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MISSION
The International Wire and Cable Symposium provides a forum for the exchange of technical information
amongst suppliers, manufacturers, and users on technological advancements in materials, processes, and products
used for voice, data and video signal transmission systems.

TECHNICAL PAPERS
Tuesday, November 19
9:00 am SESSION 1 Communications Infrastructure Initiatives: Investing for Global Competitiveness
Track 1-- Fiber Optic Cables
1:00 pm SESSION 2 Submarine Cable and PMD
1:00 pm SESSION 3 Aerial Cables
Track 2 - Copper Cables
1:00 pm SESSION 4 Residential Broadband Networks
Track 3 -- Materials
1:00 pm SESSION 5 Insulation, Jacketing & Flame Retardant
Wednesday, November 20
Track 1 - Fiber Optic Cables
8:00 am SESSION 6 Splicing and Enclosure
8:00 am SESSION 7 Optical Networks
Track 2 - Copper Cables
8:00 am SESSION 8 Copper Cable Connections
Track 3 -- Materials
8:00 am SESSION 9 Advances in Fiber Coatings
Track 1 — Fiber Optic Cables
2:15 pm SESSION 10 Fiber Optic Cable Design
2:15 pm SESSION 11 Testing and Field Evaluation I
2:15 pm SESSION 12 Emerging Wireless Networks
Track 3 -- Materials
2:15 pm SESSION 13 Fib~= Tnating Reliability
4:00 pm SESSION 14 Poster Papers
Thursday, November 21
Track 1 -- Fiber Optic Cables
8:30 am SESSION 15A .. Fiber Optic Cable Design (Cont)
10:00 am  SESSION‘15B' § High Fiber Count Cable
-8:30'am - ~ SESSION. 16 ; Testing and Field Evaluation IT
SR N : Track 2 - Copper Cables
8:30 am " "SESSION 17 High Performance Twisted Pair Cables
; Track 3 -- Materials
8:30 am SESSION 18 Materials in Fiber Optic Cables
Track 1 - Fiber Optic Cables
1:00 pm SESSION 19 Ribbons, Fiber to the Home and Air Blown Fiber
1:00 pm SESSION 20 Fiber Optic Connectors/Components
1:00 pm SESSION 21 Fiber Properties and Reliability
Track 2 — Copper Cables
1:00 pm SESSION 22 Coaxial Cables
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MESSAGE FROM THE PRESIDENT/DIRECTOR

The International Wire and Cable Symposium (IWCS) Committee and CECOM, Fort
Monmouth, NJ extend a welcome to all symposium attendees. The committee is excited over the
program scheduled for the symposium and also the return to Reno, Nevada after four successful
Yyears on the east coast of the USA. The opening plenary session scheduled for Tuesday, entitled

“Communications Infrastructure Initiatives: Investing for Global Competitiveness,” with its
potential for creating major changes in the telecommunication industry should set the stage for
an exciting and interesting conference.

The program includes three days of technical presentations, covering copper/fiber cables
and materials; one full day of educational short courses and a day and a half of company
exhibits/displays. Mixed in with the technical presentations and displays are special activities,
beginning with Monday Night Football sponsored by the AlphaGary Corporation, Jfollowed by
the contributor’s sponsored Tuesday Night Hospitality Hour and the Awards Luncheon on
Wednesday. The increasingly popular Poster Session scheduled for Wednesday afternoon also
seems to be the gathering place for exciting and enjoyable discussions. In addition, the large
number of International attendees and presenters from more than thirty countries each year,
help to expand and diversify the technical information available during the symposium.

The committee respectfully bids farewell to several of its faithful and devoted members.
Richard Rossi our present chairman, Dr. Felix Kapron, Laurence Jones and Paul Kopera are
leaving the committee. I extend to each, the committee’s sincere thanks and appreciation for
their dedication, cooperation and support.

To insure the continued success of the symposium, the committee solicits the support and
participation of all members of the wire and cable industry. Therefore, comments and
suggestions are welcomed.

The symposium for years 1997 and 1998 will be at the Marriott Hotel in Philadelphia,
Pennsylvania.

Elmer F. Godwin
President/Director
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Outstanding Technical Paper

H. Lubars and J. A. Olszewski, General Cable Corp. —
“Analysis of Structural Return Loss in CATV Coaxial
Cable”

J. P. McCann, R. Sabia and B. Wargotz, Bell Laboratories —
“Characterization of Filler and Insulation in Waterproof
Cable”

D. E. Setzer and A. S. Windeler, Bell Laboratories — “A Low
Capacitance Cable for the T2 Digital Transmission Line”

R. Lyenger, R. McClean and T. McManus, Bell Northern
Research — “An Advanced Multi-Unit Coaxial Cable for Toll
PCM Systems”

J. B. Howard, Bell Laboratories — “Stabilization Problems
with Low Density Polyethylene Insulations”

Dr. H. Martin, Kabelmetal — “High Power Radio Frequency
Coaxial Cables, Their Design and Rating”

D. Doty, AMP Inc. — “Mass Wire Insulation Displacing
Termination of Flat Cable”

T. S. Choo, Dow Chemical U.S.A. — “Corrosion Studies on
Shielding Materials for Underground Telephone Cables”
N. J. Cogelia, Bell Telephone Laboratories and G. K. Lavoie
and J. F. Glahn, US Department of Interior — “Rodent
Biting Pressure and Chemical Action and Their Effects on

Wire and Cable Sheath”

T. K. McManus, Northern Telecom Canada Ltd. and R.
Beveridge, Saskatchewan Telecommunications, Canada
— “A New Generation of Filled Core Cable”

F. Suzuki, S. Sato, A. Mori and Y. Suzuki; Sumitomo Electric
Industries, Lid., Japan — “Microcoaxial Cables Insulated
with Highly Expanded Polyethylene By Chemical Blowing
Method”

S. Masaki, Y. Yamazaki and T. ideguchi, Nippon Telegraph

and Telephone Public Corporation, Japan — “New
Aluminum Sheath Cable Used for Electromagnetic
Shielding”

P. Kish and Y. BeBorgne, Northern Telecom Canada Limited,
Montreal, Canada — “General Crosstalk Model for Paired
Communication Cables”

C. J. Arroyo, N. J. Cogelia, Bell Laboratories, and B. J.
Darsey, Western Electric — “Thermal Behavior of
Experimental Plenum Cable Sheaths Determined in a
Radiant Heat Chamber”

R. H. Whiteley, Raychem Ltd. — “A Comprehensive Small
Scale Smoke Test”

V. A. Fentress, Raychem Corp. and D. V. Nelson, Stanford
University — “Fracture Mechanics Evaluation of the Static
Fatigue Life of Optical Fibers in Bending”

M. Fujise and Y. lwamoto, KDD Research & Development
Laboratories, Tokyo, Japan — “Self-Core-Alignment Arc-
Fusion Splicer Based on a Simple Local Monitoring
Method”

James A. Krabec and John W. Kincaid, Jr., Belden Technical
Research Center — “Advances in the Optimization of Multi-
Layer Shield Design”

Simon D. Dadakarides and Bruce B. Lusignam, Stanford
University — “Magnetically Loaded Cables”
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Best Presentation
N. Dean, B.I.C.C. — “The Development of Fully Filled Ca-
bles for Distribution Network”

J. D. Kirk, Alberta Government Telephones—“Progress and
Pitfalls of Rural Buried Cable”

Dr. O. Leuchs, Kable and Metalwerke—"A New Self-
Extinguishing Hydrogen Chloride Binding PVC Jacketing
Compound for Cables”

S. Nordblad, Telefonaktiebolaget L. M. Ericsson—“Multi-
Paired Cable of Nonlayer Design for Low Capacitance
Unbalance Telecommunications Network

N. Kojima, Nippon Telegraph and Telephone—‘New Type
Paired Cable for High Speed PCM Transmission”

S. Kaufman, Bell Laboratories—“Reclamation of Water-
Logged Buried PIC Telephone Cable”

R. J. Oakley, Northern Electric Co., Ltd.—“A Study Into Paired
Cable Crosstalk”

G. H. Webster, Bell Laboratories—“Material Savings by
Design in Exchange and Trunk Telephone Cable”

J. E. Wimsey, United States Air Force—“The Bare Base
Electrical Systems”

Michael Del.ucia, Naval Ship Research and Development—
“Highly Fire-Retardant Navy Shipboard Cable”

William L. Schmacher, AMP Inc.—“Design Considerations for
Single Fiber Connector”

Richard C. Mondello, Bell Labs.—“Design and Manufacture
of an Experimental Lightguide Cable for Undersea
Transmission Systems”

I. Wadehra, IBM Corporation—“Performance of Polyvinyl
Chloride Communication Cables in Modified Steiner Tunnel
Test”

J. J. Refi, Bell Laboratories—“Mean Power Sum Far-End
Crosstalk of PIC Cables as a Function of Average Twist
Helix Angle”

G. S. Anderson, Belden Corporation—“Installation of Fiber
Optic Cable on 457 Meter Tower”

A. Yoshizawa, The Furukawa Electric Co., Ltd.—“Structure
and Characteristics of Cables for Robots”

J. R. Bury, Standard Telecommunication Laboratories, Ltd.,
Hailow, England—‘Development of Flame Retardant, Low
Aggressivity Cables”

William E. Dennis, Dow Corning Corporation, Midland,
Michigan—“Hydrogen Evolving Tendencies of Cable Fillers
and Optical Fiber Coatings”

Stephen Hornung, British Telecom Research Laboratories—
“Manufacture and Performance of Fibre Units for
Installation by The Viscous Drag of Air’

Dave Fischer, Superior Cable Corp.—“Progress Towards the
Development of Lighting Test for Telecommunication
Cables”

John C. Chamberlain, Siecor Corp.—“Zero Halogen Fire
Retardant Fiber Optic Shipboard Cable”




Outstanding Technical Paper

1987

Stephen B. Pierce — Conel Laboratories —
“Digital Transmission on Customer
Premises Wiring”

1988

Martin C. Light Jr., James A. Moses, Mark A.
Sigmon and Christopher A. Story — Siecor
Corp. — “Design and Performance of
Telecommunication Cable Optimized for
Low Fiber Count”

1989

Michel Plasse, Lise Desroches and Paul-
Andre Guilbert — Northern Telecom Canada
Limited — “High Performance Twisted-Pair
Cable for LAN Systems”

1990

Trevor N. Bowmer, Russell J. Miner, lrene
M. Plitz, Joseph N. D’Amico and Lal M. Hore
~— Bellcore — “Thermal Stability Tests for
Polyolefin Insulations”

1991

Shigeru Tomita, Michito Matsumoto, Tetsuro
Yabuta and Takuya Uenoya — NTT —
“Preliminary Research into Ultra High
Density and High Count Optical Fiber
Cables”

1992

Nathan E. Hardwick Il and Kris Kathiresan
— AT&T Bell Laboratories and J. G. Hartley
— Georiga Institute of Technology —
“Analysis of Fiber Optic Cable Design
Conditions in Vicinity of Steam Lines —
Ruptured and Pristine”

1993

Dr. Yoshinori Namihira and Toshio
Kawazawa — KDD R&D Laboratories; and
Naoki Norimatsu — KDD Company, Limited
— “PMD Reduction of Optical Fiber Cables
for  Transoceanic  Optical Amplifier
Submarine Cable Systems”

1994

Toshio Kurashima, Kazuo Hogari, Satoshi
Matsuhashi, Dr. Tsuneo Horiguchi, Dr. Yahei
Koyamada and Yutaka Wakui — NTT
Access Network Systems Laboratories; and
Hiroshi Hirano — NTT Technical Assistance
& Support Center — “Measurement of
Distributed Strain in Frozen Cables and lts
Potential for Use in Predicting Cable Failure”

1995

Jean Luc Lang and Jean-Francois Libert —
Alcatel Submarine Network; David |. Curtis
and Peter Worthington — STC Submarine
Systems Ltd. — “Optical Performance of
Submarine Cables in Optically Amplified
High Bit Rate Systems”

Outstanding Poster Paper

William Wood — Bell Communication
Research — “Performance Analysis of Optic
Fiber Cleavers”

Dr. R. Raman — Contel Laboratories —
“Loss at Dissimilar Fiber Splices”

Werner Bernard and Susan C. Grant —
Siecor Corporation — “Fiber Optic Drop
Cables in the Subscriber Loop”

Steve Lischynsky, Helmut Lukas, Robin
Mclintyre and Grant Pacey — Bell-Northern
Research Ltd. — “New Technology for a
Single Mode Mechanical Splice”

G. Scott Glaesemann — Corning Inc. —
“The Effect of Proof Testing on the Minimum
Strength of Optical Fiber”

Svend Hopland and Albert Klykken —
Norwegian Telecom — “Installation of
Submarine Fiberoptic Cables in Rugged
Coastal Terrain”

Willem Griffioen — PTT Research —
"Mechanical Lifetime of Optical Fibers”

Dr. Sverker Forsberg — Swedish University
of Agricultural Sciences; and Jan Bjérkman
— Telia AB — “Release of Lead from Lead-
Sheathed Telecom Cables in Soil”

Richard S. Wagman, Gregory A. Lochkovic
and Kevin T. White — Siecor Corporation —
“Component Optimization for Slotted Core
Cables Using 8-Fiber Ribbons”

