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TECHNICAL SESSIONS
Tuesday, 18 November 1980

9:30 a.m. Session | Tutorial - Qutlook For Voluntary Standards

In US.A.
2:00 p.m. Session i Cable Design [
2:00 p.m, Session ill Material

Wednesday, 19 Movember 1980

9:00 a.m. Session Iv Cable Design li
9:00 a.m. Session V Connectors
2:00 p.m. Session Vi Fiber Optics |

2:00 p.m. Session VI Fire Considerations

Thursday, 20 November 1980

9:00 a.m, Sessicn Vil Fiber Optics I
8:00 a.m. Session IX Testing
2:00 p.m. Session X Fiber Optics I

2:00 p.m. Session X| Cable Applications

PAPERS

Responsibility for the contents rests upon the authors and not the symposium
committee or its members. After the symposium, all the publication rights of each
paper are reserved by their authors, and requests for republication of a paper
should be addressed to the appropriate author. Abstracting is permitted, and it
would be appreciated if the symposium is credited when abstracts or papers are

republished. Requests for individual copies of papers should be addressed to the
uthors,
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MESSAGE FROM THE DIRECTOR

On behalf of CORADCOM and the symposium committge,.welcome to.thg 2922 izggii
International Wire and Cable Symposium (IWCS). ‘It is 1nd§ed gratlfyi:ﬁtists o
that the symposium continues to attract world-wide attention from s; Cables/;ires.
sultants, manufacturers, material suppliers and en@ product users Z timely relevance
Many favorable comments were received on the techylcal contents ?n e e ea3
of the papers presented during last year's sy?p051um. Lagt year iries L oS,
included representatives from 404 U.S. companies, 30 foreign coun
government agencies.

This year, the committee is also looking forward to a very exciztzinandTiz
thusiastic meeting with many excellent papers schéduled f?r Pgeﬁgntlook ﬁor o
technical program will begin with a tutorial session, entl?le ;he O
tary Standards in U.S.A.", followed by ten indlYldual se551ons.h B tiee eeretwill
on fiber optics should be of special interest 51nce.twelve ?f the esen Toroien
contrast various developments and applications of fiber optics in s
countries,

Committee members, Adolf Asam, ITT Electro Optical Products ?1315108én5§21Bg:g1e
Dow Chemical U.$.A., Marta Farago, Northern Telecom LFdj’ IEV KotgenZ;mmitteE- FEach
Company, and Frank Short, Beldon Corporation, are r?t}rmg rom the success of the
member was extremely dedicated and contributed‘Slgnlflca?tly toth 1k each one for their
committee's objectives. On behalf of the committee, I wish to t.a_ties
valuable contributions and wish them success in their future activi :

The committee recognizes the inconveniences encountered and concernheizigzsed
by many attendees with respect to the number of hotels/motels used foi zefore
accommodations and their location or distance from the Hyatt. Howev;ale,S S
another location can be selected, it must be app;oved by CORADCOM,ht y:zium -~
sponsor. CORADCOM has stipulated that any location selected for t E SYTBO s
be within a reascnable distance of Fort Monmouth, preferably lgss than s
which limits the number of facilities with adequate accommodationms.

. . s s noe

The symposium cannot prosper without the susta?ned.partlczpatlz:nizitazzizj?ties.
of representatives of the various industrial organizations a?l govbers pL A
Therefore, the committee solicits the continued support_of-a mem T o e
and cable industry. Again, I wish to express my app?ec1atlon to eaZCial e T
ber for their support, dedicated effort and cooperétlon.‘ A very sa e epport sud
Ms. Conti for her sincere dedication to the symposium objectives, he

cooperation.
QQ_A_A’——:_
<;;LT

IMER F. GODWIN
Director, IWCS
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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 In-
sulation in Waterproof Cable’

D.E. Setzer and A.S. Windeler, Bel
Laboratories—*A L ow 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 Tol| PCM Systems

J.B. Howard, Bell Laboratories—"Stabilization

Problems with Low Density Polyethylene Insu-
lations™

Dr. H. Martin, Kabelmetal—'"High Power Radio

Frequency Coaxial Cables, Their Design and
Rating”

D. Doty, AMP Inc.—“Mass Wire Insulation Dis-
placing 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"

Thomas K. McManus, Northern Telecom Canada

Ltd. and R. Beveridge, Saskatchewan Telecom-
munications, Canada—"A New Generation of
Filled Core Cable”

Fumio Suzuki, Shizuyoshi Sato, Akinori Mori and
Yoichi Suzuki: Sumitomo Electric Industries, Ltd.,
Japan—-“Mjcrocoaxial 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”

AWARDS

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

Best Presentation

N. Dean, B..C.C.—"“The Development of Fully
Filled Cables for the Distribution Network'

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

Dr. O. Leuchs, Kable and Metalwerke—'A New
Seh‘~Extinguishing Hydrogen Chioride Binding
PVC Jacketing Compound for Cables

S. Nordblad, Telefonaktiebolaget L.M. Erics-
son—"Multi-Paired Cable of Nonlayer Design

for Low Capacitance Unbalance Telecom-
munication Network’’

N. Kojima, Nippen 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 Sav-

ings by Design in Exchange and Trunk Telephone
Cable”

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

Michael Delucia, Naval Ship Research and
Development Center—*'Highly Fire-Retardant
Navy Shipboard Cable”

William L. Schmacher, AMP Inc.—"Design Con-
siderations for Single Fiber Connector"

Richard C. Mondello, Bell Labs.—"“Design and

Manufacture of An Experimental Lightguide Cable
For Undersea Transmission Systems”

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

Abbey Plastics Corporation
Hudson, MA
Abbott Industries, Inc.
inster, MA
;eEOg] Telefunken Kabelwerke AG
Moenchengladbach 2, W. GERMANY_
AFA Industries/Arnold Field Associates
nsack, NJ
:?ac:ﬁares Y Cables Venezolanos C.A.
s/Venezuela
i?c:zgaConductor Products Company
Pittsburgh, PA
Allied Chemical
Hopewell, VA )
Allied Chemical-Fibers & Plastics Co.
Morristown, NJ
Alpha Wire Corp.
Elizabeth, NJ
Amercable Corporation
El Dorado, Arkansas )
American Hoechst Corporation
Somerville, NJ
AMP Inc.
isburg, PA )
?IE:: Anagonda Company-Aluminum Div.
isville, KY
li'liils;;:'lnlaconda/ Continental Wire & Cable
York, PA
Andrew Corporation
Orland Park, IL
Anixter Bros. Inc.
Skokie, lllinois
Arco Chemical Company
Philadelphia, PA
Arvey Corporation
Cedar Grove, NJ
Associated Lead Inc.
Philadelphia, PA
Astro Wire & Cable Corp.
rcester, MA
‘IJ\V:stral Standard Cables Pty. Lid.
Victoria, AUSTRALIA
Baker Industries, Inc.
Hartselle, AL
BASF Wyandotte Corp.
Parsippany, NJ
Belden Corporation
Geneva, lllinois
Belding Corticelli Thread Co.
Putnam, CT
Bell Canada (Ontario Region)
Toronto, Ontario, CANADA
Berkshire Electric Cable Co.
Leeds, MA
BF Goodrich Chemical Group
Independence, OH

