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Monday, 11 November

Introduction

The meeting was called to order by Chair, Rich Findley, at 0900 on Monday, 10 November, 1996
at the J. Seward Johnson Marine Education and Conference Center, Harbor Branch
Oceanographic Institution, Ft. Pierce, FL. Tim Askew, HBOI Director of Marine Operations,
welcomed the group to HBOIL. Participants introduced themselves and Rich Findley reviewed the
meeting agenda. The agenda and list of participants are included as Appendix I and Appendix II.
Rich Findley briefly reviewed the history of RVTEC and its accomplishments since the inception
of the committee in 1992.

Communications (Appendices III, IV)

Rich Findley presented information on the MSAT service (also known as satellite cellular
telephone). MSAT is an all digital communications system, primarily used on land, and in coastal
regions. Coverage is coastal US, Alaska, Hawaii and central America. There are several
providers, including American Mobile Satellite Corporation, Cruise Phone Communications
International (CPCI), MarineSat and Seven Seas. The system provides data transmission (2400
baud, 4800 baud testing), fax (2400 baud testing) and packet data transmission. Charge rates
vary from $1.29 to $2.00 per minute for voice, data and fax. Rich outlined a rate plan for
UNOLS vessels with CPCI. One-time charges include activation ($50) and PIN service ($30).
Incremental rates include voice service ($40/month), fax and data service ($15/month) and airtime



(31.29/minute). Entry cost on an MSAT system runs $6,000 - $10,000 depending on specific
ship requirements.

Rich also gave a short presentation on DirectPC, a downlink-only communications link. DirectPC
works in a similar fashion to DirectTV, using a small dish antenna. DirectPC provides a high-
speed downlink to the ship (400 kbps), but no uplink capability. Information on DirectPC can be
obtained at:

http://www.direcpc.com

Andy Clark (HBOI) gave a brief overview of OceanNET, a cooperative venture between HBOI
and Harris Corp, see Appendix III. Andy introduced Ray Kohler of Harris Corp., who gave a
short overview of the system. OceanNET is a ship or buoy-based high-speed data transmission
system, capable of 1 Mbit/sec transfer rates from ship to shore. It has been deployed on a Sm
buoy with onboard diesel power plant. Transmission is via IntelSat, a geostationary satellite. The
uplink requires an 18-inch antenna. A spread-spectrum technique is used to reduce interference
and allow multiple access to the same bandwidth. The OceanNET buoy can be communicated
with via Inmarsat-C for command and status functions. The OceanNET concept is used in the
Gulf of Mexico for aircraft VHF-FM communications relay. OceanNet is useful primarily for
high-speed ship-shore communications. Communications from shore-ship are much slower.
Coverage is available worldwide.

Following a short break, Chris Riffe (LUMCON) posed a question about data communications via
HF radio. A short discussion of HF packet communications followed.

Rich Findley presented information on the MerLAN system under development by the Marine
Technician Group at HBOI, see Appendix IV. MerLAN is an integrated shipboard and
underwater system designed to provide 10 Mbit ethernet communications to lowered or towed
packages. The underwater unit was displayed. The heart of the system is a PC-104 board stack
in the underwater unit. The system is designed to operate over a single-mode optical fiber up to
20km long. Both power and fiber signals and power are transferred through the winch by copper
or mercury slip rings. Fibers are terminated in the winch hub with standard fiber optic terminators
(FOTs). All control and I/O software are available off-the-shelf. The cable presently being used
for MerLAN is a Rochester 0.322" diameter, 3-conductor cable with one optical fiber within each
conductor stranding. This cable has the same form factor and working load specifications as
UNOLS standard CTD cable. The fiber optic version of this cable is Rochester # A-304059.
This cable costs about seven times the cost of UNOLS cable ($10/m versus $1.50/m) due to the
much closer tolerances required for the single mode fiber.

Autonomous Underwater Vehicles (AUVs, Appendix V)
Dan White (HBOI Engineering Division) gave a short presentation on AUVs, see Appendix V.