Xiv

Best Presentation

Richard Rossi — General Cable Company
“Cable Sheathing Design and
Performance Criteria”

Janice B. Haber — AT&T Laboratories —
“Single-Mode Media and Apparatus for Fiber
to the Home”

Michel de Vecchis — Les Cables de Lyon —
“Results on a Large Scale Installation of a
Fibre Optic Distribution Network”

Harold W. Friesen — AT&T Bell
Laboratories — “An Improved Characteristic
Impedance Measurement Technique”

Sue V. Wolfe — STC Submarine Systems
— “Structure and High Voltage DC
Behaviour of Submarine Cable Mouldings”

Peter Latoszynski — Telecom Australia —
“Development of Co-Extruded Poly-
ethylene/Polyamide 12 Insect Resistant
Telecommunications Cable”

Timothy S. Dougherty — AT&T Network
Cable Systems — “The Temperature of
Aerial Plant and Its Effect Upon Foam-Skin
Insulation Life” and Wolfgang Wenski —
Kabelmetal Electro GmbH — “First Large
Scale FITL Installation: Experience From
Opal '93”

Barry J. Keon — Telstra — “The Effects of
Optical Fiber Coating and Ink Materials on
the Corrosion of the Glass Surface”

Dr. Dan L. Philen — AT&T Bell Laboratories
— “Optical Fiber for Amplified Undersea
Systems”




ELMER F. “ACE” GODWIN SCHOLARSHIP

1994

Sara Ransom, Massachusetts Institute of Technology, Jurron Bradley, Vanderbilt University, Senior --
Freshman -- Materials Science Engineering Major Chemical Engineering Major

1995

Jason Chang, Princeton University, Freshman -- Fionna Murray, Virginia Tech, Junior -- Mechanical

Chemistry Major Engineering Major
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OPENING SPEAKERS

RICHARD ROSSI
Chairman, IWCS
Vice President, Sales

General Cable Company
Edison, New Jersey

Richard Rossi has been a member of the Wire and Cable
Industry for over 30 years. He has been with General
Cable Corp. for all of this time, most of them in an
Engineering capacity, culminating in his appointment as
Vice President, Engineering in 1991. More recently, he
has been appointed Vice President, Sales, Communi-
cations Products.

Mr. Rossi has been involved with the International Wire
and Cable Symposium since co-authoring and presenting
his first paper in 1973. Since then, he has co-authored
and presented a number of additional papers and was
voted “Best Presentation” at the 1987 IWCS. He has been
a committee member of IWCS since 1991.

BARRY S. SALIS
Deputy Director, Space and Terrestrial
Communications
U.S. Army Communications-Electronics Command
Fort Monmouth, New Jersey

Mr. Barry S. Salis has attained the position as Deputy
Director of the Space and Terrestrial Communications
Directorate after holding increasing positions of
responsibility during his 24 year Government career.

Providing policy and guidance for the directorate he
ensures the resources are allocated for attainment of the
multifaceted communications mission of the directorate.
He serves on various levels of command level TQM
panels, international and joint panels.

Previously he was Chief, Information Security Division,
Space and Terrestrial Communications Directorate,
USACECOM responsible for all Army RDT&E in the
security area which includes: COMSEC, TEMPEST,
COMPUSEC, Key Management, Certification and
Accreditation, and Network Security. Support to many
PEO and PM Offices, various Directorates, and other non-
traditional customers is provided routinely by the entire
division. The division also supports evaluation and
integration of commercial video products with computer
and communications systems to meet the Army's
Digitization of the Battlefield thrust.

While serving in the Army Signal Corps for three years
from Oct 1971 to Oct 1974 he worked as an engineer in
the COMSEC Division, COMM/ADP Lab, USAECOM at
Ft. Monmouth, NJ. Continuing in the same organization
as a civilian engineer he worked as Project Leader for the
Secure Wire Access Terminal, a VINSON COMSEC
ancillary equipment, working it from the development
through the production phases. He also was Project
Leader for the PARKHILL COMSEC equipment as well
as numerous other INFOSEC developments as part of the
overall Army tactical system architecture. Assigned to
lead an internal task force, he was involved in the initial
concepts for usage of modeling and simulation to evaluate
combined arms doctrinal changes which today are being
implemented.

In 1985 he became Chief of the COMSEC Development
Branch, responsible for the embedded COMSEC
programs, Key Management, system support to PM
Offices to include the Special Operations Forces Office,
and system integration and testing.

Mr. Salis obtained his BSEE degree from Drexel
University, Philadelphia, PA in 1971 and his MSEE from
Fairleigh Dickinson University, Teaneck, NJ in 1978. He
is married to Jan Freeman Salis. They have two children,
Rachel and Howard.

Mr. Salis is a member of and on the board of Directors
for the Association of the United States Army (AUSA)
and the Armed Forces Communications and Electronics
Association (AFCEA).
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PLENARY SESSION

Communications Infrastructure Initiatives: Investing for Global Competitiveness

CHAIRMAN

John R. Sicotte
Corning Incorporated
Corning, New York

John Sicotte is the manager for Corning’s North
American Sales and Applications Engineering
Departments. His responsibilities include
commercial sales and technical and engineering
support of optical fiber customers.

John joined Corning in 1978 as an engineer in
the Manufacturing and Engineering Division. He
joined the Telecommunications Products
Division in 1982 as a market analyst. He was
named a senior applications engineer in 1983,
and a senior sales engineer in 1985. He
became sales and marketing manager for the
industrial and government market in 1990. In

1991, he became the manager for North
American Applications Engineering. Sales
duties were added to his position in 1993.

John holds a master’s of business administration
from Syracuse University, and a bachelor's
degree in civil and environmental engineering
from the University of Rhode Island, Kingston.

He is a member of the Society of Photo-Optical
Instrumentation Engineers and a member of the
Board of Trustees of the International Wire and
Cable Symposium.

PANELISTS

Luis Molleda, Sub-Director of Transmission & Outside Plant Department of Technology & Technical
Normative, Telefonica, Madrid, Spain

Pei Ai Hua, Sr. Engineer & Director of Telecom Trunk Construction Management, Ministry of Post &
Telecommunication, Beijing, China

Carlos Fernando Ximenes Duprat, Manager of Engineering, Telebréas, Brasilia, Brazil

Alex Best, Senior Vice President of Engineering, Cox Communications Inc., Atlanta, Georgia
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TELECOMMUNICATIONS IN CHINA

Mr. Pei Ai Hua

Ministry of Post and Telecommunication, Beijing, China

Telecommunications infrastructure construction
is a major priority of the People’s Republic of
China. The State and the Ministry of Post and
Telecommunication have undertaken numerous
system projects over the last decade. Many
prominent telecommunications companies from
around the world have been involved in the
construction of these systems.

One significant MPT project recently completed
was the Beijing - Jiujang - Guangzhou
Telecommunications Backbone Line. This was
one of twenty-three First Grade MPT projects of
the 9th Five Year Plan of the State. Designed to
operate at 2.4 Gbps transmission rates over a
route length of greater than 3400 km, this was
the first significant MPT system to utilize
dispersion shifted fiber technology.

Looking forward, the future of the
telecommunications industry in China is very
exciting. Aggressive plans for building a state-of-
the-art communications network are in place.
The projected growth in the China market
promises to provide continued challenge and
opportunity for the MPT and its suppliers.

+ I

Mr. Pei Ai Hua
Sr. Engineer and Director of Telecom Trunk
Construction Management
Ministry of Post and Telecommunication
No. 8 Men Lou Xiang

Jiao Zi Hu Tong

Xuan Wu District
Beijing, China

Mr. Pei has been engaged in teaching, scientific
research and technical management in the field
of post and telecommunications for almost 30
years.

As a lecturer at several universities in China, he
has taught courses on Radio Communications,
Electromagnetic Field & Electromagnetic Wave,
High Frequency Electric Circuit, Low Frequency
Electric Circuit, Pulse and Digital Logic,
Microwave Communication and Radio and
Electric Waves. Within the Managing Center of
Main Lines Communication Construction of the
Ministry of Post and Telecommunication, Pei was
charged with the First Grade main lines
communication construction.

He has been responsible for many key optical
fiber communications  projects  including
Shanghai - Nanjing, Shanghai - Fujian, Fuzhou -
Guangzhou, Zhengzhou - Xian Chegdu, Xian -
Lanzhou - Urumqi, Urumgi - Yilli, Chuangjiang -
Wuhan, Shanghai Wuhan, Nanjing - Hangzhou,
Jinan - Qingdao, Beijing - Huhchoate - Yinchuan
- Lianzhou, Hangzhou - Fuzhou - Guizhou -
Chengdu, Beijing - Zhujiang - Guangzhou and
Dalian Shanghai.

Mr. Pei is skilled in microwave communication,
radio communication and optical communication.
He has been involved in the debugging of
microwave main lines, and independently
completed the research and manufacture of a
phase discriminator and pressing oscillator. He
has also been involved in the research and
manufacture of a 2 Ghz microbelt and microwave
machine and the research and manufacture of a
coherent light communication system, the key
project in the 8th Five Year Plan of the State.
Pei also designed the key parts of a photoelectric
prober and 0-2 Ghz low noise, wide belt
preamplifier.

Mr. Pei co-authored the book “High Frequency
Electronic Circuits”, and is an accomplished
author of telecommunications articles and
papers.

In addition to having studied at the Changchun

Telecommunication School, the Beijing Post and
Telecommunication University and the China
Science and Technology College, Pei is a Master
Postgraduate of Photoelectricity Technology from
the Electronics Engineering Department at the
Changchun Optics and Precision Machinery
University.
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BROADBAND COMMUNICATIONS INITIATIVES

Alex B. Best

Cox Communications, Inc., Atlanta, Georgia

As a result of the rewrite of the Telecommunications
Bill in this country, there are a large number of
industries positioning themselves as a one-stop shop
for providing video, voice, and data services to
residential customers. Among this industry group are
long distance carriers, local phone companies, and
cable operators.

Even larger in number are the types of networks
being deployed to provide these services. These
include satellite, copper, PCS, hybrid fiber/coax, fiber,
MMDS, and LMDS, just to name a few.

Only one of these networks is both present in front of
a large number of homes in this country and has the
capacity and targetability to provide all three services.
This of course is the cable operators’ hybrid
fiber/coax network.

Cox, along with most other large MSO’s in this
country have been actively upgrading their networks
over the past few years to add fiber, increase
capacity, and activate the upstream return path. By
the end of 1998, about 75% of Cox’s homes passed
will be fed from a network that includes fiber down to
1,000 home nodes, has a capacity of 750 Mhz, and is
two-way capable.

Beginning in 1996 and early 1997, we will begin
deploying technology in the home that allows us to
provide wireline telephony (cable phone), high speed
data (Internet access), and digital video. We are
convinced that our ability to provide a one-stop shop
for these three services, plus our capability of
transporting these services over a single
infrastructure, will lead to our success as being the
low-cost provider in all of these businesses for the
foreseeable future.

Alex B. Best
Senior Vice President of Engineering
Cox Communications, Inc.
1400 Lake Hearn Drive
Atlanta, Georgia 30310

Alex B. Best, Senior Vice President of Engineering,
joined Cox Cable Communications in April 1986 as
Vice President of Engineering. He was promoted to
his present position in January 1989.

He joined Cox following twenty years with Scientific
Atlanta, where he was involved in nearly every aspect
of that company’s CATV product development and
business application. His last position prior to his
appointment at Cox was that of Principal Engineer.

He received B.S. and M.S. degrees in electrical
engineering from the Georgia Institute of Technology,
and completed the Program for Management
Development (PMD) at Harvard Business School.

He has been a member of the National Cable
Television  Association’s  (NCTA)  Engineering
Advisory Committee since 1978 and presently serves
as its chairman. He has been a member of the
Society for Cable Television Engineers (SCTE) since
1975. He is a member of the board of directors of
CableLabs, Inc., a research and development group
funded by the cable television industry. In addition,
he is a member of the board of directors of the
Southern Cable Television Association (SCTA).

He was the 1977 recipient of the NCTA’s Vanguard
Award for Science and Technology and received the
SCTA’s Polly Dunn award in 1992 for his dedication
to the cable industry. In 1994, he was inducted into
the SCTE’s Hall of Fame.
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TELEFONICA INITIATIVES IN GLOBAL COMMUNICATIONS

Luis M. Molleda

Telefénica De Espaiia, Madrid, Spain

At the end of the 80’s the Argentinean government
considers the privatisation of the National
Communications Company (ENTEL).

Telefonica de Espaiia, taking into account on the one
hand the traditional links with the South American
countries and on the other hand the large potential of
the telecommunications markets of those countries,
decides to invest and incorporates itself in the group
called Telefénica de Argentina which opts for the
control of the communications in the southern zone.

Later, and facing the prospects that the entire region
offers, it incorporates itself by means of significant
investments in the operations of various different
countries, being present today in Argentina, Chile,
Per(, Columbia, Venezuela, México and Puerto Rico,
and without ruling out any new incorporation that
would further reinforce its presence in the region.

This presence fits within a global network project
called the “Proyecto Panamericano” which, led by
Telefénica de Argentina, CTC de Chile and
Telefénica del Perd, could convert the companies of
the group into the principal provider of global network
services in the region.

