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nated by other authorized documents.
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1.0 INTRODUCTION

The objective of this contract (#DAAB07-78-C-2922), entitled
"Ultra Low Ldss Optical Fiber Cable Assemblies', is to
develop optical fiber cable assemblies for the Army tactical
field data transmission at 20 Mb/sec over eight kilometers

without repeaters.

The contract effort includes the development of rugged
cable,-cable connectors and bulkhead connectors which are

jointly optimized for Army tactical field application.

ITT Electro-Optical Products Division has spend considerable
time in the search of a suitable sub-contractor who is
technically qualified and acceptable to CORADCOM and at
the same time willing to work within the financial frame
of this contract. The following companies were approached
and invited to bid for the connector development phase of the
contract:

ITT Cannon

ITT Leeds

ITT Components (Europe)

Hughes Connecting Devices Division

Deutsch

Cablewave

Amphenol

TS

Roanoke, Virginia
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Only two companies were interested in bidding: ITT Cannon

Electric Division and Hughes Connecting Devices Division.

Personnel from ITT Electro-Optical Products Division met
with both Hughes Connecting Devices Division and ITT Cannon
Electric Division. It was judged that the three sphere and
the jewelled ferruled approaches of ITT Cannon had more
merits than the free floating mechanism of the Hughes
Connecting Devices six channel hermophroditic connector.
Therefore, ITT Cannon Electric Division was selected as the
as the Connector Subcontractor. The connector vendor ;-
solicitation and selection effort has taken longer than |

originally planned aﬂd has delayed protions of the program.

Roanoke, Virginia J
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2.0 CABLE DEVELOPMENT
? : The cable development phase of this contract includes the
optimization of the optical fibers as well as the design

of a rugged fiber optic cable.

§
{3
¢
{
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¥
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The fiber optimization phase has benefited from progress

achieved through the ITT internal R§D program. Table 1

shows the attenuation, dispersion and length of optical

fibers recently developed.

Emphasis has been placed upon the improvement of optical 1

properties. The data in Table I is most encouraging in

that 73% of fibers exhibit less than 5 dB/km and 60% less

4
than 4.5 dB/km (attenuation measured on spool). Therefore,
the intrinsic attenuation of fibers is lower than the v
; reported values. During the first quarter of 1979, considerable

effort will be expened under ITT funded programs to further

reduce attenuation and dispersion while still maintaining

i
high tensile strength (100,00 psi proof testing). ix

ITT-EOPD has performed some work toward the development of

hrmges e deh

a 62 um optical core fiber. This approach was considered

1 ) preferable to meet the 1 dB coupling loss specification for the

2 A R

connector. However, this work has not been aggressively

e T T

pursued because of strong indications that a 50 um core fiber

Roanoke, Virginia - £
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TABLE 1
CVD# LENGTH ATTENUATION DISPERSION
g (KiTometers) (dB/km @ 0.85 um) (ns/km @ 0.9 um)
20449 5 2.8 4.6 1.2
20450 iy 3.6 .9
20451 1.2 4.1 1.6
20452 = 5.6 .98
E 20453 e 4.0 1.7
20454 1.2 3.9 1.7
| 20461 i 4.2 .65 1
; 20462 4.5 4.4 2.5
| 20463 1.9 4.4 1.3
20467 1.4 5.8 .95
20469 2.5 4.6 .42
20474 2.5 5.4 1.6
20480 2.7 e 3.1
20481 2.8 4.0 1.2 i
20485 4.1 4.9 i3 fA
i
?
Roanoke, Virginia
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will become the international standard.

All the fibers used in this program are being proof tested
at 1% elongation (100,000 psi). This proof testing is an
insurance against catastropohic failure when the fiber is

strained during manufacturing, installation or service.

2.2 Ultra Low Loss Optical Fiber Cable Design

The cable design plan submitted contains the current
approaches which ITT-EOPD believes have the be;t potential
to meet the Technical Guidelines of the Ultra Low Loss
Fiber Optic Cable Contract,and at the same time can be

mass produced.