Dan outlined the different types of AUVs, and gave background information on the strengths and
weaknesses of each.



Morning Wrap-up

The floor was opened to discussion of the morning's presentations. Several topics were
discussed, including file transfer protocols on the World Wide Web, TCP/IP address conflicts
encountered by scientists moving computers from shore labs to ships, TCP/IP as a standard
networking protocol for ships, file transfers by FTP versus NFS, various WWW topics including
Java, the impact of NetPCs, and HTML delivery of real-time data displays. Rich Mueller
(MLML) posed a question about running SeaBird CTD software under Windows'95. There was
a short discussion of other software conflicts under Windows95.

Conducting Cable Workshop - I (Appendices VI, VII, VIII)

Following a lunch break, Rich Findley introduced Don Moller (WHOI) who gave a short history
of the UNOLS wire pool system. Don then introduced Phil Gibson of Tension Member
Technology.

Phil began his presentation with an analysis of the UNOLS 0.322" CTD cable which was recently
completed for UNOLS. Copies of the plots resulting from this analysis are included in Appendix
VI. Following this presentation, Phil began discussing topics of interest to the committee, and
answering questions from the committee. Appendix VII is a complete copy of the Cable
Workshop Notes as prepared by Mr. Gibson. The following topics were addressed. These
comments are from Phil Gibson, as transcribed by the Vice-Chair. Any errors are NOT Mr.
Gibson's.

Fleet Angle: Operating wires at high fleet angles will cause twist in the cable by a rolling action
on the cheeks of the sheave.

Snap Loading: UNOLS 0.322" cable is generally not sensitive to loading rate, but is sensitive to
maximum load achieved.

Ends-Fixed Towing or Lowering: In the ends-fixed case (no swiveling of package, e.g.,
MOCNESS or SeaSoar), there is a large twist gradient at the sheave end of the cable, and a small
twist gradient at the lowered or free end. Between these areas, there is an area of zero torque in
the cable. When the cable is lowered, there is a tension gradient but no net torque is induced in
the cable. Once a cable has been spooled, there is little additional twist induced in the cable in an
ends-fixed application.

Preconditioning of cable: Cables should be preconditioned under the same conditions (or as close
as practical to them) as they will be operated. Many cable manufacturers will "prestress" a cable,

but this is not necessary.

Definition of Breaking and Safe Working Loads (SWL): Breaking load is defined as the load
required to cause a mid-cable break of a sample. Safe Working Load is usually a very
conservative downrating of the breaking load. There is no standard calculation of SWL; it is



determined by the manufacturer. Safe Working Load may be more dependent on the yield point
of the copper conductors than the yield point of the armor.

Dynamic Loading: The important factor in dynamic or "snap" loading is the maximum tension
reached. The speed at which one arrives at the maximum tension is relatively unimportant. Every
effort should be made to measure peak tensions in dynamic situations.

Spooling Cables and Spooling Tension: Winding cables under tension is also known as profile
winding. When spooling cables, one should try to match the tension profile through the drum
which the cable will experience during use. This technique will also "pre-yield" the copper
conductors. One possible problem with traction winches is that the cable is stressed when hauled
over the traction device, then stored under low tension, i.e., the storage tension profile does not
match the use profile.

This ended the proceedings of 11 November.

Tuesday, 12 November

Conducting Cable Workshop - II (Appendices VI, VII, VIII)

The meeting was reconvened at 0830 on 12 November. Phil Gibson resumed his discussion of
cables with topics which had come up the previous evening.

Waterblocking: Copper and other wire cores need waterblocking for waterproofing, for radial
stability and to accommodate squeeze by tension or pressure. Void fillers are not necessarily
waterblockers.

Optical Fiber Cable Considerations: Within a hybrid (copper-fiber) cable, the copper conductors
have the lowest yield, with the optical fibers having a higher yield tension. The main problem with
fibers is long-term storage under tension. The copper surrounding the fibers must have a higher
yield strength because of the small helix angles of the copper bundles. This small helix angle does
not strain relieve the copper conductors.