In its initial phase the network will offer
communications services between the businesses of
the region, and in the medium term expand its area of
action to all of America, including the United States,
along with connection to Europe and the rest of the
world.

The connections with the United States are
guaranteed because of the incorporation into the
group of the Compaiiia de Larga Distancia (TLD) of
Puerto Rico, which by virtue of the new North
American Communications Law is authorised to
originate all types of telephony traffic in the country.

The connections with the Europe are assured on the
one hand because of Telefonica de Espana a with its
vast network of submarine cables, and its more than
sixty satellite communications stations. On the other
hand this network will have a natural link into the rest
of Europe via UNISOURCE, the alliance formed by
the operators of Holland, Sweden, Switzerland and
Spain, with a participation of 25% each.

Finally, the connection with the rest of the world will
be achieved via WORLDPARTNERS, the alliance
between UNISOURCE, the North American AT&T
and the Asians KDD (Japan) and Singapore Telecom.

By way of summary one can conclude that the activity
of Telefénica de Espafia is directed towards the
creation of a provider of global network services
throughout the world, with powerful resources and
costs slightly below those that would exist if each
local operator were to establish their international
connections in an isolated manner. That is to say,
global communications with local investment.

. A
Luis M. Molleda
Subdirector of Technology Department
Telefénica de Espana
Emilio Vargas 4, 4°

28.043 Madrid, Spain
Phone : (1) 584.6710

Fax: (1) 584.6972

Born on November 19, 1941. Industrial Engineer
from the High Technical School of Bilbao. Joined
Telefénica in 1969 and worked successively in
Outside Plant Engineering Department, Research
and Study Department and now in Technology
Department as Subdirector of Transmission and
Outside Plant. From 1970 to 1980 was delegate to
Telefénica in the CCITT Study Groups V and XV, and
from 1970 to 1992 in the Study Group Vi, as Vice
President of the SG and President of the Working
Group on Fiber Optic Plant and Technology. From
1988 to 1994 was member of the European
Management Committee of the European Conference
on Optical Communications. Presently is the Vice
President of the Study Group 6 (Outside Plant) in the
new ITU-TS.
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BRAZILIAN TELECOMMUNICATIONS SYSTEM

Carlos Fernando Ximenes Duprat

Telebras, Brasilia, Brazil

The objective of this presentation is to show the
composition of the Telebras System in a global
view and its Program for the Recovery and
Expansion of the Telecommunications and
Postal Systems - The “PASTE” which represents
an investment program in the sector and a global
view of the digitalization of the long distance and
local trunking networks by means of optical
cables.

TELEBRAS, through its 28 operating
subsidiaries, is the main supplier of public
telecommunications in Brazil. In December,
1995, TELEBRAS represented about 94% of the
total public telephone stations and approximately
91% of the national network. Through their
subsidiary, Empresa Brasileira de
Telecomunicacées S/IA - EMBRATEL,
TELEBRAS owns and operates all the
installations of interstate and international
telephone transmission in Brazil. Through the
other 27 subsidiaries, TELEBRAS is the main
supplier of the intrastate telephone traffic. The
TELEBRAS system also offers telephone related
services such as: data transmission, cellular
phones and telegraphic messages, telex, video
text, image and sound. Based on their
receivables of US$ 11.4 billion in 1995,
TELEBRAS is the second largest company in
Brazil.

TELEBRAS is controlled by the Brazilian Federal
Government which, under the law, is obliged to
hold the majority of the TELEBRAS shares. The
TELEBRAS operations are therefore subject to
substantial regulatory controls by the Federal
Government.  Since 1974 the TELEBRAS
system holds the virtual monopoly of the public
telecommunications services exploration in
Brazil. In August 1995, the Brazilian Constitution
was changed in order to allow the Federal
Government to give permission to private
companies to supply the telecommunications
public services.

The Recovery and Expansion Program of the
Telecommunications System and the Postal
System - PASTE represents an audacious
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investment  program, promoted by the
government and complemented by the
substantial private/human, management and
financial resources with the purpose of modifying
the Brazilian communications sector into an
effective agent for the development of the
country, incentivating national productivity and
assuring the universal access to the
communications services.

The total investment for the PASTE is estimated
in US$ 75 billion, being 50% in the first period of
its execution (1995 - 1999) and the balance in
the second period (2000 - 2003).

The demand for optical fibers required by the
Brazilian Telecommunications System
considering both long distances and local
networks will be presented.

Carlos Fernando Ximenes Duprat
Engineering Department Manager
TELEBRAS

SAS Q. 06 - B1. “E” - 42 Andar
70313-900 Brasilia, Brazil

Mr. Duprat received his degree in
telecommunications engineering in 1976 with
post-graduation in operational research. He
works at TELEBRAS System since 1975, with
experience in operating companies CETEL and
TELERJ, and since 1991 works at TELEBRAS
Holding, initially as manager of Technical
Planning Department and at present as manager
of the engineering department.
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LUNCHEON SPEAKER

DR. JIM KEELAN
Communication Unlimited
Arvada, Colorado

Dr. Keelan has had an interesting life as a former
juvenile delinquent, a former football player, and
a former Catholic priest. He has attended
thirteen universities, holds five undergraduate and
graduate degrees, and has taught at universities in
the states of Washington, Hawaii, and Colorado.

He is the author of books, audio and video tapes
on Laugh Your Way to Health, Having Fun and
Being Yourself, B.S. (Beat Stress) and Live
Longer, and How to be Married and Still be
Yourself He has appeared on the CBS television
program 60 Minutes.
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NEW SUBMARINE CABLE DESIGN FOR LONG HAUL, HIGH BIT RATE SYSTEMS

Jean-Frangois LIBERT - Yves CHARLES

ALCATEL SUBMARINE NETWORKS
536 Quai de la Loire - BP 849 - 62225 CALAIS CEDEX - FRANCE

ABSTRACT

Future long haul high bit rate systems
incorporating WDM  (Wavelength  Division
Multiplexing) will require more protection of the
fibers as well as a greater reliability of the cable.

To meet these requirements, a new cable was
designed which particularly protects optical fibers
against bending and microbending, and exhibits
better performances with regard to abrasion and
dielectric strength.

This paper outlines how the OALC4 cable
(figure 1), the new Alcatel Submarine Networks
cable product ensures the above requirements for
amplified systems.

| - BENDING, MICROBENDING

The increase of the requested bit rates for
submarine telecommunication cables has resulted
in the need for special fibers characterised by
farge mode field diameters (8.7 um - 9.0 um).

Such fibers allow bit rates greater than 10 Gbit but
in return are much more sensitive to bending and
microbending effects. The OALC4 cable has
overcome these effects.

Figure 1 - OALC4 LW cable
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The cable structure is based on a steel tube in
which are enclosed the fibers. The fiber slack and
the filling jelly, which acts as a buffer, prevent any
fiber strains during all steps of the cable
manufacturing. From the tubing to the insulation
process no increase of attenuation is revealed.

Furthermore, the tube also protects the fibers
against the strains resulting from a hydrostatic
pressure when the cable is laid on the sea bed (the
cable is designed to go down to 8000 m depth)

The pressure resistance of a tube is given by the
Von-Mises equation :

P=s

where :

P = External tube pressure
S = Yield strength
K = Diameter ratio (OD/ID)

Due to the tube characteristics (figure 2), the fiber
core of the OALC4 cable, alone, can bear a
pressure corresponding to 1 000 bars, with a
comfortable safety margin.

Applied to the steel tube the above formula gives
a pressure resistance of 1300 bars. (k of the steel
tube is 1.21). This corresponds to a water depth of
approximatively 13 000 meters for a cable
designed to go down to 8 000 meters.




Experiments were also carried out to check the
quality of the longitudinal tube welding. A cable
sample was put inside a pressure vesse!l under a
pressure of 1000 bars and no damage was
observed.

Figure 2 - Fiber structure

Q@
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(up to 24)

Thixotropic Jelly

®
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In addition to this, the composite conductor design,
with its vault structure, increases the efficiency of
the pressure resistance of the cable. This
additional protection ensures that no effect of
bending and microbending will happen when cable
is laid on the deep sea bottom.

In order to confirm this, another experiment was
performed. A cable sample of 1 000 meters length
was put inside a longitudinal pressure tube. The
optical attenuation was recorded with regard to the
increase of the isostatic pressure (fig 3).

Figure 3 - Optical attenuation / isostatic
pressure

Hydrostatic pressure test
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0

0
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As shown in the figure 3, the efficiency of the vault
structure to prevent any bending and
microbending effect on fiber is clearly revealed.

Il - CABLE RELIABILITY

In ten years, the transmission of a single fiber pair
has multiplied by more than 35. Therefore the
cables which now protect the fibers have to be
more and more reliable.

Many improvements have been made to the
OALC4 cable as a result of our experience in this
field of optical cable :

- Management of hydrogen,

- Dielectric performances,

- Abrasion resistance,

- Handling performances,

- Behaviour in a sea bed environment.

Management of hydrogen

The OALC4 cable design provides a double
hydrogen barrier with the composite conductor,
where the strength member is surrounded by a
formed, welded and reduced copper tape but also
with the optical core itself, where, as already
discussed, the hermetic steel tube provides a
hydrogen barrier very close to the fibers.

This stainless steel tube is welded by a laser
beam.

The hydrogen transmission rate through a
cylindrical barrier is given by the following
expression :

- cylindrical metallic barrier

K*Z*H*plﬂ
"~ Lnrl—Lnr2

- cylindrical polymeric barrier

K*Z*H*p
" Lnrl—Lar2

where

K = permeability constant
r1 = outside radius of cylinder
r2 = inside radius of cylinder

The value of K for a polymeric material and for
stainless steel are respectively 2.3 108 em®/ em /

sec/atmand 1.3 10"* cm®/ cm / sec / atm'”?.

Hence, the ratio between the permeability
constants of polymer and stainless steel tube has
an order of magnitude of 10*° .
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Therefore, for a given external hydrogen pressure,
the shield provided by the OALC4 cable fiber
structure is much more efficient compared to a
standard polymeric fiber core.

To end this section, it should be stressed that both
the steel tube and the copper tape are not
overlapped but welded and that the tube shield is
very close to the fibers.

Dielectric performances

Nowadays, submarine cable networks involve,
longer and longer cable lengths ; 10 000 km links
have become a standard. As a consequence, the
dielectric strength of the insulant has to be greater
and the design life of the whole cable has still to
be assured for 25 years.

The polyethylene used in the OALC4 cable is
compliant with these stringent requirements. lts
selection is the result of several years of studies.

An Alcatel Submarine Networks IWCS paper last
year explained in detail the interesting
performances of the OALC4 cable insulant.

Abrasion resistance

The above mentioned polyethylene also exhibits a
high abrasion resistance, as confirmed by practical
experiments.

Because it is a high density polyethylene, it
naturally assures a better resistance against
abrasion compared to low density polyethylenes.

A large range of polyethylenes were submitted to
the « taber » test . The test method used conforms
with the ASTM 1044 standard.

The polyethylene of the OALC4 cable (table 1)
presents very good performances compared to the
Low Density polyethylene.

Table 1 : «taber» test

CABLE OALC4 STANDARD
TYPE POLYETHYLENE POLYETHYLENE
ABRASION LOSS ABRASION LOSS
(mm®) (mm®)
. 70 110

Some additional tests were also carried out to
compare the abrasion resistance of this high
density polyethylene to some others HD PE. The
following ranking can be made (table 2).
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Table 2 : Abrasion Resistance

Type of polyethylene | Abrasion resistance
PE HD 1 3*
PEHD 2 2"
PEHD 3 1*

* The smaller the numbering of the ranking, the better
the abrasion resistance.

In table 2 the OALC4 polyethylene is identified as
PE HD 3.

Handling performances

Laying operation

The OALC4 cable has a high density which is also
beneficial for laying operations. Hydrodynamic
constant (38 degree knots) allows a laying with a
small angle and so that the cable length between
the top and the bottom of the water column is
greater compared to the current long haul system
cable. This provides more time to operators to
react in the case of problems.

For instance, in the case of a lay at 6 knots in an
8 km water depth, the ship will benefit 6% more
time to analyse and solve the laying problem (bad
slack control, high tension, etc...). This extension
of 6 % may appear small but can be very effective
in adverse situations.

The OALC4 armoured cables provide also a good
behaviour during marine operations. The complete
range of cable protection is provided from the
Single Armoured Light to the Rock Armour cable.
All these designs are made with high grade
galvanised steel wires. The wires are preformed to
the cable diameter during a pre-processing stage.
This operation cancels any residual torque on the
final cable and prevents any cable problem during
sea operations.

Storage capability

The cable storage capability is also very important
for long haul systems, since long lengths of cable
are involved which require more and more transits
and loading operations. Because the capacity on
ships cable tanks are not infinite, the OALC4
cable, due to its small outer diameter, contributes
to solving the problem of time and cost. This cable
with its outer dimater of 17 mm increases by more
than 30 % the storage capability compared to
current cables. Not only does this present a benefit
for cable storage on cableships but also for cable
storage inside the cable depots for spare cables.




