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ITTElectre-Optical Products Division

PREFACE

This semiannual report describes work performed for the Center

for Communications Systems, Multichannel Transmission Division,

CORADCOM by ITT Electro-Optical Products Division under

contract DAAB07-78-C-2922, awarded from Fort Monmouth,

New Jersey. The effort is directed toward fulfilling objectives

of "Technical Guidelines for Development of Ultra Low Loss

Optical Fiber Cable Assemblies," dated December 1976, and in

general support of the U.S. Armys fiber optic development

program.

The ITT Cannon Electric Division is a subcontractor to this

effort under the guidance of ITT EOPD for the required connector

development.

The U.S. Army project engineer for this effort is Mr. J. W.

Strozyk of the Fiber Optics Team (DRDCO-COM-RM-l).

The period of performance covered under this report was

December 1978 through July 1979. The initial draft was sub-

mitted for approval on October 9, 1979.

Roanoke, Virginia
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1.0 INTRODUCTION

The objective of the Ultra Low Loss Optical Fiber Cable

Assemblies Contract (DAAB07-78-C-2922) is to develop optical

fiber cable assemblies for the Army tactical field data

transmission at 20 Mb/s over 8 km without repeaters.

The contract effort includes the development of rugged cable,

hermaphroditic cable connectors, and bulkhead connectors which

are simultaneously optimized for Army tactical field applications.

The cable development was centered on three cable designs which

were submitted to CORADCOM in the cable design plan. The con-

nector effort was divided into two approaches - jewel ferrule

connector and adjustable three-sphere connector. One of these

approaches would be selected during a critical design review,

scheduled for July 1979. Unexpected fiber variations forced

a change from a critical design review to a program review

which was scheduled for August 1979. The main issues to be

addressed were the low temperature fiber attenuation increases,

fiber bend sensitivity, fiber diameter control, and brittleness

that affect characterization of the connector designs. All

of these issues are being analyzed for action in the next

reporting period.

Roanoke, Virginia
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1.1 Work Planned for This Reporting Period

The following work was conducted during this reporting period:

a. Complete fabrication of preliminary design model (PDM)
cable

b. Submit preliminary design model (PDM) cable samples

c. Fabricate fibers for exploratory development model
(EDM) cables

d. Submit test plan

e. Fabricate exploratory development model of the
three-sphere connector

Roanoke, Virginia
USE OR DISCLOSURE OF PRO-

1-2 POSAL DATA IS SUBJECT TO
THE RESTRICTION ON THE TITLE

PAGE OF THIS PROPOSAL
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2.0 PRELIMINARY DESIGN MODELS (PDMs)

This section covers the description, construction, and

evaluation of the PDM cable samples.

2.1 Optical Fibers

The light transmitting elements of the cable are the graded-

index optical fibers (Figure 2-1) consisting of a glass core

(germanium, phosphorus, and boron dopants) and a glass

cladding (germanium, phosphorus, and boron dopants). To

preserve the mechanical strength of the glass fibers, they are

coated with plastic buffers, the buffer being a solid plastic

coating surrounding the optical fiber.

The graded-index optical fibers are to meet the following

specifications at 0.82-pm wavelength after proof loading

at 100,000 psi:

a. Fiber core 56 Pm ±5 ijm

b. Fiber outside diameter
(od) 125 pm ±6 Vim

c. Attenuation <5.0 dB/km

d. Dispersion <2.0 ns/km

e. Numerical aperture (NA) >0.14
(90% power)

Roanoke, Virginia
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2.1.1 Primary Buffer

A room temperature vulcanizing (RTV) silicone protective

coating, Dow Corning Sylgard® 184, is applied by dipcoating

to a finished diameter of 300 Pm immediately after drawing.

This protective coating guards the fibers from any initial

handling or foreign substances that may damage or reduce the

quality of the product and is compatible with the buffering

materials. Sylgard® 184 is used because of the ease in stripping

this material.

2.1.2 Secondary Buffer

All fibers have a Hytrel ® 7246 buffer layer for additional

protection. The layer is tubing extruded to a finished

diameter of 0.5 mm. An additional layer is pressure extruded

to 1.02 mm to provide the rugged mechanical and environmental

performance. All fibers were manufactured between December

1977 and October 1978.

2.1.3 Center Filler

The center filler element of the cable was varied in the

three designs as follows:

a. Design 1 -Optical fiber

b. Design 2 - Nylon monofilament

c. Design 3 - Polyurethane (E-80) coated Kevlar '49
(380 denier)

S__________ Roanoke, Virginia
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2.1.4 Polyurethane Inner Jacket

The polyurethane inner jacket is extruded after the cabling

operation. The polyurethane used is Roylar R E9-B, a poly-

ether based compound, manufactured by Uniroyal. It is

chosen because of its extreme toughness, abrasion resistance,

low temperature flexibility, resistance to hydrolysis, fungus

resistance, and excellent stability to atmospheric conditions.

This jacket supplies support for the fiber making up the cable

core and provides a buffer layer between the fiber and Kevlar®

reducing abrasion.

2.1.5 Kevlar®Strength Member

Kevlar@49 has been chosen as the strength member for this

application because of its strength versus weight and durability.

A total of 18 yarns (1420 denier) is applied helically with a

10.1 cm (4.0 in) lay length. The lay length was selected to

be greater than that of the fibers to ensure that the Kevlar®

takes the tensile load. The strength member will provide

181.8 kg (400 ib) tensile strength at 1% elongation. One

percent elongation is the 100 kpsi fiber proof test level.

Roanoke, Virginia
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2.1.6 Polyurethane Outer Jacket

The outer jacket material is identical to the inner jacket.

Figures 2-2 through 2-4 show the cable construction for

the three PDMs.

2.2 Optical Evaluation

The attenuation and dispersion of the three PDMs were measured

with results indicated in Table 2-1. The values are higher

than 5.0 dB/km attenuation and 2.0 ns/km dispersion guidelines

established for this program. The purpose of the PDMs was to

examine various cable geometry and not to strive for best

optical characteristics. The optical performance will be

further addressed in the exploratory development models (EDMs).

The attenuation measurement error due to injection conditions

is multiplied on short length samples with error deviation

uncertainty. A description of the attenuation and dispersion

measurement technique is located in Appendixes A and B.

2.3 Submit PDM Cable Samples

All three PDMs were shipped after completing the optical

evaluation.