CONTRIBUTORS -

BICC Telecommunication Cables Lid.
Prescot, Merseyside, ENGLAND
Borden Chemical
lumbus, OH
gzsuton Insulated Wire and Cable Co.
Hamilton, Ontario, CANADA
Brand-Rex Company
Willimantic, CT -
Breen Color Concentrates, Inc.
Lambertville, NJ
The Bridge Mfg. Co.
Enfield, Conn.
Burgess Pigment Company
Sandersville, GA
Cable Consuiltants Corp.
Larchmont, NY
Cables de Comunicaciones, S.A.
Zaragoza, SPAIN
Cabot Corporation
Boston, MA
Camden Wire Co. Inc.
Camden, NJ
Canada Wire and Cable Lid.
Winnipeg, Manitoba, CANADA
R. E. Carroll, Inc.
Trenton, NJ
Cary Chemicals Inc.
Edison, NJ
Central Telephone Company
Las Vegas, Nevada
Central Tool & Machine Co.
Bridgeport, CT
Chase & Sons, Inc.
Randolph, Mass.
Ciba-Geigy
Ardsley, NY
C-I-L Inc.
Brampton, Ontario, CANADA
Clinton Instrument Company
Clinton, CT
C.N.E.T.
Paris, France
Colonial Rubber Works
Dyersburg, TN
Comm/Scope Company
Catawba, NC
Communications Technology Corp.
Los Angeles, CA
Conductores Monterrey, S.A.
Monterrey, N.L. Mexico
Copperweld Bimetallic Group
Pittsburgh, PA
Corning Glass Works
Corning, NY
The Dainichi-Nippon Cables, Inc.
Itami, JAPAN
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Davis-Standard Division
Pawcatuck, Conn.

Delphi Wire & Cable

Folcroft, PA

Diamond Shamrock Alberta Gas Lid.
Toronto, Ontario, CANADA
Diamond Shamrock Corp.
Cherry Hill, NJ

Disco, inc.

Ringwood, NJ

Dow Corning Corp.

Midiand, M|

Duncan M. Gillies Co., Inc.
West Boylston, MA

Dussek Brox. (Canada) Ltd.
Belleville, Ortario, CANADA
Dussek Campbell Lid.

Crayford, Kent, England
Eastman Chemical Products, Inc.
Kingsport, Tenn,

Ebasco Services, Inc.

New York, NY

The Electric Wire and Cable Co. of Israel
Haifa, lsrael

Electrical Conductors, Inc.
North Chicago, IL
Electroconductores, C.A.
Caracas, Venezuela

Electronic Drives & Controls
Randolph, NJ

Engineered Wire & Cable Inc.
Winsted, Conn.

Essex Group

Decatur, 1L

Felien & Guilleaume Cariswerk AG
Cologne, W. Germany

Firestone Plastics Company
Pottstown, PA

Firestone Synthetic Fibers Co.
Hopewell, MA

Fluorglas Division, Qak Materials Grp.
Hoosick Falls, NY

FMC Corporation

Philadelphia, PA

Formulabs Industrial Inks, Inc.
Escondido, CA

Freeport Kaolin Company

New York, NY

The Fujikura Cable Works, Ltd.
Tokyo, JAPAN

The Furukawa Electric Co., Lid.
Chiyoda-ku, Tokyo, JAPAN
Gavitt Wire and Cable Co., Inc.
Brookfield, MA

Gavlick Machinery Corporation
Bristol, CT

Gem Gravure Co., Inc.

Waest Hanover, MA

General Cable Company
Greenwich, CT

General Electric Co.

Waterford, NY

General Engineering USA, Lid.
South Windsor, CT

G.M. Gest Inc.

Toronto, Ontario, CANADA

W.L. Gore & Associales, Inc.
Newark, Delaware

Great American Chemical Corp.
Fitchburg, MA 01420

GTE Service Corporation
Stamford, CT

Guill Tool & Engineering Co.
West Warwick, Ri

Hercules Inc.

Wilmington, DE

HiTemp Wires Inc.

Hauppauge, NY

Hooker Chemical/Ruco Division
Hicksville, NY

Hudson Wire Company

Ossining, NY

Ibaraki Electrical Communication Lab
Tokal, Ibaraki, JAPAN

ICl Americas Inc.

Wilmington, DE

Indeco Peruana S.A.

Lima, Peru

International Wire Products Inc.
Wyckoff, NJ

ITT Electro-Optical Products Div.
Roanoke, VA

ITT Surprenant Division

Clinton, MA

ITW/DEVCON Corp.

Danvers, MA

Jonathan Temple, Inc.
Hackensack, NJ

Judd Wire Division

Turners Falls, MA

LaBarge Inc., Electronics Division
Irving, CA

Lamart Corporation

Clifton, NJ

Librascope, Division of Singer
Glendale, CA

S.A. Lignes Telegraphiques et
Telephoniques

Conflans St. Honorine, France
Litton/Ingalls Shipbuilding
Pascagoula, MS

Lowe Associates, J.d. Inc.
Bedford Hills, NY

Maillefer Company

South Hadley, MA
Mark-Mor Tool & Die, Inc.
Allenwood, NJ

Micro-Tek Corp.
Cinnaminson, NJ

' Monsanto Industrial Chemicals Co.
gt Louis, MO

_The Montgomery Company
-Windsor Locks, CT

‘Montrose Products Co.

: auburn, MA

#4&T Chemicals Inc.

oodbridge, NJ

. Muehlstein & Co., Inc.

ontvale, NJ

jational Wire and Cable Corporation

os Angeles, CA
EPTCO-New Engiand Printed Tape Co.
awtucket, Ri
he New Brunswick Telephone Co., Lid.
aint John, New Brunswick
okyo, JAPAN )
kia Cable Machinery
lelsinki, Finfand
okia, Inc.
ta, GA
tuck Manufacturing Company
uth Hadley, MA
rthern Petro Chemical Co.
laines, IL
rthern Telecom Canada Ltd.
ntreal, Quebec, CANADA
& Okonite Company

n: Rep. of China
sote Inc.-Film/Compound Div.
> NJ

Petsche Co., Inc.

o Corporation

rewsbury, MA

elps Dodge Communications Co.

ite Plains, NY

elps Dodge Communications Co.
cers, NY

eips Dodge International Corp.

ral.Gables, FL

adelphia Insulated Wire Co.

orristown, NJ

illips Cables Lid.

ncouver, B.C. Canada

illips Chemical Co.

sadena, TX

ippon Telegraph & Telephone Public Corp.