Mechanical characteristics

The small size of the cable, which as seen above,
provides many advantages but is not a limiting
parameter with respect to cable tensile
performances. The OALC4 cable strength member
is made up of high grade steel wires (2100 Mpa)
arranged to form a vault which is a very compact
structure. Hence, the cable modulus, which is the
water depth for which the cable can sustain its own
weight before breaking is 23 km. This elevated
figure easily supports a comparison with the
current long haul system cables and demonstrates
the actual safety margin of a cable.

Regarding armoured cable types, the following
table shows that the OALC4 armoured cables
have very high tensile strengths. For instance the
Ultimate Tensile Strength of each of these cables
is higher than the typical figure for current designs.

Table 3 : Armoured cable - Mechanical Performances

where :

| = friction coefficient between cable and sea bed
w = cable weight in water

t, = V2 Cdro D v2 (drag force)

t, =%ClroDv2 (lift force)

A cable starts to move on the sea bed when S =1
Following are given the current cable stability for
the OALC4 cable and for other standard long haul
system cables (table 4).

Due to its small diameter (17 mm) and to its very

compact structure, the OALC4 cable is very dense
and so it is as stable as current cables.

Table 4 : Current cable stability

CABLE CABLE OALC4 CABLE
TYPE 1 CABLE 2
Current stability cable 09 1 1.1
(normalised figures)

Cable Type Ultimate Tensile
Strength
SAL 280 kN
SA 370 kN
DA 560 kN
RA 370 kN

In situ behaviour
Most of the long haul submarine links include
deep sea cable. This chapter deals with the
specific difficulties which may occur in deep water
and the behaviour of the OALC4 cable in one of
these cases :

- current cable stability

- suspensions

- strumming

Current cable stability

The current cable stability is the sea bed current
from which a cable starts to move.

It can be determined by the value of the S factor
expressed by :

— H*(W—Z’L)
L

S

Suspensions

In areas where there were difficult laying conditon
or strong sea bed currents, some cable
suspensions may occur. At the contact points of
the suspension some contact forces are involved.

The expression of these contact forces is given by :
_w[

Ty

where :

T = contact force
w = cable weight

[ > _ span length
f=sag

This formula shows that for a given span and a
given sag the involved contact force is
proportional to the weight of the cable.

Since the OALC4 cable is 30 % lighter than a
conventional deep sea long haul system cable,
the cable strains at the location of the contact
points of the eventual suspensions will be reduced
at least by the same order of magnitude.

A comparative test was carried out and as
presented in the following table (table 5) the good
behaviour of the OALC4 cable polyethylene was
confirmed.
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Table 5 : Number of cycles requested for insulant
degradation

CABLE TYPE OALC4 | STANDARD
CABLE CABLE

Number of cycles 65 000 15000

The OALC4 cable is at least 4 times better than
current cables in such a situation.

Strumming effect

Although rare, all cables may strum.

This strumming effect appears when a cable is in
suspension and under tension and when the
fundamental resonant frequency caused by
tranverse current.

This is mathematically described as followed.

2
Fi— L *(E*E_f+__T__) 172
2%] - me

02*V
d

Fs =

Fi = fundamental resonant frequency of the span
Fs = vortex shedding frequency

Ei = cable flexural modulus

me = effective mass of the cable

Nevertheless, any cable type may be submitted to
strumming effect. The best way to avoid this
phenomenum is to ensure a correct laying
operation but, on the cable itself, solutions may be
found to reduce the strumming damages. This was
done for the OALC4 cable since, in addition to its
good abrasion resistance, the cable has got a low
flexural modulus.This allows the cable to fit well
with wild bottom profiles and goes in the way to
reduce cable suspensions and so  strumming
effects.

CONCLUSION

The OALC4 cable meets the requirements of the
new high bit rate submarine systems.

The package design prevents bending and
microbending and ensures the integrity of the
optical path.
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Furthermore, in addition to its good technical
aspect, the design also supports high system
reliability. The selective choice of a high density
polyethylene in conjunction with the optimisation of
the design insures a good dielectric behaviour and
a good cable resistance against environmental
agressions as abrasion, sea bed current,
strumming effect.

The design also provides some others benefits
such as a large increase of the storage capacity
(30 % higher than conventionnal cables), and a
high tensile performance (the cable modulus of the
cable is 23 km).
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CABLING EFFECTS ON FIBER PMD
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ABSTRACT

Samples of standard G652 fibers from different
manufacturers have been measured for PMD
value. The fibers were tested as drawn as well as
following various cabling steps for different cable
designs. Temperature cycles between -30°C and
+60°C have been monitored on finished cables.
PMD is confirmed to be a highly randomic
phenomenon which can be described and
forecast only in a statistical manner. The effect of
the stresses induced on the fibers in each cabling
step have been clearly demonstrated.

INTRODUCTION

Polarization Mode Dispersion (PMD) has become
an important issue in both high quality analog
systems and high speed digital systems which
utilize single-mode optical fibers, since it can
significantly degrade transmission quality.

PMD occurs due to birefringence, i.e. the relative
propagation delay between the two polarization
states of the fundamental mode, induced on the
fiber by the superposition of core eliipticity,
asymmetric lateral stresses and twisting. All these
events vary randomly along the fiber, thus
producing mode coupling, i.e. the exchange of
optical energy between modes.

Mode coupling and birefringence have opposite
effects on PMD, since increasing mode coupling
reduces PMD, while increasing birefringence
increases PMD. The final PMD in the network
depends both on the intrinsic fiber performance
and on the environmental conditions (e.g. colour
and ribbon processing as well as cabling,
installation and thermal conditions) [1-8].

The performance may depend on the fiber and
cable designs. We will present the results of PMD
measurements in various cabling steps on three
types of cables:

- loose tube cable
- slotted core cable (loose design)
- ribbons in slotted core cable.

Different performances could be obtained with
other combinations of fiber and cable designs.
Standard fibers (G652) of various manufacturers
have been considered in this work.

EXPERIMENTAL PROCEDURES

Various techniques have been proposed to
measure PMD. Our experiments were performed
basically with two different equipments:

- the EG&G instrument (wavelength scanning
method) which utilizes a LED source in the
second and third window;

-the GAP Optique instrument (time domain,
interferometric) which utilizes a LED source at
1550 nm.

The results of the measurements on the same
samples show good agreement beetwen the two
instruments [9].

No particular difference can be observed in the
measurements in second or in third window
(fig.1). Therefore, in the following, all references
are to values around 1550 nm.

0.15

£ .
S 01+ ¢
po .
z «@.°
© >
o) 0.05 1 ® ..
z N

0 t t

0 0.05 0.1 0.15
PMD at 1550 nm

Figure 1. Typical PMD measurements (ps/km”g)
of natural fibers in the range around
1310 nm vs 1550 nm.
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The measurements on the fibers were performed
on samples wound over a large measurement
spool at zero tension ( @ = 300 mm). The
induced PMD due to bending on such a spool is
less than 0.01 ps/km'? [4]. Therefore, the effect
on the intrinsic PMD of the fiber is assumed to be
negligible.

Minor effects can be caused by fiber-to-fiber
contact due to undesiderable coil superposition.
However, especially on short samples, this event
is rather unlikely. This is supported by the good
reproducibility of the measurements after
repeated winding operations on the same
sample, which is of the same order of the
uncertainty of the measurements itself.

The fibers under test have revealed a good
homogeneity along the parent blank and the
quadrature sum rule [8] is proven to be fully
satisfied, i.e.

Y PMD(L,)2L,
(1)  PMD(L) =1/~

with L="L,;.

L

Therefore, the measurements on both short and
long pieces on the measurement spool at zero
tension are representative of the intrinsic PMD of
the fibers.

On the contrary, measurements on shipping
spools, where the fiber is wound at a low constant
tension of about 70 g, are not representative of

a 0.15
b=
o »
g 0.1 + »
% 00| A
20051 & . ¢
Q.
2
B
0 : :
0 0.05 0.1 0.15
Intrinsic PMD

Figure 2. PMD measurements (ps/km'?) of
natural fibers on shipping spool vs measurement
spool at zero tension (intrinsic fiber PMD)
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the intrinsic PMD since a certain level of added
birefringence and mode coupling is inevitably
introduced (fig.2). The contribution to the
birefringence due to the lateral load seems the
dominant effect for fiber of low intrinsic PMD,
while mode coupling seems more effective on
fiber of higher intrinsic PMD.

The measurements on ribbons have been
performed on large drums at low constant
tension. In this case, due to the flat geometry,
undesidered coil superpositions are easily
checked and avoided. Lateral load effects are
assumed to be of the same order to those
observed in the measurements of fibers on the
shipping spool. As shown in the following, this
contribution is negligible with respect to those of
the ribbon matrix itself.

The measurements on the cables have been

performed on large drums (@ > 1 m), and in the
case of the ribbon cable, also after intallation.

COLOURING EFFECTS

The process of colouring the fibers with inks
introduces a certain amount of stress whose
effects are similar to those observed in the
measurements on the shipping spools. The
contribution to the birefringence due to the lateral
load affects mainly the fibers with low intrinsic
PMD, while mode coupling appears on fibers of
higher intrinsic PMD (fig.3).

However, in this case the stresses due to the ink
application are larger than those observed in the
shipping spool measurements. This is reflected in
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Figure 3. PMD measurements (ps/km'?) of
coloured fibers vs natural fibers, both on
measurement spools at zero tension.




the higher average values and standard deviation
as reported in fig.4. Due to the viscoelastic nature
of the coating and ink materials, relaxation of
such stresses could be observed over long time
periods.
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Figure 4. PMD (ps/km"z) mean value, quadratic
average (eq.1) and standard deviation for:
natural fibers at zero tension (intrinsic value),
natural fibers on delivery spool and
coloured fibers at zero tension.

LOOSE DESIGN CABLES

A SZ loose tube cable and a slotted core cable
(loose design) have been manufactured with a
part of the fibers described so far. The PMD
values obtained are reported in fig.5. The results
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Figure 5. PMD measurements (ps/km'?) of
cabled fibers (loose) vs intrinsic fiber PMD.

are rather consistent with the intrinsic PMD
values of the fibers. This is due to the fact that
the fibers experience low stresses in loose
cables. This is reflected in the almost equal
average values observed in the measurements
on fibers at zero tension and in cable, as reported
in fig.6. A decrease of the standard deviation after
cabling is observed, probably due to a residual
mode coupling at the higher PMD values.
Temperature effects will be presented in a
following section of this paper.
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-30°C
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Figure 6. PMD (ps/km”2) mean value, quadratic
average (eq.1) and standard deviation for: natural
fibers at zero tension (intrinsic value), loose
cabled fibers at 23, -30 and 60 °C.

RIBBON CABLES

A part of the fibers were used to produce ribbons
and the relevant ribbon type cable (slotted core
design). In this case an increase of PMD is
evident due to the stresses induced by the ribbon
matrix (fig.7). This effect is partially reduced, but
still present, in the measurements on the cabled
ribbons (fig.8 and 9). Partial stress relaxation of
the viscoelastic matrix can explain this reduction.
In fig.9 is also reported the resulting PMD value
after cable installation. A further reduction of the
averages can be observed.

The effects of the fiber position within the ribbon
and in the slot can be seen in table |. A larger
PMD can be observed on the fibers positioned at
the external sides of the ribbons [10], while no
effect can be observed due to the position of the
ribbon in the slot. In fact, the variation on the
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averages are small and of the same order to
those observed in the different slots.
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Figure 7. PMD measurements (ps/km'?) of
ribboned fibers vs intrinsic PMD.
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Figure 8. PMD measurements (ps/km'?) of
cabled ribbon fibers vs intrinsic PMD.

TEMPERATURE EFFECTS

The manufactured cables were also tested in
different temperature conditions. In the case of
loose cables no temperature effect was
observed, as shown in fig. 6 and 10.

Also in the case of ribbon cables only minor
temperature effects were observed, as shown in
fig. 9 and 11. A slight increase at -30 °C and a
decrease at +60 °C can be intrepreted as due to
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the thermal expansion of the coatings and the
matrix which bound the fibers.
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Figure 9. PMD (ps/km'”?) mean value, quadratic
average (eq.1) and standard deviation for:
natural fibers at zero tension (intrinsic value),

ribboned fibers, cabled ribbon fibers at
23, -30 and 60 °C and installed cable.

Fiber Position | Mean | Quadrature
Average

External Fibers | 0.145 0.150
Internal Fibers 0.098 0.105
Slot 1 0.129 0.134
Slot 2 0.106 0.136
Slot 3 0.126 0.132
Slot 4 0.124 0.124
Slot 5 0.101 0.113
ribbon 1 (inner) { 0.128 0.138
ribbon 2 0.103 0.132
ribbon 3 0.114 0.124
ribbon 4 0.127 0.136
ribbon 5 (outer) | 0.113 0.122

Table I. PMD (ps/km"?) mean value and
quadratic average (eq.1) of cabled ribbon
fibers as a function of the position of the
fiber in the ribbon, the slot and the
position within the slot.




CONCLUSIONS
- Loose design cables

On standard G652 fibers neither sensible PMD
variations have been observed after the cabling
process nor temperature effects on cabled fibers.