Cable Helix Angles: The helix angle is defined as the angle between the AXIS of the cable and
the helix. Low helix angles give high strength and low stretch. However, low angle cables are
susceptible to armor wire displacement and crossovers, especially in multiple layer winding and
where cables are repeatedly run over sheaves. Slightly higher helix angles will give slightly lower
strength and higher stretch, but perform better in multiple layer applications and where cables are
repeatedly run over sheaves.

Lay Length: Lay length is defined as the down-cable distance of one rotation around the cable.

Sheave Treads and Lebus Shells: Sheave treads should conform as closely as possible to the wire
diameter. If treads do not match closely, wires should be watched closely for signs of bending
fatigue. Flat-treaded sheaves provide little support for cables. Narrow-treaded sheaves cause




pinching of cables. UNOLS 0.322" cable is nominally 0.324" (0.322-0.325). According to Don
Moller (WHOI) all UNOLS winch drums are Lebus grooved for 0.327" wire. Lebus grooving
must match cable diameter as well as cheek-to-cheek distance, and are made to very close
tolerances.

Bending Cycle: One bending cycle is defined as one cycle of cable straight-cable bent-cable
straight.

Levelwind Rollers: Rollers on levelwinds may be significant if fatigue failure is a problem. Soft
plastic rollers have certain advantages in supporting the wire. Flat-faced rollers cause problems
because the wire is supported for less of its circumference. These problems are worse with 3x19
cable because its triangular cross-section provides less support for the cable. Small diameter
rollers cause excessive bend fatigue.

Cable Lubrication: Heavy, thick tar-like lubricants do not assist cable lubrication. A low
viscosity, penetrating lubricant is required to penetrate and lubricate between cable components.

End-for-Ending Cables: This is not recommended. End-for-ending puts the wire in best
condition at the working end, but puts the wire in worst shape at the point of highest tension. If
this practice is followed, one must closely monitor the amount of wire overboard so that cable
which was previously stressed does not bear the full load of a lowering. Additionally, end-for-
ending reverses the tension profile of the wire, and subjects the cable to new and different
stresses, which may result in premature conductor or cable failure.

Kevlar and Synthetics: Synthetics currently available are:

Technora: This is an Aramid (Kevlar) synthetic made by a different process. Technora is
30% higher in strength, and Technora fibers are 15% stronger than comparable Kevlar
fibers. Bending fatigue is 50% better than Kevlar, and strength efficiency is better.
Technora suffers from the same failure problems as Kevlar (abrasion and transverse
loading).

Vectran: This is an expensive (twice the cost of Kevlar) synthetic with a larger filament
than Kevlar. It is more tolerant of transverse loading, but has similar stretch and strength
as Kevlar. Bending fatigue performance is better than Kevlar.

Spectra: This synthetic is not useful for EM cables. Spectra creeps under load and has
too much stretch for EM cables.

Kevlar Stretch: Braided Kevlar is more stretchy than served Kevlar. Kevlar cables must be
designed to protect the core components.

Kevlar Strain and Loading: Tensions on Kevlar cables must be kept relatively high. Bending
fatigue is worse at low tensions because of tension/compression differences and puckering on the
inside of a bend. Kinks at joints of mylar inner jackets can break the adjacent Kevlar strands.



Cable Terminations: Mr. Gibson discussed several terminations, including the PMI Deadend grip
(known as the "finger grip"), the PMI Dyna-Grip and its bending strain relief, Kellum grips (these
are NOT recommended) and Resin Sockets.

Resin Socket Terminations: Resin sockets (or Crosby Sockets) are useful for multiple cyclic
loading applications. "Socket Fast" resin (ESCO Corp.) is recommended. The socket must have
a conical insert. Cone angles should not exceed 15 degrees total angle. Such shallow cone angles
are needed for maximum wedging action. Likewise, the bore of the cone should be smooth, not
annulated. The smooth bore provides maximum surface area for wedging with the resin plug.
The socket should have a keyway in the wall to prevent rotation.