Ro Vg
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VI

Table 2-1. Optical Characteristics
of Preliminary Design Models.

Attenuation Dispersion

Design Fiber @ 0.85 (dB/km) @ 0.9 (ns/km)

1 6.22 2.09

1 2 6.33 1.53

(303 m) 3 6.05 2.92

4 7.31 2.79

5 6.56 1.53

6 9.61 4.73

7 7,29 2.32

2 1 6.11 2.38

(353 m) 2 5.99 3.52

3 6.56 2.07

4 5.49 1.31

5 5.59 1.17

6 6.39 3.42

3 1 8.35 2.04

(275 m) 2 7.98 2.01

3 8.38 2.71

4 8.98 2.10

5 9.83 2.44

6 9.05 1.61

2-9
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3.0 EXPLORATORY DEVELOPMENT MODELS (EDMs)

This section covers the description, construction, and

evaluation of the EDM cable samples.

3.1 Test Plan

The EDM cable test plan was submitted and approved for this

phase.

3.2 Optical Fibers

All the optical fibers used in these cables are specifically

fabricated for the program. The fibers were manufactured

between November 1978 and February 1979. The fibers were

buffered to 1.02-mm diameter with Hytrel @ 7246. All EDM

fibers were measured while strung between two drums with a

center line distance of 10 m. This evaluation procedure

eliminates spooling losses and is a true measure of the

intrinsic attenuation. The dimensional measurements for all

fibers are listed in Table 3-1.

3.3 EDM Cable Designs

The three cable samples were fabricated in accordance with

the cable design plan and have specifications as indicated in

Figures 2-2 through 2-4. The EDM cable samples were fabricated

using Uniroyal Roylar®DE-80 polyurethane for the jacket layers

because of its better low temperature flexibility.

Roanoke, Virginia
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Table 3-1. Dimensional Measurements of EDM Cable Samples.

Core Diameter (Pm) Cladding Diameter (um)

Design 1 SOP* EOP** SOP* EOP**

Center 57 x 61 63 x 67 122 135
1) Yellow 57 x 60 57 x 59 127 131
2) Orange 59 59 127 129
3) White 58 59 127 129
4) White 54 s0 125 123
5) White 53 x 57 56 x 57 125 x 129 127
6) White 64 x 67 56 x 59 140 125

Design 2

1) Yellow 53 x 55 56 125 129
2) Orange 56 56 125 125
3) White 57 59 x 56 122 x 127 125
4) White 60 x 61 57 x 59 125 x 129 127 x 129
5) White 52 x 54 57 x 60 122 x 125 119 x 125
6) White 53 x 56 53 x 55 125 127

Design 3

1) Yellow 56 56 x 58 123 x 125 125
2) Orange 58 x 61 61 123 127
3) White 59 59 125 x 127 127 x 129
4) White 60 x 61 59 x 61 119 125 x 127
5) White 61 62 123 127 x 129
6) White 60 x 61 59 125 127 x 129

*Start of pull, bottom of spool.

**End of pull, top of spool.

3-2
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3.4 Optical Measurements

The measurement technique used for the PDMs and the EDMs is

identical as indicated in Appendix A and B.

3.4.1 Attenuation

Table 3-2 shows the attenuation measured at 0.82-urn wavelength

and 0.089-injection NA for each fiber in designs 1, 2, and 3.

It also shows the initial fiber attenuation as well as the

excess cabling loss. The average attenuation of design 1 was

4.34 dB/km, design 2 was 4.36 dB/km, and design 3 was 4.43 dB/km.

The average attenuation increase in all fibers was 0.53 dB/km.

Table 3-3 shows the attenuation of the three cable designs

at 0.82-, 0.85-, 1.05-, 1.09-, 1.1-, 1.2-, 1.3-, and 1.4-um

wavelengths with 0.089-injection NA and the dispersion at

0.9-um wavelength.

The statement of work on this contract does not require

measurements at wavelengths longer than 1.05 um, but since

CORADCOM demonstrated interest in long wavelength transmission,

ITT evaluated the cables at 1.09, 1.1, 1.3, and 1.4 urn.

The attenuation of the three cable designs was measured with

injection NA settings of 0.089, 0.124, 0.176, and 0.243 at

0.82-um and 1.2-um wavelengths respectively, as shown in Tables J-

3-4 and 3-5.

Roanoke, Virginia
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The attenuation at each of the remaining wavelefigths was

measured at an injection NA of 0.089. The single NA was

selected to avoid changing injection NA conditions at each

wavelength, thereby possibly introducing input variation

between the short and long length measurements. While the

0.089-injection NA is substantially less than the NA of the

fiber, Kaiser' has reported that low NA injection of similar

graded index fibers results in a modal distribution closer

to "steady state" conditions than that achieved with higher

injection NAs. Further, the 0.089 NA is selected to avoid

excess transient losses introduced by modal over-excitation

in short lengths of graded index fibers. These leaky modes

may be propagated through the borosilicate cladding layer.

Once the output through the long length was measured at

the specified wavelengths, the fiber was cut at a distance

of 1 m from the injection end. A new end was prepared on

the output end of the reference length and the measurement

repeated for the short length.

1P. Kaiser, "NA-Dependent Spectral Loss Measurements of Optical
Fibers," Transactions of the Inst of El and Comm Eng, Japan,March 1978.

. Roanoke, Virginia
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3.4.2 Attenuation Results

The data in Table 3-2 indicates that at least one fiber in

each design has a high cabling loss ("l.0 dB/km). These

excess cabling losses are attributed to fiber bend sensi-

tivity which is being examined and characterized.

3.4.3 Numerical Aperture

The 90% power point NA was measured, and it is reported in

Table 3-6. The 90% power NA is determined by first measuring

the fiber output close to the detector. Then the fiber is

moved away from the detector, reducing the detector field of

view. At the point where the output drops 10%, the detector-

fiber separation is recorded and the cone angle containing 90%

of the power calculated. The large variation in results on

some fibers is caused by diameter fluctuations along the

fiber length.

3.5 Mechanical Tests

The EDM cables were subjected to the mechanical tests of

MIL-C-13777, paragraphs 3.7.1 and 3.7.2. These tests were

performed at ambient temperatures of +21 C, -54°C, and +71 C.

Roanoke, Virginia
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Table 3-6. Numerical Aperture (90% Power).