- Ribbon in slotted core cable

An increase in the PMD values, due to the
ribbonizing process, has been noticed. This
increase has been slightly reduced after cabling.
The installation process has not caused a
sensible variation in the PMD values, while only
minor temperature effects, due to the thermal
expansion of the ribbon coatings, have been
observed.

In any case the measured PMD values of all
fibers tested (in different test/cabling conditions)
do not represent a limiting factor for the present
analog/digital transmission systems for under-
ground/aerial applications.
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POLARISATION MODE DISPERSION FIELD MEASUREMENTS
- A SURVEY OF THE SWEDISH NATIONAL NETWORK

Kim Brising
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ABSTRACT

An investigation of polarisation mode dispersion
in Telia’s trunk network has been performed to
ensure reliability for future upgrading of the
network capacity to higher bit rates. A large
number of fibre optic cable routes have been
measured. The results are presented with a
discussion on some observations. It may be said
in conclusion that the results point to a highly
reliable network with low values of polarisation
mode dispersion.

INTRODUCTION

Asymmetries of the fibre core and mechanical
influences like tension, pressure and twisting of
the fibre give rise to birefringence. The two
actually possible polarised light modes in a
single-mode fibre will then have a slightly
different group delay and thus give rise to
polarisation mode dispersion, henceforth

abbreviated PMD.

The interest in PMD has grown concurrently with
the demand for higher bit rates and longer
distances between repeaters; due to the
statistical nature of PMD, it could not easily be

compensated, like chromatic dispersion.

In order to examine our network, measurements
of installed cables have been carried out since
last autumn. The measurements were made in
different parts of Sweden and represent an
average of different cable and fibre types
installed since 1985.

MEASUREMENT METHOD

Measurement principle and set-up

The measurement instrument applied uses the
interferometric  technique?. The equipment
consists of two units:

- a sender with two LEDs, with the wavelengths
1300 nm and 1550 nm respectively and a
polariser.

- a software-controlled receiver.

An outline diagram of the method and the
measurement set-up is shown in figure 1.

Light source

..S? Polarizer ircrc  Fiber under test
T =

Polarizer i FCPC =

...................................

PMD Analyser

Delay line FCPC

Fig. 1 Measurement principle and set-up

Measurement reliability

During the survey, comparisons were made with
other instruments using the same or a different
technique (fixed analyser). These comparisons
showed a good correlation between the
instruments®.
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The accuracy of our measurement equipment is
specified to be better than + 0.05 ps in the range

from 0.1 to 30 ps.

The accuracy of the measurements is not only
related to the measurement instrument or
technique. There is also an uncertainty due to
the statistical nature of PMD*. With high PMD
the uncertainty is small but with low PMD the
uncertainty has proved as high as 40% in our
survey. On the other hand, this uncertainty will
not very much affect the distribution of data as
presented later in this paper (figure 5), since the
uncertainty in absolute figures for low values will
be small.

Generally, we have made just one measurement
of each fibre, which we think may be justified by
the discussion above. However, in the beginning
of this survey we made two or more consecutive
measurements on each fibre but we seldom
found differences above 10% between the
consecutive values. Therefore, our approach has
been to give priority to measurements on as
many routes with different cable types as
possible.

CABLE AND FIBRE TYPES

In this section the cable and fibre types used in
this survey are presented. The fibre types used
in each cable type are summarised in table 1.
Cross-sections of the cable types are shown in
figures 2 to 4. Henceforth, the cable types are
often referred to by their figure numbers.

Slotted core cables with ribbons

For the last seven years, slotted core cables with
fibre ribbons have been installed and are today
the predominant cable type in Telia's trunk
network. Three different suppliers have been
engaged, in this paper called A, B and C.

Figure 2 shows the design: The slotted core
element has six slots with up to four ribbons
packed in each slot. Each ribbon has four
single-mode fibres. The fibre types are
manufactured according to the OVD or VAD
process, dependent on the supplier of the cable.
For a short period, cables with MCVD fibres of
the matched clad-type were also delivered by
one supplier.

The cable core is water-protected by a filling
compound and is covered by a polyethylene
sheath. The cable is installed in so-called split
ducts, ploughed together with the cable into the
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1 = Dielectric strength member
2 = Four-fibre ribbon
3 = Filling compound
4 = Slotted core

5 = Wrapping tapes
6 = PE sheath

Fig. 2 Slotted core cable with ribbons

ground, or in ducts by means of pulling or
blowing technigue.

Other slotted core designs
Other slotted core designs used in our network

are shown in figures 3a - e. They could briefly be
described as follows:

a) Loose tubes with up to six fibres a tube are
used. There is one tube in each slot. OVD
fiores were used. This cable type is a
precursor of the ribbon cable described in the
last sub-section and installed as mentioned
above.

b) Fibres with primary coating (250 um), directly
in the slots. There may be up to four fibres a
slot. This cable type was used only for a short
period, supplied by only one manufacturer,
called D. VAD fibres were used.

c) Tight secondary coated fibres (900 pm)
directly in the slots. Contrary to the other
slotted core designs described so far, this
design has twelve slots. There is only room
for one fibre a slot. This cable type was also
used in a steel-armoured version for direct
ploughing in the ground. Also, these types
were used for a relatively limited period and
defivered by one manufacturer (C). VAD
fibres were used.

d) Aerial cable, figure-8 design, with suspension
steel wire, slotted core design with six slots,
loose tubes with up to four fibres a tube.
(Compare the design in figure 3 a). This
design is presently used. Suppliers are A and
B.




Slotted core designs

Primary coated fibre

Loose tube
with fibres.
Filled with
filling
compound.

Secondary
coated fibre

Dielectric strength member
Slotted core

Primary coated fibre
Wrapping tape
Polypropylene yarn
Wrapping tape

PE sheath

Asphalt impregnated paper

Suspension
strand
(steel wires)

! / )g 2 Steel wires
IINERT L Yarn and rubber component
W Steel wires A
< @ Outer corrosion protection

Non-slotted core designs

1 = Primary coated fibre
2 = Loose tube

3 = Dielectric strength member 1 = Four-fibre ribbon 1 = Primary coated fibres in bundles

4 = Polyethylene 2 = Filling compound 2 = Spiral space unit
5 = Wrapping tape 3 = Central protection tube 3 = Swelling tape

6 = Wrapping tape 4 = Strength member (stee! wires) 4 = Lead sheath

7 = PE Sheath 5 = Marking ridges § = Bedding

8 = Filling compound 6 = PE sheath 6 = Armouring layers

9 = Filling compound 7 = Outer serving

a b c Figure 4
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€) Submarine cable, slotted core design with
eight slots with primary carbon-coated OVD
fibres directly in the slots. There are two
versions of this cable type, one with single

and one with double armouring.

Non-slotted core designs
There are also minor parts of our network where

cables of the non-slotted core designs are used.
The following designs are represented in our
survey, shown in figures 4a - c:

a) Up to twelve loose tubes with one fibre, each
stranded around a dielectric strength
member. There is an outer polyethylene
sheath or a steel-wire armour between an
inner and outer -polyethylene sheath. This
cable type was a precursor of the
ribbon-cable with loose tubes described
above (figure 3a).

b) Aerial cable of uni-tube design with up to six
ribbons. Steel-wires are incorporated in the
sheath. This cable type has not yet been
introduced in our network. The

measurements were made recently in a field
trial.

¢) Submarine cable with fibres in four-fibre
bundles covered by yarn in a so called spiral
space unit, which is a tube with a helical
hollowness. This cable type has double or
single-layer armouring.

: ibre. .
Slotted core, ribbon, fig.2 A OVD, (VAD)
Slotted core, ribbon, fig. 2 B OVD, (MCVD)
Slotted core, ribbon, fig.2 C VAD
Slotted core, fig. 3a AandB OVD
Slotted core, fig. 3b D VAD
Slotted core, fig. 3¢ c VAD
Slotted core, fig. 3d AandB OVD
Slotted core, fig. 3e E OVD
Non-slotted core, fig. 4a A OVD
Non-slotted core, fig. 4b B OoVvD
Non-slotted core, fig. 4c F OVD

Table 1.

The fibre types in parenthesis have been used
by the supplier only for shorter periods but are
represented in our survey.

OVD = Outside Vapour Deposition

VAD = Vapour Axis Deposition

MCVD = Modified Chemical Vapour Deposition
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All the types mentioned are represented in our
investigation in approximate proportion as to how
common they are in the network.

RESULTS

Almost 500 fibres have been measured in more
than 50 cable routes. The route lengths are from
5 to 70 km. The results are encouraging. Of all
measured fibres, 99% show a PMD below 0.5
ps/Nkm, an internationally suggested limit to
ensure reliability in high-speed networks.

The distribution of all measurements is shown in
fig. 5. The mean values at the wavelengths 1300
nm and 1550 nm are 0.12 ps~Nkm and 0.11

psikm, respectively. As many as 82 % and 88%
of the values at the respective wavelengths fall
below 0.2 ps/Vkm.

Table 2 below summarises some results
pertaining to all cables and cable types. The
number of routes and measured fibres is given
together with averages of all measured fibres of
each cable type. Minimum and maximum values
are also given. In general terms, the following
may be said:

- Slotted-core cables with ribbon, fig. 2, have
the same percentage distribution as the
overall distribution. The averages are also
the same.

We then relate the other designs to the slotted
core cable with ribbon, in consideration of the
average values:

- Slotted-core cables with loose tubes, fig. 3a,
show somewhat higher values, but the
slotted-core aerial cables, fig. 3d, with loose
tubes show lower values.

- The slotted core cables with primary or
secondary coated fibres, figures 3b and 3c,
show lower values, except for the submarine
cable, fig 3e, which shows higher values.

- The loose tube design cables, fig. 4a, show
considerably higher values.

- The aerial and the submarine cables, figures
4b and 4c, show lower values.

It should be considered that for several cable
types the number of measured fibres is small,
see table 2. More discussion on the significance
of the results- will be found in the section
Discussion. =~
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(ps km) PMD values

54 472|All types 0.013 0.833 0.122 0.014 0.809 0.112
32 354|Slotted core, fig. 2 0.014 0.517 0.120 0.014 0.572 0.111
5 36| Slotted core, fig. 3a 0.024 0.482 0.165 0.025 0.436 0.137
2 12|Slotted core, fig. 3b 0.021 0.198 0.073 0.026 0.096 0.059
4 10| Slotted core, fig. 3¢ 0.013 0.155 0.057 0.017 0.112 0.043
3 12| Slotted core, fig. 3d 0.031 0.244 0.094 0.029 0.205 0.081
1 12| Slotted core, fig. 3e - - - 0.024 0.368 0.162
3 10{Non-slotted core, fig. 4a 0.135 0.833 0.276 0.105 0.809 0.244
1 6|Non-slotted core, fig. 4b 0.061 0.149 0.092 0.040 0.130 0.090
1 8| Non-slotted core, fig. 4c 0.028 0.245 0.084 0.037 0.195 0.073

Table 2 A summary of minimum, maximum and mean-values of PMD of different cable types

OBSERVATIONS
Differences in PMD due to the position of the

fibres in a ribbon

For the slotted core cables with ribbon, fig. 2,
some interesting observations were made: On
several routes a noticeable difference could be
seen between PMD values depending on the

position of the fibre in the ribbon. On these
routes, PMD values of the two outermost fibres
of a ribbon were generally lower, while the two
innermost fibres showed considerably higher
values. This "pattern” is seen mainly in cables
from two of our suppliers, namely A and B. In
cables from our third supplier, C, this
phenomenon has only been observed on the
occasional route.
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The results from one cable route showing the
pattern described are indicated in figure 6. Here
the average over all innermost fibres measured
is 0.32 psAkm at 1550 nm, and somewhat
higher at 1300 nm. The corresponding average
over the outermost fibres is 0.044 ps/km. This
remarkable difference is not typical. The higher
values are more often between twice and four
times as high as the lower values.

PMD

| - B1300 nm
B B 1550 nm

i [

33 34 35 36 37 30 3% 40 41 42 43 44 45 46 47 48
Fiore ¥

Fig. 6 Measurements representing four 4-fibre
ribbons in one slot

Similar observations have been reported earlier
by others even if their experience of PMD due to
the position in the slot differs from ours®.

Differences in PMD due to the position of th
ribbon in a slot

The results in figure 6 represent ribbons in one
slot where the highest fibre numbers are found in
the ribbon closest to the centre of the cable core.
No significant difference in values due to the
position of the ribbon can be seen in this case
which also is true of the most measured cables.
However, there are observations of some cables
that indicate slightly higher PMD values closer to
the centre of the core.

Differences in PMD _before and _after
installation of cables

Together with our suppliers we are carrying on a
study of what will happen to PMD after
installation. At the time of writing we have only
preliminary results. These indicate only relatively
small changes in PMD after installation. No
trends towards lower or higher values can be
seen.
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Differences in PMD due to the wavelength

As can be seen from table 2, PMD is somewhat
lower at the wavelength 1550 nm than at 1300
nm. By analysing different routes you find that
this is not generally true. For some routes the
PMD of each measured fibre is generally higher
at 1300 nm, but mostly there is no obvious trend
as regards the measured fibres in a route; on
some fibres the 1300 nm values are higher, on
others it is vice versa. However, results obtained
from ribbon cables show a  slight
overrepresentation of higher values at 1550 nm
in cables from supplier C in contrast to those
from suppliers A and B; see table 3 in the next
section.