Following the cable discussion, Don Moller (WHOI) began a discussion of specifications for the
next generation of UNOLS cables. Don began by giving a history of the UNOLS wire pool, and a
historical review of the design of the 0.322" UNOLS cable, see Appendix VIII. Phil Gibson
(TMT) interjected some comments on the design process. He noted that the design should be
driven by performance, not detail. Mr. Gibson also commented that a hybrid (copper-fiber) cable
is not necessarily the best approach, as one might end up with the worst of both types, or a cable
which does neither very well.

Following this introduction, the committee discussed some of the requirements and specifications
for a new cable. There was also some discussion about writing specifications which included or
allowed synthetic cables. The possibility was raised that there might be two specifications, one
for steel, one for synthetic. This discussion concluded with the appointment of a Subcommittee
on Cable Specifications. Subcommittee members are: Don Moller (WHOI), Rich Findley
(U.Miami/HBOI), John Freitag (RVTEC Chair, URI) and Mike Webb (NOAA PMC).

Tour of Harbor Branch and R/V SEWARD JOHNSON

Following a lunch break, Rich Findley presented an introduction to the R/V SEWARD
JOHNSON, and a short film outlining HBOI activities. The rest of the day was spent touring
HBOI facilities and R’V SEWARD JOHNSON.

Wednesday, 13 November

The meeting was reconvened at 0840 on 13 November. Rich Findley introduced attendees from
NAVOCEANO who joined the meeting that morning.

Database Subcommittee Report

Database Subcommittee Chair, Tom Wilson (SUNY-Stony Brook), gave an update on the
activities of the Database Subcommittee. He demonstrated the latest version of the RVTEC
homepage, and invited comments on where the subcommittee should go next. Tom outlined the
weaknesses of the current server at URI, and stressed the need for a more-capable server. The
committee at large discussed what items should be made available at the homepage. Suggestions



for a searchable database of equipment and personnel, and on-line equipment request forms.
UNOLS is going to on-line forms for most of its business, and RVTEC might do the same. Barrie
Walden (WHOI) offered to work with Tom on finding a new server for the homepage, possibly at
WHOI. Actions items for the Database Subcommittee are: 1) Advertise more widely on the web;
2) Find a more capable host for the homepage; 3) Develop a searchable database on a more
capable host (when found).

The URL for the RVTEC homepage is:
http://www.gso.uri.edu/unols/rvtec/rvtec.html
Data Interchange Subcommittee

Data Interchange Subcommittee Chair Marc Willis (OSU) gave a historical review of the effort to
incorporate netCDF as a standard data delivery format for UNOLS vessels, and gave some
thoughts on future directions for this effort. Steve Poulos (U Hawaii) agreed to take over as
Subcommittee Chair.

Steve Poulos outlined his thoughts about where the effort should go next. He requested that all
participating institutions send sample copies of their shipboard data files to him. Steve will use
this information as background for development of a proposal to fund a person to facilitate the
transition from current formats to netCDF. The committee discussed at length the best method
for transitioning from current formats to netCDF, and the consensus was that one highly-skilled
person helping all institutions is probably the best approach. The Data Interchange Subcommittee
was tasked with developing an implementation plan for netCDF on UNOLS vessels.

National Science Foundation (Appendix IX)

Following a short break, Sandy Shor (acting NSF-OCFS Instrumentation and Technical Services
Program Director) outlined the current budget situation at NSF, see Appendix IX.

Sandy then reported on a meeting he had attended the previous week about the Marine Advanced
Technical Education initiative, an effort of the Monterey Peninsula College. Based on feedback
from RVTEC and other marine technical communities, it appears that there is a need for this type
of training, both for academia and for industry. Development of this program will continue.

