materials. Cryogenic low temperature testing was
also conducted at -320°F (liquid Nitrogen) on the prototype
feedthrough units with a duration of 3 days. High performance
results were obtained with Titanium-Carbide sealed fibers and
aluminum-coated fiber. After feedthrough materials were
evaluated, best results were obtained with polycrystalline and
zircon silicate materials. Backshells were designed to
provide for the requirement of ruggedized fiber optic cabling

as an option on one or both sides of a bulkhead barrier.

This technology is potentially useful in a wide variety of
military and commercial applications including but not
restricted to space vehicles, launchers, aircraft, mines,
ships, submarines, nuclear power plants, refineries, medical

use, storage, transportation and telecommunications.

Technical Approach and Results

The goal of this Phase II SBIR contract effort has been
to develop the technology needed for fabricating extreme
pressure differential, extreme temperature range fiber
optic hermetic feedthrough units. This development was
directed towards producing a fiber optic cable
feedthrough especially applicable to harsh environments

such as encountered by the Space Shuttle main engine. A



conceptual design for the fiber optic cable feedthrough
consisting of the sealing device, fiber optic feedthrough
unit, and ruggedized backshells was prepared. The major
accomplishments of the effort have been to design,
develop, fabricate, test and evaluate a prototype fiber
optic feedthrough and sealing device which is
hermetically sealed and can be used on a rocket engine
controller interface. The performance of the feedthrough
and Dbackshell have been documented with optical
monitoring during accelerated environmental and
mechanical testing including thermal shock, helium leak,
salt spray, humidity, space radiation, mechanical shock

and vibration loading conditions.

The tasks of the program, as outlined in 1.1 are reviewed
in the following portion of the report with summary
information presented for program design, development and
testing as applicable. A summary of results and

conclusions follows.

Task 1 - Development and Refinement of Sealing Concepts

2.1.1 Objectives and Approach

To obtain a hermetic sealed feedthrough, the sealing

materials and techniques must be established. Various



state-of-the-art sealing materials were compared for
ability to provide a high-grade hermetic seal with

aluminum and to hermetically seal to optical fibers.

The sealing to aluminum is not a trivial matter, since
aluminum has a relatively high coefficient of thermal
expansion and we are working with a broad temperature
range of -196°C to +200°C. Aluminum was a preferred
material because of ease of machining, light weight and
availability. However, most hermetic sealing materials
have a low tolerance to thermal expansion and contraction
of the components which they are sealing. Thus, the best
sealing material was essential to successful hermetic
sealing between the optical fibers and the aluminum

housings.

Many fibers are available which appear to be suitable
candidates for hermetic sealing since they have coatings
which are integral to the fiber. If these coatings are
of materials 1likely to be hermetically sealed, they
should withstand the broad temperature range and assure

sealing through the environmental and mechanical tests.

2.1.1.1 Assessment and Design

The first portion of the effort had to do with assessing what



sealing techniques and materials are current state-of-the-art
in usage. Technology assessment resulted in a review of
relative merits of sealing material, housing material, fibers,
buffers, coatings, terminus materials and expectations of

sealing capabilities.

2.1.1.2 Fiber Analysis

Fiber analysis and research was a continuation from the Phase
I work and revealed that titanium-coated fiber was no longer
available. Platinum-coated fiber was considered as was
carbon-based hermetic coated fiber, polymeric coatings and

other non-metallic coatings.

The major functions of fiber coatings are: protection from
external abrasion and the environment, and strength
preservation. Three major coatings, polymeric, metallic, and
non-metallic, are commonly used on fibers. No single coating
can fulfill all mechanical, optical and environmental

requirements.

Polymeric coatings, such as UV-cured acrylate, silicone, and
polyimide, have limited applications at high temperatures.
UV-cured acrylate coatings, which are the most commonly used
type in the fiber optic industry, can withstand temperatures

up to 100°C, whereas silicone and polyimide can withstand



temperatures up to 200°C and 350°C, respectively. Metallic
coating, such as aluminum, gold, platinum and titanium-
carbide, usually can stand higher temperatures, but due to the
high Z number in the periodic table, thermal stability and
chemical resistance prevent most of these coatings for high
orbit space applications. Due to excellent thermal stability
and chemical resistance, a polyimide coating or an aluminum
coating is preferred on optical fibers for high temperature

(375°C) applications.

Specific fibers were reviewed with LiteCom evaluation of eight
parameters to compare relative characteristics. The eight

fiber parameters were:

* - Core Diameter (100/140) ;

* Numerical Aperture;

ke NA=n,/Z28

* Index Profile Parameter a ;

* n’(p) =n3—NA3p'

* Core Index and Derivatives;

* Index Difference and Derivatives;

* Length;

-3 Mode coupling and Attenuation Parameters;
* Leaky Modes.

Hermetic sealing characteristics and fiber optical

characteristics were researched. Results of this

10



research are summarized for the hermetic coating, effect

of radiation on fiber and temperature considerations.

Hermetic Coating

Hermetic coating preserves the mechanical and optical
performance characteristics of optical fibers. Moisture
(water) vapor can penetrate conventional organic polymer
coatings, resulting in stress corrosion and microcrack growth.
Fiber reliability and service life are adversely affected. A
related problem is the presence of hydrogen molecules in
certain cabling materials. They can penetrate the fiber core,
causing increased attenuation. Through out the literature
studies and conversation between LiteCom and fiber
manufacturers, we found that the carbon base, hermetically
coated fiber does not fatigue during long-term storage, active
use or prolonged exposure to moisture. Therefore, using a

hermetic coating is advisable.

Radiation Hard Fiber
Radiation can penetrate the core of optical fiber, causing an
increase in attenuation which may interrupt communications.
The radiation hard optical fiber was selected to resist
radiation, ensuring accurate, uninterrupted communications in
the vicinity of a controlled radiation source or nuclear
event. Task 4 radiation hardening test will evaluate the

fibers and feedthroughs in the various kinds of radiation

11



environments.

High Temperature Buffer Coating

Conventional, acrylate-base, coated fiber withstands ambient
temperatures up to 80° C. Polyimide coating, significantly
extends that operating range. In temperatures as high as 375°
C, polyimide coating preserves the outstanding optical
performance and rugged mechanical characteristics of optical

fiber.

Combining radiation hard optical fiber with carbon base
hermetic coating and high temperature polyimide buffer 1is
ideal for space shuttle Main Engine environment applications.
LiteCom included the radiation hard fiber with metallic

hermetic coating in the sealing material evaluations.

i 2.1.1.3 Sealing Material Search and Comparative Assessment

Sealing material search took place with a review of what
hermetic sealing compounds are available and a comparative
assessment of relative performance. Also, techniques of

pressing/filling processes took place.

The sealing material generally determined to be best is the
family of polycrystalline compounds. Evaluation of which

formulation of polycrystalline material is best was conducted.

12



Five areas reviewed included:

1 Define Properties of Polycrystalline Ceramic Material:

(a)

physical characteristics;

(b) thermal characteristics;
(c) electrical characteristics
(d) mechanical characteristics
(e) time, temperature and environmental effects
related to characteristics;
2. Processing of Polycrystalline Ceramics:

This is an explanation of how polycrystalline ceramic

material is initially processed to then use for sealing

applications.

g Techniques for Pressing/Filling Processes:

This is a study of the techniques used for pressing
polycrystalline ceramic powder into a cavity which is

between the optical fiber and a metallic or composite

housing in a hermetic sealing application.

4. Theory of Sintering (Sealing Techniques)

B Design Considerations:

Discussion of geometry, number of fibers, wvariations of

feedthrough configurations.

13



2.1.1.3.1 Define Properties of Polycrystalline Material

Physical, thermal, electrical and mechanical

characteristics were evaluated to assist in selection of

the best sealing materials for fiber optic hermetic

sealing.

For physical characteristics, density and bulk density

were

evaluated with research including use of SEM

(Scanning Electron Microscope) cross-section photo

micrographs. Thermal characteristics considered included

thermal conductivity and coefficient of linear expansion.

Electrical characteristics included dielectric strength

or electrical resistance. Mechanical characteristics

included stress, strain, modulus of elasticity,

compressive strength, hardness, flexural strength and

Poisson’s Ratio. Time, temperature and environmental

effects related to characteristics were evaluated with

consideration of creep, corrosion, erosion and impact.

v oo e [t {8 L B Physical Characteristics

Density

A theoretical measure of the mass per unit volume that is
studied in units of grams per cubic centimeter (gm/cc?)

or pounds per square inch (psi). Porosity is assumed to

14



be zero for theoretical purposes.

Bulk Density

The measured density of a polycrystalline ceramic body
which includes all molecular crystal structure lattice
defects and fabrication porosity. Bulk density defect
effects can be observed in SEM (Scanning Electron
Microscope) cross-section photomicrographs. The bulk
density value is the actual, practical "real world"

measured density of a material.

Porosity increases oxidation or corrosion and decreases
strength, elastic modulus and thermal conductivity.
Porosity decreases hermetic sealing capability. Table 1
shows bulk density of various polycrystalline and

metallic materials.

11z



TABLE 1

Density of Polycrystalline Ceramic and Metallic Materials

Material Composition Bulk Density (g/cm’)

Polycrystalline Ceramic materials

Aluminum oxide Al,O, 3.95
Beryllium oxide BeO 3.06
Mullite Al.Si,0,, 2. 28
Magnesium oxide MgO 3.75
Silicon carbide SiC 37
Quartz Sio, 20565
2.1.1.3.1.2 °~ Thermal Characteristics

Thermal characteristics are being reviewed for the various

candidate sealing materials and housing materials.

Thermal Conductivity

Thermal conductivity is defined as the rate of heat flow
through a material and is reported in units of cal/sec -
cm?’ - °C - cm, where calories are the amount of heat, cm’
is the cross section through which heat is traveling, and

cm is the distance the heat is traveling.

16



Coefficient of Linear Thermal Expansion

This is defined as an increment of length in a unit of
length for a rise in temperature of 1°.
These properties will influence choice of materials for

fiber optic hermetic sealing.

2050 4337 NETE Electrical Characteristics

Dielectric Strength

Dielectric strength is the capability of the material to
withstand an electric field without electrically breaking
down and allowing electrical potential to pass through
the material. Dielectric refers to the polarization that
occurs when the material is placed in an electric field.
Polycrystalline ceramics are very resistant to the
passage of -electricity, therefore, they make good
insulators. Different applications require different
characteristics. Titanium-carbide fiber feedthroughs
must have relatively high strength, chemical resistance,
and electrical resistance, but also must have high
thermal conductivity. The high thermal conductivity is
required to remove heat built up by SSME (Space Shuttle
Main Engine) or other space vehicle applications. For
this reason, polycrystalline ceramic Al,0, base sealing
material works best and is preferred for use with

titanium-carbide fiber feedthroughs and also most likely

17



s S LE it T

Stress

Strain

with other hermetically coated fibers. The hermetic
coated fiber and polycrystalline materials selected in
this study for hermetic feedthroughs were reviewed for

dielectric characteristics.

4 Mechanical Characteristics

A load that is applied to a material causing deformation
and is reported in pounds per square inch (Psi) or
megapascals (MPa). This can be either tensile or

compressive.

The deformation of a material caused by stress, usually
measured in inches per inch of elongation. This can be

either tensile or compressive.

Young’s Modulus (Modulus of Elasticitv)

The proportionality constant between elastic stress and
elastic strain or the amount of stress required to
produce strain.

Stress
Young’s Modulus = Strain

The Young’s Modulus was evaluated for fiber, sealing and
housing materials selected. This was accomplished to

18



assure that materials when used together are not being

used beyond the appropriate limits.

Compressive Strength

The crushing strength of a material.

The compressive strength of a polycrystalline ceramic
material is usually much higher than the tensile strength
so it is beneficial to design a polycrystalline ceramic
sealing feedthrough so that it supports heavy pressure
loads in compression rather than tension. Table 2 shows
relative hardness, calculated compressive stress and

measured compressive stress.

TABLE 2

Comparison of hardness and Compressive Strength for Polycrystalline
Ceramic Materials

Calculated Measured

Vickers stress Compressive

hardness Hv/3 Yield strength
Material kg/mm? kpsi kg /mm? kpsi kg/mm* kpsi
Al,0, 2370 3360 790 1120 650
BeO 1140 1620 380 540 360
MgO 660 930 220 310 200
MgAl,0, 1650 2340 550 780 400
Zr0, (+Ca0) 1410 1980 470 660 290
SicC 3300 4680 1100 1560 -
Diamond 9000 13780 3000 4260 910
BiC 4980 7080 1660 2360 414
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Vickers Hardness

Determined by forcing a hardened sphere under a known
load into the surface of a material and measuring the

diameter of the indentation left after the test.

Vickers Hardness

imposed load/0.5393 (diameter

of indentation)?

P P/0.53934d%]

The Vickers hardness values shown in Table 2 indicate

relative hardness of the materials listed.

Flexural Strength

Poisson’s

Flexural strength is defined as the maximum tensile
stress at failure and is also known as bend strength or
modulus of rupture (MOR). The flexure test is conducted
by supporting a rectangular test specimen at both ends
and applying a load either at the center ( 3-point
loading) or at two positions ( 4-point loading), the load
applied normal to the axis of the specimen. Table 3
lists relative flexural strength in terms of MOR for

various polycrystalline and other ceramic material.

Ratio
When a tensile load is applied to a material, the length

of the sample increases slightly and the thickness
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decreases slightly. The ratio of the thickness decrease

to the 1length increase is

called Poisson’s Ratio.

Typically, Poisson’s ratio is used to evaluate materials

and can often be used as a comparison of material

strength.

