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NOTICES

DISCLAIMERS

The findings in this report are not to be construed as an
official Department of the Army position, unless so desig-
nated by other authorized documents.

The citation of trade anmes and names of manufacturers in
this report is not to be construed as official Government

indorsement or approval of commercial products or services
referenced herein.

DisposiTION

. Destroy this report when it is no longer needed. Do not

return it to the originator.




__ITT Electro-Optical Products Division

ULTRA LOW LOSS OPTICAL FIBER
CABLE ASSEMBLIES
B003
Semiannual Report
Contract DAAB07-78-C-2922
December 1, 1978 through July 31, 1979

Prepared for: ;’U:_iu_h,:;'ﬂ'n’”
U.S. Army Electronics Command “eh AUGD 1GE
Fort Monmouth, New Jersey a

Prepared by:

J. Smith, X. Glavas, and R. Kopstein :
ITT Electro-Optical Products Division S

7635 Plantation Road, N.W. g
Roanoke, Virginia 24019 i

Kecfusscakor 7] !
iy saal =
gf,é i )?JJ Approved by:
UL scpro's 2308 1 PPTO )
Ju-Jr.0. U ' !
1 _ = S, |
By_| .. L el 1tt, Director,
piedi ] Fiber OpthS R§D and Systems L
Al cn ] Date: May 30, 1980 Vo
hon vt Doc Id No: 80-22-03

£,00 al e

Dist i Roanoke, Virginia g




UNCLASSIFIED
SECURITY CLASSIFICATION 2F THiS PAGE (When Dara Enterea)

EART DOCUMENTATION PAGE BEFORE COMPLETING FORM

/ 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

an-_posy 327

et i)

TLE (and Subtitle) SERIQE COVERED
e e e ? Semiannua . ¢
ULTRA LOW LOSS ’QPTICAL’FIBER ‘EABLE( 1 Dec 78-31 Jul 79 ’
SMIES"F = %, PERFORMING ORG. REPORT NUMBER

TRACT OR GRANT NUMBER(S)

J. /Smiths X. lavas:‘ R. K tel
/g / /l; opste “..2 2922[‘
-t

$. PERFORMING ORGANIZATION NAME AND AQDRESS / 10. PROGRAM ELEMENT. PROJECT, TASK
ITT Electro-Optical Products Division AREA & WORK UNIT NUMBERS

7635 Plantation Road, N.W.
Roanoke, VA 24019
1. CONTROLLING OFFICE NAME ANO AODRESS X
US Army Communications Research & Dev Command  (///May #8980
ATTN: DRDCO-COM-RM-1 (Strozyk) 13. NUMBER OF PAGES
Ft Monmouth, NJ 07703 90
T4 MONITORING AGENCY NAME & ADORESS(I! different from Controlling Office) [ 1S. SECURITY CLASS. (of this repor)

@ Qé/ Unclassified
Same
é__—-— TSa. DECLASSIFICATION OOWNGRADING

e
15, DISTRIBUTION STATEMENT (of this Report)

Approved for public release: distribution unlimited

17. DISTRIBUTION STATEMENT (of the abatrect entered in Block 20, It difterent [rom Report)

18. SUPPLEMENTARY NOTES

Recipients of this report are requested to forward comments and/or recom-
mendations concerning technical aspects of this effort to address in item 11l.

13. K&y WOROS (Continue on reverse side il necessary and identity by dlock number)

Fiber optics; Optical fibers; Optical multifiber cable; Ruggedized

cable; Fiber optic cable assemblies; Fiber optic hermaphroditic connectors;
Fiber attenuation; Fiber dispersion; Test data on fibers, Jeweled ferrule
connectors; Adjustable three-sphere connectors

4\
Io.xl?RAcT (Continue on reverse side if necessary end idencify by Slack number)
rogress toward development of ruggedized ultra low loss (<8.0 dB/km) optical

fiber cable assemblies consisting of six optical fibers is reported. Effort
involves investigations of fiber, cabling, and connector development on an

individual as well as combined basis for meeting requirements of tactical TDM 34
communication systems. R

3 4
During this reporting period, extensive testing and evaluation of three six~ 4
fiber cables was performed in accordance with technical guidelines. PP ? 3
2 /
FoRM
DD , 32", 1473  eoimion oF 1 nov 6815 omscLETE UNCLASSIFIED /\/ i

SECURITY CLASSIFICATION OF TWiS PAGE 'When Dara Entere~

259752




UNCLASSIFIED
SECURITY CLASSIFICATICN OF THIS PAGE(When Data Entered) 1

20. ABSTRACT (continued)

24 Pertinent test results are summarized herein. (Complete test data is reported
elsewhere.) Program areas requiring additional investigation are described. !
Development status of two types of connectors is discussed and preliminary +
test data presented. Difficulties incurred with fiber-connector interface 3
are identified.
™,

)

e

IR A

UNCLASSIFIED

SECURITYZ SLASSIFICATION 2F 1§ PASE/When Dats Encerea)

2 N i,




S e e e

- O e s

___ITT Electro-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. Army's 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-1).

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 ; ﬂ
!

reporting period.