Xi

Pirelli Cables Ltd.
St. Jean, Quebec, CANADA
Pirelli-Cimco Corp.
Allendale, NJ
Plastoid Corporation
New York, NY
Plymouth Rubber Co., inc.
Canton, MA
Polymer Services, Inc.
E. Brunswick, NJ
Porth Textiles, Lid.
Wales, UK,
PPG Industries, Inc.
Chicago, IL
Prestolite Wire Division, an Eltra Co.
Port Huron, Ml
Prodelin, Inc.
Highstown, NJ
Producis Research & Chemical Corp.
Burbank, CA
Radiation Dynamics, Inc.
Melville, NY
Radix Wire Co.
Euclid, CH
Raychem Corporation
Menlo Park, CA
Reichhold Chemicals, Inc.
Hacketistown, NJ
Reliable Electric Company
Franklin Park, [l
Remtek Corporation
San Jose, CA
RJR Archer, Inc.
Winston-Salem, NC
The Rochester Corporation
Culpeper, VA
The Rockbestos Company
New Haven, Conn.
John Royle and Sons
Pompton Lakes, NJ
Santech, Inc.
Toronto, Ont., CANADA
Saytech, Inc.
East Brunswick, NJ
Shell Chemical Company
Houston, Texas
Siemens AG
Munich, Germany
Siemens AG
Neustadt bei Coburg, GERMANY
Societe Anonyme de Telecommunications (SAT)
Paris, France
Southwest Chemical & Plastics Co.
Seabrook, TX
Southwire Company
Carrollton, GA
Sterling Davis Electric
Wallingford, Conn.
Sterling Davis Electrical
Wallingford, CT
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Sumitomo Electric Industries, Inc.
Yokohama, JAPAN
Sun Chemical Company
Paterson, NJ
Sun Petroleum Products Company
Philadelphia, PA
Superior Cable Corporation
Hickory, NC
The Swiss Insulating Works, Ltd.
Breitenbach, Switzerland
Syncro Machine Company
Perth Amboy, NJ
Taconic Plastics, Inc.
Petersburg, NY
Tamaqua Cable Corp.
Schuylkill Haven, PA
Technical Coatings Co.
Nutley, NJ
Teknor Apex Co.
Pawtucket, RI
TelComm Products/3M
St. Paul, MN
Telecom Australia
Melbourne, Australia
Teledyne Thermatics
Elm City, NC
Teledyne Western Wire & Cable
Los Angeles, CA
Telephone Cables Ltd.
Dagenham, Essex, England
Tenneco Chemicals Inc.
Piscataway, NJ

Tensolite Company, Div. of Carlisle Corp.
Buchanan, NY

(D &s Pugiosven & Pewe MIFCS
ARTICLES {/‘7 A ) ov vl
CRBE,

Xii

Thermax Wire Corp.
Flushing, NY

Times Fiber Commmunications, Inc.
Wallingford, CT

Torpedo Wire & Strip, Inc.
Pittsfield, PA

Trea Industries

No. Kingston, Rl

Ube Industries, Ltd.

New York, NY

Unifos Kemi AB
Stenungsund, SWEDEN
Union Carbide Corporation
New York, NY

USS Chemicals, Div. of US Steel Corp.

Pittsburgh, PA

Ware Chemical, Div. of Dart Ind.
Stratford, Conn.

Weber & Scher Mfg. Co. Inc.
Newark, NJ

Whitmor Wire & Cable Corp.
N. Hollywood, CA

Wilcom Products Inc.

Laconia, NH

Wilson Products Co.

Neshanic, NJ, Assesse, Belgium
Wyre Wynd Inc.

Jewett City, CT

Wyrough and Loser, Inc.
Trenton, NJ

The Zippertubing Co.

Los Angeles, CA
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Tuesday, November 18, 1980—9:30 A.M.-12:00 P.M.

Hunterdon and Cumberland Rooms

SESSION [I: Tutorial—Outlook  for
Standards in U.S.A.

Chairperson: |. Kolodny, General Cable Company

Panel Members:
IEEE

Voluntary

S. I. Sherr, Staff Director Standards,

D. L. Peyton, Executive Vice Presi-

dent, ANSI

D. Abelson, Office of the STR,

Department of Commerce

H. Collins, Washington Represent-
ative, Underwriters Laboratories

Tuesday, November 18, 1980—2:00-5:00 P.M.

Gloucester Room
SESSION II:  Cable Design 1

Chairperson: G. Webster, Bell Laboratories

IMPROVED PULP INSULATION FOR TELECOMMU-
NICATIONS CABLE, H. E. Durr, R. C. Bevers, R. O.
Koch, W. M. Flegal, Western Electric Co. ..........

Tsujikawa, H. Yasuhara, H. Suzuki, T. Ohnuma,
Fujikura Cable Works, Ltd., Chiba-ken, Japan .. ...
DEVELOPMENT, CHARACTERIZATION, AND PER-
FORMANCE OF AN IMPROVED CABLE FILLING
COMPOUND, D. M. Mitchell, R. Sabia, Bell Lab-
OFaloNiBS . ...ttt
COAXIAL LINE WITH THE HIGHEST ELECTRICAL
LENGTH STABILITY, Y. Saito, S. Furuya, H. Sugawara,
Y. Asano, S. Kato, Sumitomo Electric Industries, Ltd.,
Yokohama, Japan ................ ... ..........
SOLUTION TO CORE GROWTH IN CONNECTORIZED
CABLE, M. R. Reynolds, G. M. Yanizeski, Bell Labora-
tories, and R. N. Mcintyre, Western Electric ... .. ..
CABLE SHEATH BUCKLING STUDIES AND THE
DEVELOPMENT OF A BONDED STALPETH SHEATH,
G. M. Yanizeski, E. L. Johnson, Bell Laboratories, and
R. G. Schneider, Western Electric ................

Tuesday, November 18, 1980—2:00-5:00 P.M.

Hunterdon Room
SESSION |II: Material

Chairperson: K. Bow, Dow Chemical USA

A NEW LOW DIELECTRIC CONSTANT FILLING COM-
POUND FOR TELECOMMUNICATIONS CABLE, L. E.
Davis, N. I. Patel, Superior Cable Corp. ...........
PLASTICIZER EVAPORATION FROM VINYL INSUL-
ATED WIRES, P. C. Warren, Bell Laboratories . .. ..

A COMPARISON OF PEF AND FOAM-SKIN CORES%‘A(CD

15

26

38

48

59

Xiii

TABLE OF CONTENTS

CARBOXYLATED NITRILE/PVC FLUXED BLENDS
FOR EXTRA-HEAVY-DUTY-CABLE JACKET CQOVERS,
H. F. Schwarz, Polysar Limited, Sarnia, Ontario,
85777 [of: P e T

COMPARISON OF THE RELATIVE COST EF-
FECTIVENESS OF BROMINATED AND CHLORI-
NATED FLAME RETARDANTS IN EPDM, J. M. Les-
Niewskl, Saytec, Ne: .« cuvvwwsy i v somnn w o o

PERFLUOROALKOXY FLUOROCARBON RESIN
PROPERTIES RELATING TO ELECTRICAL AND
ELECTRONIC APPLICATIONS, M. I. Bro, D. I. McCane,
D. B. Allen, J. C. Reed, E. I. DuPont de Nemours ..

76

90

94

Wednesday, November 19, 1980—9:00 A.M.-12:00

P.M.
Gloucester Room

SESSION |V: Cable Design |l

Chairperson: F. Short, Belden Corp.