TABLE 3

Modulus of Rupture of Polycrystalline ceramic and Ceramic Materials

Material

Sapphire (single-crystal Al,O,)

Al,0, (0-2% porosity)

Sintered Al,0, (<5% porosity)

Alumina porcelain (90-95% Al,O,)
Sintered BeO (3.5% porosity)

Sintered MgO (<5% porosity)

Sintered stabilized ZrO, (<5% porosity)
Sintered mullite (<5% porosity)
Hot-pressed SiC (<1% porosity)
Sintered SiC (~2% porosity)
Reaction-sintered SiC (10-15% free Si)
Bonded SiC (~20% porosity)

Hot-pressed TiC
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138-240
EZS
621-825
450-520
240-450
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Corrosion,

5 Time, Temperature, and Environmental Effects
Related to Characteristics.

The deformation at a constant stress as a function of
time and temperature. Creep is plastic deformation
rather than elastic deformation and thus will not recover

(spring back) after the stress is released.
Creep testing consists of measuring the deflection of the
polycrystalline ceramic and other ceramic materials at a

constant load and constant temperature.

Creep was investigated during material selection in

feedthrough design.

Erosion, and Impact

(a) Ambient Temperature Corrosion

Strongly bonded ceramics have an excellent resistance to
corrosion at room temperature. Polycrystalline ceramics
and ceramics such as Al,0, and SiJL are virtually inert
to attack by aqueous solutions, including most strong

acids and bases.

(b) Erosion

Erosion resistance of a material is determined primarily
by the hardness of the material compared to the hardness

of other materials with which it comes 1in contact.
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Erosion can occur by sliding motion between two surfaces
or particles between the surfaces. Sliding erosion (wear
resistance) can be reduced by improving the surface

finish of the ceramic.

TABLE 4

Erosion Resistance Versus Hardness

Material, in increasing Hardness
order of Erosion Resistance ( kg/mm? )
Zxr0, (Zirconia) 1160
Al,0, (Alumina) 2000
$i.0, (Silicon Nitride) 2200
SicC (Silicon Carbide) 2700
Diamond 7500

These characteristics were applied to any materials which are used
in feedthrough applications designed with moving parts, such as

coupling mechanism and mating/demating components.

(c¢) Impact

Defined as the application of a structural load to a

material at a very high loading rate and usually to a
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localized area.

Polycrystalline ceramics and ceramics, because of their
brittleness and low fracture toughness, cannot
redistribute stresses due to impact; therefore, they are

critically susceptible to impact damage.

In order to improve impact resistance the fracture
toughness of the polycrystalline ceramic and ceramic must
be improved. Two ways to improve fracture toughness are

as follows:

Second - Phase Reinforcement:

Controlled dispersions induced into a second phase
material can also improve material toughness and impact
resistance. This method has been well demonstrated for
tungsten carbide (WC) and titanium carbide (TiC) cements
containing small quantities of metals such as nickel
(Ni) . The nickel was added or "controlled dispersed" in
the formulation of the base material which was then heat

treated as a second phase material.
LiteCom has evaluated the use of second phase

reinforcement trace element additions to increase

toughness and impact resistance.
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Transformation Toughening:

This is defined as increasing the fracture toughness by
dispersing particles of a material that undergoes a
displacive transformation in a matrix or base material
that does not go through the same transformation. During
the cooling cycle, after initial sintering of the
material, the dispersed particles undergo transformation
which is accompanied by a volume change. The surrounding
matrix material is cracked or stressed by this volume
change causing a significant increase in the fracture

toughness.

Most of the work on transformation toughening has been
done with Zirconia (Z2x0,) . (LiteCom  has done
investigative work with 2ZrS and 2ZrO, material in
transformation toughening.) ZrO, undergoes a 3.25%
volume expansion during cooling below 1000° C due to
transformation from the tetragonal phase (a crystal
system characterized by three axes at right angles of
which only the two lateral axes are of equal significance
and the third axis is of lesser significance) to the
monoclinic phase (a crystal system characterized by three

unequal axes with one oblique intersection).

This results in unstabilized zirconia and subsequent

catastrophic failure of the part. Addition of CaO, MgoO,
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or Y,0, to the ZrO, results in a cubic crystal structure
that is stable over the complete sintering process and
does not undergo a phase transformation. This 1is

referred to as stabilized zirconia which has improved

toughness and impact resistance as compared with

unstabilized zirconia.

However, stabilized 2ZrO, still has relatively low
fracture toughness and poor resistance to impact.
LiteCom has found that by adding insufficient amounts of
CaO, MgO, or Y,0, to stabilize the ZrO, completely and by
careful control of particle sizing and processing causes
a mixture of the stable phase and the unstable phase

which results in high fracture toughness. This material

is referred to as partially stabilized zirconia.

An increase in fracture toughness can also be achieved by
extending the treatment of obtaining partially stabilized
zrO, to Al,0, and Si,N, and obtain partially stabilized

Al,0, and Si,N, and other polycrystalline materials.

Thermal Shock
Thermal shock is defined as the thermal stresses that
occur in a component as a result of exposure to a

temperature difference between the surface and interior.
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2.1.2.3.2

SiC has better thermal shock resistance than SiN,
and partially stabilized ZrO, has excellent thermal
shock resistance due to its high fracture

toughness.

Partially unstable ZrO, and other partially unstable
polycrystalline materials will be evaluated for superior
thermal shock characteristics in hermetic fiber optic

feedthrough applications.

Processing of Polycrystalline Ceramics and

other Ceramics for hermetic sealing materials

Processing of polycrystalline ceramics for wuse as

hermetic sealing materials included review of processing

techniques for aluminum oxide powder, silicon carbide

powder and silicon nitride powder. This information was

useful in understanding the composition and forms

available in hermetic sealing materials.

Aluminum Oxide Powder

Al,0, powder is produced in large quantities from the
mineral bauxite by the Bayer process. Bauxite is
primarily colloidal aluminum hydroxide mixed with iron
hydroxide and other impurities. The Bayer process

involves the selective leaching of the alumina by caustic
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soda and precipitation of the purified aluminum
hydroxide. The resulting fine-particle-size aluminum

hydroxide is then thermally converted to Al,0, powder.

Silicon Carbide Powder

Silicon carbide is produced by the Acheson process. The
Acheson process consists of mixing SiO, sand with coke in
a large elongated mound and placing large carbon
electrodes in opposite ends. An electric current is then
passed between the electrodes, heating the coke to about
2200° C. At that temperature the coke reacts with the
Si0, to produce SiC plus CO gas. Heating is continued
until the reaction is completed in the interior of the
mound . The middle (core) of the mound contains SiC

powder.

Silicon Nitride Powder

The two methods used to produce high-purity Si,N, powder
are the reduction of SiO, with carbon in the appropriate
nitrogen environment and reaction of SiCl, or silanes
with ammonia. Both of these methods produce very fine

particle size. Si,N, powder is not found naturally.

information assisted in the understanding of the

composition and the forms which are available of hermetic

sealing materials.
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2.1.1.3.3 Techniques for Pressing/Filling Processes:

Techniques for pressing/filling processes were reviewed to evaluate
the most suitable means of actually utilizing the various
polycrystalline compounds in the hermetic sealing of feedthroughs.
Seven major techniques for compacting powder and forming desired

preform shape configuration prior to firing are:

(a) wuniaxial pressing (dry pressing)
(b) isostatic pressing

(c) hot pressing

(d) slip casting

(e) injection molding

(f£) tape forming

(g) green machining

Of the techniques, uniaxial pressing (dry pressing) is favored by
the LiteCom technical team because dimensional tolerances to + 1%
are normally achieved in routine applicatioqs. Closer tolerances
can be achieved in special design. Dry pressing is more cost

effective and easier to handle than other pressing/filling

processes.

(a) Uniaxial Pressing (Dry Pressing)
Figure 1 shows mechanical press cycle. The pressed

polycrystalline ceramic powder is formed in the preform
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which can be a single channel or a multi-channel disk
(Figure 2 and 3). The preform is inserted between
fiber(s) and metallic housing (Figure 4) before sintering
which produces hermetical sealing. Controlling the
portion of the polycrystalline powder into fill, we can
anticipate the proper density or size. Some of the
conditions that can be encountered with pressing are die
wear and cracking; however, dry pressing achieves high
production rates and close tolerances for our fiber optic

feedthrough applications.

(b) 1Isostatic Pressing
Polycrystalline ceramic powder is enclosed in a liquid-
tight rubber mold and immersed in a pressure vessel
filled with fluid. Hydrolic oil or water is used. The
fluid is pressurized, transmitting the pressure uniformly
to all surfaces of the mold. The rubber deforms as the
powder compacts, but springs back after the pressure is
released and allows easy removal of the pressed part.
Isostatic pressing is used for large parts that cannot be

dry pressed.

(c) Hot Pressing
Pressure and temperature are applied at the same time.
The advantages are reduced sintering (sealing) time,

minimized porosity and higher strength.
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(d)

(e)

(£)

Slip

Casting

Polycrystalline ceramic particles are suspended in water
and cast (poured) into porous plaster molds. The mold
extracts the liquid and compacted polycrystalline ceramic

preform is formed along the mold walls.

Injection Molding

Tape

Injection molding is a low-cost, high volume production
technique. Injection molding is used extensively in the
plastics industry. Polycrystalline ceramic preforms can
be made with the same injection molding equipment, but
with dies made of harder, more wear-resistant metal
alloys. The polycrystalline ceramic powder is
essentially added to the plastic as a filler. After
injection molding the plastic is then removed by careful

thermal treatments.

Forming

The doctor-blade process is used to form substrates.
This process consists of casting a slurry onto a moving
conveyor belt made of a thin sheet of Teflon or Mylar.
The slurry is spread to a controlled thickness with the
knife edge of a blade. The slurry is then dried
resulting in flexible tape that can be stamped to the

desired configuration prior to firing.
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(g) Green Machining
Green machining is the machining of a polycrystalline
ceramic preform befqre i; has been fired or sintered.
The preform at this point consists of compacted, loosely
bonded powder and must be handled with great care because
it is very fragile. Diamond tooling is not required;

therefore, green machining is very economical.
2.1.1.3.4 Theory of Sintering

Sealing techniques or heat-sintering was reviewed. A review
was made of an evaluation of the limitations of feedthrough
components and of sealing compounds for the hermetic sealing
process. Many sealing materials have unacceptable
limitations. The objectives of sealing materials and methods
are low sealing temperature and short sealing time. Also,
there should be matchedA thermal coefficients, chemical
résistance, no outgassing, and hermetic sealing between fiber
and flange housing. In keeping with these parameters, heat

control plays a major role in the hermetic sealing process.

A research effort feature of this by LiteCom, Inc. is the
sealing of fiber to metal (aluminum) by proprietary techniques
through .the"specialized sintering process and the unique
chemical compound mix. At LiteCom, Inc., the densification of

a polycrystalline ceramic preform is referred to as sintering
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which results in sealing. Heat 1is the energy used for
sintering applications. Sintering is actually the removal of
pores between preform particles accompanied by melting and
shrinking of the polycrystalline ceramic material, combined

with strong bonding and growth among particles.

Sintering creates a hermetic seal between the preform and the
fiber surface as well as between the preform and the metallic
housing. To do this, the polycrystalline ceramic powder is
pressed into shape (preform) and inserted between fibers and
metallic housing. Then, the unit is placed into a furnace and
heated to melt the polycrystalline ceramic powder mixture.
The resulting sealing material is basically a non-porous,
polycrystalline ceramic composite that has a broad range of
strength and elasticity, depending on the percent of A1l,0,

used.

This review of sealing techniques provided the background for
selecting the means of sealing the fibers into the housing in
Type I feedthroughs and the means of sealing the fibers in the
termini and the termini into the housings in Type II

feedthroughs.

2.1.1.3.5 Design Consideratiomns

The geometry and styles of feedthroughs under development
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included Type I feedthroughs with bulkhead mount to seal
continuous fibers with or without protective backshells at
fiber exit on one or both sides of the feedthrough and having
one or a plurality of fibers in the feedthrough. Styles also
under development include Type II feedthroughs with termini to
provide connectorization on one side of the hermetic
feedthrough and with or without backshell accessory option on
the fiber entry side of the Type II feedthrough. These

feedthrough configurations can be seen in Figures 5 and 6.

2.1.1.4 Sealing Material Mock-up Test

In order to evaluate sealing material, a "mock-up" test
was conducted to perform trial sintering without making
a full feedthrough model. A portable heat-producing unit
was used which had a uniformity of heat output of + 0.5%.
This was beneficial for controlling the sintering
temperature environment. Equipment was set up to conduct
the study as shown in Figure 7. Fibers were first

evaluated.

2.1.1.4.1 Fibers for Mock-up Test

NASA fiber/cables 0C-1260 were given to us for evaluation. The

visual results were as follows for various levels of heat exposure:

34



650° coating material burned
590° coating evaporated

240° good and sealed

The polyimide buffer coating could only stand 390° C. Above that

temperature, the material burned. (see Figure 8)

Next, gold fiber from Fiberguide Industries, 100/140 microns, was
tested at 640°. The aluminum, V-groove melted and flowed along the
gold fiber. As shown in the photos, the stress of the aluminum
flowing broke the gold coated fiber. (see Figure 9, upper and

Figure 10)

We ordered two kinds of fibers from Spectran Company. These were
carbon based, hermetically sealed, and polyimide buffer coatings.
These fibers were tested with sealing material. The specifications

for the two kinds of fibers are as follows:

(a) SR-428-H Radiation Hard Optical Fiber (Step Index)

Core: 100.0 +/- 4 micrometers.

Clad: 140.0 +/- 3 micrometers.
Buffer: 170.0 +/- 5 micrometers.

NA: 0.24 +/- 0.02

BW: >/= 20 Mhz*km @ 850 nanometers

(b) SR-328-H Radiation Hard Optical Fiber (Graded Index)

Core: 100.0 +/- 4 micrometers.
Clad: 140.0 +/- 3 micrometers.
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Buffer: 170.0 +/- 5 micrometers.
NA: 0.29 +/- 0.02

BW: >/= 100 Mhz*km @ 850 nanometers

Radiation can penetrate the core of optical fiber, darkening fiber
dopant material and causing an increase in attenuation which may
interrupt communications. The radiation hard optical fiber was
selected to resist radiation, ensuring accurate, uninterrupted
communications in the vicinity of a controlled radiation source or
nuclear event. Later radiation hardening testing was conducted to
evaluate the fibers and feedthroughs in various kinds of radiation

environments.