Roanoke, Virginia .
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- ITT Electro-Optical Products Division

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 ‘
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__ITT Electro-Optical Products Division

2.0 PRELIMINARY DESIGN MODELS (PDMs)

This section covers the description, construction, and

BN TR VoA R o K

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-um wavelength after proof loading

at 100,000 psi:

a. Fiber core 56 um #5 um
b. Fiber outside diameter
(od) 125 um +6 um |
c. Attenuation <5.0 dB/km
d. Dispersion <2.0 ns/km |

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

R

Roancke, Virginia
2-1
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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 um 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. SylgardC)184 is used because of the ease in strippinq {

this material.

2.1.2 Secondary Buffer

All fibers have a Hytre].<>’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.

The center filler element of the cable was varied in the

2
‘ 2.1.3 Center Filler

three designs as follows:

e, DrD B AR D o Bt 2. 8. b sl ) st = it o il e e ol

a. Design 1 - Optical fiber
b. Design 2 - Nylon monofilament

c. Design 3 - Polyurethane (E-80) coated KevlarC:)49
(380 denier)

Roanoke, Virginia
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__.ITT Electro-Optical Products Division 1

2.1.4 Polyurethane Inner Jacket

The polyurethane inner jacket is extruded after the cabling
operation. The polyurethane used is Roylar'gDEQ-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 KevlarCD

reducing abrasion.

2.1.5 Kevlar®Strength Member

KevlarC)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 Kevlarqg
takes the tensile load. The strength member will provide

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

percent elongation is the 100 kpsi fiber proof test level. H

2

Roanoke, Virginia
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_.__ITT Electro-Optical Products Division

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.

Roanoke, Virginia ]
2-5
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Table 2-1. Optical Characteristics

of Preliminary Design Models. i
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




___ITT Electro-Optical Products Division

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. z

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 ! A
using Uniroyal RoylarCDE-SO polyurethane for the jacket lavers

because of its better low temperature flexibility.

Roanoke, Virginia |
3-1
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Table 3-1.
Design 1
Center

1) Yellow
2) Orange
3) White
4) White
5) White
6) White
Design 2
1) Yellow
2) Orange
3) White
4) White
5) White
6) White
Design 3
1) Yellow
2 Orange
3) White
4) White
S) White
6) White

*Start of pull, bottom of spool.

Core Diameter (um)

Dimensional Measurements of EDM Cable Samples.

Cladding Diameter (um)

Sop*

57 x
57 x
59
58
54
53 x

61
60

57
67

55

61
61
61

EQP#**

63 X
57 x
59
59
SO
56 x
56 x

56 x
61
59

59 x

59

**End of pull, top of spool.

67
59

-

59

58

61

SOP*

122
127
127
127
125
125 x 129
140

125
125
122 x 127
125 x 129
122 x 125
125

123 x 125
123
125 x 127
119
123
125

EQp*#

135
131
129
129
123
127
125

129
125
125
127 x 129
119 x 125
127

125
127
127 x 129
125 x 127
127 x 129
127 x 129
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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-um 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,.

T

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 um.

|

The attenuation of the three cable designs was measured with
injection NA settings of 0.089, 0.124, 0.176, and 0.243 at j i
0.82-um and 1.2-um wavelengths respectively, as shown in Tables

3-4 and 3-5.

Roanoke, Virginia |
3-3

W T BT M e M b 1 B stmn A § U S o




VN UOT3123(UT 680°0 Y3iTm painsesw alsm sIaqrj TIV

*I3qQT4 POTQE) JO UOTIBNUIIIV,,

*13q14 3unilS JO UOIIBNUIILY,

"€5°0+ sem (w}/dP) SISQTJ TT® JO 9SEBAIOUL

1ejA9y
paIdyoRL aue|3aank 104 UL T JOUOW UOTAN
r S \r S s
LS°+  SP'¥ S8°E  Gb'+ 95y L8°S
95 1+  08°p VZ'S  89°+  bZ'h 95°¢
BZ'+  92°¥ 86°S  O0U°+  6S°F 62'Y
o'+ 2Z°¥ 2y I+ g9°s LS°S
Lb'+  SE°¥ 98°¢  0S°+  Z1°S 29y
gs°+ 26°€ PS'S  £S°+  [G°S b
08"+ V0°S b2V 1071+ Ll 9L°€
oy L A91JV 491039 Oy 1913V 4010394
(sa193au 0OTT) (sa939u 6601)
¢ udtsog Z udtsag
11 VW 642050 11 W GL9220

bS +

1071+
ST T+
9+
6L°+
S0°-
g+
£5°+

ST°S
18°y
86°¢
vo'v
0Lt
16°¢
08°y

08°t

[0 4
99°g
5°t
S9°t
SL°t
6S°¢
L'y

W 41933V 42109

(s1939u 160T)

T ulisaq

11 VN 646020

*S31Qqe) SSOT MOT ®B11(fl JO UOTIBNUIILY

RIS ————

UoT3lENUSIIE 3Feloay

UMDY I9IUD)

(uwy/gp) o8essay

931TYM
91TYM
93TYM
9ITYM
a8uerap

MOTT3X

193u3) § 19qTy4

(9
(s
(v
(g
(z
(1

ul 78° 3

(ut/gp) voizenually
udrsaq orqe)