Based on the experience acquired in the Low Cost Fiber Optic
Cable Assemblies for Local Distribution Systems contract
(DAAB07-77-C-2681), an external strength member cable with

1 mm buffered optical fibers not only exhibits low excess }

cabling losses, but meets almost all the mechanical requirements.

B B AP IPTIA, s B A ¢

The exception of that is that the above contract required
90% survivability while the Ultra Low Loss Fiber Optic Cable

4 A Contract requires 100% survivability. This requirement is

Roanoke, Virginia il
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achievable with the proposed cable design, but it still has

to be demonstrated.

Table 2 shows the optical attenuation of the external strength

member cables using plastic clad silica fibers.

Table 2

Attenuation - External Strength Member Cable

Cable Batch AtRenstocn. (d8/ k) Cable
$ Fiber # .65 m .79 um .82 um 1.05 um| Length
110678-~CA-11 1 8.02 5.80 9.40 13.54 367m
2 9.53 6.63 10.56 16.41
3 8.81 6.80 10.66 17.11
+ 8.09 6.76 10.50 14.84
S 8.67 6.98 10.84 15.09
6 7.62 5.79 9.51 14.52
7 7.45 5.84 9.46 14.30
Average 8.31 6.37 10.31 15.12
110778-BA-11 1 7.48 6.04 9.61 13.583 378m
. 11.16 8.28 11.97 19.97
3 8.74 6.82 10.61 16.63
4 7.85 6.06 9.89 16.77
S 7.54 6.07 9.84 17.20
6 8.79 6.94 10.88 | 18.29
7 8.43 6.98 10.62 . 15.67
Average 8.57 6.74 10.48 16.72

"Note: The fibers of cables 110678-CA-II and 110778-BA-II wers made with
fibers having Shin Etsu RIV silicone cladding.

Roanoke, Virginia




o S e g

L S T

= s

___][I[EI!EmemOpduMIWWMWnstﬁw@mn

Table 3 shows the number of surviving and broken fibers

when the cable was tested over a wide temperature range using
three different impact loads (4.07, 4.41, and 4.75 Newton-meters).
Note that the poor performance at -55°C was due to the use

of a dull polyurethane jacket material ( a flame retardant

grade). That jacket has been replaced with a non-filled
polyurethane compound, which previously had shown good

performance at that temperature.

Table 4 shows the number of impacts before the fiber breaks.

Note that since there was no light transmission at -SSOC,

the number of transmitting fibers was found by counting i
the transmitting fibers after the temperature returned to

25°¢.

Flex and Twist Tests were performed, on the Low Cost Fiber
Optic Cable, in accordance with MIL-C-13777. All fibers

survived these tests at the the extreme temperatures as well

as at room temperature.

ITT-EOPD has selected the cable design developed under the

A AN UG 4T AL A

Low Cost Fiber Optic Cable Contract as Design I (Figure I)

: : because it meets or nearly meets all the cable mechanical and
{

environmental objectives and can be produced with low excess

cabling losses. However, realizing that CORADCOM

Roanoke, Virginia ]
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Table 3
IMPACT RESISTANCE
: . % OF # TRANS/| ¥ SURVIVA-
IMPACT LOAD TESTING TEMP.| SAMPLZES # FAIL BILITY
4.07 Newton Meter | R.T. (25°C) 42 39/3 93%
4,41 " " " " " 33/9 79
‘.75 " ” " ” ”n 33/9 79
4.07 Newton Meter | 40°C 42 . 42/0 100%
‘.41 " ” " b " 42/0 100
4,78 8 g g " 40/2 9s
4.07 Newton Meters | 60°C 42 40/2 95%
"‘1 " " " ” 42/0 100
‘. rs ” ” ” " 38/‘ 90
4.07 Newton Meters | 85°C 42 40/2 3s%
6.6 " " " ” 37/5 38
4,78 * " " " 38/4 90
4,07 Newton Metess | -3°C 42 42/9 100%
i 4.41 " " " 2 42/0 100
4,78 o " " " 42/0 100
§ 4.07 Newton Meters | -30°C 42 42/0 100%
: 4,45 " " " 42/0 100
478 » " r " 42/0 100
" 4.07 Newtcn Meters | -53°C 42 26/16 5§24
4,41 " " " " 13/29 3L
8,75 " " " 16/26 33

Ay

Roancke, Virginia J
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intends to procure large amounts of cables, modifications of
the design to facilitate its production with conventional

cabling equipment is being considered.