(c) ~Spool #130 Hermetically sealed, Radiation Hard,
Aluminum coated Optical Fiber

(Graded Index)

Core: 100.0 +/- micrometers.

Clad: 142.0 +/- micrometers.

Buffer: 168.0 +/- micrometers.

NA: 0.29 +/- 0.02

BW: >/= 100 Mhz*km @ 850 nanometers
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The test setup and vee-groove test block are shown in Figures

1%.and 12.

2.1.1.4.2 Sealing Material

LiteCom received two sealing compounds from industrial IC
package for our sealing material mockup testing efforts.
Both compounds, Na,0-BaO-SiO, and Na,0-Al,0,-B,0,-SiO,,
consist of glass powder and special ceramic filler. This
material is used for sealing ceramic IC packages, metal
packages and fixing electronic parts. Mockup testing was

done during this period.

One interesting response came from Nippon Electric Glass
gy, LhEaS They were not able to offer any of their
products that would comply with our requirements. Their
FAX offered no alternatives. This company is one of the
largest glass companies in the world, and they offered no

product for achieving this design requirement.

2.1.1.4.3 Mockup Test

The sealing material mock-up testing was conducted to examine
the hermetic sealing/bonding capability and signal
transmission change effects of three types of fibers with two

different sealing compounds. Each compound was used on a
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single aluminum V-groove block with a fiber laid through the

compound .

Results of the two sealing compounds, Na,0-Ba0O-SiO, and Na,O-
Al,0,-B,0,-Si0,, tested during this period are shown in Table 5.
Two compounds were tested six ways. Both compounds failed to
meet the requirements. Compound number 1, Na,0-BaO-SiO, with
ceramic filler, was non-adhesive to the aluminum vee-groove.
Compound number 2, Na,0-Al1,0,-B,0,-SiO, with ceramic filler, was

brittle and only partially adhesive.

TABLE 5 - Sealing Material MockUp Tests

Compound Temperature (°C) Time (min.) Fiber type
ik 420 30 a
i B 420 30 b
1 420 30 c
2 380 30 a
2 380 - 30 ; b
2 380 30 o

Additional sealing material was obtained and evaluated
following the initial "Mock-up" test. This is reported

in Task 2, paragraph 2.2
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2.1.2 Results and Accomplishments

The exhaustive research and initial testing reported in
Task 1 effort paved the way for further development

leading to the final mature feedthrough configurations.

2.1.2.1 Fiber Findings and Recommendations

After review of many candidate fibers as reported, it was
determined that polyimide coated fiber appears most
promising for the temperature extremes and harsh
conditions of the space shuttle engine proximity
application. The polyimide buffer not only can withstand
a broad range of temperatures, but it is readily bonded
to hermetic sealing materials evaluated and maintains
optical signal integrity. Other fibers which are viable
candidates for hermetic sealing are the metallic-coated

fibers, although the gold coated fiber proved to be too

brittle for: practical usage. The polyimide buffered
fiber is also radiation-resistant, an important
characteristic.

2.1.2.2 Sealing Material Findings and Recommendations

Exhaustive research into characteristics of sealing

materials, processes of heat-curing and "mock-up"
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preliminary testing indicated that polycrystalline
sealing materials offer great possibilities for hermetic
sealing. Earlier Phase I testing indicated this and
further testing reported in this Final Report shows that
polycrystalline material is a superior hermetic seal
material. Additional testing beyond the mockup test was
conducted on several one-channel feedthrough prototypes
as reported in paragraph 2.2.2.4. For sealing, the
uniaxial pressing or dry pressing technique was preferred
because dimensional tolerances can be routinely minimized
to + 1%. This process is also cost-effective and easy to

handle.

2.1.3 Conclusions - Task 1

Various fibers, sealing materials and sealing techniques
have been evaluated for suitability in providing hermetic
sealing of optical fibers in aluminum housings. This
evaluation has been necessary because to date, there has
not been any successful hermetic sealing of glass fibers
in aluminum housings which can maintain an extremely low
leak rate even while exposed to wide variation in
mechanical and environmental conditions. The analyses
and searching in Task I has set the stage for advanced
development, prototyping, testing and findings in the

remaining tasks of this effort.
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Task 2 - Feedthrough Development/Design

2.2.1 Objectives and Approach

Fiber optic feedthrough units which can maintain a
pressure differential between vacuum and atmospheric
pressure must be used in space applications. Task 2 was
established to design feedthrough units which will meet
the needs of various applications for space use. It was
recognized that single channel fiber optic feedthroughs
are useful either with or without strain relief and
termination of ruggedized cable strength member and
jacketing at the Dbulkhead penetrator. In other
applications, multi-channel units are needed. Designs
were initiated to enable use of both single channel and
multi-channel technology. Another feature which could be
very useful is to connect/disconnect a fiber optic line
or cable assembly at a bulkhead. Investigation showed
that a readily available{ easy-to-use circular
military/space grade connector was MIL-C-38999. This
connector family with a series of different coupling
mechanisms has been used either with a conventional
knurled O0.D. coupling plug shell or with special "wing
nut" features proven useful for astronaut usage in a
gloved, minimum dexterity situation, especially the MIL-

C-38999 Series IV 90° quick coupling connector family.
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Thus, feedthrough designs have been developed using
‘ single channel feedthroughs of LiteCom design and multi-
channel feedthroughs for MIL-C-38999 Series III or IV
connector interfacing. The designs have been developed

as described in the following paragraphs.

2.2.1.1 Sealing Material Review

Following the Task 1 sealing material study and the
limited results of the Task 1 "Mock-up" testing,
additional sealing materials were evaluated. As work
progressed, various formulations were tested and the
| polycrystalline compounds proved to be best for all
requirements of the bulkhead feedthrough hermetic sealing
application. Test results in 2.2.2.1 verify the levels
of hermeticity satisfactorily reached using

polycrystalline ceramic for sealing in aluminum housings.

2.2.1.2 Feedthrough Development - Type I and Type II

First, single channel feedthrough prototypes were
designed as shown in Figure 13. Figure 13 shows the
single channel design for hermetic bonding 10 prototypes.
Ten prototypes were built for evaluation in leak rate
testing. These prototypes have no flange mount feature

for the evaluation testing. A flange feature was added
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in later design.

To fabricate the sealing prototype elements for single channel
hermetic sealing, step holes were made inside tubing made of
aluminum 6061-T6. The small close-fitting hole (a) is for the
fiber passing through and the large hole (b) is for the
sealing material preform which is pressed into place at room

temperature with a light press fit.

This technique (uniaxial pressing) is more cost effective and
this assembled single channel hermetic sealing unit is easier
to handle than by using other pressing/filling processes. The
sealing material preform of polycrystalline material is light-
press-fitted into the large hole (b) of the modified 6061-T6
tubing for the later sintering procedure which takes place

following positioning of the fiber in the sealing unit.

Ten single channel samples were made with four different
fibers. The sintering temperatures were 240°C for all the
samples with the duration of time at the sintering temperature

of three minutes.

A cooling down rate of 40°C/min. followed the timed exposure
to heat until the specimen was at room temperature. The
cooling down rate was controlled by steps with a small cooling

fan.
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Ten single channel feedthroughs were measured for signal
transmission levels before, during and after fabrication. Due
to the low temperature sintering, the transmission loss was

not significantly noticed.

The 1leak rate tests were conducted at a company, A-VAC
Industries, in Anaheim, California. Final measured leak rate
successfully passed is shown in Table 6. The samples, items
1 through 4, were light-press-fitted during the process of
sealing materials. Items 5 through 10 were failed during the
first sintering due to the sealing material without uniaxial
pressing. But those items passed second sintering combined
with light-press-fitting. The samples passed 107’ cc/sec. and
10 cc/sec. which reached the limit of the measurement

instrument in A-VAC Industries.

44



TABLE 6

First Sintering Heliua Second Heliua
Single Channel Sealing Sintering Tine Fiber Leak Rate  Simpering [Leak Rate
Peedthrough { Katerial Teap. (°C)  (min.) Type Pressing  (cc/sec.)  ®/Pressing (ce/sec.)
. [C-200-E9-01 Polycrystalline 240 j Polyinide Yes R )
Step
100/140
2. 1C-200-62-01 Polycrystalline 20 ] Polyimide fes 1.0z 107"
(Graded)
100/140
3. [LC-200-AL-  Polycrystalline 20 3 Aluainua fes o l0"
100-140 Step
100/140
b, LC-G2LS- Glass w/ceramic 400 60 Polyimide fes 1.0x10°"
1401-01 filler
(Graded)
100/140
5. LC-200-6L-01 Polycrystalline 240 § Gold Step ¥o 1.0z 10 Yes k0 x 107
100/140
§. [LC-200-H9-02 Polycrystalline 240 j Polyinide Yo 1.0x10° fes Lox10°"
Step
100/140
7. 10-200-G2-02 Polyerystalline 20 § Polyimide Yo Lox 10" Yes [H0Ex 0
(Graded)
100/140
§. LC-200-AL-02 Polycrystalline 240 ¢ Auainua e R fes  10x10°"
Step - i
100/140
9. [C-200-E9-03 Polycrystalline 240 3 Polyinide ¥o Loz 10t fes 1.0x 107"
Step
100/140
10. [C-200-62-03  Polycrystalline 240 § Polyinide ¥o 1.0z 10" fes 1.0x 107"
(Graded)
100/140

Table 6 shows measured leak rate successfully passed (not to
failure).
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A multi-channel feedthrough was designed with the option
available of conventional protective backshell hook-up to
one or both sides of the feedthrough. This unit is seen
in Figure 5, and a prototype was built. The design is
based on the MIL-C-38999 Series III shell size 25
diameter and provides the standard MIL-C-38999 backshell
accessory connecting threads, and serrated anti-rotating
"teeth". Radiation hardened polyimide fibers were used

in this 28 channel fabricated feedthrough.

Six out of 28 channels were measured for any change in
optical signal transmission before, during and after

hermetic sealing fabrication.

Figure 14 shows the test set-up for fabrication. Four
channels were measured using an 850 nm LED source. Two
channels were measured using a He-Ne laser light source.
The transmissive signal did not change during this

fabrication.

The unit described is a continuous fiber "Type 1"
feedthrough. A "Type 2" feedthrough design was also made
based on having continuous fibers permanently sealed into
"pin termini" on one side of the bulkhead and with a
connector interface for connect/disconnect capability on

the other side of the bulkhead. This design can be seen
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in Figure 6. Standard size 16 MIL-T-29504/4 pin terminus
style was chosen to mate with MIL-T-29504/5 socket

termini in a mating plug connector half.

A Type 2 unit was constructed for evaluation.

The multichannel pigtail design feedthrough bulkhead
receptacle chosen was a shell-size 13, Mil-C-38999 Series III
or IV, 4-channel. The hermetic sealed receptacle contains pin
termini which will mate with spring-loaded socket termini in

the connector plug.

Techniques for fabricating the "type 2" pigtail style
feedthroughs were evaluated. There are two basic approaches
developed and prototypes of these were evaluated to determine

the best sealing and the relative merits of fabrication.

In the first approach, termini are fabricated and hermetically
sealed to prepared fibers using controlled melting temperature
polycrystalline sealing material to bond fibers into the
terminus ferrule. Meanwhile, a multichannel insert with
terminus cavities is hermetically sealed into a feedthrough
receptacle housing. Pigtailed termini tips are polished to
assure low loss signal transmission in later mating to socket
termini. The prepared pigtailed fibers are then positioned

into the <close-fitting cavities of the multichannel

47



feedthrough insert and the termini are hermetically sealed in
final position. Thus, there is hermetic sealing of fiber-to-

terminus, of terminus-to-insert and of insert-to-housing.

In the second approach, the termini are again hermetically
sealed to the fibers. Termini are polished to assure optimum
signal transmission. Next, the prepared termini are
positioned in the feedthrough insert and the loaded insert is
then positioned in the feedthrough housing. Now, the entire
unit can be fired to hermetically seal terminus-to-insert and
insert-to-housing. The hermetic sealing material used to bond
terminus-to-insert and insert-to-housing has a melt-point
temperature low enough to assure the fiber-to-terminus bond is

not disturbed.

When completed with either approach, the feedthrough is a
bulkhead-mounting unit which will accept a mating fiber optic
connector plug on one side. Fibers exit the other side of the
feedthrough and can be either buffered fibers or single-
channel fiber optic <cables which are strength-member

terminated to the hermetic feedthrough termini "tails."

For clarification, the following definitions describe the

various types of feedthroughs.
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Type I feedthrough:

Continuous fiber penetrates a bulkhead through a double-ended
feedthrough which allows connection of backshells on both ends

of the feedthrough.

Type II feedthrough:

Fiber is hermetically sealed in the pin termini which are
hermetically sealed into a wall-mount receptacle or jam-nut
mount receptacle. This will allow backshell protection of the
fibers coming into the unit on one side, and plug connection
of socket fiber optic termini on the other side of the

feedthrough.

Type III feedthrough:

A short bulkhead penetrator with double-ended hermetically
sealed pin-pin termini. The . feedthrough has a receptacle
interface on each side allowing plug connection of socket

fiber optic termini on both sides of the feedthrough.

2.2.1.3 Terminus Development

Fiber optic termini to be wused in the hermetic-sealed

feedthrough application must be uniquely designed to provide
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required characteristics while allowing the options of
buffered fiber termination or single channel fiber optic
cable/strength member termination. Details of terminus
construction were developed and are shown in Figure 15.