¢ 14v0
*Z-%¢ °1qe}

3-4

PR Lk P25 FLO A A




2
‘YN UOT22{UT 680°0 IE PIINSEIMy ~
F
” .
99° €€ 01 89°2 §5°2 2L 652 b 2 1M 08¢ s3Ity (9 | 3
g€ by st 68°1 VA 68°1 £1°2 62°2 98°¢ 9z'v  93TuM (S Lo
9 vioot 06°1 (8°1 1z IR vz T 16°¢ wy  eatum (v ,
e 69°01 9°1 0S°1 1 £0°7 20°2 £8°¢ gg°p  9ITuM (¢ ”
0g* TR 85°1 0p° 1 65°1 L°1 88°1 1S°€§ 6'g  °8uelo (2 .
uoy/su  0f* SVl Tb'Z 1S°7 8.2 29°7 vo's bS°y bo's  molTeR (1 !
i

w gort II-W-6L20%0 2198 - ¢ uJtsag w
oL Sh°G £0°2 29°y 4 £0°2 9[°Z SL°§ vZ'y  eaTuyMm (9 !
5 L0°vI 15°2 952 29°2 81°2 05°2 88°¢S 6S°v  o3atum (s ;
Ly TRy LAk 61°1 ov°1 8b°1 $9°1 RS g9°'s  oITyM (v
wr 6°SI 9°1 bye1 £9°1 92°2 Sh°z £5° b Zt°s oatuM (£
05° Ly (2t et 85°1 8°1 00°2 (z’s (6°g ?3ueip (7

uo{/su L’ S8°8 69°2 bL'e 96°2 or°g L0°S 0g v Ly mottex (1 .

W GG .

" 6601 11-W-6L9220 919%) - 7 upsog
LS* 15741 CTAR 15°1 S6°I 9¢°7 952 S ¥ S1°S s1tuM (1L '
0s° L1y 20°2 90°2 0£°2 LT 9.7 Sp°y 18°0 aatuyM (9 {
LIt b9°s 9g°1 SE° 1 $9°[ v9°1 18°1 1s° 86°S aatun (S ;

P SL°81 16°2 50°2 022 0L°1 06°T 9 bO° Y o1tym (¥ :
Sp* LIy 12°1 £5°1 LS°1 89°1 bL°T 1£°s 0.t e8ueip (s ;
£5°T 85°Ll 16°1 6b°1 $9°1 £L°1 9L°1 'S 16°s  moT1ex (2 _
wi/su gy 0" L1 kAR 17AS§ S1°2 9°Z 52 vioy 08'y  193ud) (1 J
" 1601 11-VW-6L60Z0 9198) - 1 uStseg § 39qLy
W3 UOTSIST 7T T TT T 60T S0 87 g0 (@) wiluatoney

»* (u{/gp) yaBusforeM snsiop uoTIBNUSIIY "g-§ ST1qE]




Y@ ]
15°S 82°S S6° ¥ 08"t 231yM (9
A AKS €LY Sy v 92y a1tym (s (s1a32u QOYIT)
0t1°S 99"y S°Y rAAR a1Tym (¥
0g°S 1Ly €9y X wumgz Mn
£S° Y bz vo" ¥ 76°€ ssuelQ (7
SZ°9 1L°S 6Z°S vo°s mort1op (1 £
v9° v 0SSV vy by 231ym (9
12° % sv°v 9¢° b 6S° ¥ aitym (s °
0z v 10"V S8°¢ 89°¢ atym (v (sa919uw 6601) Kl
Sp°S 92°§ §2°S Z1's a1tyn (¢
61" v 11 v SI'¥ L6°€ edue1p (7 .
£2°S v6"p V6"V LL'Y moriex (1
k 0Z°9 06°S 6S°S ST'S a31T1yM (¢
- 0¢'S 86°V 28y 18y a1t1ym (9
, 8L € 6°¢ LL*E 86°¢€ 21Tym (S {saai1auw 1601)
16° Y 95 ¢ LG°S Vo' ¥ altym (v
96 ¢ 88°¢ 00°¢ 0L°¢ a3ueag (g
. 1Ly 8V Y 96°€ 16°€ moiIak (¢ 1
wy /4P S6°S wy/4p 2S°S wy/gp SL°¥ uwl/qp 08° ¢ 123u3) (1
W £y 9Ll® ZAN 680°
m VN uotridafug §o1aquy udrsay agqed
*(ud z'g yrduagaaep)
VN uo1323fuj Snsiap uoijenually “y-g¢ 21qe]