Conventional-cabling equipment can accomodate larger payoff
and take up spools, allowing the production of longer cable
lengths thus reducing set up time and increasing the equipment
utilization. But heavier spools also. mean higher tension,
therefore, the cable design must provide portection to the

optical core during the fabrication processes.

Cable Design 1 is considered marginally suitable for fabri-
cation in conventional equipment. The next two designs
will allow cables to be produced that, in addition to being
rugged, are also capable of being produced with higher

manufacturing tensions than the first design. |

Figure 2 shows cable Design 2. This cable is similar to f
Design 1 except that a non-oriented nylon monofilament is

used instead of the central fiber. The central monofilament | 414

is the load member during the fabrication of the optical f
core. The mechanical and optical properties of Design 1 should

remain unaltered. | }

Roanoke, Virginia ]
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Figure 3 shows cable Design 3. The difference between this
design and Design 1 is that the central member is a yarn

of Kevlar with a polyurethane jacket. This design provides

the highest strength during the optical core fabrication,

but its impact performance is unknown. This design involves
the concept of a flexible center core that yields under impact,

absorbing in this manner part of the energy of the impact.

q 4 '
-~

Roanoke, Virginia
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F_ITT Electro-Optical Products Division

3.0 CONNECTOR DEVELOPMENT :
ITT Cannon has been selected as subcontractor to develop a
hermaphroditic connector for the Ultra Low Loss Fiber Optic

Cable.

During the reporting period, a study of potential fiber

alignment concepts was conducted.

The ability of an alignment concept to provide minimum
coupling loss is a function of the design employed and

their manufacturing tolerances.

Eleven concepts were critiqued (See Appendix A). These concepts
represented the basic techniques currently considered
viable within the fiber optic industry. An overall merit

rating was given to each approach.

The following parameters were considered while evaluating each
concept:
1. Coupling loss potential
‘2. Physical size - diameter
3. Total number of dimensional tolerances involved
in alignment

Potential cost

Roanoke, Virginia
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5. Termination technique (including time to terminate)
6. Fragility (care in handling)
7. Environmental consideration

8. Required development effort

As a result of the study, ITT's recommendation is to further
development effort on the three sphere concept and perform

minimal effort on the jewel ferrule concept as a back up.

The choice.of the three sphere concept as the number one
candidate is based upon the use of precision ball bearings
with diameter tolerances of ten millionths of an inch in

the alignment components. As can be seen in the conceptual
drawing (Apprendix A), only the spheres are involved in the
lateral and gap alignment. Similarly, the use of an available
precision watch jewel makes the jewel ferrule concept a

second choice. i

reem——
i

Roanoke, Virginia ] i
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__I.TT Electro-Optical Products Division

4.0 WORK SCHEDULED FOR NEXT PERIOD g
o Complete fabrication of prototype samples

o Submit prototype samples

o Fabricate fibers for exploratory development cable models
o) Fabricate;exploratory development of three sphere connector _ ;
o Submit cable plan |

o Submit bi-monthly and cost reports

TR

“ad

——
T o—

Roanake, Virginia
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‘ ' APPENDIX A
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TRADE OFF OF CONNECTOR ALIGHMENT CONCEPTS

Approach

Three sphere
Jewel :Ferrule
Double Eccentric
Molded Ferrule

Resilient Self Centering

" Multi-Rod

Formed Ferrule
V-Groove
Capillary Tube
Viscous Lens

Alignment by Fixturing

*]1 is best rating

11 is worst rating

19

Overall Merit Rating*

Roanoke, Virginia
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