Techniques for stripping the buffer coat of the fiber are
being evaluated to assure the best preparation for the
hermetic sealing operation. As shown in Figure 6, the
terminus will be sealed into the insert. The terminus itself
will have a precision tip which centers the bare fiber end
precisely. This tip may be ceramic or stainless steel.
Inside the ferrule, a portion of the bare, stripped fiber
behind the precision tip will accept hermetic sealing material
to bond the fiber in place. The remainder of the ferrule will
be used to house the fiber and provide termination for either
buffered fiber or the strength-member terminated single
channel cable. The final feedthrough configuration as shown
in Figure 6 enables a quick-connect with a fiber optic Mil-C-
38999 Series III or Series IV mating plug connector half.
Termination of the fiber or fiber/cable into the terminus
includes hermetic sealing of the fiber plus use of standard
military crimp tooling prior to hermetic sealing. Field crimp
methods for the mating non-hermetic socket terminus were
developed. This will assure user friendly, reliable assembly
and provide a rugged crimped terminus. Final terminus
preparation will require fiber-tip polishing using a polishing

bushing and developed techniques.
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Of the two methods to terminate pin termini for the Type
IT feedthrough, both will be acceptable fabrication
techniques. Again, the first approach is to terminate
using fiber with buffer stripped and the other approach
is to terminate without stripping the buffer coat. Of
the stripping methods, chemical stripping is acceptable
for in-house feedthrough construction but not for in-
field mating socket terminus construction. Both methods
can employ mechanical or heat stripping. Spectran fiber
with polyimide buffer can be held to 172 micron +.002/-
.000. If it was decided to use fiber without removing

buffer materials, cleaving through the buffer and fiber

is a possibility.

The alignment bushing used to align pin terminus to
socket terminus can have two variations evaluated. The
first is shown at (A) in Figure 17. This is the standard
split ceramic alignment bushing which applies equal
radial forces on the termini tips unless one tip is
slightly smaller than the other. In that case, there is
a slight gap. However, the gap will only be as large as
the tolerance range of tips. In the second variation
shown in (B) of Figure 18, the alignment bushing has a
configuration with one opening purposely slightly smaller
(1 to 2 microns) than the other. In this case, the

slight gap will again be a function of tip tolerance on
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the larger i.d. side since the smaller i.d. side is
configured to provide a light press fit on that terminus

tip.

In both cases, the gap is minimal and should have minimal
impact on misalignment of the fiber cores. To select the
better option, it is noted that the variation (B) is
harder to clean if the tight i.d. side is more difficult
to remove for through-cleaning of the alignment bushing.
For this development program, the variation (A) will be

used.

2.2.1.4 Test and Evaluation - Initial

Much testing was conducted to verify materials as
reported and a leak rate test was conducted on a 28

channel Type 1 unit to verify sealing capability.

Results of this hermetic seal test . performed on a
prepared Type I, 28-channel fiber optic hermetically
sealed feedthrough are shown in Figure 16. The test
performed went to the extent of the capability of the
machine, 6.75 x 10°® cc/sec He at 72°F. A mass
spectrometer was then used to detect any leakage and none

was detected up to the limit of the detector.
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Following this testing, additional units with various
fibers were constructed and tested for hermeticity with
positive results. The technique and materials for
sealing were proving themselves. Fibers chosen for
multi-channel evaluation included polyimide buffered

aluminum-coated and gold-coated fibers.

Review of the two assembly methods for Type 2

feedthroughs were again made to evaluate the best

technique for assembly.

Of the two methods previously discussed the £first
approach is best for use in this development effort. It
is more simple for individual polishing. That method is
to terminate the fiber into each pin terminus
individually, sealing with hermetic bonding then polish
the terminus tips to the final high quality finish
desired. Following the completion of this procedure with
all the termini for a feedthrough, they are all mounted
in the insert, the insert mounted in the housing, and the
hermetic seal applied to complete the bonding of termini-

to-insert and insert-to-housing.

The second method will be more suitable for mass
production where gang polishing with developed fixtures

is more suitable. That method consists of constructing
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the feedthrough by locating fibers in the termini,
locating termini in the insert, then curing the hermetic
sealing material. The termini are all gang-polished at
the same time which has the advantage of making all
endfaces protrude the same distance from the front of the
insert block. The final operation is to bond the insert
into the housing with a second curing of the hermetic
sealing material, this time between housing and insert.
The two methods can be equally satisfactory since any
difference in protrusion length of the termini in the
first approach are accommodated by complementary

retraction of spring-loaded termini.

2.2.2 Results, Accomplishments and Conclusions

Feedthrough units were constructed based on Task 1
research using the best materials and processes. Initial
test results showed excellent withstanding of pressure
differentials to the limits of the .helium leak rate

equipment of 10-"!° cc/sec He.

Based on the results, the materials for sealing including
aluminum housings, ©polyimide buffered fiber and
polycrystalline ceramic sealing material were finalized

for construction of final comprehensive testing.
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Task 3 - Backshell Development

In many applications, the optical fibers, whether single
channel or multi-channel, must be ruggedized to sustain
mechanically and environmentally harsh conditions. At
the feedthrough, entry of fibers must be protected with
strain-relief and physical limiting of access to the
immediate area of the fiber entry to the hermetic sealing
interface. At this point, the protective buffer coat,
strength member and fiber optic cable jacketing are
removed to enable proper hermetic sealing. The solution

is to provide a rugged protective backshell housing.

Backshells to protect fiber entry into the rear of the
feedthroughs were designed for Shell Size 11 (2-channel,
Type I feedthrough) and Shell Size 13 (4-channel, Type II
feedthrough) . Backshells were designed in a straight
configuration (both feedthrough types) and in a right

angle configuration (Type II only).

Clamping means for fiber/cable at the rear of the
backshell is provided by a pair of opposing "saddles" or
by a tapered "squeeze" arrangement on a cable grommet.
Both designs were initially pursued. Molded boot
information was obtained. This is for use at the rear of

the backshell after the cable is clamped and will provide

i
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additional strain relief for the fiber optic cables.
Molded boot configurations have been determined and
suitable heat shrinkable boots have been selected and

ordered.

Heat shrink tubing conforming to military specifications
has been selected and ordered for use in strain relief

and protection in various places.

2.3.1 Backshell Requirements/Design

A design for backshell protection was initiated and the
results are shown in Figures 19 and 20 for straight and
right-angle configurations. The requirements of the
backshells included strain relief, capture of strength
members at the rear of the unit, a "service loop" chamber
for relaxing the fiber from any tensile forces and
physical confinement of fibers from external forces and
influences. By designing the rear of. the feedthroughs
with threads and serration per MIL-C-38999, the
backshells could be designed and ordered with connecting
threads and freely rotating coupling attachment rings
which are available for connector backshells. Grommet
seals are included to seal the backshell and thus the

rear of the feedthrough from environmental substances.
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2,3.2

2.3:8

Strain Relief Requirements

Clamping means for fiber/cable at the rear of the
backshell is provided by a pair of opposing "saddles" or
by a tapered "squeeze" arrangement on a cable grommet.
Both designs were considered. Molded boots used at the
rear of the backshell after the cable is clamped, will
provide additional strain relief for the fiber optic
cables. Molded boot configurations have been determined

and suitable heat shrinkable boots were selected.

Fabrication of Backshells

Once the designs were established, backshells were
fabricated to wuse in the harsh environmental and
mechanical testing. For purposes of testing, straight
backshells were fabricated which could be used with both
Type 1 and Type 2 feedthroughs. Figure 19 shows the

design of the straight backshell.

2.3.3.1 Grommet Seal Material

A material review was conducted for the cable grommet
seal to be wused at the rear of one Dbackshell
configuration. This grommet will radially compress fiber

cable jacketing at the entry to the rear of the
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backshell.

Seal material selected was specified to maintain
elasticity from -150°C to +200°C. However, following
tests it was noted that the strain relief failed to
perform at cryogenic temperature due to hardening and
embrittlement of the current materials. Special
alternative silicone-based materials were tested and were
found to remain reliable and provide necessary strain

relief at very low temperatures (-150°C).

Results and Accomplishments

The need for backshells was established, designs were
prepared and units fabricated for evaluation and testing.
Units built included straight and right angle units. At
receipt of the backshells from the supplier, it was
recognized that the right angle units had an abrupt,
sharp angular internal configuration and a second
prototype design with a smooth interior construction was
fabricated. This is more conducive to protection of the
fibers within the backshell. The final units provided
the protection desired for fibers in the test feedthrough

assemblies constructed.
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2.3.4.1 Backshell Weight Consideration

Another backshell issue is weight consideration. There
has been much work done recently in the area of composite
materials being used for both connector shells and
housings and backshell accessory housings. LiteCom
conducted an investigation into the comparative weights
of aluminum backshells vs. composite backshells. Many
materials have been used for composite construction and
these were researched for the most appropriate candidates
to use in fabricating fiber optic backshells for the

feedthroughs under development in this program.

Evaluation took place on the strength and weaknesses
between aluminum and composite backshell materials. The
basic materials that were studied are PEEK, PEK and
ULTEM. The aluminum compositions have greater durability
and withstand the temperature excursions better than the
composites evaluated. The primary advantage of the
composites continues to be its potential weight savings,
critical in flight applications. Several candidate
composite materials exist which have some of the

advantageous characteristics of aluminum.

However, evaluation of composite materials failed to

reveal any pertinent data on the ability of composite
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materials to withstand cryogenic temperatures. It was
found that the aluminum compositions have greater
durability and withstand the temperature excursions
better than the composites evaluated to date. Therefore,
LiteCom wultimately decided to use the aluminum

compositions for the backshell fabrication.

Conclusions - Task 3

Backshells were designed and fabricated in a
configuration which was acceptable to provide physical
protection, isolation of fibers from tensile loading,
sealing of fibers at the rear of the backshell, straight
or right-angle options and constructed of materials
selected for strength yet 1light in weight. Tests
reported in paragraph 2.5 show that the backshells
successfully provided protection in the harsh
environmental and mechanical testing conducted on the

feedthrough units.

Task 4 - Fabrication and Assembly

Following the Phase 1 breadboard prototyping and testing,
complete feedthrough units were designed including
accessory protective backshells. The feedthroughs are

categorized as Type I and Type II. Type I feedthroughs
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have continuous fiber through the unit with hermetic
sealing around the optical fibers and within the
feedthrough housing. Type II feedthroughs are
constructed with each fiber terminated in a pin terminus
so that one side of the hermetic feedthrough has
continuous fibers while the other side of the feedthrough
has a connector receptacle interface with hermetically
sealed pin termini. The Type I feedthrough will
accommodate protective backshells on both sides of the
bulkhead while the Type II feedthrough accepts a
backshell on one side and a mating connector plug for
optical connections and disconnects on the other side.

A description of these elements follows.

2.4.1 Fabrication/Assembly, Type I Feedthroughs

The first Type I feedthrough units to be constructed were
single channel units using gold-coated, aluminum coated
and polyimide buffer coated single fibers. These were
constructed to enable conducting evaluation tests in
vibration, thermal shock and radiation. These mechanical
and environmental tests were planned to allow relative
comparative performance of the feedthroughs constructed
with the subject fibers. Leak rate testing followed the

environmental and mechanical testing for evaluation.
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Later, Type I multi-channel feedthrough units were
constructed. These were 2-channel feedthroughs,
constructed in accordance with the design as described in

paragraph 2.2.1.2, and shown in Figure 21.

To make the feedthrough units, a jam-nut mounting housing
was fabricated of aluminum. The design also has
provision for wall-mounting with four corner holes to
enable bolting the housing to the bulkhead. A groove is
incorporated which will assure sealing of the housing to

the bulkhead.

The fibers were prepared with stripping of buffer coat
from that portion of the fibers to be sealed into the
feedthrough. Polycrystalline ceramic was introduced
around fibers which were positioned in the through-holes
of the feedthrough. Heat was applied and the hermetic
sealing took place. This was the same technology used
previously to seal the fibers in single.channel prototype
units tested in leak rate testing and demonstrating
successful hermetic sealing between fibers and the

aluminum housings.

Three 2-channel Type I feedthrough units were constructed
for relative performance, one with gold coated fiber, one

with aluminum coated fiber and one with polyimide
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bulkhead fiber.

Other feedthroughs constructed in the Type I
configuration included 28-channel units which were built
to be subjected to helium leak rate tests and to
demonstrate the use of protective backshells which gave
strain-relief and tensile relief to the optical fiber

cables passing there through.

Fabrication/Assembly, Type II Feedthroughs

Many lessons of effectively sealing various fibers into
aluminum housings were learned working with Type I
feedthroughs. The next step was to fabricate Type II
feedthroughs which requires a particular set of
conditions concerning termini. These termini must be
properly positioned surrounding the fiber ends and
maintaining a very controlled positioning. Termination
of the pin termini tips must be done. in a controlled
manner since these are permanently located once the
hermetic sealing material is set. Fibers were sealed

into termini with hermetic sealing polycrystalline

ceramic material.
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2

.4

.3 Termini for Type II Feedthrough

Three different Type II 4-channel feedthrough termini-to-
aluminum connector housing seals were completed. The
units assembled included 4 channel feedthroughs, each
feedthrough constructed with fibers having a particular
coating. One 4-channel unit had gold-coated fibers, one
4-channel unit had aluminum-coated fibers and one 4-
channel unit had polyimide-coated fibers. The fibers
were first hermetically sealed into termini as described

below.

During this period, evaluation units of fibers-to-
termini-seal were completed using 3 different fibers.
Included in this task were termini containing sealed
fibers having gold coating, aluminum coating and
polyimide coating (Figures 22,23 and 24). These fiber-
to-terminus evaluation units were constructed and a
helium leak test (to pass 107*' cc/sec) was conducted
successfully on these evaluation units. Termini were
then polished and examined under a microscope (See Figure

29) .

2.4.4 Backshells-Straight

The backshell designed for use with either Type I or Type
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ITI feedthroughs was first designed in a straight
configuration. Figure 19 shows this backshell with
threads on a freely rotating captivated coupling ring to
match the MIL-C-38999 type backshell accessory threads.
This backshell has a central chamber or "service loop"
area to allow freedom of the fiber, isolating any tensile
forces from the rear entrance to termini or to continuous
fibers. It also has a rear cable clamp and compressive
sealing features to press radially on the cables in a
controlled manner. Letter designated dimensions may be
selected for the particular fiber/cable size, connector

shell size, etc.