11°¢ v6°2 L7 $5°2 SIIYM (9
1224 12°2 L8°1 L1 A IYym (s
v8°2 Iv°2 60°2 L8°1 93TYM (v
80°2 08°1 19°1 0s°1 o11Yyp (¢
10°2 (VAR Is°1 ov't odueap (z
€°¢ L0°g SL°T 15°2 MOTI3X (T (sxa3auw go11)
g
£€2°S €0°S 8LV 29 b 31TYM (9
26°2 9.°2 15°2 92 93ITYM (S
£L°1 SP°1 AR 61°1 a1Tym (v
68° $9°1 €Y1 vyt a1IYM (€
89°1 09°1 L1 YA | a8ue1 (z
LS°€ 20°¢ €L°2 A/ Mmoriax (1 ﬁmuouws 6601)
S1°2 9L°1 ov't 1S°1 dITYM (L
$9°2 £2°2 90°2 90°2 211yn (9
€9°1 6v°1 8¢°1 S¢° 1 93TYM Mm
89°2 Ve 2 ST°2 s0°Z 22TYM (¥
0L 1 $5° 1 ve-1 ££° 1 sdueip (g (sxa32u 1601)
1°7 181 17t 6v° 1 moyax (z
wy/4p $0°€ wy/gp LS°2 wy /4P 66°1 wy/4qp 1L°Y 193ua) (1 I
o YA 9LT" ZAN 680"
VN uorioofug § 19q1yg ufisoq ayqe)
*(un gz°1 yiduogaaepy)
VN uotlooefuj snsiaap uorienually °"S$-¢ arqel




— ITT Electro-Optical Products Division

The attenuation at each of the remaining wavelengths 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.

l1p, Kaiser, '"NA-Dependent Spectral Loss Measurements of Optical
Fibers," Transactions of the Inst of E1 and Comm Eng, Japan,
March 1978.
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3.4.2 Attenuation Results

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

it oy ks s S P

each design has a high cabling loss (1.0 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. fhen 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 (30% Power).

Fiber # Cable Design 1 Cable Design 2 Cable Design 3
1) Yellow .21 . .19 .19
2) Orange .19 .20 .20
3) White .19 .20 .21
4) White .20 .21 .20
S) White .17 .21 .21
6) White .20 .20 .15
Center .20 -~ --

Design 1 - 1091 meters, optical fiber center element.

Design 2 - 1099 meters, nylon monofilament center element.

Design 3 - 1100 meters, polyurethane coated KevlarGDcenter

element.
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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 +21°C, +71°C, and

-54°C. The results are shown in Table 3-7.

The 100% survivability goal was achieved in all three designs
at +21°C and +71°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 1oad_of 0.415 kg-m wheﬁ

tested at -S4°C.

3.5.2 Bend Test

The bend test was performed at +21°C, +71°C, and -S4°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.

2232;5 Temggg;ture Chblzdogibers Tr;ggtizting/ ! Su;g%::gg

1 +21 42 42/0 100
+71 42 42/0 100
-54 42 41/1 97.6

2 +21 36 36/0 100 !
+71 36 36/0 100
-54 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 Kevlar @:center element.




D Table 3-8. Bend Test.

f Cable Temperature ? of Transmitting/ & Surviving
l Design (C9) Cabled Fibers Broken Fibers
1 +21 21 21/0 100
+71 ' 21 21/0 100
E -54 21 21/0 100
i 2 +21 18 18/0 100
+71 18 18/0 100
-54 18 18/0 100
3 +21 18 18/0 100
+71 18 18/¢ 100
-54 18 18/0 100

Design 1 - Optical fiber center element.
Design 2 - Nylon monofilament center element.

Design 53 - Polyurethane coated Kevlar<§>center element.

3-13
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3.5.3 Twist Test
The test was performed at +21°C, +71°C, and -54°C 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 +71°C

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/ $ Survivin
Design (CN Cabled Fibers Broken v Fibers g
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 ®centeq- element.
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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

3-16

Vo R Dl RN 2 by | A e A AL g mR T S




_ITT Electro-Optical Products Division

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

¢. 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 (-40°C and -SOOC)

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 -65°C

to +65°C. 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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__ITT Electro-Optical Products Division

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 ®13-80 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<E)E-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
3-31




B

"a1qe) o°13dg 19qrg ssoq moq erl[n ‘p udisaq ‘p-¢ aandty

15220 o

A XVN SE)———

- Ly -
|———99'¢ —»
W NE SNOISNIWIG TV

j——— SUE —»
NN SIOT= "0 ¥3814 WIAHLHO

3-32

AINOVE INVIHLIUNATOJ ¥31N0

SNUVA 81 SU3INIg 02¥1
6V UVIAIN GILVNDIUIWI-NON

|/

PN

L3NOVF UINND INVILMNAIOd—

ONIAOY UMAIA 001 L - 6F UVAIIN
GALYNOIUIWI - NON

o e 39 i e

sy34aid Vo4O




R
o

S Km0 Ao ARSI P W i

*orqe) >513dp 19qQTd SssoT Mo ®vIITN ‘S udrsag °G-¢ aindry

zazzy 2ot

-~ XVN GE9 — —

-f—————— | LY o
f~——08c—>
WW NI SNOISN3WIG 11V .

. -— 89°EC —>»
NN 910T= 'G'0 Y3014 IO

LINOVCE ANVIHLIUNATOL HILNO
l/

SNUVA 81 SUAINIA 0Z¥i
6V . HVIAIN QILVNIIUIWI-NON

LINOVE YNNI INVHLIUNATIO04

ONIAOY HIINId 004 Z
8V HYIAIN UILVNOIUDWI - NON

‘Yig $9°) 3/ TVIILdO - NON
SU3014 WIILJ0—

3-33




__ITT Electro-Optical Products Division

. e
S Y e T, S P RPR

fiber dopants or fabrication had a major effect. The other

variation was the fiber buffer diameter of 0.94 mm versus i

1.02 mm on ultra low loss fibers. ‘

An investigation was begun to determine the reason for this H
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- ts

mance at low temperature for the cause.