For all routes the correlation of the PMD at 1300
nm and 1550 nm respectively has been
calculated. Most often the correlation is good but
there are important exceptions. Ribbon cables
from supplier C show poor correlation between
the wavelengths, with a negative correlation
coefficient in several cases.

DISCUSSION

In this section we will discuss more in detail how
we can relate PMD to different cable types, fibre
types, suppliers or any other parameter.

Fibre-type

Table 1, in the section Cable and Fibre Types,
summarises the kinds of fibres used in the
respective cable types from different suppliers.

Supplier A, who normally uses OVD fibres, used
VAD fibres for a short period. Two routes
representing this fibre type were measured.” The
data show no statistically significant differences
in PMD between the fibre types.

Similarly, supplier B who also normally uses
OVD fibres, used another fibre type for a short
period, namely MCVD fibres. Also here, no
statistically significant differences in PMD could
be seen between the fibre types.

Generally, no obvious fibre-related PMD can be
stated for the other cable types except for the
oldest one, of the loose tube design (fig. 4a). The
earliest single-mode fibres did not have the tight
geometrical tolerances available today. Small
geometrical tolerances are of great importance
for low PMD values. Therefore, it is likely that the
values of the few measured fibres of the loose
tube design are significant of all cables from that
time.




It should also be noted that different acrylates of
fibres and ribbons have been used over the
years but no statistical significance of PMD can
be noted.

Ribbon

As already discussed, PMD can be dependent
on the fibre's position in a ribbon. Most cables
with this pattern have OVD fibres but we believe
that this is not related primarily to the fibre itself.
As mentioned above, supplier A has used VAD
fibres for a short period. One of the routes with
this fibre type show the position-dependent
pattern, the other one does not. Furthermore, all
our suppliers show data representing very low
PMD on fibres, whatever the fibre type.

From our suppliers we also know that the PMD
may increase considerably in the ribbon process.
The differences in PMD due to the position of the
fibre in a ribbon have been observed already
after the ribbon process.

Thus it seems that the ribbon process could
have an important impact on the PMD.

Cable types

As stated in the section Results, there is a small
difference between slotted core cables with
ribbon and loose-tube cables (figures 2 and 3a).
This may be related to the cable design; the
loose-tube design has a considerably shorter
pitch than the ribbon design. But one should bear
in mind that the amount of data on the
loose-tube design is considerably smaller than
on the ribbon design.

As already mentioned, the design with loose
tubes stranded around a dielectric strength
member (fig. 4a) gives considerably high PMD
values. Beside the impact of the fibre discussed
above, the cable design may also have an
influence on PMD; again, a short pitch is used.

The representation of cables of other designs is
limited, which makes it difficult to draw any
general conclusions about these types. However,
most measurements show very low PMD values,
which makes us confident in our belief that no
extreme PMD values will be found.

With the discussion of ribbon in mind, it should
also be mentioned that from our suppliers we
know that PMD generally decreases after the
cabling process, even if the position-dependent
PMD in a ribbon may remain.

Thus we believe that the cable design could
generally have an impact on PMD, but this
survey does not show how much.

Installation
As already mentioned, the process of installation
of the cable seems to affect the PMD only
marginally.

Environment

The measurements have been carried out on
different seasons at temperatures ranging from a
few degrees below zero and with ground frost to
typical spring and summer temperatures of up to
20°C. We have not seen any considerable
differences in the distribution of PMD measured
under these different temperature conditions.

It should also be mentioned that some routes
have been measured twice at different times of
the year. The differences in the values mostly fall
within the uncertainty of the measurement
method.

Supplier
A comparison of the ribbon cables from suppliers

A, B and C respectively is shown in fig. 7. For
each supplier, approximately the same amount
of fibres has been measured. Note that the y
axis in figure 6 is in per cent. In table 3 the
average, minimum and maximum values are
summarised.

The distribution between suppliers A and C
seems to be very similar despite the fact that the
differences in PMD for outer and inner fibres in a
ribbon is evident for supplier A but not for C. The
reason is that several cables from supplier A with
position-dependent PMD show overall low
values.

Generally, supplier C has lower values than A
(and B) which appears from the average values
in table 3.

The generally higher PMD values for supplier B
are mainly related to one cable route where
many fibres were available. In this cable, the
many high values of the innermost fibres have
an evident impact on the statistics as can be
seen from figure 7.

As the cable design of all the three suppliers is
very similar, the most likely explanation of the
obviously lowest values for supplier C is the
different processing of the cable and the ribbon.
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Distribution of PMD of
slotted core cables with
ribbons. A comaparison
between suppliers.

0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50 0,55 0,60 0,65 0,70 0,75 0,80 0,85 0,80 0,95 1,00
PMD (psi km)

A 11 152 0014 | 0343 | 0115 | 0017 | 0203 | 0.101
E 8 100 0015 | 0517 | 0161 | o024 | 0450 | 0.129 |
[ c 11 96 0017 | 0282 | 0077 | 0014 | 0278 | 0.093 |

Table 3 A summary of minimum, maximum and mean-values of PMD of slotted core cables with

ribbons manufactured by different suppliers.

CONCLUSION

PMD as measured in Telia's trunk network show
quite low values. The amount of data is sufficient
to state that our network could be upgraded to
higher bit rates in the future without limitations
considering PMD.

Cables from the late 1980s until now show low
PMD values, well below 0.5 pshkm. Only
individual values are slightly higher.

In older cables from the mid 1980’s, high PMD
values have been observed, but no values above
1 ps/Nkm have been measured.

The PMD values are more related to the cable
design than to the fibre type. Also the ribbon
process could have a considerable impact on the
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PMD; considerably higher PMD has been
observed in the inner fibres than in the outer
ones. Further studies will be required to show
whether this position-dependence could be an
important parameter controlling the ribbon
process.
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SIMULATION OF SYSTEM LENGTH LIMITATIONS INDUCED BY PMD

D. Gallagher, G. Wildeman
W. Jackman, M. Fedoroff

ABSTRACT

Polarization Mode Dispersion (PMD)
is a factor to be considered when
designing long-haul, high-data-rate
digital systems. This dispersion
mechanism varies with time and
does not fit easily into traditional
system performance prediction
procedures. A technique has been
developed to predict the range of
system performance from a
population of PMD values. In this
paper the technique is explained
and demonstrated using a
population of PMD measurements
made on production  Siecor
stranded loose tube cables,
containing Corning SMF-LS™ fiber.
This technique also can be used to
evaluate the sensitivity to variations
in  system assumptions or
budgeting. For purposes of this
demonstration of PMD limitations,
other sources of system
degradation are treated as
constants. The model can be
expanded to incorporate other
length dependent, or incrementally
increasing, system limiting factors.

BACKGROUND

The recent development  of
commercially available fiber
amplifiers allow long unregenerated
system lengths. This technology,
combined with the development of
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high-data-rate systems, has
converted Polarization Mode
Dispersion from a classroom
theoretical study into a critical factor
in the design of optical fiber
systems. PMD has unusual
statistical properties which
complicate dispersion budgeting.
[1,2,3,4,5]

INTRODUCTION

The problem solving approach used
in this analysis can be broken down
into three primary components.
First, system and hardware
sensitivity is  investigated to
estimate a target for total allowable
dispersion due to PMD. [6]
Because single channel 40 gigabit
systems are not yet available
commercially, it is necessary to
make assumptions about high-
data-rate system configurations.
Second, a series of assumptions
and rules is developed to determine
the relationship between individual
fiber PMD values and concatenated
system performance. And third,
Monte Carlo simulation is used to
predict the system length limitation
based on a population of cabled
fiber PMD values and the final
system PMD target.

The output of the simulation is the
distribution of system lengths at
which the PMD target has been




reached using randomly selected
fiber PMD values. To understand the
relative importance of system
parameters, changes are
introduced to these parameters and
the change in simulation output
analyzed. For the sensitivity
analysis, only the minimum, median
and maximum lengths are reported.

Concatenation Rules and
Assumptions

Assumptions must be made
concerning the relationship
between a set of individual cabled
fiber PMD measurement values and
the expected performance of the
concatenated system over time.

1. Variability of Fiber PMD |t is
assumed that each cabled fiber has
random variability which can be
described by a Maxwellian
distribution.[7] Each measurement
of PMD is considered to be an
estimate of the mean of that
Maxwellian distribution. In this
simulation, the term ‘“variability
factor” is used to represent the ratio
of a “worst case” PMD of a fiber to
its mean.

2. Concatenation The simulation
uses addition in quadrature to
predict the PMD of a concatenated
link from the constituent fibers and
the fiber amplifier's PMD values. [8]

3. Variability of the Concatenated
Link It is assumed that the PMD of
the concatenated link has variability
which can be described by a
Maxwellian distribution, defined by a

mean equal to the quadrature sum
of the component fiber PMD values.

4. Variability of the Fiber Amplifier
in the System It is assumed that
the fiber amplifiers in the system
have non-random, deterministic
PMD.

Monte-Carlo Simulation
Description

Monte Carlo simulation is a proven
technique for quantifying the
probability distribution of outcomes
for a distribution of input values.
This analysis begins with a
baseline set of system parameters
and the PMD measurements of a
population of cabled fibers. The
simulation quantifies the
probabilities associated with the
concatenated length at which these
inputs create limitations due to
PMD.

The PMD budget, tyax, is calculated
by multiplying the bit period (the
inverse of the data rate) by the bit
fraction (the fraction of the bit period
budgeted for PMD). The resulting
value represents the worst case
PMD excursion allowed with the
given system parameters.

Equation 1 calculates 1gvs, the
cumulative system PMD, as
sequential fibers are added. When
this value reaches 1yax, the system
length is appended to the output
length  distribution, until  ten
thousand system lengths have
been generated.
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Where:

Tsys = cumulative system PMD

n = current number of concatenated lengths in the span
Tfi = normalized fiber PMD of the “i” th fiber

\ = variability factor

L. = cabled fiber length

Ta = amplifier PMD

La = amplifier spacing

INT = the integer function

The cabled fiber length (Lc), the amplifier PMD (t,) and the amplifier spacing
(La) are treated as constants within each simulation.

Simulation Inputs

The PMD data used to demonstrate
the simulation were generated from
Jones Matrix measurements [9,10]
made on  production  Siecor
stranded loose tube cables
containing Corning SMF-LS™ fiber.
This Monte Carlo simulation
requires PMD measurements from
a population of at least one hundred
cabled fibers for repeatable output.
For the examples presented in this
study, measurements from more
than five hundred cabled fibers were
used.

After evaluating the predicted
ranges of the system parameters,
and theoretically predicting the
system sensitivities to changes in
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the parameters, a baseline set of
Monte Carlo input values for the
demonstration, shown in Table 1,
was established. For some of the
parameters, such as cable length,
bit rate and variability factor,
conservative baseline values were
selected. For instance, twelve
kilometer cabled fiber lengths are
not routinely installed, and 40 Gbps
system components are not
available commercially.

After the baseline model was run,
the system was studied for
sensitivity. Each parameter under
study was iterated through the
sensitivity variations listed in Table
1, using the baseline values for the
other parameters.




Table 1: Monte Carlo Simulation Inputs

Amplifier i Cabled { Bit Rate ;|  Bit
(Gbps) i Fraction
Length F (%)
(km)

Baseline 120 0.25 12 40 | 25 4.2

Variability
Factor

Amplifier
Spacing PMD Fiber
(km) (ps)

Parameter

80 0.05

4 5 10 3.0

Sensitivity 90 0.10

8 10 15 3.6

Variations 100 0.20

16 20 20

110 0.50

30

1.00

RESULTS

Baseline Results. The distribution
of PMD limited system lengths
shown in Figure 1 was generated
using the baseline system
parameters described in Table 1.
The authors believe that there are
other sources of degradation which
limit systems to much shorter

bit fraction (Figure 3) show that
relationship. The system length is
inversely proportional to the square
root of the bit rate and directly
proportional to the square root of the
bit fraction. This response is a direct
result of the use of addition in
quadrature to predict concatenated
PMD.

lengths. The regularly spaced Fiber Contributions to Tsys. The
higher frequencies show the summation term in Equafion 1 is
incremental  length  limitations the fiber contribution to the system
caused by the PMD of the fiber PMD. This term is directly
amplifiers. This “comb” effect proportional to the variability factor

becomes stronger as the fiber
amplifier’'s PMD increases.

Sensitivity Results. The results can
best be understood in relation to the
contribution of the varied
parameters to Tyax or 1tsys in the
simulations.

Contributors to Tyax. Bit rate and bit
fraction are both direct contributors

to tmax and would be expected, from
the definition of tyax and Equation 1,
to have a square root relation to the
system length. The sensitivity
analyses for bit rate (Figure 2) and

within the term. The results for the
variability factor sensitivity (Figure 4)
show decreasing system length
with increased variability factor. For
negligible amplifier PMD, the other
term in Equation 1 would become
zero and the system length would
be inversely proportional to the
square root of the variability factor.
Figure 4 shows the relationship to
be slightly less than square root
proportional because of the finite
amplifier PMD used in the baseline
parameter values.