Fiber # Cable Desig~n I Cable-Design 2 Cable Design 3

1) Yellow .21 -. 19 .19

'2) Orange .19 .20 .20

3) White .19 .270 .21

4) White .20 .21 .204

5) White .17 .21 .21

6) White .20 .20 .15

Center .20 ---

Design I - !091 meters, optical fiber center element.

Design 2-- 1099 meters, nylon monofilament center element.

Design 3 - 1100 meters, polyurethane coated KevIar ltcenter
element.

3-10
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3.5.1 Impact Resistance

This test was performed in accordance with paragraph 3.7.2

of MIL-C-13777F at ambient temperatures of +210 C, +71 0C, and

-540C. The results are shown in Table 3-7.

The 100% survivability goal was achieved in all three designs

at +21°C and +710 C. Designs 2 and 3 also met this goal at

-54 C. Cable design 1 had one broken fiber in one of the

six samples; this brought the percentage of surviving fibers

to 97.6% after 200 impacts at a load of 0.415 kg-m when

tested at -54 C.

3.5.2 Bend Test

The bend test was performed at +21 0 C, +71 0 C, and -54 0 C, in

accordance with MIL-C-13777, paragraph 3.7.2. Table 3-8

shows the performance of the cabled fibers during the test.

Continuity was monitored during the test with no fiber

failures observed.

The goal of 100% surviving fibers after 2000 cycles was

achieved with all three cable designs.

Roanoke, Virginia
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Table 3-7. Impact Resistance.

Cable Temperature # of Transmitting/ SurvivingDesivm (CO Cabled Fibers Broken - Fibers

1 +21 42 42/0 100

+71 42 42/0 100

-S4 42 41/1 97.6

2 .21 36 36/0 100

+71 36 36/0 100

-S4 36 36/0 100

3 +21 36 36/0 100

+71 36 36/0 100

-54 36 36/0 100

Design 1 -Optical fiber center element.

Design 2 -Nylon monofilament center element.

Design 3 -Polyurethane coated Keviar F-center element.

3-12



Table 3-8. Bend Test.

Cable Temperature 1of Transmitting/ I Surviving

Design (c)Cabled Fibers Broken Fibers

1 +21 21 21/0 100

+71 21 21/0 100

-S4 Z1 21/0 100

2 +21 18 18/0 100

.71 18 18/0 100

-54 18 18/0 100

3 21 18 18/0 100

+71 18 19/0 100

-54 18 18/0 100

Design 1 - Optical fiber center element.

Design 2 - Nylon monofilament center element.

Design 3 - Polyurethane coated Kevlarlo center element.

3-13
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3.5.3 Twist Test

The test was performed at +210C, +710C, and -540C in

accordance with MIL-C-13777, paragraph 3.7.2.

Table 3-9 shows the performance of each cable design. Con-

tinuity was monitored during the test with only one fiber

failure at room temperature on design 2 (nylon monofilament

center).

Designs 1 and 3 met the 100% survivability goal at all

temperatures. There was one fiber break after 1480 twist

cycles on design 2 when tested at room temperature. This

cable design met the goal of 100% survivability at +710C

and -54°C.

The top sheave of the twist test apparatus consisted of two

adjustable plates. This sheave arrangement was not satis-

factory and caused undue damage to the cable jacket. Due

to schedule limitations, it was not possible to replace it.

It was suspected that this arrangement was responsible for

the fiber break.

Roanoke, Virginia
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Table 3-9. Twist Test.

Cable Temperature # of Transmitting/ % Surviving
Design " Cabled Fibers Broken Fibers

1 +21 21 21/0 100

+71 21 21/0 100

-54 21 21/0 100

2 +21 18 17/1 94

+71 18 18/0 100

-54 18 18/0 100

3 +21 18 18/0 100

+71 18 18/0 100

-54 18 18/0 100

Design 1 - Optical fiber center element.

Design 2 - Nylon monofilament center element.

Design 3 - Polyurethane coated Kevlar center element.

3-15
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Despite this broken fiber, the cable managed to have 94% of

its tested fibers continuous after 2000 cycles. It is felt

that by using a proper sheave, all cable designs at all

temperatures will pass this test without fiber breakage.

3.5.4. Tensile Load Test

Data on long term effects of the static load is obtained by

applying a tensile load to the cable for a period of 48 hours,

during which time the transmission through the fibers is

monitored.

Two samples of design 3 were tested for effects of tensile

load on fiber attenuation. Periodic attenuation monitoring

was used. The cable tested gage length was 6 m.

The cable elongation with a 6-m half loop setup exceeded

the extension range of the tensile load equipment due to

rotation of the mandrel. To overcome this problem, a complete

loop was used (approximately 12.5-m gage length) during this and

the remaining tests.

The first sample of design 2 was tested using manual data

acquisition. The remaining three tests were performed

using an eight-channel strip chart recorder. This enabled

continuous monitoring of differential attenuation throughout

Roanoke. Virginia,
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the 48-hour test period. All fibers are monitored for

attenuation change and not absolute values on this station.

Tables 3-10, 3-11, 3-12, 3-13, 3-14, and 3-15 show the test

results of designs 1, 2, and 3, respectively.

These results indicate that the residual effects of long term

tensile load on the optical performance of designs 1, 2,

and 3 are negligible. The visual inspection indicated that

the strength members and the optical core had some position

shifting; however, after the load was released, they slowly

returned to their original positions.

Roanoke, Virginia
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3.6 EDM Cable Environmental Tests

The environmental tests include:

a. Temperature/humidity test

b. Temperature shock test

c. Vibration test

Tables 3-16 through 3-18 summarize the performance of the

EDM cables. Attenuation at each wavelength was measured

with 0.089 injection NA.

It was found that the cables were sensitive to low temperature,

which greatly increased the optical attenuation of the

cabled fibers. This was an unexpected problem because a number

of cables (designed for commercial telecommunication appli-

cations) had been tested at low temperature (-400C and -500C)

with loss increases from 1 to 1.5 dB/km.

Figures 3-1, 3-2, and 3-3 depict the performance of the fibers

of the EDM cables when exposed to temperatures from -650 C

to +650C. Fiber identification was not recorded during the

test. All future tests will include identification to

correlate performance with fiber data.

Roanoke, Virginia
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The major difference between the telecom cables and the

ultra low loss cables was the grade of polyurethane used

for the jackets (Roylar®E-9 and Roylar®E-80 respectively)

and the buffered fiber diameter of 0.94 mm on telecom

cables versus 1.02 mm on ultra low loss cables. It was

decided to make another sample cable length of design 1

using Roylar® JE-9. The low temperature performance was

equally poor.