3.6.1 Fungus Test

This test was performed by Aerospace Research Corporation.

AR g AR 1

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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__ITT Electro-Optical Products Division

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.

Roanake, Virginia
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__ITT Electro-Optical Products Division

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

i e. Fiber rigidity (buffer material)

Roanoke, Virginia J
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__ITT Electro-Optical Products Division

f. Fiber torsional modulus
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 :

-

e
)
]

Roanoke, Virginia
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ITT Elsctro-Optical Products Division

—

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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__ITT Electro-Optical Products Division

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 1
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. ]

i V.

Roanake, Virginia J
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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 c¢m
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 um 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.

Rosnoke. Virginia
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_ITT Electro-Optical Products Division

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 1 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.

b Coupling Loss (dB) Frequency
: .10 8
.20 - 16
p .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 S
1.63 1
1.84 1
F_ 1.94 2
| 2.35 1
2.55 1
3.58 1
TOTAL EVALUATED 263 _%
n 4-8
3
|
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Other factors that must be considered when evaluating the

data include:

a. LED drift was identified as causing up to *0.15 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 0.55 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 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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ITT Electro-Optical Products Division

ferrule and the Kevlar(§>strength member clamp. The length

Ligmmin oL PN

of this flex chamber had been developed and tested previously

with initial fiber samples. When the connectors with

N adien ot

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

L

Roanoke, Virginia
4-10




ITT Electro-Optical Products Division

mated pairs were initially assembled as the design required

including securing the Kevlarq©

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 lssses 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 1 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 S 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 H

of the connector. If the amount of fiber included there i

o roy

resulted in an excess bend loss under normal conditions,

the connector loss would decrease if the bend radius were

BECCTIRS

increased. To verify this, the cable extending from the 4
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

T T T R e L, 1

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

by 7

obtained. A continuously improving loss figure for those
fibers operating was noted. Channel 6 exhibited somewhat

erratic behavior and upon close examination it was

o ———s

observed to have broken during the above testing. The

Roanoke, Virginia |
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Table 4-3.

Channel No

Coupling Loss (dB) ATS Connector 1
(Modified Test).

Pulling Test Redressed Test
2.0 1.34
2.7 1.5
2.0 0.76
4.5 2.25
4-14
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_ITT Electro-Optical Products Division

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®cab1e 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
2 0.97
3 1.8
4 0.76
6 1.2

1.4 1.27
3.0 2.7
2.1 1.4
1.6 -

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

were made with loss measurements performed after each

puprr e ey N

attempt. Data corresponding to these efforts is pre-

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

1
2

B R T TV Y S
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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 d
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 progranm.

Roanoke, Virginia
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a.

5.0 WORK PLANNED FOR NEXT PERIOD
The following items will be completed or addressed during

the next 6-month period:

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

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

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

Initiate effort to address low temperature
fiber performance

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

Complete optical measurements on fibers for
final cable/connector assemblies

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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Modified Slide Proector (3) Kodak Model §50H *
TLters (C) 5T ¢o0 1.09 um, Carisa
Ligkt Chopper (D) 2Prizcescn Applisd leserach
Model 125
Iajection Leus (2} Variadle Aperturs TyTe
Azpex Model C15-7801
338 Fider (r) 1IT7T
Collizating Leas (q)
1 Variable F-stop ‘ (2) Pars #Ampex Model C1L5-7801
Test Tider
Qutput Lezs
Betector (3) Zeg #SD-ikk
Locik-in Amplifier (L) 2rinceton Applied Rasearsh
Modal 124 wizh Modsl 135 Preamp
4.0 VATEWIAL:
i 4.1 Maskizg Tape (Stack 7016007) NON-C’JNTROLLED'
; 4.2 Bazor Blades (Stack #026008) FOR REVSON N0 OISTMOUTIN
| 4.3 Dismond Scribe IIVA 211,586
! b.b 7.7, Corona Dope RTVA 211%8%
4.5 Magnifyizg Tass x5 alnisum (Cpeional)
- : [IVIT [CODT 1OINT NO.[ORAWING NO.
A ] 3 5 6 7 AT 211599
: SCALE [2evision A EA
i
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§.1.1 CNeck that lock-in amplifier (L) oasrols are set as shown iz Tigure 2.
'.ugh {2put epplied,sdiust shese or zers output when phase zhanged 7
907 ..

$.1.2 Check that jover supply (X) Ls set at 100V with tke detector (X)
reverse biased (cathode jositive patensial).

T

i,

$.1.3 Tura all equirment ca.
$.2 Graded izdex and step index C7D Zidars.

S.2.1 (long length) DPrepars ends cz esch end of “est Ziter per specification
"RPVI=211,5T0 . Leave 3.0 %2 T.6 2m (2.0 2 3.3") of tars fiver
sxposed at esci end. A 300d reflecction of room light frsn the fiber
end i{s adequate to Zetermine suitable end jualily.