As expected, the sensitivity analysis
of cabled fiber length (Figure 5)

30 International Wire & Cable Symposium Proceedings 1996

]




shows that median length
performance is independent of the
cabled fiber length value. The
variability in the system length
distribution, however, is reduced by
decreased cable length; there are
more discrete cabled fibers in each
system length and the impact of
fibers in the extremes of the
population is reduced.

Amplifier Contributions to Tsys. The
sensitivity of system length to
amplifier PMD (Figure 6) shows little
variation until amplifier PMD
approaches 1 ps. This non-linear
response is predicted by the
squared amplifier PMD value in the
amplifier term of Equation 1. In that
term in Equation 1, the number of
amplifiers in the system is inversely
proportional to the amplifier
spacing. For the moderate amplifier
PMD used in the baseline case, the
decrease in system PMD with
increased amplifier spacing (Figure
7) is visible but small. The system
length is more sensitive to a change
in amplifier PMD than to a similar
change in amplifier spacing.

FINAL COMMENTS

The authors have presented a
technique to characterize the
probability of PMD induced length
limitations in high-data-rate, digital
systems. The model includes
inputs for the expected PMD
variability as well as variable system
design parameters.

This technique has been
demonstrated using a set of
sample parameters and a
population of cabled fiber PMD
measurements from production
Siecor stranded loose tube cables
containing Corning SMF-LS™ fiber.
These results show that for this
fiber population, if PMD were the
only limiting factor, system lengths
in excess of 1000 kilometers could
be achieved. Other factors will
cause system length limits to be
much shorter than this.

In addition, the sensitivity analysis
indicates that cable length, amplifier
spacing and amplifier PMD under
1.0 ps have little impact on the
overall system length. Other factors
having a direct square root
relationships are the bit rate,
variability factor and bit fraction.

e e e ]
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Characterization of Optical Groundwire’s Cabled
Polarization Mode Dispersion Performance as a Function of
Axial Strain and Temperature: A Case Study

R.C. Roman, Alcoa Fujikura Ltd., Spartanburg, SC 29304
Mark L. Lundergan, Corning Incorporated, Corning, NY 14831
Sheila A. Cooper, Corning Incorporated, Corning, NY 14831

ABSTRACT

Experiments have been conducted to
examine polarization mode dispersion
(PMD) in two optical groundwire (OPT-GW)
cable designs. OPT-GW cables are
designed for use by electric utilities and
provide both system ground protection and
fiber-optic telecommunications capability.

Testing included PMD as a function of
manufacturing, tension and temperature.
PMD was measured during each step of the
OPT-GW manufacturing process. Long-
length tension tests were performed on
approximately one km lengths of each cable
design. The cables were installed and
tension testing performed on outdoor
structures. In this study, PMD, length and
attenuation were measured at discrete axial
tensile loads. Additionally, a temperature
cycling and thermal aging test was
performed on the cables.

Results show the OPT-GW cables are
capable of very low fiber PMD using a 245
micrometer acrylate coated non-zero
dispersion-shifted (NZ-DSF) fiber design.
Measured PMD change during cable
manufacture is minimal and measured PMD
change at very low temperatures is very
slight. Results also show tensioning of the
two OPT-GW cable designs, well beyond
their intended installation and service stress
values, resulted in no increase in fiber PMD.

INTRODUCTION

Very high data rate time division multiplexed
(TDM) systems are becoming increasingly
practical with the availability of new high
speed optical components, electro-optic
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components and fiber designs such as
NZ-DSF. One of the many system
performance parameters in such a high data
rate system is PMD. In order to quantify the
impact of cabling on fiber PMD performance
and to study fiber PMD in its installed and
deployed state, the cable and fiber
manufacturer studied PMD in two OPT-GW
cable designs and in two simulated OPT-
GW installations.

It is recognized that PMD increases in
proportion to fiber birefringence (1), and that
a tight structure, controlled fiber strain cable
design such as an OPT-GW cable, may give
rise to extrinsic fiber birefringence caused by
anisotropic stresses along the cable’s length.

To quantify the effect of this external
birefringence on fiber PMD, experiments
were carried out simulating expected worst-
case environmental and mechanical stress
conditions. Testing of NZ-DSF fiber in OPT-
GW cables included, for the first time, PMD
performance as a function of axial strain as
measured in an installed state and PMD
performance as a function of temperature.
Other attributes such as attenuation, length
and strain were monitored to further the
understanding of this fiber in a tight structure
OPT-GW cable.

CABLE DESIGN, APPLICATION and
ENVIRONMENT

OPT-GW cable is designed for use by
electric utilities and serves the dual purpose
of providing both electrical system ground
protection and fiber optic communications
capability. OPT-GW cables must protect the
electrical transmission system from lightning
damage and fault current conditions. The




cables are designed for long length aerial
spans on “high-tension” towers. Optical
fibers are placed inside the cables to provide
for data, voice and video communications
capability.

The typical cable designs are illustrated in
Figure 1. OPT-GW cables are made of
three primary components; the optical fiber
“units”, the aluminum pipe, and stranded
aluminum clad steel and aluminum alloy
wires. Twelve optical fibers are stranded
and encapsulated around a central member
in each fiber unit. The fiber units then are
cabled or bundled. Two of the test cables
contained three 12-fiber units (36 fibers
total) and the other two contained four 12-
fiber units (48 fibers total). Both cable
designs are very common.

The bundled units then are placed in an
aluminum pipe using a continuous forming,
welding and diameter reducing process.
The pipes are different in size to
accommodate different fiber counts. The
pipe provides hermetic protection from the
outside environment. Finally, aluminum-clad
steel and aluminum alloy wires are stranded
around the pipe. The wires provide the
electrical properties of the cable and also
provide the required tensile strength.

A typical operating environment for this type
of cable is characterized by significant
variation in cable temperature and axial
strain during its lifetime (2). The cable is
installed in the open and can experience
extreme temperature, wind and ice loading
stresses throughout a given year.

THE EXPERIMENT

To understand the fiber PMD performance
of OPT-GW cables, the cables were tested:

- During cable manufacture
- As a function of tension
- As a function of temperature

Each fiber was tested before cabling and at
several points during the cabling process.
Of the four cables manufactured in this
experiment, two were selected for
temperature cycle testing and two were used
for long length tension testing.

PMD measurements were made using both
Wavelength Scanning (Fixed Analyzer) and
Jones Matrix Eigenanalysis (JME)
techniques, with excellent agreement
between the two. All PMD values reported in
this paper show the change in quadrature
(RMS) average for all fibers in the cables.
All attenuation and length measurements
were performed with standard, industry
accepted equipment and measurement
techniques.

Cable Manufacturing Results

In all, 122 NZ-DSF fibers were processed
into four cables: two 36-fiber and two
48-fiber cables. Other “control” fibers (n=46)
were included in the cables for comparison
and are not included in the analysis. PMD
changes (delta) through the manufacturing
process were very slight. Table 1 shows the
quadrature  average results of the
manufacturing process (average delta of all
fibers in one cable design) along with the
total number of NZ-DSF fibers in all four
cables.

Table 1: Average PMD change in
manufacturing process
Quadrature
Cable Design Average (A) hn
36 Fiber  0.019 ps/(km)'? 53
48 Fiber  0.020 ps/(km)'? 69

Tension Test and Results

Long-length tension tests were performed on
one-kilometer lengths of OPT-GW cable, of
each design. The cables were installed on
an outdoor test structure located near
Toronto, Ontario, Canada. Using standard
attachment hardware in a somewhat non-
standard installation configuration, the two
cables were positioned such that large
amounts of controlled axial tension could be
applied. Figure 2 is an illustration of the
experimental set up. To enable
measurements of PMD, attenuation and
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length, the cables were installed in a long
loop between several test towers so that the
cable ends were accessible at the
measurement point.

The optical fiber units inside the OPT-GW
cables were directly coupled to the cable’s
metallic structure to enhance cable-to-fiber
strain transfer during tensioning. The goal
was to achieve cable-to-fiber strain transfer
well beyond that which is expected from
“normal” installations.

The cables were installed and measured for
length, PMD and 1550 nm attenuation at
strains from 10% Rated Breaking Strength
(RBS) to 70% RBS. OTDR length
measurements were compared to expected
strain values for each cable design at each
tension level to validate that the strain
coupling method was transferring as
expected.

Table 2 shows average calculated strain for
the two cable designs and the average
measured strain of all fibers within the two
cables tested. This data shows that strain
was transferred to the fibers inside the
cables.

Table 2: Measured versus calculated
fiber strain (average of all fibers

measured)
Calculated Measured
Average Average
% RBS Strain Strain

10 0.059 % 0.060 %
30 0.178 % 0.160 %
50 0.298 % 0.268 %
70 0.416 % 0.440 %

PMD and 1550 nm attenuation also were
measured at the discrete axial tensile load
levels between 10% and 70% cable RBS.
The change in PMD as a function of axial
load is shown in Figure 3. There were no
statistically significant increases in the
population of PMD values measured
throughout the range of applied loads.
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Figure 4 shows the 1550 nm attenuation as
a function of tension. All attenuation values
were under 0.05 dB/km delta and well under
the typical 0.30 dB/km cable requirement.
Both results indicate that the fibers were
insensitive to tension in these OPT-GW
cable designs.

Temperature Cycling Results

The temperature cycling and thermal aging
tests were performed using a Bellcore GR-
20-CORE profile with modified temperature
limits. The modified limits come from typical
OPT-GW customer requirements. PMD and
attenuation were sampled at the high and
low temperature points prior to the thermal
aging, at the end of the thermal aging period
and at high and low temperatures after
thermal aging. The temperature profile is
shown in Figure 5.

The PMD versus temperature results are
shown in Figure 6. The attenuation versus
temperature results are shown in Figure 7.
The PMD results show little change over the
temperature range with the most notable
change at -40°C. As can be seen, the
temperature cycling results were well within
the typical requirements for attenuation
change versus temperature as described
above.

CONCLUSION

Results show the OPT-GW cable designs
using non-zero dispersion-shifted fibers are
capable of satisfactory and functional
performance with respect to attenuation and
PMD even under adverse conditions. The
measured fiber PMD change at tensions
from 10% to 70% RBS (0.060% to 0.416%
strain) was very small.

These results suggest that significant
variations in fiber strain resulting from aerial
deployment do not have a negative impact
on the overall PMD of the fibers. To the
authors, this suggests that external
birefringence from expected cable stresses
were either below the threshold at which
resulting PMD increases can be detected,
or, such increases were overcome by




another mode coupling mechanism within
the cableffiber structure.

Temperature dependence results also
indicate the two OPT-GW cable designs,
tested well beyond their intended installation
and service temperature values, perform
well with respect to PMD and attenuation.
Changes in both attenuation and PMD were
minimal with the largest observed change in
PMD occurring at the -40°C point.

Statistical modeling and Monte Carlo
simulations (3) constructed with this data
indicate that OPT-GW cable with NZ-DSF
fiber, at today’s fastest commercial data
rates, is capable of being deployed in long
repeater-to-repeater segments with - no
danger of bit error due to PMD.

ACKNOWLEDGMENTS

Corning Incorporated: The authors thank J.
Eugene Brarens, Joseph B. Dempsey and
Dan Gallagher for their technical advice,
direction and experimental expertise.

Alcoa Fujikura Ltd.: The authors thank
Bernd D. Zimmermann, M. Kurt Dallas, John
R. Sacchetti, J. Harold Campbell, Lynn
Southern, Judy Neale and Bob Roach for
their technical and analytical inputs.

Ontario Hydro Technologies: The authors
also wish to thank Mike Kastellein, Rod
Wolfendale and Craig Pon for their technical

expertise and assistance with the long length.

tension test.

REFERENCES

1 Y. Suetsugu, et al., “Effect of Random
Mode Coupling on Polarization Mode
Dispersion and Power Penalty in Single-
Mode Fiber Systems,” Optical Fiber
Technology, vol. 1, PP 81 - 86, 1994

2 M. L. Lundergan, et al., “Mechanical and
Optical Functionality of Field-Aged Optical
Ground Wire Cable,” NFOEC Proceedings,
1996

3 D. E. Gallagher, et al., “ Simulation of
System Length Limitations Induced by
PMD,” IWCS Proceedings, 1996

AUTHORS

R.C. “Bob” Roman received his BA degree
form Newberry College, Newberry, South
Carolina in 1982. He has been an associate
of Alcoa Fujikura Ltd. since 1985 where he
has worked as an Associate Engineer in
Research and Development and Quality
Engineering Manager.  Presently he is
Quality Assurance Manager for AFL's
Telecommunications Division located in
upstate South Carolina. Bob is a member of
the American Society for Quality Control and
is a Certified Quality Engineer. He also is a
member of the Institute of Electrical and
Electronics Engineers and a member of the
Society of Cable Telecommunications
Engineers.

40 International Wire & Cable Symposium Proceedings 1996




Unit Sheath

Aluminum Clad
Steel Wire

Aluminum Pipe

Unit Overcoat

Unit Filing

Strangth Member Coaling

Central Strangth Member

Opteal Fibers Optical Core
" "
3X12 Opf M‘WW s

"-—— Tape Layer
5y Filler Yam

Ao

Figure 1 - Optical Groundwire Censtruction

Mark L. Lundergan is a Senior Applications
Engineer with  Corning  Incorporated,
Telecommunications  Products  Division,
North American Sales and Engineering. He
has been employed within Corning’s fiber

Approximately 1km

technology business for over sixteen years. OPT-GW under
Lundergan received dual technical degrees Deadends Tension
from Corning Community College and a /

Mechanical Engineering degree from Alfred L |

Snubbing
Loops

University, Alfred, New York.