Two cables were designed in an attempt to incorporate some

features of the telecommunication cables into the ultra low

loss design. These are shown in Figures 3-4 and 3-5 and

were labeled designs 4 and 5, respectively.

These cables were fabricated using some of the same batch

fibers as previously used, with similar results noted at low

temperatures. At this point, it was suspected that the problem

might be a fiber problem and not due to the cable design.

Therefore, several fibers fabricated for the ultra low loss

contract and a few fibers from the regular production inventory

were exposed to low temperatures. Surprisingly, only the ultra

low loss fibers performed poorly, indicating that either the

Roanoke, Virginia
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fiber dopants or fabrication had a major effect. The other

variation was the fiber buffer diameter of 0.94 mm versus

1.02 mm on ultra low loss fibers.

An investigation was begun to determine the reason for this

effect. This investigation will examine all aspects of the

ultra low loss fiber fabrication to find any variables from

standard production or trace the individual fiber perfor-

mance at low temperature for the cause.

3.6.1 Fungus Test

This test was performed by Aerospace Research Corporation.

Their test report indicates that there was a very light

growth on the surface of all six cables. These samples were

returned to ITT EOPD where this light growth was verified by

observation under the microscope.

A sample of the tested cable was delivered to Uniroyal

Chemical, the company which supplied the jacketing material.

Uniroyal's conclusion was that the polyurethane polymer is

a nonnutrient material; however, a very small amount of a

Roanoke, Virginia
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processing aid was responsible for this small amount of

fungus growth. It was also the company's conclusion that

the integrity of the jacket was not jeopardized by this

light fungus growth.

Uniroyal indicated that two approaches may be followed if

it is determined that this fungus growth is unacceptable:

(a) eliminate the processing aid acting as a nutrient, or

(b) add a fungicide.

At this time, ITT EOPD is not recommending either approach

until it is determined that further action is justified.

Roanoke, Virginia

3-35



ITT Eletre-opti Pradu Dviala_____________

4.0 CONNECTOR DEVELOPMENT

This program requires the development of cable assemblies

and bulkhead receptacles. The cable assemblies will

include hermaphroditic plugs compatible with the bulkhead

receptacles, the six-channel cable design, and the fiber

characteristics. To accomplish the connector design

effort, a subcontract was awarded to the ITT Cannon

Electric Division.

4.1 Cable/Connector Interaction

In order to meet the cable assembly objectives, an iterative

trade-off process between cable requirements and parameters

and connector requirements is necessary. The identification

of the fiber/cable parameters most heavily affecting

connector design and performance has been tentatively

determined as follows:

a. Fiber diameter (close tolerances and roundness)

b. Fiber core diameter (concentricity and tolerances)

c. Fiber NA

d. Fiber bend loss sensitivity

e. Fiber rigidity (buffer material)

Roanoke, Virginia
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f. Fiber torsional modulus

g. Fiber strippability

h. Cable strength member design

i. Cable jacket material

j. Injection NA of the fiber

These parameters must be considered in developing a

suitable connector fiber alignment concept as well as the

necessary protective and sealing features required in

this program. In total, seven cable designs were fabricated

and evaluated in order to effect a compromise between

fiber/cable requirements and those anticipated for the

connector.

4.2 Development Efforts

During this reporting period it was determined that two

fiber alignment concepts, adjustable three sphere (ATS)

and jeweled ferrule (JF), would be given primary considera-

tion for this program. Prior experience with these align-

ment approaches, under company as well as ECOM I efforts,

provided a basis for this decision. However, since

I

Roanoke, Virginia
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prior investigations on these approaches involved

Corning fibers, an examination of the ITT fiber/cable

parameters was necessary. Thus, the effort covers three

general areas:

a. Fiber investigations (characterize for connector
requirements)

b. Design, fabricate, and test fiber/connector
assemblies

c. Alignment evaluation on cable characteristics

4.2.1 Fiber Comparison

Initial fiber investigations addressed the obvious

differences in the ITT EOPD fiber/cable designs relative

to the previously used Corning fibers. These differences

required changes in ATS as well as JF features.

a. ITT fiber core diameter, 55 Um;
Corning fiber core diameter, 85 Um

b. ITT fiber jacket diameter, 1.02 mm;
Corning fiber jacket diameter, ,,0.130 mm

c. ITT fiber is helically wrapped in cable;

Corning is run in a loose tube

Also, various features relating to design variations in the

seven ITT EOPD cables were evaluated as they interacted

with the connector termination process.

Roanoke, Virginia
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Samples of EDM designs 1, 2, and 3 were subjected to a

series of cleaving tests. Differences in the end face

cleave quality, using previously developed techniques,

were observed in fibers from designs 1 to 3. ITT EOPD

tried to identify possible variations in the fiber

process as a cause for these differences; the results

were inconclusive.

Additional fiber evaluations were performed in conjunction

with termination experiments and preliminary connector

loss measurements.

In terminating fibers in the ATS ferrules, it is required

that the three spheres close radially inward upon the

fiber. To accomplish this, an assembly torque wrench

specifically designed for this is used. This tool incor-

porates an adjustable slip clutch set to preclude fiber

crushing. It was observed that when used with samples of

the ITT fiber, an apparent tendency toward fiber breakage

occurred. Due to the random nature of the breakage, a

study of fiber strength under various crush loads was

conducted.

Roanoke, Virginia
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To perform this study, a fixture simulating the three-

sphere ferrule was devised. Two spheres are held fixed

in place, tangent to each other, while a third sphere

with a gage mounted could be moved radially in the

fixture. The force necessary to crush a fiber was

measured while observing the point of contact of the

fiber and spheres with a microscope. Results obtained

using this apparatus indicated a range of crush forces

from 0.18 to 3.6 kg with an average of 1.3 kg for ITT

fibers. When similar tests on Corning fiber were performed,

a narrower range of crush forces was obtained with an

average of approximately 2.3 kg.

During the course of these tests, 15 cm lengths of

fiber from ITT EOPD design 1 were tested at 0.5 cm

increments. Samples from all seven fibers in the cable

were tested and appeared to exhibit a periodicity in

the crush force to break. The periodicity may correlate

with the period of the helical wrap within the cable

which is approximately 5.1 cm. Since the Corning fiber

was not cabled, no examination for this effect was made.