$.2.2 Coat the entire surface of the exzosed Ziver with 7.7. corsna dicpe
to withinm 0.5 c= (0.2 {a.) of each end. This stTips ligat propa-
gating iz the substrate glass. Cautisa ig required 2 avolid contactizg
cthe 2iber end with the T.V. coroms dope. Allow o ixy.

BN N T W R TS P AR

o

$.2.3 Position end 3¢ yull (IOP) fiber ezd on S-axis jositiccer ? ?, iz slet
ovided in 2ixture.

§.2.5% Pagition stars af zull (SOP) fiber end in detactor ’irure..e-.u.ns
slignemanes :-cds to place end ia proper pasiticz. Move Jixture into
- detector until stop resched.

§.2.5 Set the slide projector controls Mar white light intectiom. Set the
7aluable F-stop lens § %o T2 (YA » ,243). Adjust positicaer 2. for
zaximum throughzut as Indicated Yy the outpur 2f tie lock-is sfplilier
L. AdJust lock-in scales as raquired. Adjust tine cocustazt as required
o obtais stesdy state reading.

et A

5.2.6 AdjJust sliie projector %o abtaiz filter at lesired wvavelsngth. Adjust
F-stop on lems () for desired YA. Record stesdy state valle and
scale 2rom lock-in amplifler (X).

5.2.7 ZRepest Z3r additional JA's at ke same mvalezgth.
$.2.3 ZRepeat for each additicpal avelength required.

$.2.7 (Shor= Lengti) Remove SOP “ronm detector. Cut fider approxinmataly
one zster (39.4 iaches) from ZOP. Prepare e=d at joiat cut o3 oze
aecter secion per 5.2.1 and 5.2.3.
JOTE: ZSxirege care should be exercised %o avoid disturbizg the I0?
end during this step.

B 2

o
)

$.2.10 Posision the new end ia the detectar jer 5.2.4. Repeat steps 5.2.3

NON'CON"?OLLED' SIZE | COOK IDINT NO.| ORAWING NO.
FOR REVISIGN 7D OISTRIGUTION
A | 13567 T 22,559
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moM e n v e eme 2U LDC

5.2.10 (Comet.) chwough $.2.3 a3 during the loog length “essursment cer
raquisements.
5.3 Siagle Yode Tilers
5.3.1 (Long Lengch) Prepare ends on esch end of fider rer specification
(RP-VS-211,57C . leave 10.2 =3 12.7 e= (4.0 %3 3.0 iz.) of bare fider
az eachk and. The end should be inspected under 10X magnilization to
detarmine end suitability. Minor flavs are jermissidle on Ziher edges,
but & smooth, flat central region is essential.
$.3.2 PerfZora nssasuresent jer 5.2.2 through 5.2.10 except the short lezgth
° shall be 5 z long and the zew end on the shert leagth is rrepsred ser
$.3.1.
5.4 Plastic Clad Silica (2CS) Fiber
5.4.1 Prepare Yoth fiber ends jer specification RT-VJ-211,570 . Caly .5 =
(.127 i3.) of Sare fider ts required. 3o T.7. coroms dope is required
as light does 20t jpropagate {a the plastic cladding.
3.4.2 Perforz attenuation 2essurement jer 5.2.3 shrougk §5.2.10.
5.5 Cata Reduction

Substitute lockein amplifier readizgs i3to equaticn below:

v
a(@m) » 2 g0 2 (O, TA) ()
1

. “here, L » fiber length o @
" chosen filter wavelength
V,. = short length voltage resding at Aa and no.:muplies Wy scale.
Vo ® loog lemgth voltage raadizg alic at A, azd :IAQ,::ulu;lied Sy scale.
M'a = gpecified TV lens IA
(Vl sod 7, are reduced by synchronous spuricus sigmal, Tivel 2sr
vary-low.iignal levels)

6.0 ACCIPT/SETECT: . NON.CONTROLLm'

6.1 3ot needed FOR REVISION 2mn oTROVTOY

1.0 EITERZ/ STOSAGE:
T.L Hot needad

[iZT [CO04 10INT NO.|ORAWING NO.

A 13567 AT~V 211,539
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.115 : "‘ 520 _,;,/
EOM -

Modifled
Slicde tight
Projector Cho
PRer 2cs . Varisble
2 éourcc F=§top S=Axis
. ) 4 v
u‘*‘. . Fiver Lens Pesiticaer

b Lans
@_- FTLICAT M o e 2. =1l (@) o= — <
c. 7

Test @)
Titer
’ Positicnds
- T Detestor E“.::urt s
Lock-In X,
Azplifier L.

z. NON-CONT C
— FOR REVISION aNp 5123'78%50,:
Supply

ATTENUATION MEASUREMENT APPARATUS
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__ITT Electro-Optical Products Division