2.4.5 Backshells-Right Angle

Another Dbackshell configuration was developed for
applications where the cable must be routed to a side
orientation upon exit from the backshell. A right angle
backshell is shown in Figure 20. This backshell has many
of the same features described in 2.4.3 for connector

hook-up, fiber protection safety and cable clamping.

2.4.6 Results and Accomplishments

Backshells were designed and fabricated to complement the

developed Type I and Type II feedthroughs. The
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2.4

7

backshells can be produced to accommodate different sizes
of connector shells and the backshells offer significant
protection to the optical fiber cables terminated in Type

II units or passing through the Type I units.

Conclusions - Task 4

The backshells were deSigned and constructed to protect
the fibers of the program feedthroughs. In the test
results reported in later paragraphs, it can be seen that
the backshells were successfully used to accomplish the

desired protection.

Task 5 - Tests and Evaluation

2.5.1 Objectives and Approach

The performance of the feedthroughs and backshells were
assessed and documented with accelerated environmental
and mechanical testing including thermal shock, helium
leak, salt spray, humidity, space radiation, and
vibration loading conditions. The radiation testing is
reviewed in paragraph 2.6, Task 6. All other tests are

reported in this section, paragraph 2.5.
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2.5.1.1 Test Units Constructed

Feedthroughs were fabricated using various types of

optical fibers as described and subjected to optical,

environmental and mechanical testing. These feedthroughs

were fabricated at LiteCom, Inc. 8033 Remmet Avenue,

Canoga Park, CA. 91304, CAGE No. OHO94.

Test Facilities

The

testing described herein was conducted at the

following locations:

(1)

(4)

LiteCom, Inc.

8033 Remmet Avenue

Canoga Park, CA 91304

National Technical Systems Testing Division
20988 West Golden Triangle Road

Saugus, CA 91350

Rockwell International, Defense Electronics - Anaheim
3370 Miraloma Avenue

P.0. Box 3105

Anaheim, CA 92803-3105

Maxwell S-Cubed Division

3398 Carmel Mountain Road

San Diego, CA 92121-1095

Helium Leak Testing,
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19438 Londelius Street

Northridge, CA 91324

Hardware Identification/Preparation

Two sets of feedthrough assemblies were prepared for the

testing program.

simultaneously in the interest of time.

the construction of the test feedthroughs.

This enabled conducting lengthy testing

Table 7 shows

TABLE 7 Feedthrough Test Units
Ident.| Feedthrough No. of No. of Fiber
No. Type Channels Channels Type
Used

C1 T 4 4 Polyimide Buffer
i @2 II 4 4 Aluminum Coated
‘ €3 15 4 4 Gold Coated

C4 I 2 2 Polyimide Buffer

A i 2 1 Aluminum Coated
| B I 2 16 Polyimide Buffer
‘ £ II - 2 Gold Coated
€ D LT 4 4 Polyimide Buffer
1

2.5.1.2 Overview of Tests

| Abstract of Testing and Results

The following is a brief summary of the testing performed

on the feedthrough units and the results of the testing.

Test sequence for feedthroughs C1, C2, C3, C4 (See Table
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7) was Salt Spray, Sinusoidal Vibration, .Random
Vibration, Mechanical Shock, Thermal Shock, Humidity.
Test sequence for feedthroughs A, B, C, D was Neutron

Fluence Radiation, Gamma Radiation, Ion Radiation.

Helium leak testing for hermeticity was conducted after
each environmental and mechanical test. All units passed
the 10** cc/sec helium test applied in every case.
Testing follows the plan set forth in LC-T-92-C027-TP
"Fiber Optic Cable Feedthrough and Sealing Test Plan"
Appendix 2, and this plan is referred to in the following

summary .

S sy b Insertion Loss Testing (Ref. para. 2.2 of LC-

T-92-C027-TP Appendix 2)

Requirement: Test the insertion loss of each

feedthrough unit as . o is
constructed comparing the strength
of optical signal before insertion
of the feedthrough in the line with
the strength of the optical signal

after insertion of the feedthrough.

Results: Type I units (See Appendix 2, Fig.

1) were fabricated and the insertion
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loss measurements were taken 1in
accordance with EIA/TIA-455-34.
(See Appendix 2, para. 2.2) Loss
results were negligible as would be
expected since the fibers were never
broken to install the Type I
feedthroughs. Measured losses were

-.02 max.

Type II units (See Appendix 2, Fig.
2) were fabricated and the insertion
loss measurements were taken in
accordance with EIA/TIA-455-34.
(See Appendix 2, para. 2.2) Losses
were measured and ranged from 0.5 to
0.8 dB. More detailed description
of the insertion loss testing can be
found in Appendix 4 "Evaluation Test

Data Sheets."

2.5.1.3.1 Optical Monitoring (Ref. EIA/TIA-455-20,

page 49 of Appendix 2)

Requirement:

Measure change in optical
transmittance during the

environmental and mechanical testing
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Results:

2551154 Pressure Differential - Initial Leak Rate

Testing (Ref. para. 2.3 of LC-T-92-C027-TP,

in accordance with EIA/TIA-455-20.

The optical signal strength was
recorded during the testing of the
feedthroughs. The Type I units
exhibited essentially no change
during the testing. Type II units
exhibited 0.1 dB maximum degradation

as a result of exposure to testing.

More detailed description of the
change in optical transmittance can
be found in Appendix 4 "Evaluation
Test Data Sheets" for each of the

environmental and mechanical tests.

Appendix 2)

Requirement:

Test the leak rate of the fabricated
feedthrough units in accordance with
para. 2.3 of Appendix 2, Test Plan.
Test before and after exposure to

environmental and mechanical tests.
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Results: Feedthrough units were checked for
hermeticity with a helium leak rate
test prior to any testing. The
units A, B, C, D were tested in
radiation and checked after all
three radiation tests. The units
Cl, C2, C3 and C4 were tested in
salt spray, vibration (Sinusoidal,
then random), shock, thermal shock
and humidity. Complete data
recordings of leak rate testing are

shown in Appendix 4.

25155 Salt Spray (Ref. para. 2.8 of LC-T-92-C027-TP;

Appendix 2)

Salt Spray testing was conducted on the test feedthroughs
Cl, C2, C3, C4 as described in Table 8. Testing was
conducted as described in Appendix III, paragraph 5.1 of
LiteCom report ©No. LC-T-94-C027-TR, "Fiber Optic

Feedthrough and Sealing Evaluation Test Report."

Requirement: The developed feedthrough test units
were evaluated for withstanding
exposure to a salt spray

environment. The exposure was made
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Results:

to " both *Type I and ' Type . II
feedthroughs. The test units were
subjected to 96 hours of salt spray
testing in accordance with MIL-STD-
202, Method 101, Test Condition B,
using a 5 percent by weight salt
solution. Immediately after
exposure, the exterior surface and
the mating face of the test
specimens were thoroughly washed
with tap water. The specimen was
then inspected with 4X magnification
and showed no evidence of exposure
of basis metal nor indication of

corrosion products.

Change in Optical Transmittance was
monitored by recording 850 nm signal
level before, during and after the
salt spray test. Comparison was
made between initial (pre-test)

readings and subsequent readings.
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TABLE 8 Salt Spray Test Results

Feedthrough Type Avg. dB from initial
Mid-way Final
I +.04 +.02
i 0 0

Overall optical performance in salt spray testing showed
an increase of +0.02 dB avg. for the Type I feedthrough
and no change for the Type II feedthroughs as shown in
Table 8. Complete data recordings are shown in Appendix
4. Leak rate testing (Appendix 4) was performed
following salt spray testing and units were successfully

tested to 10 cc/sec helium levels.

255 136 Vibration Testing (Ref. para. 2.5.1 of LC-T-
92-C027-TP; Appendix 2) and Sinusoidal (Ref.

para. 2.5.2 of LC-T-92-C027-TP; Appendix 2).

2.5.1.6.1 Random vibration testing was conducted on the
test feedthroughs Cl, C2, C3, C4 as described
in Table 9. Testing was conducted as
described in Appendix III, para. 5.2 of Final

Report LC-T-94-C027-TR.

Requirements: Test units were to withstand,
without damage of any kind, the
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application of a random vibration
spectrum of +6 dB per octave from 20
Hz to 100 Hz and 1.0 g?/Hz from 100
Hz to 2000 Hz in each of 3 mutually
perpendicular axes for not less than

7 minutes per axis.

Results: Change in optical transmittance was
monitored by recording 850 nm signal
level before, during and after the

random vibration test.
Optical signal levels were recorded before, during and
after the random vibration testing. Type I and Type II

feedthrough test results are shown in Table 9.

TABLE 9 Random Vibration Results

Axis Feedthrough Type Avg. dB from initial

‘During : Post

Test Test

by I 0 =01

y I 0 0

Z I 0 = A0

X kT = = JH02

y IT +4101 0

z LE = 01 0
Note: The gold fiber, being brittle, degraded and

cracked during random vibration testing and
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was not included in the loss averages.

Overall optical performance in random vibration showed
losses of -0.02 dB max. average change for Type II
feedthroughs and -0.01 dB max. average change for the
Type I feedthrough as shown in Table 9. Complete data
recordings are shown in Appendix 4. Leak rate testing
(Appendix 4) was performed following random vibration
testing and units were successfully tested to 10°* cc/sec

helium levels.

2.5.1.6.2 Vibration - Sinusoidal (Ref. para. 2.5.2 of

LC-T-92-C027-TP; Appendix 2)

Vibration testing was conducted on the test feedthroughs
€1, G2, €3 G4 as described in. Table 10. Testing was
conducted as described in Appendix III, paragraph 5.2 of

Final Report LC-T-94-C027-TR.

Requirement: Test units were to withstand,
without damage of any kind, the
application of sinusoidal vibration,
simple harmonic motion in 3 mutually
perpendicular axes at a sweep rate
of 1 minute per octave from 10 Hz to

2000 Hz to 10 Hz as follows:
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7. 10, Hz to /55 Hz at 0.325 ineh double

amplitude displacement.

B 55 Hz to 2000 Hz at 50 g's peak.

Gk The sweep shall be performed three

times in each of three mutually

perpendicular directions.

Results: Change in optical transmittance was
| recorded during and after the
|
! exposure to sinusoidal vibration by
comparing signal strength to pre-
test recorded readings. Type I and
Type II feedthrough test results are
| shown in Table 10;
| TABLE 10 Sinusoidal Vibration Results
Axis Feedthrough Type Avg. dB from initial
———
During Post
Test . Test
X i o (ke 0
0% 1t 0 0
4 I 0 0
5. LI 0 0
y II -.04 -.03
z 3, 0L +.02 +.03
Note: The gold fiber began to exhibit erratic

performance and 1later <cracked in random
vibration, so the readings have not been
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included in the averages of Table 10.

Overall optical performance in sinusoidal vibration
showed losses of -0.04 dB avg. max. for Type II
feedthroughs and -0.01 dB avg. max. for the Type I
feedthrough as shown in Table 10. Complete data
recordings are shown in Appendix 4. Leak rate testing
(Appendix 4) was performed following sinusoidal vibration
testing and units were successfully tested to 10** cc/sec

helium levels.

255127 Mechanical Shock (Ref. para. 2.6 of LC-T-92-

CO27-TP; Appendix 2)

Mechanical Shock testing was conducted on the test
feedthroughs Cl1, C2, C3, C4 as described in Table 11.
Testing was conducted as described in Appendix III,

paragraph 5.3 of Final Report LC-T-94-C027-TR.

Requirements: Test units were to withstand,
without damage of any kind, 3 shocks
(40 G’s, 11+1 millisecond half sine)
in each direction of 3 mutually

perpendicular axes.

The forces were produced by securing

78



Results:

the connectors to a sufficient mass
and accelerating or decelerating the
assembly so that the specified force
was obtained. Three shock pulses
were applied in each direction of
each of the three major axes. The
cable was clamped to points that
move with the feedthrough. A
minimum of 8 inches of cable were
unsupported behind the rear of each

feedthrough.

The testing was conducted in

accordance with EIA/TIA-455-14

"Fiber Optic Shock Test". Change in
optical transmittance will be
monitored by recording 850 nm signal
level before, during and after the

shock test.

Change in optical transmittance was
recorded for the mechanical shock
test after completion of the test.
The short time duration of the shock
pulse made monitoring during the

test impractical without
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sophisticated equipment. Type I and
Type II test results are shown in

Table 11.

TABLE 11 Mechanical Shock Results

Feedthrough Type Avg. dB from initial
I =03
II -.02
Note: The gold fiber in feedthrough C3 (Type II) was

brittle and cracked during vibration testing.
Readings for C3 feedthrough were not included

in the averages of Table 11 results.

Overall optical performance after exposure to Mechanical
Shock testing was -0.03 dB max. for Type I feedthroughs
and -0.02 dB max. for Type II feedthroughs as shown in
Table 11. Complete data recordings are shown in Appendix
4. Leak rate testing (Appendix 4) was performed
following mechanical shock testing and units were

successfully tested to 10* cc/sec helium levels.

2558 Temperature Cycling - Thermal Shock (Ref.

para. 2.4 of LC-T-92-C027-TP; Appendix 2)

Requirement : Feedthrough test units Ci, C2, C3,
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Results:

C4 per Table 12 were subjected to
thermal cycling. The test units
were subjected to the low
temperature of -320°F (-196°C) for 30
minutes with a transition time of 5
minutes maximum for moving to the
high temperature chamber. Soak time
at high temperature of +392°F
(+200°C) was 30 minutes. This
constituted one complete cycle.
Five complete cycles were conducted
on each specimen. The test was
conducted in accordance with EIA/TIA

455-3 (see para. 2.4 of Appendix 2).