APPLICATION OF SPACER FORMING TECHNIQUE
TO COMMUNICATION CABLES, S. Yonechi, H. Ho-
rima, S. Tanaka, Sumitomo Electric Industries, Yo-
kohama, Japan and K. Ishihara, Ibaraki Electrical
Communication Laboratory, Ibaraki, Japan .......

MEAN POWER SUM FAR-END CROSSTALK OF PIC
CABLES AS A FUNCTION OF AVERAGE TWIST HELIX
ANGLE, J. J. Refi, Bell Laboratories ..............

GENERAL CROSSTALK MODEL FOR PAIRED COM-
MUNICATION CABLES, P. Kish, Y. LeBorgne, North-
ern Telecom Canada Ltd., Montreal, Canada ... ...

INSULATION RESISTANCE PROBLEMS AND ITS
RELATIONSHIP TO TRANSMISSION, V. Abadia, J. Z.
Avalos, Cables de Comunicaciones, S. A., Zaragoza,
Spain ...

THE USE OF TEST DATA AND FIELD DATA IN DE-
SIGNING SPLICE CLOSURES, M. Moisson, Raychem
Corporation, Raychem, Belgium ... ... ..........

NON-COATED  BONDABLE POLYIMIDE/FLUO-
ROCARBON TAPE INSULATION FOR LIGHTWEIGHT
ELECTRICAL WIRE, A. J. Sheppard, Martin Marietta
ABrOSPACE ...

101

111

17

128

136

145

Wednesday, November 19, 1980—9:00 A.M.-12:00

P.M.
Hunterdon Room

SESSION V: Connectors

Chairperson: J. Neigh, AMP, Inc.

TELECOMMUNICATION CABLE SPLICING METHOD
USING A NEW HEAT SHRINKABLE SLEEVE, K. Yo-
koyama, The Tokyo Electric Power Co., Tokyo, Japan,
N. Sato, S. Goto, M. Makiyo, The Fujikura Cable Works,
Inc., Chibaken, Japan, S. Mase, The Fujikura Cable
Works, Tokyo, Japan ...........................

LOW PRESSURE MOLDING FOR ENCAPSULATION
OF CABLE SPLICING, L. J. Charlebois, F. A. Huszarik,
Bell Northern Research, Ottawa, Ontario, Canada ..
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APPLICATIONS FOR MODULAR AND DISCRETE WIRE

CABLE SPLICING, R. Young, AMP, inc. .......... 164
MODULAR HARDWIRE BLOCK WITH SWITCHING
CAPABILITY, G. B. Matthews, 3M Company ....... 168

AUTOMATIC CONNECTORIZATION OF 25 PAIR GA-
BLE, R. G. Ebrey, H. A. Sckerl, Western Electric and G.
G. Seaman, Western Efectric ................. ... 178
GONNECTOR PERFORMANCE MONITORING N THE
QUTDOOR CROSS CONNECT ENVIRONMENT, 1. E.
Martin, A. N. Satar, Bell-Northern Research, Oftawa,
Ontario, Canada and C. D. Gupta, Bell Canada, To-
ronfo, Ontario, Canada ....................... .. 188

Wednesday, November 19, 1980—2:00-5:00 P.pA.
Gloucester Room

SESSION VI: Fiber Optics |

Chairperson: L. Chattler, DGM International Corp.

FIBER OPTIC CABLE COIL PACKS FOR AIR DE-
PLOYMENT, RA. E Thompson, X. G. Glavas, V. E
Kalomiris, ITT and H. Wichansky, CORADCOM .. .. 194
AN OPTICAL FIBRE LINK IN A MOUNTAINOUS EN-
VIRONMENT, J. R. Osterfield. S. A. Norman, Pirelfi
General Cabie Works Ltd., Hants, United Kingdom, D.
N. Mcintosh, A. J. Rodgers, Central Electricity Re-
search Laboratories, Surrey, United Kingdom and R.
Castelli, M. Tamburelio, Telettra S.P.A., Mifan, taly . 202
OUTSIDE PLANT HARDWIRE FOR USE IN FT3
LIGHTWAVE SYSTEMS, N. £ Hardwick, J. L. Baden,

Bell Laboratories ....... ... ... . .. . .. . 212
SPLICING TECHNIQUES FOR TACTICAL FIBER OP-
TIC SYSTEMS, S. F. Large, Mitre Comp. ........... 221

A MILITARY SIX FIBER HERMAPHROBDITIC CONNEC-
TOR, J. G. Woods, M. Hodge, J. Ryley, TRW Philadel-
phia Research Labs. ... ... . .0 . .. 229

Wednesday, November 19, 1980—2:00-5:00 P.M.
Hunterdon Room

SESSION VII:  Fire Considerations

Chairperson: M. Delucia, David W. Taylor Naval Ship
R & D Center

INDEXING METHOD FOR CABLE CLASSIFICATION
USING THE FM LABORATORY-SCALE COMBUS-
TIBILITY APPARATUS, J. L. Les, A. Tewarson, R. F.
Pion, Factory Mutual Research Corp. ............. 236
FLAME RESISTANT COMMUNICATION CABLE WITH
LEAD SCREEN TAPE COATED WITH POLYMER, K.
Yoshioka, Y. Amano, G. Morikawa, Sumitomo Electric
Industries, Lid., Yokohama, Japan ............ ... 240
DEVELOPMENT OF A FLAME RESISTANT NONCON-
TAMINATING PVC JACKET FOR COAXIAL CABLE, J.
T. Loadholl, S. Kaufman, Bell Laboratories . ... .. .. 245
NEW GENERATION OF NONHALOGENATED, FLAME
RETARDANT COMPOUNDS AND CABLES, H. A,
Mayer, G. Hbg, AEG-Telefunken Kabelwerke AG,
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Absiract

A new spacer forming technique has been de-
veloped. Flati plastic or laminated tapes are
formed into V-shaped or U-shaped spacers and then
stranded with each other ir the stranding process.
These spacers can accommodate optical fibers or
star gquads of insulated copper conductors, or can
be used as the insulator of a coaxial core.

The technique was developed for optical
cable in order that the spacers might preserve
transmission characteristics and protect the
optical fibers, It was then studied how to apply
this teéhnique to fabrication of coaxial cores
and screened pair—type units, In coaxial cores,
six V-shaped polyester spacers were used as the
insulators between the imner conducicr and outer
conductor, A screened pair-type unit was formed
by stranding five V-shaped spacers of polyester-
laminated aluminum tape, and each spacer accommo—
dated a star guad.

A1l of these cables which adopted the new
spacer forming technigue had sufficient trans-
mission and mechanical properties, and a con—
siderable number of spacer~type optical cables,
in particular, have been put into actual use.