Roanoke, Virginia
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In seeking correlation for the crush data, an attempt

to relate it to fiber diameter variation was made.

Although the fiber diameter was found to fluctuate from

124 to 133 pm along several samples, no correlation was

observed.

As a result of these studies, it was determined that a

more precise setting of the slip clutch assembly would

allow ITT fiber to be terminated for testing the

connector concept.

4.2.2 Six Channel Connectors (Plugs and Receptacles)

All hardware components for the critical design review

(CDR) were manufactured. Due to the differences between

ITT and Corning cable construction and size, the connector

strength member clamp strain relief mechanisms and

sealing components were modified. Sufficient ATS and JF

connector components were manufactured to yield two mated

connector assemblies. The jeweled ferrules and adjustable

three-sphere ferrules were designed to be interchangeable

within the connector body. This would allow alignment concept

evaluation without changing the costly connector components.

Roan, Virginia
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A total of 24 ATS ferrules was received from the vendor

for evaluation. A dimensional inspection of all components

was performed, and it was found that the gap control

spring was not properly closed and ground. This would

affect the uniform pressure needed to seal the ferrules

from the environment. Several ferrules were terminated

(using cable design 3) in the connector housing and the

coupling was measured. A random instability problem was

observed in the ferrule positioning. The ferrules were

slightly modified and retested. The instability problem

was eliminated. A few of the random matings exhibited

coupling losses over 1 dB and it is believed that these

matings are due to factors such as dust, keying, and core

diameter variations. Table 4-1 shows the coupling losses

of 263 matings.

Two hundred and twenty-five matings had coupling losses

lower than I dB. Thirty-five matings had coupling losses

lower than 2 dB, and only three exceeded 2 dB.

Roanoke, Virginia
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Table 4-1. Adjustable Three-Sphere Coupling Losses.

Coupling Loss (dB) Frequency

.10 8

.20 16

.30 36

.41 28

.51 28

.61 32

.71 31

.81 26

.92 20

1.02 2

1.12 10

1.22 4

1.33 10

1.43 5

1.63 1

1.84 1

1.94 2

2.35 1

2.55 1

3.58 1

TOTAL EVALUATED 263

4-8
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Other factors that must be considered when evaluating the

data include:

a. LED drift was identified as causing up to ±0.1S dB
variation in connector coupling loss.

b. Fiber outside diameter (od) variation was found
to be as great as 9 Um. This could account for
as much as 0.5S dB alignment loss.

In subsequent testing, four mated pairs of six-channel

connectors have been terminated. Two contained jewel

ferrules and two utilized ATS ferrules. During the

termination process, difficulty was experienced with the

fiber/cable being used (cable design 4) because the Hytrel

fiber jacket was more rigid than previously experienced.

This caused a high rate of accidental breakage when

handling the stripped fiber.

When a pair of connectors is mated, the abutting ferrules

must move toward the back of the connectors to absorb

component dimensional tolerances. Since the cable strength

member was secured at the rear of the connector, the fiber

was allowed to flex (bend) within a chamber between the

Roanoke, Virginia
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ferrule and the Kevlar - strength member clamp. The length

of this flex chamber had been developed and tested previously

with initial fiber samples. When the connectors with

EDM cables were mated and the fibers flexed, coupling

losses were not as low as in initial tests. This was

seen in both JF and ATS connectors, indicating that the

fibers were more sensitive to bending losses.

4.2.3 Cable Strain Relief Assembly

Tensile tests were conducted to determine the cable

clamping effectiveness. Data indicated that the fibers

within the connector move 1.90 mm axially due to the cable

strain under 180 kg load. A service length that will

allow for this movement will be included during ferrule

termination.

4.2.4 Connector Loss Measurements (Initial Design)

Coupling loss measurements were performed on two pairs

of ATS as well as two pairs of JF alignment design

connectors using cable design 3. In each case, the

Ronoke, Viinio
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mated pairs were initially assembled as the design required

including securing the Kevlar -)strength members. The

fiber ends were measured, stripped, and cleaved for the

ATS design while those intended for JF use were polished

in the ferrules. Installation into the connector bodies

was made allowing for the fiber flex discussed earlier.

Glass fiber or buffer jacket retention in the ferrules

was accomplished using epoxy. Coupling losses obtained

on ATS pair 1 and both JF pairs are presented in Table 4-2.

Considering the relatively poor performance noted during

the connector coupling loss test when compared to earlier

ferrule-only tests (Table 4-1), attempts to identify

major causes of the high loss were pursued on all mated

pairs.

Due to the possible contribution of fiber bend losses and

fiber stiffness which hinders proper ferrule mating,

it was decided to attempt an assessment of their contribu-

tion to the ATS connector loss. In assembling the

Roanoke, Virginia
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Table 4-2. Coupling Loss (dB).

ATS Connector 1 JF Connector I JF Connector 2

Channel No Loss Channel No Loss Channel No Loss

1 3.5 1 3.17 1 3.0

2 - 2 3.59 2 2.23

3 - 3 - 3 16.02

4 3.0 4 10.08 4 19.85

5 3.4 5 2.51 5 4.03

6 0.8 6 1.41 6

NOTE: Absence of data results from fiber breakage during
assembly procedures.
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connector/ferrule to the cable, an estimated suitable

amount of buffered fiber was placed in the flex chamber area

of the connector. If the amount of fiber included there

resulted in an excess bend loss under normal conditions,

the connector loss would decrease if the bend radius were

increased. To verify this, the cable extending from the

connector housing was subjected to a pulling force sufficient

to partially straighten the fibers (increasing the bend

radius). This pulling force was applied by hand while the

connector loss was measured. Results of this effort appear

in Table 4-3.

Based on the noted improvement over the first data, the

connector was disassembled and reassembled after

redressing the fibers to remove as much of the bend as

possible. Upon reconnecting, the loss data in Table 4-3 was

obtained. A continuously improving loss figure for those

fibers operating was noted. Channel 6 exhibited somewhat

erratic behavior and upon close examination it was

observed to have broken during the above testing. The

Roanoke, Viginfi

4-13



Table 4-3. Coupling Loss (dB) ATS Connector 1
(Modified Test).

Channel No Pulling Test Redressed Test

1 2.0 1.34

2

3

4 2.7 1.5

5 2.0 0.76

6 4.5 2.25

4-14
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breakage of channel 6, in conjunction with the superior

initial loss values, indicates that it was probably shorter

than the others and most likely snapped during the pulling

test.

