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— ITT Elactro-Optical Products Division_________________________________

1.0 INTRODUCTION

The objective of this contract (#DAABO7-78-C-2922) , entitled

“Ultra Low Loss Optical Fiber Cable Assemblies ”, is to

develop optical fiber cable assemblies for the Army tactical

field data t;ansmission 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 developmen t phase of the

contract:

ITT Cannon

ITT Leeds

ITT Components (Europe)
• I

Hughes Connecting Devices Division

Deutsch

Cablewave

Amphenol

_________________________________ Roanoke, Virginia
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— ITT Electro-Optical Products Division _______________________________________

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

solici tat ion and selec tion e f fo r t has tak en longer than

originally planned and has delayed protions of the program .

_________________________________ Roanoke, Virginia
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2.0 CABLE DEVELOPMENT

The cabl e developmen t phase of this con trac t includes the

optimization of the optical fibers as well as the design

of a rug ged f iber  op tic cable.

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 recen tly developed.

Empha sis has been plac ed upon the improvemen t of op tical

properties. The data in Table I is most encouraging in

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

than 4.5 dB/km (attenuation measured on spool). Therefore ,

the intrinsic attenuation of fibers is lower than the

repor ted va lues . During the f i r s t quar ter of 1979 , considerable

ef for t wi ll be expened under ITT funded programs to fur ther

reduce attenuation and dispersion while still main taining

hi gh tensile strength (100,00 psi proof tes ting) .

ITT-EOPD has performed some work toward the development of

a 62 urn optical core fiber. This approach was considered
‘ preferable  to mee t the l dB coupling loss specif ica t ion for the

connector. However , this  work has no t been ag gress ive ly

pursued because of strong indications that a 50 um core fiber

_________________________________ Roanoke, Virginia
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TADLE 1

CVD# LENGTH ATTENUATION DISPERSION
(Kilometers) (d3/ krn ~ 0.85 urn) (ns/km @ 0.9 urn)

20449 
- 

2.6 4.6 1.2

20450 2.3 3.6 .9

20451 1.2 4.1 1.6

20452 
- 
1.6 5.6 .98

20453 
- 

1.3 4.0 1.7

20454 1.2 3.9 1.7

20461 3.1 4.2 . .65

20462 4.5 4.4 2.3

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 • 5.3 2.1

20481 2.8 4.0 1.2

20485 4.]. 4 . 9  1.3

Roanoke, Virginia
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— ITT Electro -Optica l Products Division ________________________________________

will become the international standard.

All the f ib ers used in this program are bein g proof tes ted

at 1% elonga tion ( 100 ,000 psi). This proof testing is an

insurance agains t ca tas tropohi c fa i lu re  when the f iber is

strained during manufacturing , installation or service.

2.2 Ultra Low Loss Optical Fiber Cable Design

The cable design plan submi tted contains the current

approaches which ITT-EOPD believes have the best potential

to meet the Technical Guidelines of the Ultra Low Loss

F iber Op tic Cable Con tract,and at the same time can be

mass produced.

Based on the experience acqu ired in the Low Cost Fiber  Op tic

Cable Assemblies for Local Distribution Systems contract

(DAABO7-77-C- 2681), an external strength member cable with

1 mm buf fe red  op tical f ibers  no t only exhibi ts low excess ‘
:

cab ling losse s, but meets almost all the mechanical requirements.

The excep tion of that is that the above contrac t required 
•

90% survivability while the Ultra Low Loss Fiber Optic Cable

Con trac t requires 100% surv ivabi l i ty. This requ iremen t is

___________________________________ Roanoke, Virginia

— ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .-.- 

. 

~~~~~~~~~~~~~~~~~



--—
.------— ..