1. Introduction

A structure with spacers is supposed to be
useful for avoiding microbending and preserving
transmission characteristics of optical cables.
In many reported cases, optical fibers are embed-
ed in a groove spacer pff§ormed by extrusion
before fiber stranding. The fabrication of
these cables which use grooved spacers has gene-—
rally two difficulties: preparation of the spacer,
and synchronization between the spacer and fibers,

On +the other hand, the spacer described here
is consiructed simulijaneously with the fiber
stranding process, Hence, a preformed spacer and
special aynchronization are not needed, and these
advantages make it possible to use a conventional

stranding machine. Moreover, this technique has
another advantage in that arbitrary stranding
Pitches can be ¢asily designed as far as the
stranding machine permits,

This paper describes the principle of spacer
forming, the fabrication of optical cables, and
their characteristics. Applications of +this
technigue %o coaxial and screened pair-type cables
are alsc described,

2., Manufacturing Method (2)

The manufacturing method is shown in Fig, 1.
In the stranding process, flat tapes are folded
into the desired V-shaped or U-shape spacers by
passing the tape through spacer formers located
just before the assemblage die, and are then
stranded with each other. 4 rather thick tape is
considered to be preferable as the spacer from
the point of view of tape forming and mechenical
strength of the cable, and the spacer formers
play an important role in this technique. The
formers should precisely fold the flat tapes into
the designated spacer configuration, which corres-
ponds to the slit shape of the spacer formers,
That is, V-shaped spacers can be obtained by
passing the tape through a narrow rectangular
slit, and U-shaped spacers, through a triangular
slit, These mechanisms are shown in Fig. 2. The
spacer forming tension should be as small as
possible and should be almost equal for all of the
spacers being stranded simulfaneously, Maintain-
ing uniformity in the tension and dimensions of
spacers ensures & round, firm cable core. The use
of a rotary assemblage die synchronized with the
cage of the stranding machine is better than that
of an ordinary stationary die, for precise settle-
ment of spacers in the cable core can thus be
assured.

After stranding of the spacers, the cable
core is wrapped in some tapes., These wrapping
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tapes also make the core rigid and tight in this
technique. Each compartment defined by spacers
can accommodate optical fibers, and also pairs or
quads, and the spacers can be used as the insula-
tor of the coaxial core.

Bobbin

Optical Fiber, etc.

Spacer Former Ll
Tape for Spacer
Central Axis

Aggemblage Die

Fig. 1 Manufacturing Method

Flat Tape

Spacer
Forner

U-shaped Spacer V-shaped Spacer

Fig, 2 Spacer Forming Mechanisms

3, Optical Cables with Spacers

3,1 Cable structure

The hew spacer forming technique was first
developed for optical cable. In general, lateral
forces which arise due to microvending tend to(3)
increase the transmission loss of optical fibers.
In order to avoid microbending, it is effective
t0 accommodate the optical fibers in the cable in
a loosely fitting manner, When the V-shaped or
U-shaped spacers are large enough io accommodaie
optical fibers, the fibers are no longer suscep-
tible to extermal forces in the cabling processes

102 international Wire & Cable Sympaosium Proceedings 1980

and installation work.

After various investigations, it became
clear that polyester tape with a thickness of
0.075am to 0.2mm was adequate for the spacers of
optical cable. Buckling load of the spacer is
calculated by the following equation:

_ BB
P e
where P ¢ buckling load (kg)
t thickness of spacer (mm)

1 height of spacer (mm)

E t Young's medulus of spacer (kg/mﬁ)
B : length of spacer {rom)

Polyesier tape possesses a large Young's modulus,
about 500 kg/mmZ, compared with other plastic
tapes, which coniributes to increase fhe buckling
load given by the above equation. When <wo
spacers are in contact with each other, as illus-
trated in Fig. 3, buckling load of 2kg, § times
as large as that in the case of a single spacer,
is derived from the equation, The value is
aufficient for the cable core to withstand any
lateral force caused throughout the cable mamu-
facturing processes.

P{Compresaion)

Spacer

Wrapping Tape

Strength
Member
tmG,1mm

Fig. 3 Compression on Spacer

The typical siructures of optical cables with
spacers are shown in Fig. 4. The individual fiber
can be easily identified by coloring the spacers
rather than by employing coleored fibers. The
spacers accommodating individual fibers are
stranded together around the central strength
member, By adopting a larger size spacer, seve-
ral fibers can be accummodated in one spacer.

Use of the spacers easily leads to combining op-
tical fibers with copper conductor pairs or quads,
which are often included in ?ptical cable, with-
out additional loss increase.4) Figure 5 shous
the structures of various spacer—type optical

V-shaped Spacer

U-shaped Spacer

Fig. 4 Typical Structures of Spacer—
Pype Optical Fiber Cables

Copper Wire

Tape
P Stranded,

Sheath
Fibver Cord
12, 6mmg (2.5¢)
100kg/km 19, 4mmd
530 kg/im

(B) 2 Fibers+2x38pp2

6-Fiber Ribbon

18, Ommg
172kg/lon

(D} 24 Fivers (Ribbon Type)

{C) 12 Fibers

32, Ommg
620 kg/km

Kevlar®
6

-Fiber Unit

(E) 16 Fivers+0.9 mmfx1¢g

@ Tension Member (F) 48 Fibvers (Unit Ty‘pe)

© Filler
O Optical Fiber

Fig, 5 Various Examples of Spacer-
Type Optical Cables

cables, These cables have been put into actual
use for,o Eical communication lines at homz and
abroad.

{5

3,2 Oeneral properiies of spacer type opiical

cable

3.2.1 Transmission properties

In the cabling processes of optical cables,
it is most important to conserve the inherent
transmission characteristics of the optical
fiber. The spacers contribute to making the
optical fibers free from microbending, Figure
6 shows the average transmission loss change
throughout the cabling processes for the fibers
in cables{C) and (F) in Fig. 5, and almost the
same results were confirmed for the other op-
tical cables with spacers in Fig, 5. The
fibers used had a core diamefer of 50#m and a
¢ladding diameter of 125«m with silica-type
graded index profile, a?d were doubly coated
with silicone and nylon.B) The stability of
transmission characteristics is primarily
caused by the spacers, which isolate the op—
tical fibers from all external forces,

(dB/km) Cable(¥) in Fig,5
o1 Cable(C) in Fig,5
+0.