APPENDIX B
FIBER PULSE DISPERSION
MEASURED AT 0.9 um
INTERIM PROCEDURE

Roanoke, Virginia
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1.0 3CoPE: Yo
Ty 2
The purpose of tiis zsasurezent is to deter=ize <ze julse broadesizg o7 an sptical [ gu
2iber at an ocperstisg vavelength of 0.9 us. The julse broadenizg, or iispersion, [
deteraines ke information capacity of the fiter. This specilication applles =3 ]
0.5 um dispersioz zessuraments of Hoth graded index and step izdex VD Zilers. . {-3
vy
2.0 TFEAEICS J0CTENTS: S
(,: 3
2.1 DOD-3TD-1678 "Piber Optics Test Msthods and Iastrumemtation.” o ]
3.0 EQUINGNT: E
™
3.1 Tlectronic Equipment ot
Iopgaqlatue 0
Suansisr Descxiption <} P ¢ Vo) E
2 Fluke 4158 Figh Toltage 2ower 81, P92
1 Zeath SP-2T30 Figh Caorens 83
Pover Supply
1 Lambda LL-303-QV Pover Supply osu
1l RCA-3G2001 GaAs Laser and Driver s
1 Beatss CPl.U=1T-10L Thermoeiecsrie =
Cooler
1 1 Tektronix 7603 Oseilloscope
Mainframe
2 Tektronix TS1l Sempling Units
~ 80
r 2 Tektronix S-i or S~2 Saxpling
Sead
b3 Teictronix TT11 Tize 3ase
i b3 IZT Pocket Scope Izage Iztersilier .2,
A Sewlett-Packard LLTD .1 to 1200
MEz Amplifiexr A
b Dispersion Pulse Controller or
Berkeley Juclecaics Corjoration
T07S Digital Delay Cenerator 206
L RCA C30902% Avalanche Photodetecsar APD
! 1 Hevlett-Packard $082-4202 PIX Dicde b
r .
p NON-CONTROLLED =Zeviets-?aciard 70153 X-Y Recordes -t ]
t
4 X0 CHTRINRI
, }  FOR REVSCR TI1 [CO0T OINT NO.|ORAWING NO. , |
H } . 1
: . |A | 13567 ATV 222500 : }
) SCALS [aevision  az;, A smesy 2 /> ;




!
)
3.2 Qptical Zquipment
Jomenclature
Juageizy Degerieion —for Jlsran
i Set of lenses and zicroscope objectives
1 3-Axis Micropositioner
1 S=Axis Micropositioner
1 Assorted Optical Ruils and Stands
3.3 Miscellazecus .
1 Dtlamopd Serive 2RTTA 211586
1 Veraier Caliper
4.0 WATSRIA:
Jescmignicn

Stack fcom Vumber or Magufscturex
Razor 3lades

026-008

_ Gragh Peper 005309 __,‘a\iON‘CONTRoLLED
i Masking Tape, 1.0" 06-008 Hvsew g OISTRIGUTICY
3 TV Corens Dope RT-YA=-211585

5.0 ZROCEIURE:

$.1 Measursment Procedure

$

§.1.1 Place a cev piece of grsph yaper in the X-Y rsccrder and twr= he
. recorder svitceh oan.

Also, tura the chmrt switeh %0 holl Record <he
prefora mmber and fiher idemtificatiocn sumber of the test fider.

p—

5.1.2 Make & short esd, leaving epproxizately 6.3 =m (.25") of Sare fiber

, exposed, oo tie end of pull, marked ECP. (Use the procedure of Spectfication
# [APVI-201,57C. . Tisual confirmation of rocm light reflection from She

4 entire fider ead face is adequate SO assure & suitable end. Clean <he Ziver
i end face vith zasking tape. Plsce the fiber in the S-axis positioner so

- that the end is flush with the ezd of the groove.

$.1.3 Set comtrol swisch on the laser jower supply, 2?51 o “"staaddy”
pasision. Tura or the digital delsy gauerstor, DDG.

5.1.4 Set the sampling oscilloscope ou left channel asd
horizontal division.

e 10 ns jer
$.1.5 Set the X100 knob on the 4digisal delay geserator at 1. Set cle
"REV" switoh to the counterslocikwvise (Teversed delay) positios. This

[} CO0E iDENT NO.
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w2 A
§ 9
TR
- 8
oy w4
$.2.5 (Comt.) retards <he triggerizg julse, allcwing the operator o Tisw t:e 4 2
iaput zulse ca the scope. N g"
N Sl
$.12.6 Set the laser pover supply voltage, 2S1, %o S 7 sbove the shreshold 3
voltage specified 2ar she laser iz use, a&d surm 3satrol switsk s "om" 5
sositiom. vy ta
<
¥
Ak $.1.7 Adjust the tizme position on the sampling oscilloscope until tkhe trace ;; vy
of toe laser pulse i3 at the Zar left tand side Gf =he screen. oo
$.1.8 Make an end, leaving approximately 7.6 e= (3.0") of Sare fiber ?
. exposed, on the sTart of pull of the fiber, marked SOP. Use tae procedure -
of Specification RT.VWJ-211,570 . Visual confirmation of room light o5
reflectior from the entire fider end Zace (s adequate to assurs a suitable end. '
$.1.9 Apply TV Coroca Dope aver approxizateiy 3.1 sm (2.3") of tie zare
‘- fiber, being careful not to contamizate the ead. This will recove lLighs
o propegatiag in the fidber cladding.