Change in optical transmittance was
monitored before, during and after
the test to indicate optical
performance influence by the
exposure to the varied thermal
conditions. This was done in
accordance with EIA/TIA-455-20
"Measurement of Change in Optical
Transmittance." Optical signalling
was at 850 nanometer during exposure

of" feedthroughs ™ Cl, €2, €3, .C4.
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During the 5 cycles, the following

measurements were observed:

TABLE 12 Thermal Shock Results

Cycle Cold Temp. (-320°F) Hot Temp. (+392°F)
No. From Initial From Initial
(dB) Avg. (dB) Avg.
Type 1 Types L1 Bype Lype ikl
(C4a) (I, (E24- 37 (C4) (G- C2E3))
L +.01 +.02 +.03 +.05
2 -.02 0 0 +.03
3 +.01 +.03 +.02 +.07
4 +.01 +.03 +.02 +.07
5 +.01 +.04 +.02 +.07

Post test comparison of the Type I feedthrough showed
average change of 0 from initial readings taken prior to
thermal shock testing. Post test comparison of Type II
feedthroughs showed an average change of +.06 dB from

initial readings taken prior to thermal shock testing.

Overall optical performance was excellent with all losses
averaging under 0.1 dB change during thermal shock
testing. Complete data recordings are shown in Appendix
4. Leak rate testing (Appendix 4) was performed
following thermal shock testing and wunits were

successfully tested to 10™*' cc/sec helium levels.

There was another observation noted after thermal shock
testing. The cables with hytrel buffer tubing had severe
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degradation of that buffer coat due to the heat applied.
The optical fiber and signal was not impacted, and the
units passed hermeticity testing to 10™** cc/sec helium

leak rate testing after thermal shock testing.

2.850.9 Humidity (Ref. para. 2.9 of LC-T-92-CO27-TP;

Appendix 2)

Humidity testing was conducted on the test feedthroughs
Gl B@2 ESL @4 as described in Tabile 13 Testing was

conducted as described in Appendix 2, para. 2.9.

Requirement : Type 1 and Type 2 feedthrough units
were tested in a humidity exposure
environment. The units were
subjected to 240 hours of exposure
to 98-100% humidity at 104°F (+40°C)
to 140°F (+60°C). Prior -« el sthe
humidity exposure, . the specimens

were conditioned.

A. Conditioning - Condition specimens
at +45°C to +55°C (+113°F to +131°F)
for 24 hours and return to room
ambient temperature prior to

beginning humidity exposure.
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Results:

Measure and record optical
transmittance at room ambient
temperature before and after
conditioning.

Exposure - Subject test items to the
temperature and humidity conditions
described above for 240 hours
exposure. Measure and record
optical transmittance before, during
and after humidity exposure. Record

at end of each 24-hour period.

Change in optical transmittance was
recorded for feedthroughs Cl1, C2,
C3, C4 wusing 850 nm signals by
comparing monitored readings during
the humidity test and final readings
to the initial readings. Type I and
Type I1I feedthrough test results are

shown in Table 13.

TABLE 13 Humidity Test Results

Feedthrough Type Avg. dB from

initial

Mid-way

Final

0
0

0
0
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Note: Due to the C3 Type II feedthrough failure in
vibration testing, it was not included in this
humidity test. Instead, feedthrough C (which
was one of the test units in radiation

testing) was substituted.

Overall optical performance in humidity testing was
excellent with negligible measured losses during and
after the completion of testing. Complete data
recordings are shown in Appendix 4. Leak rate testing
(Appendix 4) was performed following humidity testing and
units were successfully tested to 10 cc/sec helium

levels.

2.5.1.10 Radiation Testing

The radiation testing conducted during this Phase II
effort is reported in paragraph 2.6, Task 6 as a separate
group of tests from the environmental and mechanical
tests reviewed in paragraph 2.5, Task 5 "Tests and

Evaluation".

2.5.1.11 Final Leak Rate (Pressure Differential) Testing

Hermeticity of all units was checked initially, prior to

any testing both for set A, B, C, D (radiation testing
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feedthrough units) and for set Cl, C2, C3, C4 (all other
environmental and mechanical tests). The leak rate level
of 10™** cc/sec was checked again following every test.
Always, the units passed this check including after the
final test for each set of feedthroughs. This verifies
that the hermeticity achieved in initial construction
maintains integrity even after exposure to harsh

mechanical and environmental testing.

2.5.2 Results and Accomplishments

2.5

As ‘described ‘dm - 2.5.1.11, the hermitieity of the
developed, constructed and tested feedthroughs was proven
to be maintained even after exposure to harsh testing.
The optical signals were slightly affected by tests as
shown in the results of Tables 7-13. The performance of
the tests was intended to simulate conditions anticipated
to be encountered in space use at cold (cryogenic) and
hot (in proximity of rocket engine walls) conditions, in
vibration, shock, humidity, salt spray expected either

in-flight and/or while in earth storage.

.3 Conclusions - Task 5

Hermeticity remains even after rigorous tests. Some

observations follow. Through all these tests, the gold
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fiber appears to be too brittle to sustain the mechanical
tests. The hytrel buffer tubing used to protect the
fibers was unsuitable in the range of temperatures used.
Another protective tube should be used where tubing is
needed. The Brand Rex cable jacket performed well
through all tests. This jacket material would be
suitable for tubing (perfluoroalkoxy-PFA or fluorinated
ethylene propylene-FEP). The polyimide fiber appears to
be most wuseful 1in terms of performance without

degradation in the mechanical, environmental and optical

tests.
2.6 Task 6 - Radiation Hardening Testing

Radiation (Red. para. 2.7 of LC-T-92-C027-TP; Appendix 2)

2.6.1 Objectives and Approach

Radiation testing was conducted on the test feedthroughs
A, B, C, D as described in Table 14. Testing was
conducted as described in Appendix 2, para. 2.7. Three
different types of radiation testing were performed.
Neutron Fluence, Gamma, and Ion radiation. Hermeticity
testing was conducted to evaluate performance of optical

signal transmission and leak rate levels following the

radiation testing.
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2.6.1.1 Test Units Constructed

Two sets of feedthrough assemblies were prepared for the
testing program. This enabled conducting lengthy testing
simultaneously in the interest of time. Table 14 shows

the construction of the test feedthroughs.
2.6.1.2 Overview of Tests
Abstract of Testing and Results

The following is a brief summary of the testing performed
on the feedthrough units and the results of the testing.
Test sequence for feedthroughs A, B, C, D was Neutron

Fluence Radiation, Gamma Radiation, Ion Radiation.

Helium leak testing for hermeticity was conducted after
‘ each radiation test. All units passed the 10 cc/sec
{ helium test applied in every case. Testing follows the
| plan set forth in LC-T-92-C027-TP "Fiber Optic Cable
Feedthrough and Sealing Test Plan" Appendix 2, and this

plan is referred to in the following summary.
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2856yl 38 Insertion Loss Testing (Ref. para. 2.2 of LC-

T-92-C027-TP Appendix 2)

Requirement : Test the insertion loss of each
feedthrough unit as it is
constructed comparing the strength
of optical signal before insertion
of the feedthrough in the line with
the strength of the optical signal

after insertion of the feedthrough.

Results: Type I units (See Appendix 2, Fig.
1) were fabricated and the insertion
loss measurements were taken in
accordance with EIA/TIA-455-34.
(See Appendix 2, para. 2.2) Loss
results were negligible as would be
expected since the fibers were never
broken to install the Type I
feedthroughs. Measured losses were

=02 mans

Type II units (See Appendix 2, Fig.
2) were fabricated and the insertion
loss measurements were taken in

accordance with EIA/TIA-455-34.
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(See Appendix 2, para. 2.2) Losses
were measured and ranged from 0.5 to
0.8 dB. More detailed description
of the insertion loss testing can be
found in Appendix 4 "Evaluation Test

Data Sheets."

2.6.1.3.1 Optical Monitoring (Ref. EIA/TIA-455-20,

page 49 of Appendix 2)

Requirement:

Results:

Measure change in optical
transmittance during the
environmental and mechanical testing

in accordance with EIA/TIA-455-20.

The optical signal strength was
recorded during the testing of the
feedthroughs. The Type I units
exhibited essentially no . change
during the testing. Type II units
exhibited 0.1 dB maximum degradation

as a result of exposure to testing.

More detailed description of the
change in optical transmittance can

be found in Appendix 4 "Evaluation
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Test Data Sheets" for each of the

environmental and mechanical tests.

2167, 1.4 Pressure Differential - Initial Leak Rate

Testing (Ref. para. 2.3 of LC-T-92-C027-TP,

Appendix 2)

Requirement : Test the leak rate of the fabricated
feedthrough units in accordance with
para. 2.3 of Appendix 2, Test Plan.
Test before and after exposure to

environmental and mechanical tests.

Results: Feedthrough units were checked for
hermeticity with a helium leak rate
test prior to any testing. The
units A, B, C, D were tested in
radiation and checked after all
three radiation tests. Complete
data recordings of leak rate testing

are shown in Appendix 4.

28,61, 1:.5 Neutron Fluence Radiation (Ref. para. 2.7 of

LC-T-92-C027-TP; Appendix 2)

Four fiber optic feedthroughs, A, B, C, D as listed in

S



Table 14,

Appendix 6 of LC-T-94-C027-TR.

were neutron irradiated as described

in

Testing was conducted at

S-Cubed Radiation Facilities described in Appendix 5 of

LE=T=94=C0 2%~ TR

Requirements:

Results:

Type I and Type 2 feedthrough units
were to be exposed to the neutron
irradiation for 6 hours at a target
fluence level of 1x10*? neutron/cm?.
Test units were to be rotated at

approx. 4 RPM during exposure.

Change in optical transmittance was
recorded for feedthroughs A, B, C, D
using 850 nm signals by comparing
readings Dbefore and after the
neutron irradiation. Type I and
Type II feedthrough test results are

shown in Table 14.

TABLE 14 Neutron Fluence Radiation Test Results

Feedthrough Type

Avg. dB from initial
recorded post-test

0
~ 0. 0%
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Overall optical performance in neutron fluence
irradiation was excellent with no change noted for Type
I and less than 0.1 dB decrease measured for Type II.
Optical monitoring was not conducted during the exposure

due to impracticality with the rotating cylinder set-up.

Complete data recordings are shown in Appendix 4. Leak
rate testing was performed after the neutron fluence
irradiation exposure, to 10 cc/sec helium with no

detected leaks.

2.6.1.6 Gamma Radiation (Ref. para. 2.7 of LC-T-92-

C027-TP; Appendix 2)

Four fiber optic feedthroughs, A, B, C, D as listed in

Table 15, were gamma irradiated with flash x-ray dose

exposure.
Requirement: Type I and Type II feedthroughs were
to be exposed to the gamma flash x-
ray dosage as described in Appendix

7 of LC-T-94-C027-TR.
Results: Change in optical transmittance was

measured by comparing initial signal

levels prior to test to the final
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signal 1levels at the end of the

EEeSE,

Optical signal change due to
influence of radiation exposure was
recorded as shown in Appendix 4.
The exposure dose rate levels are
shown in Appendix 7, Table 2 of LC-
T-94-C027-TR. Type I and Type II
feedthrough test results are shown

in Table 15.

TABLE 15 Gamma Radiation Test Results

Feedthrough Type| Feedthrough (channels)| Avg. dB change after
dose
i Ad () =IQNO 1
I B (1) - Q.09
I C (1) -0.03
A3 D (4) +0.06

Overall optical performance as measured and shown in
Table 15 was excellent with all changes less than 0.1 dB
average in each feedthrough. The signal waveform, over
a 5x10°° sec time from exposure of the flash x-ray, shows
very rapid recovery of the fiber from radiation
influence. This can be seen in the "signal" waveform
data traces in Appendix 4, Gamma Radiation data sheets.
Complete optical data readings are shown in Appendix 4.
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Leak rate testing was performed after

the

gamma

irradiation exposure, to 10* cc/sec helium with no

detected leaks.

2621 o7 Ionizing Dose (Ref. para. 2.7 of LC-T-92-C027-

TP; Appendix 2)

Four fiber optic feedthroughs,

Table 16, were irradiated with ionizing dosage.

Requirement :

Results:

Change in optical transmittance was
to be recorded by comparing dBm
readings during total ionizing
radiation exposure with the initial
dBm readings prior to exposure. The
exposure time was to be approx 30
gec. "at 3000 rads. (Si), 72 sec. for
QOO rads, “(S1)}. w100 secs N Eor
20,000 rads (Si), 300 sec. for
50,000 rads (Si) and 500 sec. for
100,000 rads Si. Details of test
equipment and set up are shown in
Appendix 7, Final Report LC-T-94-

€027-TR.

Change in optical transmittance was

o5

A, B, C,; DiadsiistedSin



recorded as

planned before

during exposure

radiation.

time, optical recorded readings are

all found in Appendix I.

shown in Table 16.

to

ion

dose

Exposure dose levels,

Type I and

Type II feedthrough test results are

and

TABLE 16 Total Ionizing Dose Test Results

Feedthrough Feedthrough Avg. dB change after dose (rads)
Type (channels)

3K 10K 20K 50K 100K

1L Aoi(09) +0.02| +0.03 [+0.05 |+0.05 [+0.05

I B (1) =000 (=0.02 [|'=0N02:" 0. 07 0. 02

I Ci (1% +0.06| +0.06 |+0.27 [+0.27 [+0.20

SIAE D (4) +0.02 0 =0.02" =005 "1<0:03

Overall performance in ionizing dose irradiation was less
than 0.1 dB for all feedthroughs except the Type I unit
which was constructed with gold-coated fiber. This fiber
exhibited an increase of transmitted signal at the longer

exposure times/higher dosage of 0.2 to 0.3 dB.