A
0 e X o _{
~0,1f

Losg Change

1 1 ] i
Coated Unit Stranding Sheathing
Fiver Process

Fig. 6 Loss Change of Fibers in
Cabling Processes

3.2.2 Mechanical properfies

Table 1 shows the mechanical test condi-
tions for cables (4), (C), and (F) in Pig. 53
no loss change and no fiber brezk were ob-
served, The deformation of spacer-iype opti-
cal cables under mechanical forces is gene-
rally less than that of non-spacer type opti-
cal cablest (! This effect is the resul$ of
the reactional forces yielded by the spacers
and of the round, tight structure produced by
using spacers %0 sturdily combine cable ele—
ments such as the strength member, wrapping
tapes, etc., The results indicate that con-
ventional installation techniques can be
satisfactorily used for these optical cables
with spacers,
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Table 1  Mechanical Test Conditions
I3
& Tension Bending Compression Impact T(kg)
Cable Type (4) Type (B) 0.6
R=2C0mm 100kg Weight O, 45kg Fiber g 0.5 °
(8) 150 kg R:Bendin x 7 94 ’ g
G S0mn Hight 1.0m Spacer § 0.3 - |
Radius Width . Strength = o i
10 times Member 0.2 - §
0.1 o--° -
R=TOmm 100k, Weight 0,45k, e e o t + +
(© 150 kg T /%m clgnt O.45ks Tape o 1 2 3 4 5 6 1
10 ti 1
fames Width Hight 1.0m Compressive Load W{kg)
(¥ 1400 k R=100mm 500kg Weight 2.3kg Fig, 9 6-Fiber Units with V-Spacers Fig., 1l Resulis of Compression Test o
¢ 10 times 20mm : x | ;
Width Hight 0,9m Table 2 Construction of Units :
Tnit
«2.3 Temperature propert (&) ()
The transmission loss of $he optical Lhen
fiber in the spacer also shows stability even Core : 50 m 4
when temperature changes. Figure T shows the . Clagding = 125 nm ﬂ!
resulis of transmission loss change versus {kg/cm?)2/g/min. m Fiber Buffer = 350 m g
temperature for cable (G) in Fig, 5. The a2 Silica-Type Graded Index Profile
transmissicn loss change is less than 0.05dB/ 10
km ranging from —40°C to 60°C. This s$abili- o & = Jacket of Fiber Nylon 0.7 mmpf Nylon 0.9 mm;z‘
ty depends on the central sirength member and g LN Hon=Spacer Type X 1 i
the polyesier spacer, both of which have a o e Strength Nember Oc4 mmf _steel wire 1,0 mf steel wire
coefficients of linear expansion smaller than 2 10771y o 9 Spacer Polyester Polyester
s o By
that of coated fiber. 2 \ [~ —Spacer Type 0.075mm{T) % 3.5mm(W) 0.1mm{T) x 3.5mm{W)
] v Unit Diameter 3.7 mmg 4.1 mmg
@ (aB/tm) Standard Point -Ej 10-3 \
%ﬂ +0,05 g ¥ results are shown in Fig. 11. It can be clearly Another fiber—pulling test was done for
5 ) 0 = & X~ seen that the fiber is not subjected to any com- unit {B). The relation between the maximum
2 0,05 e - . pressive stress below a load of 3kg/110mm width, pulling tension of fibexv' remoxj'al and -Fhe length
S ’ 4 10™4 There is no compressive siress left on the fiber of the sample unit was investigated without
—4.0 +2.D +6IO 10 20 50 100 even if wrapping tapes are strongly wound. lateral compressive load on the unit. From the

Temperature (°C)

Fig. T Loss Change vs. Temperature
for Cable {C) in PFig, 5

3.2.4 Penumatic property

Area of Air Gaps {mm2)

Fig., 8 Pneumatic Resistance ve.
Area of Air Gaps

3.,2.5 Optical fiber unit with spacers

After the unit with spacers is fabricated, it is
possible to use the conventional cabling tech-
niques for the unit without any particular need
for concern,

results in Fig. 12, it can be seen that the
fiber can be pulled out when the length of the
wni% is less than about 1Om. Beyond 10m length,
the fiber cannot be pulled out without damaging
it, 1% was concluded that the fibers in the
unit with spacers are sectionally free and are
irremovable when they have longer lengths.

I% has been confirmed that the spacers, by The fiber units with spacers shown in Fig. ! 200mn | Test Sample
increasing the air gaps in the cable, contri- 9 were designed and manufactured. They can be 110mn of Unit{a) f
bute to decreasing pneumatic resistance. easily used for optical cables with 2 relatively ) 4r i
Figure 8 shows the pneumatic resistances measu— large number of fibers. Their unit structures o 7 Tension) é !
red for fabricated spacer and non-spacer type are summarized in Table 2. The average trans- — o 3T ;
optical cables. I+ can be clearly seen that mission loss change between fiber coating and % = S i
the pneumatic resistance of spacer type opiical it meking wag 0.05dB/km and 0.0dB/km for unit a4 2% ,"
cable is less than that of non-spacer type even {4) and unit (B), respectively. M ing Bal ﬁ g »
in the case of equal cross-sectional area of 4 compression test using unit (4) was (Compressive Load) Spring e 88 1 /
gaps in the cable, since the air gaps in indivi- carried out as illustrated in Fig. 10. After P B ’.’)

dual elements in the spacer type is larger than
that in the non-spacer type.

the unit was crushed, the opitical fiber was
pulled out. The tension necessary to remove the
fiber was measured by a spring balancej the

Fig, 10 Compression Test on Unit (A)

o g--9- %" .

"1 2345678910 )
Length of Unit(R)

Fig. 12 Resulis of Fiber Pulling Test
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4. Coaxial Core with Spacers
Application of the spacer forming technique

to coaxial cores was investigated. Polyester
spacery were included as the insulator between the
inner conductor and outer conductor. The large
amount of air included with the spacers was consi~
dered to decrease the equivalent dielectric con-
stant of the insulaiion, Two coaxial cores with

Electrical properties of the coaxial cores are
given in Table 4. The measured values of capaci-
tance and characteristic impedance were reasonable
in view of the values of the equivalent dielectric
constant derived from the construction. Attenua-
tion constant versus frequency was measured for
both coaxial cores in the range from 10 to 100MHz,
as shown in Fig. 14. The structural return loss

Table 4 Electrical Properties of Coaxial Cores

Type
Item

(&) (B)

Insulation Resistance

825 kM Q«km 1400 kMQ+km

Dielectric Strength

Insulation capable of withstanding for 1 minute DG
test potential of 2000 V

different sizes, as shown in Fig, 13 and Table 3, (SRL) of both coaxial cores was less than 26dB
were designed and fabricated. The coaxial cores in the frequency region from :!-O T’o 300MHz, ) Conductor Resistance Imer 56,29 O/km 5.06 Q/km
were fabricsted at the same time by si_-,ra,nding six Figure 15 shov.:s S}?L chax_'a.o-f;erlstlcs of cc.J:na.]..t Outer T.42 Qfkm 6,18 Q/km
V-shaped polyester spacers around an inmer con— core {&). This figure indicates good uniformity :
ductor, forming an outer conductor of copper tape, in the manufacturing process. ) Capacitance 57.68 nF/kn 51.11 nF/km
and wrapping in laminated tape. Polyester tape Various sizes of coaxial cores with spacers Characteristic Impedance 7.8
was wound under the outer conductior to make the can be easily produced by changing spacer Sizes. ! 7.5 Q
core $ight. By the selection of the spacer strand- Moreover, it is possible to ins?rt as many optical Attenuation Constant {at 10 MHa) 22.4 4B/km 16.2 aB/km
ing pitch, the electrical properties of the coa- fibers as desired into the coaxial core with
xial core can be finely controlled, because the Spacers. Frequency (vHz)
lay length affects the volume of polyester con- i0 5'0 100 150 200 250 300
tained as the insulator. {dB/xm) ' ' j T T To clarify the improvement in crosstalk
g .lOO | | z:?i:c:vems-hcs’ ;Eﬁf’ elzg crosstalk of screened
U-shaped Spacer ; d as measured in the frequency range from
V-shaped P P g Coaxial Cﬁe(A) ,”_/ 100 Kz t0 5 MHz together with 'Eha.fu' of fon—-
Spacer 3 50 — (< screened units having no spacers, The results
Inner g ,7 Coaxial Core(B) are shown in Fig. 17. The improvement of cross—
Conductor ‘ﬁ 20 . 264B ta'lk characteristics was simply accomplished by
Tape S L™ using the_spacer forming technique without any
Cuter 5 10 . Fig, 15 Structural Return Loss inerease 1 the Cablir}g process. When designed
Conducitor kA 5 10 20 5 100 " s00 of Core (A) like unit (B), the unit diemeter is almost equal

%0 thgt of ~ i
(4) Tape (B) Frequency (MHz) g% of non-screened units.