5.1.10 Clean dust particles f-om the end face by tcuchizg tie snd face %2
the sticky surZace of a pisce 5f 3asiking %ape.

?lace <te fiber ezd i tie
J=axis positicaner so stat the end face I3 Ilush with <he end of the fixture
FToove.

$.1.11 Turz off room lights and 7view “he ad of the Ziver with
intensilier.

zhke izage
5.1.12 Maximize she {nteasity of tte izage by adjustiag the S-axis positicner.

§.1.13 Turm op the AFD pover supply, PS2. Set PS2 coatrel switeh %o "staadby”
position. Place this l-axis jositioner iz Irent of <he APD detector Leas
<rain and against the stops.

Chect that 752 i3 set to 200 V or the 7oltage
specified for the device i use. Turz PS2 comtrol swizsk to "on” pesitica.

S.1.1% From the estizated length as supplied with the Ziter, estizate =i
delay from the table or the wall of the laboratary. Set the 2sntrols oo the
JDG to <he approxizate delay.

Adjust uatil she pulse is risidle 22 <Re scope.
5.1.15 Adjust the 3-axis positicher 202 zaxizmum intensity acd record she
delay (ia nanoseconds) fom the digital delay zemeratsr. add 100 as 23 the
dalay tize. Ttis is due to the interzal preset dslay of =he disgersion

pulse contraller.

5.1.16 Adjust the 3eaxis alcropositicner %o aaximize the total ares of the
signal, as Tieved oz the sampling ascillosccpe.
1

$.2.17 Spread zhe curre f3r best vieving by adjusting the =izebase %5 ke
appropriste scale. AQlust skhe S-axis positiomer ¢ zaxizize the area of
| the surve.

5.1.19 Adjust i laser pover supply 30 <hat the laser i3 . 7ols abcve
! Nomu.d
g FOR REVISICA ARD ORSTRASOE
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$.1.19 3et the sampling sscilloscope scan oo "=anusi.”

$.1.20 Tura che svitch of the (Y recorder to she "SZBVQ" jesiticn. Adiust
the trace convtrols Jn the sampliag osciolloscope to 21s the X-T recorder,
then twrz the scan to %he far left.

s.l.a

Set the pen down and turn the "TEI” 32 %0 she "JOWN" position.
§.1.22 AdJust the scan control cn the sampling oscilloscope %o aske oge
trace.

$.1.23 Lift the pen and return it o the left side with the scan contral.
$.1.24 Reduce the lasar voltage ome volt and z=ake s secszd scaz.
5.1.38

2ucard che sweep range setting in 23/i3.
oa I-1. recarder outputs)

(1 dweididecopa &isl iz
3...26 Record the right channel voliage ia =V/in.

§5.1.2T7 Iaitial <he shest {2 upper rigat :and corzer.

Set toth jover
supplies, 7Sl and 732, to stardby position.

$.2.28 Turzm off bothk pover supplias, <he digital delay Zemeratar and zhe
sampling oscilloscope, L2 20 further work is scheduled.
5.2 Data Reduction Procedure

5.2.1 Rdlrocﬁ‘ she graph obtained in the dispersion 2essuremeat, call
the upper trace the laser “race and the lover trace the 12D <race.

$.2.2 (Step Indax Tibers Only) Draw a straight Lize between the end peizts
of the LZD trace, call this line the dase llae.

$.2.3 (Graded Index Pibers July) With Ste Ternier calijpers, 2izd sze
aaximun resrtical separation (dvm) YetWeen the laser trice and the LI tracs.

Witk <he Vernier calijers,

S.2.4 (Step Indax Fibers Only) 2ind <he
maxizum vertical separatica (d.vux) betveen the laser trace and the daseli:

5.2.5 Calculate the vercical saparatios corresponding ¢o the specillies
sagaitude (% peak) mulsiplyisg the pesk versicle separation, e cax, bty 7 _jesk .
100

5.2.6 Set the calipers st the specified separation between the TWGT IuTves.
5.2.7

Tizd the two points that Rave the sane vertical separation bhevvess
the curves as the 1ev caliper setting snd 2ark hem.

5.2.8 Messure the horizontal 4distance Setveen these *wo points. Multiply
this mmber by the sweep Isige setting L2 2ancseconds. Jecord shis aumber
o8 Zhe sheet. Call chis mumber the qutPut pulse <widik, 'JQ.
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$.2.9 OJivide she ielay, 2 aicroseconds, 3y L.34 as/@m and record this
aumber as zhe leagth i2 tilcmeters.

5.2.20 Tind the iispersionm by asing she formuls

) S SN BT
(xx3) L 40 -9

viers L is the length of the fider previously calculated iz kilometers, ¥
is the width {n 2anoseconds of the output pulse, xx is the zagnitude
percentage vhere the dispersion is zessured, and 7, i3 the lLaput pulse
vidth (provided). Record the dispersion iz zancsefonds per cilometer oz
the sheet and on the sttenuation sheet vhich accoxpanies ke 2iber.

6.0 sgorPe/amTECT:
S.1 Yot zeeded
7.0 ZELITIRY/STOMAGE:

T.1 Jot aeeded

NON-CONTROLLED!
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