Considering the improved performance observed in ATS

connector 1, the second ATS connector (2) was mated without

securing the Kevlar® cable strength members and without the

shell and coupling nut. Since the ferrule design requires a

small amount of backward motion upon mating, the secured

fiber bend will increase (radius decreases) and possibly

cause a higher than anticipated loss. In omitting the securing

components, the fiber and cable are free to move backward

as necessary, due to the mating action, without changing the

fiber bend. Coupling loss measurements obtained with this

configuration appear in Table 4-4. Although the cable

mass is unsecured and is subject to irregular movement,

the measured losses are consistent with those reported in

Table 4-3.

Having demonstrated the alignment concept satisfactorily,

attempts to install the ferrule assembly within the shell

Roanoke, Virginia
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Table 4-4. Coupling Loss (dB) ATS Connector 2
(Strength Member Not Secured).

Without Shell/
Channel No Coupling Nut With Shell 1 With Shell 2

1 1.6 1.4 1.27

2 0.97

3 1.8 3.0 2.7

4 0.76 2.1 1.4

5

6 1.2 1.6

4-16
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hardware were made. Two attempts to accomplish this

were made with loss measurements performed after each

attempt. Data corresponding to these efforts is pre-

sented in Table 4-4. It should be noted that the

Kevlar clamping assembly was not installed at this time,

and the cable is not secured. Due to the movement of the

cable, the fiber's stiffness, and the small amount of fiber

protection afforded by the connector shell in this configura-

tion, other fibers were broken in handling.

If, as the ATS connector tests indicate, fiber bend or flex

is contributing to the loss mechanism in the connector tests,

similar changes in performance should be observable in the

JF design by changing the fiber securement in the shell. A

quick assessment of this was provided by disassembly of JF

connector 1 and by performing an individual hand mating of

each ferrule pair outside of the connector. Results of this

examination appear in Table 4-5. A comparison of these

individual channel losses, with the corresponding channels

and connector of Table 4-2, demonstrates improved performance

of the alignment scheme by removing the fiber bend radius.

Roanoke, Virginia
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Table 4-5. Coupling Loss (dB) JF Connector 1
(Hand Coupled).

Channel No Loss

1 1.8

2 2.1

3

4 7.6

5 1.6

6 0.8

4-18
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Using fibers with high flex modulus interferes with the proper

mating and aligning of the fibers within the two types of

ferrules, thereby resulting in higher connector losses.

This, coupled with the fiber flex loss, contributes to the

excess losses reported above.

The test results for these initial connector designs indicate

that either or both could be made to meet the objectives of

this effort. It is important, however, to select the best

approach to accomplish the needed improvements. Two methods

of decreasing the connector losses are as follows:

a. Redesign the connector flex chamber and
ferrule keying to accommodate a fiber having
reproducible bend loss and stiffness

b. Modify the fiber buffer stiffness to reduce
the effective losses in the connector

Also, in considering the best approach, the fiber/cable

parameters must be evaluated in terms of reproducibility

as well as ability to meet the cable assembly requirements

of the program.

Roanoke, Virginia
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5.0 WORK PLANNED FOR NEXT PERIOD

The following items will be completed or addressed during

the next 6-month period:

a. Program review - Discuss cable/connector
interface items and cable low temperature
fiber performance

b. Connector development - Modify and evaluate
existing connectors to reduce cable assembly
losses

c. Cable design = Select cable design based on
the data generated; one of the cable designs
will be selected for further fiber optimization

d. Initiate effort to address low temperature
fiber performance

e. Obtain additional fibers to construct cables
for final cable/connector assemblies

f. Complete optical measurements on fibers for
final cable/connector assemblies

g. Initiate cable fabrication for final
assemblies

Roanoke, Virginia
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APPENDIX A

OPTICAL FIBER ATTENUATION

MEASUREMENT SPECIFICATION

INTERIM PROCEDURE

Roanoke, Virginia
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ITH IS PAGE I S BZ3 T QUALITI

L.3 5=7

7.his specfiatioan describes the equidmt and p-aceduis required for* he mssure-
mom of attenaton in optcal fibers. The attenuation of an optical fiber. has
maor ±zpect on optical fiber syrtem dein and '-a essential. for :pzica~l !~bar

characterization.

2.0 va-R3- DCMIS

2.1 0O-STD-16T8, "'lber Optics Teon Methods and Zutatzmnation," 30 Noveber,

3.0 32MOW: (See 1"Isore 1.)

light Saoc CA) -Amrizan Optial .Mdl AC653

4±iid Slide Pro.ector (3) Kodak 4ade3 6503

?=-teru (C) .47' to 1.09 um, :orizu

Light Chopper WD '?e-=tczL Applie.d Resersch
Hode3. 125A

z~at-on. Lens WE Variable Aparture y~r.

'X3 Fiber() T

COL±IMng Lea(

Variable 7-stap (N1) Pun. #Aupa: Model C-15-T802.

Test Fiber

Output Leas

took-in Amplifier WL Princeton Applied Rearch
Model 124& .4th 14ida. ll5 Pream;

4-13 Msking Tape (Stock 001.600T) NON-CONTRO L
1&.2 Baser Bladea (Stock #026008) FO EI% 0ORW

4.3 Diamond Scribe nTA Ml.586

JA.zh T-7. Coans, Dave !'CU 211581

4'.5 wsgalytog Oaws ZS nnm(optional)

MICOOI IGENt NO. DRAWING NO.

[A 135 67 -m =9
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5.1.1 Maeck that lock-in snplLfier CL) ontrols are set iLs showa I- ?igte 2.
wilh =Pt Asse.or zero output vthen phase, :hnged b7

90o..

5.1.2 Cheekg tbat pover suppL7 (s.) is set at JCOV with the detector (1)
rey~rse biased (cathode positive potential1).

5.1.3 5-j= all equiment an.

5.2 Graded 1-d-e and stop index CM0 fibers.

1.2.1 (Long !engt) Prepare ends on each end of tesat fiber per specification
RT-7-211,5TO . .eave 5.0 -o T.6 za (2.0 to 3.3") of ba~re fiber

exposed at eacth end. A good ret1.ectlon of r-om l±(ht frcz the fiber
enid is adequate to letermirze suitable end IUallit7.