Pig, 13 Structures of Spacer Type Fig., 14 Attenuation Constant vs. Frequency

Coaxial Cores

5. Bereened Pair-type Unit with Spacers !

V—shaped or U-shaped spacers with metal can 120+ :(::; ss;egzzd Un;ltu(%l ()
~Screened Uni,

Inner Conductor

Copper Clad Steel

Copper

also be used as a screen of electromegnetic field, I

wrapped in laminated tapes by a stranding machine

S—* Soreened Unit {3)

Table 3 Construction of Coaxial Cores Polyester-laminated aluminum tape is suitable for "j‘:} 100} ¥~ XNon-Screened Unit {B)
this purpose. The structures of screened units b
Type () () w%th spacers are shown in Fig, 16 and Table 4. §
ror Five star quads and spacers were assembled with ©
T m;f 2.00 g each other in an assemblage die, and then were E
8
=

Spacer
(Insulator)

Polyester Tape
0.125mm(T) x 3.5mm(W)

0.15ma{T) x Bmm(W)

Wrapping Tape of Spacer

0.025mm Thickness
Polyester

0.025mm Thickness
Polyester

without injuring the quads. Thus the guads were
almost screened mutually regarding electromagne-
tio interferences.

(L i 1 ]

L
100 200 500 1000 2000 5060
Frequency (KHS)

Star
Outer Conductor Copper Tape Copper Tape ( Quad Fig. 17 Frequency Property of Far nd
0. 15mm(T) = L6mm (W) 0.085mm(T) x 30mm{W) Crosstalk within Unit
Polyester (T:0.025mm) Polyester (T:0,025mm) Spacer- :
Wrapping Tape of Core Laminated Laminated 6. “?Omple-‘&e Spacr-er—‘tm)e Composite Cable
eminated ) Lol 0. 02mm) _Optlcal fiber units of type {4) in Fig. 9,
Core coaxial cores of type (A) in Fig. 13, and screen-
— 5.0 mp 10 mng Wrapping ed units of type (A) in Fig. 16 were assembled
Tape together by a conventional large-size stranding

(&) (B) machine, and then were commonly sheathed as a
complete spacer-type composite cable. Figure 18
shows the cross-sectional structure of the cable.

Transmission loss of the fibers was almost wun-

Fig, 16 Structures of Soreened Units
with Spacers

.
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Table 5 Construction of Screened Units

Type (B)
A) B
Item (
Conductor Diameter 0. 5mm 0.65mm
Insulation Diameter 0, T4mm 1,20mm
Blowing Degree 20% 30%

Tape

Polyester (T: 0.1 mm}| Polyester (T: 0.1 mm)
Spacer Laminated Aluminum

Laminated Aluminum

(T:0,025mm) Tape (T:0.025 mm)

Core Wrapping Tape

Tape

Polyester (T:0.025mm)| Polyester (T:0.025mm }
Laminated Aluminum

Laminated Aluminum

{T: 0.02mm) Tape {T: 0.02mm )

Unit Diameter

9mm Omm

changed throughout the cabling processes, as
shown in Fig, 19, and electrical characteristics
of coaxial cores and Screened units were also
stable. From this, the mechanical properties of
each core were considered to be strong enough %o
withstand the considerable mechanical loads im-
posed on each core by the stranding and taking
up operations. A general view of the composite
cable is shown in Fig. 20,

Screened Unit

Optical Fiber Unit

Coaxial Core

Diamster: -
Tapes
20mm;5
Welght: Laminated Aluminum
350ke/lm Polyethylene (LAP) Sheath

Fig, 18 Structure of Composite Cable
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Fig. 19 TLoss Change of Fibers in the
Cabling Processes
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Fig. 20 General View of Composite
Cable

. Conclusion

Various kinds of optical cables utilizing the
spacer forming technique were manufactured.
These optical cables with spacers have excellent
sransmission and mechaniecal properties and have
put into actual use at home and abroad.

By using this forming technique, it wae seen
that coaxial cables and screened pair-type cables
could be easily mamufactured and had outsianding
electrical properties.

This technology will be further developed
in the future tc increase the range of applica-
$ions.

Ackmowledgements
The authors wish to thank Dr, N, Uchida of

Ibaraki Electrical Communication Laboratory of
N.,T,T, and M, Boshikawa and ¥. Kameo ¢f Sumitomo
Electric Industries, Lid., for their helpful
comments and suggesiions,

References

(1) 7.5, Swiecicki, ®,D, King, and F,P, Kapron,
"INIT CORE STRUCTURES FOR OPTICAL COMMUNI-
CATION SYSTEMS," 27th I.W.C.3., Nov., 1978.

(2) s. Yonechi, H, Horima, S, Tanaka, and K.
Ishihara, "DEVELOPMENT OF SPACER TYPE OPTICAL
FIBER CABLES AND THEIR APPLIGATION,” IECE
Japan, C878-214, March, 1979 {in Japanese).

(3) K. Ishihara, S, Mochizuki, N, Nakatani,
N, Uchida, H, Hondo, H, Horima, and
S. Sugawara, "Determinatior of Optimum
Structure in Coated Optical Fiber and Cable
Unit," The Optical Commmication Conference,
September, 1979, Amsterdam.

(4) X. Ishihara, M. Tokude, and S. Seikai, "48-
Core Optical Fiber Gable Design and Charac-
teristics,™ Review of The Blectrical Commu--
nication Laboratories; Vol, 27, November-
December, 1979.

(5) Y. Onashi, "APPLICATION OF FIBER OPTICS,"
Proceefings of the 2nd Conference on Fiber
Optiecs and Commwmications, Chicago, Septem-—
ber, 1979.

(6) S. Suzuki, T, Yamanishi, T, Nakahara,
K, Aoto, T. Hashimote, H., Horima, K. Furuta,
T, Kadota, H., Kumamaru, and K. Sakamoto,
"COMPOSITE CABLE FOR OPTICAL COMMUNICATION
AND POWER TRANSMISSION," Proceedings of +the
2nd Conference on Fiber Optics and Commu.-
nications, Chicago, September, 197%.

(7) 8. Yonechi, O, Nishi, T. Yamanishi, and
T. Toda, "DESIGN AND CHARACTERISTICS OF
OPITCAL FIBER CABLE AND JOINT," Proccedings
of the 1st Conference of Fiber Optics and
Communications, Chicago, September, 1978.

{8) s, Yonechi, S. Tanaka, T. Nakahara, H.
Kumamaru, M. Hoshikawa and K. Ishihara,
"Characteristics of Optical Fiber Cables
with Bpacers," Proceeding of the Topical
Meeting on Optical Fiber Communication,
Washington DC, March, 1979.