Complete optical data readings are shown in Appendix I.
Leak rate testing was performed after the ionizing dose
radiation exposure, to 10 cc/sec helium with no

detected leaks.
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2.6.1.8 Final Leak Rate (Pressure Differential) Levels

Hermeticity of all units was checked initially, prior to
any testing for set A, B, C, D (radiation testing
feedthrough units). The leak rate level of 10™* cc/sec
was checked again following every test. Always, the
units passed this check including after the final test
for each set of feedthroughs. This verifies that the
hermeticity achieved in initial construction maintains
integrity even after exposure to severe and varied

radiation conditions.

Results and Accomplishments

As described in 2.6.1.8, the hermeticity of the
developed, constructed and tested feedthroughs was proven
to be maintained even after exposure to harsh radiation
testing. The optical signals were slightly affected by
tests as shown in the results of Tables 14-16. The
performance of the tests was intended to simulate
conditions anticipated to be encountered in space use at
cold (cryogenic) and hot (in proximity of rocket engine
walls) conditions and in radiation exposure while in-
flight and/or while in earth storage. Radiation can be
a real event in space or on earth in waiting, causing

sometimes darkening of fibers and thus loss of optical

97




2.

O 3

signals.
Conclusions - Task 6

Radiation exposure did very 1little to affect the
developed feedthrough test wunits 1in either optical
performance or hermeticity. Some observations follow.
Through all these tests, the gold fiber appears to be too
brittle to sustain the mechanical tests. The hytrel
buffer tubing used to protect the fibers was unsuitable
in the range of temperatures used. Another protective
tube should be used where tubing is needed. The Brand
Rex cable jacket performed well through all tests. This
jacket _material would be suitable for tﬁbing
(perfluoroalkoxy-PFA or fluorinated ethylene propylene-
FEP). The polyimide fiber appears to be most useful in
terms of performance without degradation in the radiation

and optical tests.

Task 7 - System Design and Specifications

2.7.1 Objectives and Approach

Fiber optic hermetic feedthroughs must provide adequate
sealing at pressure differential bulkheads. The fibers

must be hermetically sealed within the housing and the
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sealing material must maintain that pressure differential
capability even under harsh environmental and mechanical

conditions.

A system was designed to provide for two types of fiber
optic multi-channel feedthroughs. Type I has continuous,
unbroken passing through it and Type II has fibers which
terminate with an optical hermetic seal in pin termini so
that a standard mating connector half with socket termini
could be connected and disconnected when needed. It was
recognized that MIL-C-38999 Series 3 or Series 4 1is a
rugged connector with multichannel capability and this
connector style was chosen for the developed feedthrough
units. - Type I feedthroughs utilize the backshell
accessory coupling threads standard on MIL-C-38999 Series
3 or 4 connectors and the bulkhead mount receptacle
flange style was also used as seen in Figures 5 and 21.
Backshells were developed to protect and isolate from
external forces the exposed fibers passing through the
feedthrough hermetic sealing area. Type iI feedthroughs
used similar features for passing through the bulkhead
with a hermetic-sealed receptacle and for backshell
protection. The hermetically sealed pin termini were
designed with the mating end profile of MIL-T-29504/4
fiber optic termini and thus they mate easily with

standard MIL-T-29504/5 socket termini in standard MIL-C-
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38999 Series 3 or Series 4 plugs.

The design objectives were accomplished and hermetic
sealing was evaluated for various candidate fibers,
sealing materials and methods of assembly. The overall
recommended fiber is polyimide-buffered fiber sealed with
polycrystalline ceramic in aluminum housings. To verify
the ruggedness and integrity of the developed
feedthroughs, tests were planned and conducted on

prepared test units.

Description of testing performed has been presented along
with results of optical signal monitoring during the
environmental and mechanical test exposure. The
preparation of test items 1is described including
insertion-loss due to installation of feedthrough units.
Tests which were conducted on test items have been
described including pressure differential, temperature
cycling (thermal shock), random and sinusoidal vibration,
mechanical shock, salt spray, humidity and radiation. A
description of the testing and data recorded are included
in appendices. Results of optical signal monitoring

before, during and after testing are presented.
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2.7.2 Conclusions - Task 7

A proven, rugged reliable working system of fiber optic
hermetically sealed feedthrough units has been developed,
tested and documented in this Phase II SBIR development
contract effort. These feedthroughs provide sealing and
maintain optical signal transmission capability under
harsh conditions of thermal shock, humidity, salt spray,

vibration, mechanical shock and radiation.

2.8 Management and Documentation

2.8.1 Management

The contract effort has been managed as a program team
activity under the principal investigator, Dr. Robert J.
Fan who provided leadership through task planning,
reporting, scheduling and directing of the development

effort.

2.8.2 Documentation

All areas of research, information gathering, design,
experimentation, reporting, planning, testing and
interpretation have been documented throughout the

contract effort.
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The major areas of documentation are listed below with a

brief description.

2.8.2.1 Monthly Reports

Throughout the contract period, monthly reports of
progress, status, results and plans have been prepared
and submitted to NASA. These reports are numbered from
LC-T-92-C027-2 through LC-T-92-C027-24. The reports are

required by contract data deliverables Section F-7B.

2.8.2.2 Interim Reports

Interim reports summarizing the activity of each six
month portion of the contract progress have been prepared
and submitted to NASA. These have been in the form of

Interim Progress Meetings with summary report.

2.8.2.3 Briefing Reports

Briefings have been held at times during the contract
effort to discuss in detail the progress and direction of
the work. Briefings took place August 27, 1993 LC-T-92-
C027-17 and June 1, 1992 (LC-T-92-C027-3) at NASA Lewis
Research Center. A summary of contract progress was

prepared for submission and presentation at the 1993
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Cryogenic Engineering Conference in Albuquerque, NM held
July 12-14, 1993 (LC-T-92-C027-16). A conference call
was held January 27, 1993 as an extensive Contract
Interim Progress Report. (Summary in LC-T-92-C027-10).
A final conference call took place for April 29, 1994 to
discuss the final contract findings. A presentation of
a paper reviewing contract results is planned for the

IICIT annual symposium in September, 1994.

2.8.2.4 Test Plan

A comprehensive test plan was prepared to outline the
tests which would be conducted on the developed
feedthroughs. This Plan is included in this Final Report
as Appendix 2 and includes test units to be prepared and
exposed to the defined environmental, mechanical and

radiation tests. The Plan, LC-T-92-C027-TP is included

herein as Appendix 2.

2.8.2.5 Test Report

Following completion of the entire series of tests, a
comprehensive report of tests was prepared reviewing the
tests conducted, data sheets, summarized results and
conclusions based on findings. Excerpts from the Test

Report LC-T-94-C027-TR are contained in this report in
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Tasks 5 and 6 reports and in Appendix 1, 3, 4, and 5.

2.8.2.6 Final Report

The entire Phase II Contract Effort has been summarized
in this Final Report, LC-T-94-C027-FR. Contract history
of development, component fabrication, assembly of units,
testing and conclusions have been presented as required

in contract data Section F-7C.

3.0 Overall Results and Conclusions

The Phase II contract effort has resulted in the
completion of construction and successful testing of
feedthrough units. The following results and conclusions
are summarized with Dbackup information extensively

reviewed in this Final Report.

* Type I (Figures 5, 21) feedthrough units can
successfully be constructed to pass 10*
cc/sec Helium leak rate test.

* Type II connector receptacle/fixed fiber
(Figure 6) feedthrough units can successfully
be constructed to pass 107*' cc/sec Helium leak
rate test.

* Feedthrough housings may be constructed of
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aluminum.

Sealing material recognized as superior is a
polycrystalline ceramic melted sealant.
Optical fibers recognized as superior are
polyimide buffered glass/glass fibers.

Type II feedthroughs can be successfully
constructed with a standard interface, MIL-C-
38999 Series 3 or Series 4 bulkhead-mount
hermetically sealed receptacle.

Type I and II feedthrough can be built with
accessory backshells which will ruggedize and
protect the units and fiber optic cables from
damage in severe vibration, mechanical shock,
salt spray, thermal shock, humidity and
radiation exposure.

Feedthroughs may be single channel or any
number of channels with wunits built and
evaluated up to 28 channels for hermeticity.
Optical signal transmission is minimally
affected by any of the severe mechanical,
environmental and radiation exposure induced
on the test feedthroughs.

This technology may be applied to other
configurations which require hermetic sealing
for fiber optic signal transmission in harsh

environments such as in the proximity of Space
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Shuttle engines.
* Feedthroughs successfully operate in cryogenic
temperatures (-200° C) and in high temperatures

(+200° C) .

Potential Commercial Applications

The main objective of the Phase II development and test
program was to successfully produce feedthroughs which
would operate without degradation in extreme cold
(cryogenic) and hot environments. The test results show
that this is indeed the case. Many other military,
space, aerospace and commercial uses can be anticipated
for this fiber optic hermetic feedthrough technology.
Examples of contacts recently made give a good indication

of the potential diversity of new applications.

Cited are three contracts which have been made showing
significant interest in the hermetic sealing capability
over a wide temperature range as developed and
demonstrated in this contract effort. One contact was a
visit by McDonnell Douglas helicopter personnel. They
expressed interest in the use of developed feedthroughs
for rugged Army and commercial helicopter applications
requiring a broad range of temperature tolerance in

bulkhead feedthrough locations.
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Another contact was from technical personnel of NASA
Lewis Research Center who need a feedthrough which will
operate at elevated temperatures and also at extremely
low temperatures of 4°K, nearly at absolute zero (-269°
C) . The LiteCom feedthrough hermetic sealing technology,
tested to -200°C is 1likely candidate to successfully
withstand this even more stringent condition of low

temperature.

A third contact was from the underwater connector
industry. Representatives of Ocean Projects and of
Brantner Corp. visited LiteCom and are very interested in
using LiteCom’s developed hermetic sealing technology for
use in underwater bulkhead pressure differential
applications. They have asked for specific consideration
of applying this technology to MIL-C- 24231 and MIL-C-
24217 Deep Submergence Submarine Electrical Connectors

for hybrid electrical/fiber optic applications.

Following contract completion, this technology will be
made available to any application requiring this state-
of -the-art extremely low hermeticity withstanding ability
while withstanding stringent environmental and mechanical
exposure, yet maintaining the level of optical signal
transmission strength as a constant. Such exposure as

the IICIT presentation should be an excellent means of
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getting the

technology.

information out to the public on this
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Figure 8 Photo of Polyimide Heated Fiber

Figure 9 Photo of Gold Heated Fiber
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Figure 10 Photo of Gold Heated Fiber - Detail
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lea Fiber Optic Feedthrough
Model #C-Multi 28
S/N #200-1001-72-28
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6.75X108 cc/sec He at 72 F

Veeco Helium Leak Detector
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Thanh (Billy) Ly, Vacuum Technician

Figure 16 Test Results - Type I Multi-Channel Feedthrough
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Figure 23
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Figure 24 - Polyimide-Coated Fiber-to-Terminus

Figure 25 Polished Fiber Terminus, 100X Magnification
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TABLE 1 Feedthrough Test Units

Ident. Feedthrough No. 'of No. of
No. Type Channels Channels
Used
a8l T 4 =
Cc2 HEdE 4 4
€3 1611 4 B
C4 if; 2 2
A A 2 1
B i 2 a4
c ¥ 4 2
D iGdE 4 4
TABLE 2 Salt Spray Test Results
Feedthrough Type Avg. dB from initial
Mid-way Final
Jie 1 +.04 +.02
T 0 0
TABLE 3 Random Vibration Results
Axis Feedthrough Type Avg. dB from initial
During Post
Test Test
2% i 0 -.01
y I 0 0
z I 0 -.01
bld NE = 02 -.02
Yy ET +.01 0
z 18 -.01 0
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TABLE 4 Sinusoidal Vibration Results

Axis Feedthrough Type Avg. dB from initial
During Post
Test Test
X I ~ .01 0
y I 0 0
Z I 0 0
X AL 0 0
0% Ik -.04 == 03
Z il +.02 +.03

TABLE 5 Mechanical Shock Results

Feedthrough Type Avg. dB from initial
I =-03
I, . =02

TABLE 6 Thermal Shock Results

Cycle Cold Temp. (-320°F) Hot Temp. (+392°F)
No. From Initial From Initial
(dB) Avg. (dB) Avg.
Type I Type II Type I Type II
(Ca) {G1,C2,C3) (C4) (C1,C2,C3)
1 +.01 +.02 +.03 +.05
2 -.02 0 0 +.03
3 +.01 +.03 +.02 +.07
4 +.01 +.03 +.02 +.07
5 +.01 +.04 +.02 +.07
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TABLE 7 Humidity Test Results

Feedthrough Type Avg. dB from initial
Mid-way Final
I 0 0
I 0 0

TABLE 8 Neutron Fluence Radiation Test Results

Feedthrough Type Avg. dB from initial
recorded post-test
T 0
EL = 0207

TABLE 9 Gamma Radiation Test Results

Feedthrough Type| Feedthrough (channels)| Avg. dB change after
dose
3 A (1) -0.01
I 8 A1) -0.09
i Eirtl) -0.03
1! D (4) : +0.06

TABLE 10 Total Tonizing Dose Test Results

Feedthrough Feedthrough Avg. dB change after dose (rads)
Type (channels)

3K 10K 20K 50K 100K

I A (1) +0.02| +0.03 |+0.05 |+0.05 (+0.05

1 B (1) -0.01| -0.02 |-0.02 [+0.07 |+0.02

I C  {&) +0.06| +0.06 [+0.27 |+0.27 |[+0.20

II D (4) +0.02 0 -0.02 |-0.05 |-0.03
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APPENDIX 2

Test Plan
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Fiber Optic Cable Feedthrough and Sealing
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Robert J. Fan
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Prepared: for: -

Mrs. Amy Jankovsky
Project Manager
National Aeronautics and space Administration
Lewis Research Center
Cleveland, OH 44135
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Scope

The SBIR Fiber Optic data system development Phase II
effort is being conducted with a research and development
emphasis. The first phase included preliminary testing
and the second phase includes comprehensive testing of
designed, fabricated and assembled hermetic sealing
feedthrough units for use in sensor systems. Because of
the nature of the diverse environmental conditions which
will be encountered in sensor systems use around the
Space Shuttle main engine, the components must withstand
pressure/vacuum and adverse environmental conditions.
Components/assemblies are designed to provide improved
fiber optic hermetic feedthrough units of single channel

and multi-channel designs.