5.2.2 Cost the entire surface of the exposed fiber vith T.7. coroa in;.
to within 0.5 ca (0.2 in.) of each end. This strip;s l±aht ;oa
gazing in the substrate &Less. Cation is required -to avoid ootactin~g
the fiber end with the T.7. corona, dope. Allow to 107.-

5.2.3 Posit'-on end of pull (ZOP) fiber end an 5-ends ;ositiczcer ?, in sloct
provided in fixturwe.

5.2.4 Position star,. of 7Ull (SOP) fiber end La detector fixtureR1--lng
allgoomn- rods to place end in proper position. Move fixture into
detector unti-. stop rea~ched.

5.2.5 Set the slide projector control.s !tr white light in.iectizu. Set the
valuable ?-stop lens I to n2 (3A -N .24&3). Adjust positz.ner ?. :or
=LJw throughpuMt as i.ndicated b? the oUtput of tle, lock-!= sIfie-lr
11 Adjust Lock-in scales as reqmired. Ajust time coastant as required
to abiain stesd7' state read-A4-.

5.2.6 Adjust slide projector to obtain fil-ter at desired wamvelength. Adjust
7-stop an Ions (3) for desired XA. Record stead state v.L'~a and
scale '.o= Lock-in aMlifier W, .

5.2.T 3epeat for additional, U's at the, same wavelengtch.

5.2.8 3"eet for each additional. wavelength required.

5.2.9 (Short Lengeth) Rwove SOP !frcz detector. Ctfiber appro4azely
one zater (39.4' inches) from MP. Prepare end az point cut on one,
=aer section per 5.2.1 and 5.2.3.
ME!: mxrs :are should be exercised to avoid di4sturbing the SCP

end &lwing this step.

5.2.1-0 Position the new end in the detector per 5.2.4. U-,eat steps 5.2.i

NON-CONTROLLI I T71I Moae l~OrN m. oiAwimG me.

FM WMJM A 13567
SCALERIVISION A ISMINT /
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5.2.10 (Cant.) though 5.2.3 as lurt" the Iong Iength =esument ;er
requirem~ents.

5.3 S~mgL. Md Moes

5.3.1 (Long ronwch) Proer* ends an each end of !fiber ;or spcification
:I--2115TC . .eav* 10.2 to 12.7 =C4. to 5.0 iz.) of 'bae fiber
at each end. -he and should be inspectei, mader 1.0% m-04 1±:at-on to
deteiu±. and suitability. Mi~nor Mlaws are permissible on fiber edges,
but a smoch, flat cral region is essential.

5.3.2 lerfz=masurement We 5.2.2 through 5.2.10 emcept the $herz length
shall be 5 a longaend the mew and on the shert length is ;repared ;er
5.3-1.

5.l4 Plastic Clad Sil-lea (PCS) Fier

5.-IL1 Prepare both. fiber ends ;or specification Z!--".7.~~ ~.5
(.12? iz.) of bare fiber is required. 'To '. 7- coroms ay ioe s required
as 14h does ot propagate iz the plastic claddi.ng.

5.1a.2 Perform atzenuation measurement ;er 5.2.3 -brtug! 5.2.1C.

5.5 Zeata amdution

Substitute lock-In sapLifier readings izto equation below:

a W/km a L ligI 1- 2 I0,N

Whers, L ufiber length, in =

*chosen filter wavelength

V, *short length m~ltage re-a4in at Xaand IA 0:etle by scale.

-a lon legt votg redn aloa A IA0 ,:--Itj~Isd b:y sca.*

3%~ spetified T7 lens 2A

(VI. T are reduced by synchronous spurious. signal. 3kae1 for

IV7 lasipal levrels)

6.1 Sot needed ORREVIIN Atw,

T.1 lot needed

=IZ COD$ IINV POO. DRAWING N40.

A 13567 .v '*O
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APPENDIX B

FIBER PULSE DISPERSION

MEASURED AT 0.9 i-im

INTERIM PROCEDURE
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The pirpoa. of thism easursomt .s to dozermize the 7ulse broa4' g of an opticOL2.
fiber t an opertizg vavoLength of 0.9 um. The puLLse broadening, Or lls-;ersion.
4eseruines zhe informtion caps it-7 Of the fiber. Mis sjq.ic~o ;p2.±es to
0.9 =r dispersion zessurmts of both graded index and stop it.dex = fibers.

2.0 .URMC!1 DOC"MMUS:

2.2. DOD-SD-.6T8 "Mobr Ovtics Test Zfttbods and Lomtrentation."

3.0 FlUMM:

3.11 E..ctrouic Equd..eat

qSi . ecrpin-rr a::s Q

2 Fluk~e -4158 Zigh 7altagae Pover -51, ?S2

I Heath SP-2T30 lish Curent M5
.over Suapiy

I. Lmbda LL,-903-OV Pover Suzpj nS.4

I. BCA-Z02001 GaAs Laser and Driver i

1. Etkt CPI-4-a-1LL Thorse.ectric TZ C
Cooler

I. Tektronix T603 Oacilioscaoe

2 Tektronix 712.2 Sampli±ng Units
.. jso

2 Tektronix S-4& or 3-2 Sanylli

I. Tektronix T.2. Time Uase

2. = Packet Scope :=go k=tmifier

2. !evlett-Packard, UUTZ' .1. to 13200
NMI; AW.±fier A

I. Dispersion mLo Controll.er Or
BDer T uOclAonics Cazration
TOT5 fligita.L Delay 14marstcr

I. RCA C30902-1 Amache Photodatector APfl

L. Iuv2.-Packsavd 5082"203 M~ Diode ?

NON-CONMR LL. Iowlet-Pioku-i 'To3 X-Y Rscorder -

SIZs Coal 101N ^WIN N5wP4 o.

A 13567 TM: =600
3"42a ISIVISIONC z A SHT /
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3.2 (3ptiosL Equipomnt (

- Set of looses #Ad microscope Obetives~.

1 3-Axis ft apoestionere

I 5-Axis Marc.opoitioner

1 Assortea OpticaL. .ai and Stands

3.3 M.iscal.anerus

I Diamoa Scribe RT.7A 1.586

1 7ea-eAeo C&iUper

.zaor 31ade 026-08

Graph Paper 00-009 .NQN-CONTROLLED
Masing Tape, 1.o" o16-oe Aw AND D luI

.7 Corona Dope .T-vA-=2585

3.1 Measuret Procedure

5.1. Place a now piece of graph -per in the X-Y recori-ez and t-=- the
rece eAvitah on. Also, turn the chart witch to hol. Recor

- the
preform mmber and fiber identification number of the toe fitber.