International Wire & Cable Symposium Proceedings 1980

CommScope Exhibit 1032

' 109




Page 13

AUTHORS

Shin-ichi Yonechl

Shin-ichi Yonechi was born in 1945 and received
a B.S. in 1966 from Tohoku University. He joined
Sumitomo Electric Industries, Ltd., in 197L, and
has been engaged in research and development of
communication cables. He is FEngineer in Optical
Fiber Cable Department, and is 2 member of the
Institute of Electronics and Communication
Engineers of Japan.

Hiroaki Horima

Horozki Horima was born in 1947 and received a
M.S. in 1972 from Osaka University.

He joined Sumitomo Electric Industries, Ltd.

in 1972, and has been engaged in research and
development of multi-pair communication cable,
CATV coaxial cable and optical fiber cable.

He is Engineer in Optical Fiber System Department,
and is a member of the Institute of Electronics
and Communications Engineers of Japan.

110 International Wire & Cable Symposium Proceedings 1980

Shigeru Tanaka

Shigeru Tanaka was born in 1951 and received a M.S5.
in 1976 from Tokyo University. He joined

Sumitomo Fleciric Industries, Lid. in 1976, and
has been engaged in research and development of
optical fiber cable., He is a member of Institute
of Electronics and Communication Engineers of
Japan.

Koushi Ishihara

Koushi Ishihara wa$ born in 1943, received &
M.S. degree from Yamanashi University in 1969,
and joined the Blectrical Communication Labora-
tory in 1969, and has been engaged in research
and development of cable structure, and now
designing optical fiber cable.

Mr. Ishihara is Assistant Chief of Optical
Trensmission line Section in Ibaraki ECL, and a
member of the Institute of Electronics and Commu-—
nication Engineers of Japan.

MEAN POWER SUM FAR-END CROSSTALK OF PIC CABLES
AS A FUNCTION OF AVERAGE TWIST HELIX ANGLE

J. J. Refi

Bell Laboratories
Norcross, GA 30071

ABSTRACT

The mean power sum far-end crosstalk (FEXT) of the various
designs of plastic insulated conductor (PIC) cables used in the Bell
System (air core and waterproof, solid and expanded insulations, 19
through 26-gauge, 83 nF/mile and low capacitance) is a function of
their average twist helix angle. Cables with small helix angles have
stronger crosstalk coupling than cables with large helix angles.
Consequently, 26-gauge solid insulation air core cable which has
the smallest helix angle of any standard PIC cable also has the
strongest (worst) mean FEXT coupling. At the other extreme, 19-
gauge solid insufation waterproof cable which has the largest helix
angle also has the weakest (best) mean FEXT coupling. The
crosstalk spread between these two designs is as much as 6 dB.

Frequency scaling of mean FEXT is also a function of twist
helix angle. The dependence, however, is slight—ranging from 5.7
dB per octave of frequency for 26-gauge air core to 6.2 dB per
octave for 19-gauge solid insulation waterproof. This is from 0.3
dB less 10 0.2 dB more than the classical 6§ dB per octave rule,

Equations are presented which can be used to calculate the
expected mean power sum FEXT performance of any copper PiC
cable used in the Bell System. In addition, as long as pair twist
schemes are judiciously chosen, these equations can also be used to
predict the crosstalk performance of new cable designs,

1. INTRODUCTION

The maximum utilization of digital carrier systems on multipair
cable depends to a large degree on the cable’s crosstalk perfor-
mance. Consequently, it has become increasingly desirable to know
the crosstalk characteristics of the various cable designs. One way of
obtaining ‘this information is by actually measuring crosstalk on
each cable design and, in fact, many such measurements have been
made. However, knowledge of how crosstalk varies among these
designs would allow predictions of not only the crosstalk perfor-
mance of existing designs which have not been measured, but also
of new designs which have yet to be manufactured.

A number of authors have examined the theoretical and practi-
cal aspects of modeling crosstalk in multipair cable.!? Such investi-
gations are extremely useful for examining the effect of twist length
selection, manufacturing tolerances, and other parameters on
crosstalk. The present paper will not attempt to delve into simifar
analytical detail. Instead, simple empirical data on various Bell Sys-
tem cable designs will be examined and their crosstalk performance
related to readily identifiable cable design parameters.

2. CROSSTALK MEASUREMENTS

Over the years a number of Bell System cables have been meas-
ured for crosstalk on a Computer Operated Transmission
Measurement Set (COTMS).? Normally, 50 consecutive pairs are
connected to a pair fan-out and the 12325 pair-to-pair crosstalk com-
binations among those pairs measured at a number of frequencies.

The power sum crosstalk of a specific pair is then calculated by
summing the pair-to-pair couplings into that pair on a power basis.
Statistical parameters such as means and standard deviations can
then be computed and reported for both the pair-to-pair and the
power sum crosstalk distributions.

3. CROSSTALK TYPE EXAMINED

The highest bit rate digital carrier systems used on multipair
cable {T2* and TIC% use power sum crosstatk rather than pair-to-
pair crosstalk in the design of their repeatered lines. Consequently,
power sum crosstalk data were examined. Power sum means were
accumulated at five standard measurement frequencies—{.15,
0.772, 1.6, 3.15 and 6.3 MHz. Not all cables were measured at all
five frequencies and so the number of measurements in the data
base may change with frequency.

Depending on whether unidirectional or bidirectional carrier
transmission is employed, either FEXT or NEXT (mear end
crosstalk) is important. This paper concentrates specifically on
mean power sum FEXT.

As mentioned in Section 2, COTMS measuzrements are normally
made on 50 pair groupings. All of the data presented here are
therefore for 50 pair groups except for 25 pair cables. In these
cases, the data are for all 25 pairs.

4. CABLE TYPES EXAMINED

Cable designs in the data base represent almost ail standard 83
nF/mile copper PIC cables, i.e., air core and waterproof, solid and
DEPIC (dual expanded plastic insulated conductor)® insulations,
and 19 through 26-gauge conductors, In addition to these standard
cables, data were also examined on some "special” cables such as T2
LOCAP* cable (22-gauge DEPIC, 39 nF/mile for air core, and 46
nF/mile for waterproof)’, ICOT* cable (24-gauge DEPIC, 52
aF/mile for air core, and 60 nF/mile for waterproof)%, MAT* cable
(25-gauge DEPIC, 64 nF/mile, air core)®, DUCTPIC* cable (26-
gauge DEPIC, 83 nF/mile, air core)'® and an experimental 28-
gauge cable (28-gauge solid insulation, 83 nF/mile, air core).
These cables are termed "special” because they utilize shorter twist
lengths and have a basicaily different twist spectrum than the stan-
dard cables. In addition, T2 LOCAP, ICOT and MAT cables have
lower mutnal capacitances than the standard 83 nF/mile.

5. CORRELATION OF MEAN FEXT WITH DIAMETER OVER
BIELECTRIC

5.1 Standard Cahles

Table | shows the number of FEXT measurementst and the
average of the power sum FEXT means of each standard cable
design at 0.15 MHz.

* Trademark of Western Electric,

t The term ‘measurements” will be uscd instead of "cables' because several
measurements may have been made on different units in a single cable.

.
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