Testing will provide assurance that the developed
feedthroughs will continue to perform the task of optical
signal transmission even when subjected to adverse
environmental and mechanical conditioné. The test plan
is designed to assure ability to continue to operate
successfully by applying adverse <conditions and
monitoring optical performance during the tests. The
adverse conditions have been chosen to simulate the
anticipated environment of the Space Shuttle Main Engine

and the environment of cryogenic 1liquid propulsion
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systems in the Space Shuttle as a baseline. This will

apply then, to many other space environment applications.

Tests will be conducted in the LiteCom optical laboratory
and in outside certified testing facilities as necessary.
First, a functional check of the test items will take
place, (insertion 1loss testing) on feedthrough with
hermetically sealed fiber optic termini and signal
initial level readings in straight hermetically sealed
feedthrough units. Leak rate testing will be performed
on all feedthrough units. Next, change in optical
transmittance will be monitored concurrently with testing
in temperature cycling, vibration, shock, and radiation
exposure. Final leak rate testing will be conducted on

feedthrough units.

Test Plan

Test Specimens

Feedthrough development in this Phase II effort includes
"Type 1" continuous fiber hermetically sealed single and
multiple channel hermetic fiber optic feedthroughs. "Type
2" multi-channel hermetic fiber optic feedthroughs are
being developed with pin termini on one side, and
continuous fibers pigtailed to the termini on the other

(rear) side of the feedthrough. Test specimens of each
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2.2

of these two feedthrough types will be tested, multi-
channel Type 1 and multi-channel Type 2.

Optical Testing

Insertion Loss testing will be conducted during
construction of "Type 2" feedthrough. The Type 1
feedthrough is shown in Figure 1 with continuous fibers.
A multi-channel feedthrough is shown. Figure 2 shows the
Type 2 feedthrough with fibers coming into the
feedthrough on one side and pin termini in a connector
receptacle interface on the other side of the
hermetically sealed, bulkhead mounted unit. Insertion
loss measurements will be made with the fibers first
continuous, then cut to terminate the hermetic pin
termini on one side and terminating the mating socket
termini on the other side. Final readings will be made
through mated pairs of fiber optic termini and compared
with the initial readings through the continuous fibers.
Insertion loss testing will be conducted in accordance
with EIA 455-34 (Appendix 3 of LC-T-94-C027-RF). Optical

signals will be at 850 nanometer.

Environmental: pressure differential levels

Testing will be conducted to evaluate pressure

differentials applicable to Space environment use of the
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developed hermetically sealed fiber optic feedthroughs.
Following construction of multi-channel hermetic
feedthroughs (Type 1) and multi-channel hermetic
receptacle feedthroughs (Type 2), initial pressure
differential testing will be conducted. The test
procedure is shown in Appendix 5 of LC-T-94-C027-RF with
detailed steps for pulling down a vacuum condition on one
side of the bulkhead pressure specimen under test, and
sending any leakage of helium. The leak rate, if
detectable, is measured in cc/sec of helium. Leak rate
of as low as 10 cc/sec have not been detected with
prototype feedthroughs of this type in the Phase I
effort, and these levels will be tested in this effort,
approaching them incrementally. Included in Appendix 5
of LC-T-94-C027-RF is ASTM E 479-73, ’Standard Guide for
Preparation of a Leak Testing Specifications". Also
included in Appendix 5 of LC-T-94-C027-RF is American
Vacuum Standard AVS 2.1 "Calibration of Leak Detectors of
the Mall Spectrometer Type,". and AVS 2.2 "Method for
Vacuum Leak Calibration". The blank data sheet in
Appendix 5 of LC-T-94-C027-RF should be filled out for

each test conducted.

Environmental: temperature cycling (thermal shock)

Feedthrough test units will be subjected to thermal
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cycling. The test units will be subjected to the low
temperature of -250 °F (-157 °C) for 30 minutes with a
transition time of 5 minutes maximum for moving to the
high temperature chamber. Soak time at high temperature
of +396 °F (+200 °C ) is 30 minutes. This constitutes
one complete cycle. Five complete cycles will be
conducted on each specimen. The test will be conducted
in accordance with EIA 455-3 (See Appendix 3 of LC-T-94-
C027-RF) . Change in optical transmittance will be
monitored before, during and after the test to indicate
optical performance influence by the exposure to the
varied thermal conditions. This will be done in
accordance with EIA 455-20 "Measurement of Change in
Optical Transmittance." (See Appendix 3 of LC-T-94-C027-

RF). Optical signalling will be at 850 nanometer.
Mechanical: Vibration

Vibration testing will be conducted on the developed
feedthrough test wunits. Both Type 1 and Type 2
feedthroughs will be tested in random and sinusoidal
vibration. The testing will be conducted in accordance
with EIA-455-11 "Vibration Test Procedure for Fiber Optic

Connecting Devices" (see Appendix 3 of LC-T-94-C027-RF).
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2.5.1 Random Vibration

Test units shall withstand, without damage of any kind,
the application of a random vibration spectrum of +6 Db
per octave from 20 Hz to 100 Hz and 1.0 g?*/Hz from 100 Hz
to 2000 Hz in each of 3 mutually perpendicular axes for

not less than 7 minutes per axis.

Change in optical transmittance will be monitored by
recording 850 nm signal level before, during and after

the random vibration test.

2.5.2 Sinusoidal Vibration

Test units shall withstand, without damage of any kind,
the application of sinusoidal vibration, simple harmonic
motion in 3 mutually perpendicular axes at a sweep rate
of 1 minute per octave from 10 Hz to 2000 Hz to 10 Hz as
follows:
a. {10 Hz to .55 Hz at 0.325.4inch double
amplitude displacement.
b. 55 Hz to 2000 Hz at 50 g’s peak.
c. The sweep shall be performed three times
in each of three mutually perpendicular

directions.
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Change in optical transmittance will be monitored by
recording 850 nm signal level before, during and after

the sinusoidal vibration test.

Mechanical: shock

Test units shall withstand, without damage of any kind,
3 shocks (40 G’s, 11+1 millisecond half sine) in each

direction of 3 mutually perpendicular axes.

The forces shall be produced by securing the connectors
to a sufficient mass and accelerating or decelerating the
assembly so that the specified force is obtained. Three
shock pulses shall be applied in each direction of each
of the three major axes. The cable shall be clamped to
points that move with the feedthrough. A minimum of 8
inches of cable shall be unsupported behind the rear of

each feedthrough.

The testing will be conducted in accordance with EIA-455-
14 "Fiber Optic Shock Test" (see Appendix 3 of LC-T-94-
C027-RF) . Change in optical transmittance will be
monitored by recording 850 nm signal level before, during

and after the shock test.
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Environmental: radiation hardening test

The developed feedthrough test units will be evaluated
for resistance in radiation environments. - L
important to determine what signal losses may occur as a
result of the exposure to radiation. Three areas of
radiation testing will be conducted. Neutron fluence
(n/cm?), Total Ionizing Radiation (Rads (Si)) and Gamma
Dose Rate (Rads (Si)/sec). Those tests will be conducted
to simulate a realistic controlled environment with the
possibility of strong nuclear incidents which could

possibly occur.

Testing will be conducted at Rockwell International in
Canoga Park (60 Cobalt) and at Rockwell International in
Anaheim (Flash x-ray machine). It is anticipated that
the series of tests will be spread over approximately
three weeks. Figure 3 shows the test set-up and Figure
4 shows radiation hardening test levels. The testing
will be conducted in accordance with EIA-455-49
"Procedure for Measuring Gamma Irradiation Effects in
Optical Fiber and Optical Cables" (Ref. Appendix 3 of LC-
T-94-C027-RF). Change in optical transmittance will be
monitored by recording 850 nm signal level before, during
and after radiation testing to evaluate how much loss may

occur due to the influence of the radiation exposure.
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Environmental: salt spray

The developed feedthrough test units will be evaluated
for withstanding exposure to a salt spray environment.
The exposure will be made to both Type 1 and Type 2. The
test units shall be subjected to 48 hours of salt spray
testing in accordance with Standard MIL-STD-202, Method
101, Test Condition B, using a 5 percent by weight salt
solution. Immediately after exposure, the exterior
surface and the mating face of the test specimens shall
be thoroughly washed with tap water. The specimen shall
then be dried in a circulating air oven at a temperature
of 38° + 30°C (100° +/- 50°F) for a period of 12 hours.
The specimen shall then by removed and inspected with 4X
magnification and show no evidence of exposure of basis

metal nor indication of corrosion products.

Change in Optical Transmittance will be monitored by
recording 850 nm signal level before, during and after

the salt spray test.

Environmental: humidity

Type 1 and Type 2 feedthrough units will be tested in a
humidity exposure environment. The units will be

subjected to 240 hours of exposure to 98-100% humidity at
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2.10

104°F (+40°C) to 140°F (+60°C) prior to the humidity

exposure, the specimens shall be conditioned.

A. Conditioning - Condition specimens at +45°C to +55°C
(+113°F to +131°F) for 24 hours and return to room
ambient temperature prior to beginning humidity exposure.
Measure and record optical transmittance at room ambient

temperature before and after conditioning.

B. Exposure - Subject test items to the temperature and
humidity conditions described above for 240 hours
exposure. Measure and record optical transmittance
before, during and after humidity exposure. Record at

end of each 24-hour period.
Environmental: final pressure differential levels

Following all of the environmental and mechanical
testing, a repeat of the pressure differential test
(helium leaks rate) will be conducted to assure that the
testing did not degrade the hermetic sealing of the

feedthroughs.

The test procedure is shown in Appendix 5 of LC-T-94-
C027-RF with detailed steps for pulling down a vacuum

condition on one side of the bulkhead pressure specimen
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under test, and sensing any leakage of helium. The leak

rate, if detectable, is measured in cc/sec of helium.

The blank data sheet in Appendix 5 of LC-T-94-C027-RF

should be filled out for each test conducted.

154



- I

TYPE | FEEDTHROUGH

optical fibers

BUFFERED FIBER

STRENGTH
MEMBER

LiteCom polycrystalline

SEALING
/MATER]AL

hermetic sealing material

B %,
JACKETED FIBER/

OPTIC CABLE

BASE FIBER

DETAIL OF FIBER IN FEEDTHROUGH

N

Figure 1 Type I Multi-Channel Feedthrough
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Test Levels

RADIATION HARDENING

ELECTRONIC SYSTEMS FIBER OPTICS
STANDARDS
NEUTRON FLUENCE 1x1012 1 x10 ¢ 1 x 1012
(nfem? )
TOTAL IONIZING 3,000 1,000 3.000
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1,000,000 100,000
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GAMMA DOSE RATE 1% 108 I 1 %109
(Rads(Si)/sec) 1x10° 1 x 1012

Figure 4 Radiation Hardening Test Levels
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FOTP-34

INTERCONNECTION DEVICE TOTAL INSERTION LOSS TEST

INTENT

1

The purpose of this test proeedure is to dgterminé the loss of
fiber optic interconnecting devices intended for singleﬁﬁﬁr‘
multichannel and/or hybrid configurations. It establishes the
insertion loss as would be experienced in actual usage and may
be used for quality assessment purposes.

The procedure is to take measurements from which total
insertion loss or decreasce in useful power can be calculated.

The methods used in this procedire are desjgned to provide the
total insertion loss as would be experienced :at the anticipated.
extremes of system applications, both short and long length
links. Also, &8 method is provided to identify the intrinsic and
extrinsic components of total insertion loss. )

1.2 This test will establish insertion losses for:

A Method A: Short lengths in which steady
state mwodal conditions do not exist at
the interconnection, typically less than
500n to 1 km.

L 202 Method B: Long lengths in which steady
state modal conditions exist at the inter-
connection, typically in the range of 500m
to | km or more.

e diers Method C: User Specified Conditionms,

1224 Method D: Interconnection Device Intrinsic/
Extrinsic Loss Evaluation.

Ie2o> Method E: Couplers, connectorized cables.

TEST EQUIPHMENT
251

The following test equipment shall be used as required for
testing in the configurations as sho.m. '

Optical, mechanical and thermal stability of the test set-

up 1s necessary to facilitate movement of the test set=up
enabling the test sample to be subjected to environmental test
while monitoring insertion loss. ’
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25102

Light Source - A suitable incoherent light source
shall be used, such as an LED. The source shall,
at a minimum, have the following parameters.

A. The output radiation pattern shall have a
numerical aperture greater than the accept-
ance NA of the fiber used and a spot
diameter greater than the core diameter of
the fiber used.

B. Operating wavelength (including device wave-
length tolerance) shall be that for the fiber
or fibers for which the interconnecting device
is intended.

C- The light source must be stable within 1 dB
in intensity over a period sufficiently long
to allow the measurements to be completed.
(NOTE: If insertion loss is monitored while
subjecting the sample to environmental test,
the period may be several weeks).

Source Monitoring Equipment (SHE)

An apparatus capable of monitoring the source
output shall be used, allowing corrections to
compensate for source output power variations.
This may be either a reference fiber or other
suitable optical arrangements.

Detection Equipment

The detector and associated electronics shall be
capable of measuring all energy exiting from the
fiber. They shall be linear at the wavelengths
used, and over the expected range of power.

The accuracy of the detection equipment shall be
as follows:

Connector Loss Accuracy
>.5 dB A4 |
<.5 dB +05
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TEST EQUIPMENT (Continued)

2.1.4

2olsS

2.1.6

TEST SAMPLE

Equilibrium Mode Simulator (EMS)

An apparatus, such as a Mandrel Wrap, or suitable
optics capable of simulating within a short

fiber the equilibrium wode distribution exiting

a8 long length of fiber under steady state
conditions, shall be used where indicated.
(Example: Five wraps of 50/125 ymw graded index
fiber on<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>