5.1.2 XaM a Short end, Leavig appr-mt*e17 6.3 = (.25") of bare fiber
exposed, on the end of pul. uaked ,P. Use the procedure of pecLf.cat-oz&
* I!-v-211,5-IC . Visu.L confirmat ion of rtoi 'light reflecti±on !%,on '.be
=ntire fibr ad face is adequate .a a*sur & suitable end. Clean the fliber
end face with zmoking tape. ?lace the f1'ber in the -exis positione so
that the and, is flusah ,ith the end of the oove.

5.1.3 Set control svitch on the laser Powr suPP17, M5 to *5tandby"
position. Turn on the digital elala "eterator, DDG.

*5.1.a Set the aae"ling oscilloscope on of, canne L and to LO a ;er
horizontal division.

5.1.5 Set the 11O0 kob on the digial d.lay generator sa L. Set the
* "WY" switch to the ,oneook~ereversed islaT) Position. This

STi7 cOalD NT Pi0.10AWING No.

A 13567 nw =00
SCALE N -43 e7 :
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5..5(Coat.) retards the t:±iaerizg PIse, s.~in the operator -a *isv -:e:a
inpi iUlls. on %he scope.

.L6Set the l.aser paver suppLy vctage, PSI, to 5 'T above the threshod
sp~t e cified for the laser I= use, and turn zotr.l sitch -o "on"

;Osition. ,

" ~ 5.1.7 Ad.u.mt the tim* position on the samling ac.oscope =!Li the trace
of the laser pulse Is at the far left hand side of the screen.

5.1.8 Hoke an end. leaving approximately 7.6 cm (3.0") of ber* fiber
eosed, on the reat- of 7ull of the fiber, -rked SO?. Use the procedure
of Specification k-7V-2LL,570O . Visual confirmation of room. -.±ht
gefZloctian from the entire fiber end face is adequate to assure a suitabl.e end.

5.. APpiy TV Corona Dope over appro-1mately 5.1 := (2.0") of the bare
fiber, being careful mat to ccanizare the end. This vi= remove .±'jht
propagating In the fiber cladding.

5.1.10 C.'ean dust ;articles from the end face by tcuchizg the end face to
the sticky surface of a piece of zaskUW tape. ?Iace -.he fiber end in. the
3-&X12 positioner so that the end face is fl,"h vllth the end of I!he Cixt*-r
proove.

5.1.11. Turn Off "oom lights and view the and of the fiber Irith -he !=age
inteusifier.

5.1.12 Maximize t.he intensity of the Limae by adjusting the 5-ends2 positioner.

5.1.13 T~urn on the A*D paver rxpply, PS2. Sot PS2 control switch to "standby'

;Coition. Pleas this 3-axis positionor in front of the APO detoctor lens

spcfe*o h evc =ue ~r P1 oto ;svoostht a"pto n .

5.1.7rmteetmtdlnt as supplee oni the saipern oec"'iasccte.

5.01 Sotprdate dely. forust Uffevi-ng- by12 ad~sis Te2~ibe o -he soe
ap.o1.1 es5e Adust the -axis positi onerfo Lto naitn d th rer ofe

thle crol r

5.1.1S Adjst tb aser power supply so that the* laser Is 1 valt above

NF G& - MI M

%IIII cool ICIA? NO. ORAVOIN8 NO.

*A 13567 TzEc
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to CA4

5.119 Set the sampling '-icloscape scan on "'o8l.;

-.20 T*oM --he switch of the X-T recorder to -he "S=VM' position. A4.,=t

tera*controls on the samplizg osciolloscope to fit the :c-Y recorder.,C

5.1.21 Set the gm dawn end turn the '7'switch to *he '"oWx" position.

5.1-22 Adjust the sca control on the sampling osc~LoUxcope to make one
tzaae.

5.1.23 LI..ft the pen and return it to the left side with the scan control.

5.1..24 Reduce the laser voltage onet volt and make a second scan.

5 -w -- 2ad, t"- sweep ranw setting in !.a/im. (-' c 6 h~.1sapm~cM-.-u1 in
on . racorQV=da:- oututs)

5.12 6 Record the right cal & voltage in :VIan.

5.L.2T Zalti&L the sheet in upper right hand corne*r. Set both ;over
supplies, 291 and PS2, to standby position.

5.1.8 u o fboth power supp "es, the digital delay Cenerator and the
sampling oscilloscope, if no fuxrther -jerk is scheduled.

5.2 Data Reduction Procedure

5.2.1 Referencing the graph obtai.ned 1'A the dispersion measurement, c"U
the uper trace the laser -.race and the lower trace the L= trace.

5.2.2 (Step 7Zoex Mabrs Only) Draw a straight lin& between the and poimts
of the LO traces, call .his -'in* the bane I=*.

5.2.3 (Graded :ndox Maber Omly) With the Vernier fa±er,±ind the
amm wertical separation (d,,mz) between the ssaer trace and -,he = trace.

5.2-11, (Step index Fibers Only) 7LSth the Vernier ca1ipers, find the
in-4nm verticAL separation (d"a) between the .e'aer trace and the bale

5.2.5 Calculate the vertical separation corresponding to the speciflee
magnitude (% pea") mL!lt'plflizg the peak~ ver-.4-ale separation, .7 by It

100

5.2.6 Set the calipers at the specified separation between the tj :%U rres.

5.2.7 71nd the twa points that have the sane vrtica.L separation between
the curves a the new caliper setting end mark them.

5.2.A Meesure the harizontal distance between these two points. M4Lttipl
this nimbor by the sweep range setting in nanoseconds. ?ecord this number
on the sheet. Call this n=uher the o=aut pulse width, "ra

NON-CONTROLLEN _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ME2 EYSION MND WTNMin SIZE COCl 1011T NO. OEAWINO NO.

A 13567 V21C
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CA

,.2.9 Divide be delay, iz microsconds. byr -19 as/ic aMd record this
amber as the lawgh lz ki-cnaears.

5.2.1-0 Find the lispersion by using the Ior~ula

2 2
(X% 'o "

the sem ad an he atema isheet wvb aceauan4..u the f-ber.

T13tnee4d

NON-CONTROLLEDl
PCR Kr=Y5C AND WITEUS.

SIZE CODE lOONY NO. ON4AWING NO.

IA 13567 ~':~0
ICA~UEylowI , -- 7w ET ~
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