To Tension
Shed
Expt. / Test
Towers Traifer

Figure 2 - Long Length Tension Test Configuration

0.500

Sheila A. Cooper is a Senior Product 0250

Engineer in  Corning  Incorporated’s
Telecommunications Products Division. She
received her BS in Physics from Michigan
Technological University. She joined T~
Corning at the Center for Fiber-Optic Testing O o%FBS  30%FBS So%FSS  J0%FBS 1S%RBS
in 1988. Her previous experience includes Inspection

work with mass splicing technologies and Figure 3- P va. Avisl Load

other field applications.

PMD/(km)"2

International Wire & Cable Symposium Proceedings 1996 41




0.35

0.30

025 ’\"”//"‘
S

0.20

0.15

dB/km

0.10

0.05

——Maximum
——Average

~a-Minimum
—Std. Dev.

0.00

10% RBS

30% RBS

50% RBS

70% RBS

Figure 4 - Attenuation vs. Axial Load

100°C
90°C

80°C

rLl

TE8 H

70°C

8§0°C

§0°C

5 40°C

B s0c

24 H

a
£ 20°C
F joc

o°c

«10°C
-20°C

-30°C

40°C | EXAE 24

-50°C

24 H 24 HY

Temp Cyciing

Thermat Aging

Temp. Cycling

0.500

0.250

ps/{lan)®

0.000

Pre-Test

Time

Figure 5 - Temperature Cycling Test Profile

/\———A

-40°C

85°C

End of -40°C 85°C

Thermat
Aging

Figure 6 - PMD vs. Temperature

dB/km

42 International Wire & Cable Symposium Proceedings 1996

0.35
% \
025
0.20
—— ]
0.15
Maximum
0.10 :A\{qraga
~a-Minimu
d. Dev.
0.05
0.00
Pre-Test -40°C 85°C Endof -40°C 85°C
Themal
Aging

Figure 7 - Attenuation vs. Temperature




OPTICAL PHASE CONDUCTOR FOR MEDIUM VOLTAGE OVERHEAD POWER LINES

Ralph Bshme, Georg H6g, Michael Hoffart, Ulrich Jansen, Klaus Nothofer

KABEL RHEYDT AG, Monchengladbach, Germany

ABSTRACT

During the last decade the installation of self-sup-
porting cables in high voltage lines has become
more and more important. Well known and often
described applications in this field are Optical
Ground Wires (OPGW) and All Dielectric Self
Supporting Cables (ADSS)."?

Especially in medium voltage lines which often do
not have ground wires, it can be advantageous to
implement optical fibers into a phase conductor.
This cables will further be called Optical Phase
Conductors (OPPC).

The special conditions and requirements for ca-
bles, installation and maintanance are described
in this paper.

INTRODUCTION

Self-supporting optical cables for use in high volt-
age lines have been wide spread during the last
years. They are basis of independent telecomuni-
cation lines of power utilities. The provision of
electrical energy in wide areas requires the em-
ployment of modern remote data transmission
control systems to manage local and temporary
variations in energy demand. On the other hand it
is of interest for power utilities to build up networks
for commercial reasons because of completed or
planned deregulations of telecom monopolies.
Necessary for such systems are safe connections
which allow big transmission rates. Many high
voltage lines are nowadays equipped with optical
fibers in OPGW and/or ADSS.

In medium voltage lines the situation is a little bit
different because most of them do not have an
earth wire which can be substituted by OPGW.
Additionally the towers of this lines are typically
not very high and do not have much space to
install ADSS. Annother point is often the weak
construction which does not allow additional loads.
The best way to equip such lines with fibre optics
is the use of OPPC. In the past some ftrials were

made with this technique but it was not fully ac-
cepted.3 Since the demand of telecommunication
links in overhead lines has rapidly grown the inter-
est for phase conductor applications also in-
creased.

Fig. 1: Termination Tower with Separator

CABLE TECHNIQUE

For optical phase conductor applications it is nec-
cessary to have a cable construction which is
closest to the conventional one. The resistance of
the OPPC should be almost the same as for the
phase conductor in order not to cause problems in
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the threephase current system. To prevent addi-
tional loads on the towers and to ensure sag
equality, diameter and mechanical values should
also be very similar.

This can excellently be realized by cables with
fibres in steel tubes. This construction was often
described for use as OPGW.'? Wellness and
reliability has been proven in many installations for
several years. The same cable technique is also
basis for OPPC applications. Figure 2 shows a
comparison of a typical phase conductor? for use
in medium voltage lines and the corresponding
OPPC.

Type DIN 48204-95/15- | ASLH-D(S)bb
Al/St 1x18E9/125

(Ay/Aw 95/12-9,2)
Figure .’

Diameter [mm] 13,6 13,9

Weight [kg/km] 383 368
Ultimate Tensile

Load [kN] 35,2 427
DC-Resistance

[Ykm] 0,306 0,334
Continuous Current

[A] 350 332
Coefficient of

Thermal Expansion 18,9 20,4
109K]

Modulus of Elastic-

ity [N/mm?] 77 68,6

Fig.2: Comparison of Standard Conductor with
Equivalent OPPW

The construction of OPPC has to be a little dif-
ferent to that of the usual conductor in order to
have sufficient space for the steel tube(s). The
steel tube has to have minimum dimensions to
contain a desired number of fibres with a strain
window of at least 0,5%. This is a value which is
typically recommended in Germany and many
other countries. It ensures that optical fibres are
not tensioned in any environmental condition.

Weight, diameter, mechanical and electrical char-
acteristics are very similar so that it is possible to
install the cable with sag equality in a wide tem-
perature range. This ensures that the appearance
of the line is not changed.

TEMPERATURE LOAD

Perfomance of the cable

An argument which is often used against OPPC is
the permanent loading with high temperatures
caused by continuous currents. Such conditions
can lead to degradation especially of plastic ma-
terials. This is no problem for steel tube cables
because the construction does not contain plastic
materials.

The optical unit, that means the steel tube with
fibres and filling compound is designed to with-
stand high temperatures for long periods. This
was proved several times in temperature tests
according to Bellcore standard GR 20. This test
includes an ageing period at 85°C for seven days.

Temperature Cycle with Ageing
acc. to Bellcore GR 20
100
80
]
—. — ;
60
g
o 40
E
8
8- 20
5
Lo O D 5 I A T I S et
0 = ! !
1(2|3F415 8 7 8 9 10 11 12 16 17
-20
-40
Time [Days]

Fig. 3: Temperature Cycling Plan

Above mentioned OPPC was tested in a climatic
chamber with the temperatures as shown in Fig.
3. Attenuation was measured with an OTDR at
1240nm and 1550nm. Fig. 4 shows that there is
no significant change of attenuation at both wave-
lengths. The measurement at 1240nm gives an
indication whether there is any generation of hy-
drogen in the cable. Fibres and filling compound
are hermetically closed by the steel tube which is
a good hydrogen barrier. This ensures that there
will be no hydrogen effects over lifetime even at
high temperatures.
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Attenuation as Function of Temperature
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Fig. 4: Attenuation of OPPC as Function of
Temperature

In compatibility tests the performance of fibres
and filling compound was tested. In the 30 days
lasting temperature test the components were
continuously heated to 65°C, 85°C and 100°C.
Fibres and filling compound showed only slight
changes in colour. Fibre strippability and strength
remained unchanged. Also the rheological data of
the filling compound did not change measurable.

Temperature due to continuous current
There are some calculation methods usual all over

the world.>*®"® Most of the calculation results of
current carrying capacities differ within 10%.°
Basis of those calculations is mostly a heat bal-
ance equation like from IEC 1597 as follows:

I:,j +Pgor = Prag + Peonv (W] (1
where
P; is the heat generated by Joule effect
Psol is the solar heat gain by the conductor
surface
Prag is the heat loss by radiation of the
conductor

Penw IS the convection heat loss.®

Joule effect
Power losses Pj due to Joule effect are given by
equation (2)

Pj=Rr-F @
with
Ry Electrical resistance of the conductor at

a temperature T [QQ/m]
| Conductor Current [A].°

From equations 1 and 2 the steady state current
carying capacity can be calculated:

|= frad + Plgnnv — Fsol )
T

Electrical resistance Ry is the temperature and
frequency dependent alternate current resistance
of the conductor.

Following graphics are based on above mentioned
formulas with use of parti%uel% calculation
methods from various references™ ' ".

Radiation

The radiated heat loss P44 is mainly a function of
temperature difference between conductor and
the environs. Beside this it is dependant from
conductor diameter and the condition of the
surface. In the calculations for figure 5 it is
assumed, that the emissivity coefficient is 0,5,
which is the value for an oxidized and slightly
soiled aluminium surface.®”

Radiated Heat Loss as a Function of Temperatures
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Fig. 5: Radiated Heat Loss
Convection

Convection heat loss mainly depends on the wind
speed and the temperature difference between
conductor and air. Since some characteristics of
the air are also temperature dependant, P, Can
not only be described as a function of temperature
difference.

In some literature a forced and an unforced con-
vection is distinguished, that means with and with-
out wind. This requires different formulas for this
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cases. It is also common to use different calcula-
tion methods for laminar and turbulent flow. Fig. 6
is valid for mostly laminar flow.

Convection Heat Loss as a Function of Ambient
Temperature and Wind Speed
Conductor Temperature T = 80°C

Fig. 6: Convection Heat Loss

Solar Heat Gain

The solar heat gain is a function of intensity of
solar radiation, conductor diameter and absorption
coefficient. Solar intensity at the border of
atmosphere has a value of 1330W/m?2 in average
related to a black body.® Parts of the light are
absorbed and reflected. This mainly depends on
wheather conditions and pollution. Beside this the
intensity on earth is a function of ray angle.

Fig.7 shows the heat gain due to solar radiation.
The intensity which is given here is meant to be
directly at the cable.

Solar Heat Galn as Function of Solar Radlation
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Fig. 7: Solar Heat Gain

For a calculation of the current carrying capacity
according to (3) certain limits and preconditions
have to be fixed. According to DIN 48204 the
maximum conductor temperature shall not exceed
80°C at 35°C ambient temperature and a wind
speed of 0,6m/s. Current frequency is said to be
60Hz for calculation.*

Keeping this current constant for various condi-
tions gives the momentary temperatures of the
conductor as shown in Fig. 8. Calculations for this
graphic were made with the assumption that the
line is permanently operated at maximum load.

The highest temperature of 117°C according to
this calculation is reached at 40°C ambient tem-
perature and no wind. A condition with high tem-
perature and no air movement is very rare.
Further more phase conductor temperature is a
steady state which takes a long time of constant
conditions to adjust. Taking this into account it can
be assumed that such temperatures are reached
very seldom and not for long periods.

For most ambient conditions the conductor tem-
perature is below 60°C.

Conductor Temperature as a Function of Ambient
Temperature and Wind Speed
Operation with Maximum Permissible Current

Conductor Temperature [*C]

Ambient Temperature 20 45
rel ’

Fig. 8: Conductor Temperature in Operation

INSTALLATION TECHNIQUE

The installation of OPPC in regard to stringing is
very similar to that of OPGW. This means in case
of steel tube cables that stringing is almost equal
to that of usual ropes.
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Splice Technique
The technique for splice connections especially at

the ends of the line but also in the line has to be
different to that of OPGW because of the voltage
level.

LU ,
U V' '
Fig. 9: Separator Installed on a Tower

Separators. In an OPPC electrical current
and communication signals are conducted in one
cable. Therefore it is necessary to seperate them
at any point where the communication link is con-
nected with ground level. This happens at both
ends of the line, where the optical fibres have to
be linked to the terminal devices. (Fig. 9) This can
also occur in the line, if a connection to a substa-
tion or another line has to be made.

Fig. 10: Separator with Splice Rooms
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A separator consists of a porcelain body with two
splice rooms at the top and at the bottom. It con-
tains optical fibre bundles which are led through
the porcelain body which is foamed with PUR. In
the top and bottom part splice cassettes are lo-
cated for connection of OPPC and approach cable
via incorporated fibres.® (Fig. 10)

The unit can either be installed in hanging or
standing arrangement.

Joint Closures. For connection of OPPC in
the line, joint closures have to be used. They shall
have no conducting contact to the tower. This can
be realised by placing usual joint boxes on
insulators. A more neat solution is to use a box
which can be installed without any contact to the
tower. This joint box is shown in figures 11 and
12.

Fig. 11: Joint Closure on Strong Tower

It is connected to the OPPC with parallel groove
clamps at strong towers between the insulator
strings. This is a part of the line where are only
small longitudinal forces on the cable. So the joint
box has mainly the function to house the splices of
optical fibres and to conduct the electrical current
of the line.

Fig. 12: Drawing of Joint Closure




Cable Fittings
For steel tube cables helically formed fittings are

recommendable. They have the advantage of low
locally concentrated pre