~~~ —‘—-- ,—• —-,-
~~~~,

, -__ - ,,~~~.

Elect rn-Optical Products Division_______________________________________

achievable with the proposed cable design, bu t it still  h~s

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 Att~ rn~~t~.cn (~~/1ct)
I Piber l .65~~~ .79 i~n .82~~~ 1.0S~~~ L~~gth

110678—cA-I: 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
4 8.09 6.76 10.50 14.84

‘S 8.67 6.98 10.84 15.09
6 7.62 5.79 9.53. 14.52
7 7.45 5.84 9.46 14.30

Average 8.31 6.37 10.31 15.12

1.10778-BA-I: 1 7.48 6.04 9.61 13.53 37~~2 11.16 8.23 11.97 19.97
3 8.74 - 6.82 10.61 16.63
4 7.85’ 6.06 9.89 16.77
5 7.54 6.07 9.84 17.20
6 8.79 6.94 10.88 18.29
7 8.43 6.98 10.62 . 13.67

Average 8.57 6.74 10.48 16.72

mote: The fibers of cables 110678-CA-Il ~~d 110778-BA-Il ~ers mde with.
fibers hav~~g ~hin Etsu ~ V silicone i.a4ding.

__________________________________Roanoke, Virginia
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Table 3 shows the number of surv iv ing and br oken f i bers

when the cable was tested over a wide temperature range using

three different impact loads ( 4 . 0 7 , 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

performan ce a t tha t tempera ture.  
-

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

Note that since there was no light transmis5ion at -55°C ,

the number of transmitting fibers was found by counting

the transmitting fibers after the tempera ture returned to

25°C.

Flex and Twist Tests were performed , on th e Lo w Cos t Fib er

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

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

•1  

- 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

I~QACT R~ 5IS~~.NC
- 

- I OF I T~ 4~(S % SURVIVA-
t2~WACT I.OAD TESTINC IDW . SAZ’WL3S I PAI L BILI-?Y

4 .07  Newton ~~~~~ P~.T. (25°C) 42 39/3 93%
4.41. U “ “ 33/9 79
4. 75 “ vs “ U 3 3 / 9  79

4 .07  Newton Metez ~ 400C 42 . 42/ 0 1.00*
4 .41  “ vs “ “ 42/ 0  100
4.73 “ “ U “ 40/2 95

4 .07 Newton X.te~~ 60 °C 42 4 0 / 2  95%
4 4 2. “ “ 42/0 100
4.75 ,. “ vs ‘ 38/4 90

4 .07  Newton M.tsrg 85 °C 42 40/2  9 5 %
4 .42. “ vs vs vs 37/5 33
4 . 7 5  “ U U U 3 8 /4  90

• 4 .07 Newton Mete ~i -5 °C 42 42 /0  10 0%
4 4 1. “ “ “ “ 42 /0  100
4. 75 U U U 42/0 100

4 . 0 7  Newton M t.rs -30 °C 42 42/0 100%
4 .4 1. ~~ “ U 42/0 100
4 . 7 5  “ vs 42/0 100

4 .07 Newt on Met eT3 .53°C 42 26/ 2 .6
4 . 4]. U 13/29 31.
4 . 7 3  ‘S “ “ 16/26 33

A

~
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ITT Elactro-Opticil Products Division___________________________________

intends to procure large amounts of cables , modifications of

the design to facilitate its production with conventional

cabling equipment is being considered.

Conv en tional - cabl in g equipmen t can accomoda te lar ger payoff

and take up spools , allowing the production of longer cable

lengths thus reducing set up time and increas ing the equipmen t

utilization . But heavier spools also- mean higher tension ,

there fore , the cable desi gn mus t provide por tection to the

optical core during the fabrication processes.

Cable  Desi gn 1 is cons ide red m a r g i n a l l y  suitab le for fabri-

cation in conventiona l equipment. The next two designs

will allow cables to be produced that , in addition to being

rugged , are also capabl e of being p roduced with higher

manufac tur ing tens ions than the f irs t design .

Figure 2 shows cable Design 2. This cable is similar to

Design 1 except tha t  a non-oriented nylon monofilament is

used instead of the central fiber. The central monofilament

is the load member during the fabrication of the optical

core. The m echanical and optica l properties of Design 1 should

remain unal tered. ‘ 
-

•

_________________________________ Roanoke, Virginia

13

-# -~~~~~ —
- 

~~~~~~~~~~~ ~~~~~~~~~ 
- -

~~~ 
—

~~•~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



_ _ _  _ _  
- •~~

-
~~~~~~~~~~~~~

- -
~~~~~~~

LII

• 
_ITT Electro-Optical Products Division______________________________________

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 concep t of a flexible center core that yields under impact ,

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

- Roanoke, Virginia
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3.0 CONNECTOR DEVE LOPMENT 
-

ITT Cannon has been selected as subcon trac tor to devel op a

hermaphrodi tic connec tor for the Ul t ra  Low Los s Fiber Op tic

Cable. -

During the repor ting period , a study of po ten tial f iber -
alignmen t concep ts was conduc ted.

The ability of an alignmen t concept to provide minimum

coupling loss is a func t ion of the design emp loyed and

their  manufac turing tolerances.  
-

Eleven concepts were critiqued (See Appendix A). These concepts

represen ted the basic techniques curr en tl y cons idere d

viable wi thin the f iber  op tic indus try.  An overal l  meri t

ra ting was given to each approach.

The following parameters were considered while evaluating each 
I

concept: -

1 . Coupl ing loss po ten tia l •

• 2. Physical size - diame ter

3. Total number of dimensional tolerances invo lved

in al ignmen t

4. Potential cost
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5. Terminat ion  technique ( including t ime to t erminate)

6. Fra gi li ty (car e in handlin g )

7. Environmen tal consid era tion

8 . Required developmen t e f fo r t

As a resul t of the study , ITT ’ s recommenda tion is to further

developmen t effort on the thre e sphere conc ept and 2erform

minim al e f f o r t on the jewe l f er ru le  conc ept as a back up.

Th e cho ice of the three sphere con cep t as the number  one

candida te is based upon the us e of prec is ion  ba ll bear ings  •

wi th diame ter to lerances of ten mi lli on ths of an inch in

the al ignmen t componen ts. As can be seen in the con cep tual

dr awin g (Apprendix A ) ,  onl y the spheres are involved in the

lateral and gap alignment. Similarly, the us e of an avail ab le

pr ecis ion wa tch jewel mak es the jewel fer ru le  conc ept a

second cho ice .
I
I
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4 .0  WORK SCHEDULED FOR NEXT PERIOD

o Comple te fabrica tion of pro totype samples

o Submi t pro totype samples

o Fabrica te f ibers for explora tory dev elopmen t cable models

o Fabricate exploratory developmen t of three sphere connector

o Submit cable plan

o Submit bi-monthly and cost reports

I
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TRADE OFF OF CONNE CTOR AL IGHMENT CONCEPTS

Approach Overall Merit Rating *

Three sphere 1

Jewel ~Ferrule 2

Double Eccentric 3

Molded. Ferrule 4

Resilient Self Centering S

Multi-Rod 6

Formed Ferrul e 7

V-Groove S

Capillary Tube 9

Viscous Lens - 10

Alignment by Pixturing 11

*1 is best rating

11 is worst rating

Roanoko, Virginia
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