Sandy advised RVTEC that the International Ship Operators Meeting (ISOM) had held an
International Marine Technicians Workshop at Southampton, England in late September, 1996.
ISOM is interested in holding a joint meeting of International Marine Technicians and RVTEC in
1998. The next chair (John Freitag, URI subsequently elected) is charged with contacting the
organizer of the 1996 Workshop (Ken Robertson, Research Vessel Services, UK) to discuss a
joint meeting.



NAVOCEANO Requirements

Cindy Kelly and Dennis Kyman (NAVO) were introduced, and outlined the requirements for the
NAVOCEANO cruises scheduled on UNOLS vessels for 1997. Dennis Kyman reviewed the
operational plans for the various surveys, including equipment requirements, personnel
requirements, data processing requirements, water sampling and coring. The point of contact for
institutions performing NAVO research is Gordon Wilkes.

Salary Survey
Rich Findley noted that it has been some years since a salary survey was done for Technicians.
RVTEC will conduct the survey, with the UNOLS office coordinating to preserve confidentiality.

The plan is to provide the survey form on the web page, and have it returned in hard copy to
UNOLS.

Long-Range Instrumentation Planning

Rich Findley proposed the establishment of a Long Range Instrumentation Planning
Subcommittee. Rich agreed to serve as chair.

Election of Chair
Rich Findley has served two terms, the maximum allowed by the RVTEC charter. One
nomination was received, John Freitag (URI). The nomination was moved by Chip Maxwell and

seconded by Carroll Baker. John Freitag was elected chair by acclamation. John will serve a two
year term.

Subcommittees

Database Subcommittee - This Subcommittee was renamed the On-line Resources Subcommittee,
and Tom Wilson will continue as chair.

Data Interchange Subcommittee - This Subcommittee was renamed the Data Standards and
Exchange Subcommittee. Steve Poulos will take over as chair replacing Marc Willis.

Wire and Cable Specifications Review Subcommittee - This new Subcommittee will be chaired by
Don Moller.

Next Meeting

Neil Bogue (UW) agreed to host the next annual meeting of RVTEC. The meeting is tentatively
scheduled for 20-22 October 1997 at the University of Washington, Seattle.



Other Business

Comments are requested on the University of Hawaii SWATH vessel designs. Comments should
be sent to UNOLS.

Tom Wilson has come up with an RVTEC logo design. This will be posted on the web page.
Members are encouraged to vote yea or nea on this design, and to submit other designs.

There was a short discussion of possible workshop topics for the next meeting. Some of the ideas
are: Marine Corrosion, SeaBird CTD, ADCP.

Rich Findley asked members to think about collaborating on an RVTEC CD-ROM to distribute
commonly-used software, manuals, etc.

Rich Findley reminded members to distribute their Technicians and Instrumentation Proposals to
UNOLS members.

The SeaNET Group was not represented at the meeting, but sent a written update. This is
included as Appendix X.

Adjournment

Adjournment was moved by Tom Wilson, and seconded by Tim Deering (U.Delaware). The
meeting was adjourned at 1240 on Wednesday, 13 November.
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DESIGN: UNOLS-1
DESCRIPTION: 0.322-1nch Diameter 3-Conductor Cable

LAYER 1 #19 AWG Conductors
LAYER DESIGNATION -> CONDUCTOR
NUMBER OF CONDUCTORS = 3
CONDUCTOR DIA. (Ln) = 0.034¢%
CONDUCTOR INSULATION DIA. (in) = 0.0710
LAYER O.D. (in) = 0D.1530
LAY LENGTH (in) = 1.300
LAY DIRECTION -> LEFT
TENSILE MODULUS (Mpsti) = 15.000
ULTIMATE STRESS (kpsi) s 40.0
YIELD STRESS (kpsi) = 30.0
POISSON'S RATIO = 0.33
THERMAL EXPANSION COEF (10" -6/deg F) = 9.0
SPECIFIC GRAVITY = 8.90
SPECIFIC GRAVITY OF INSULATION = 0.90

LAYERY 2 - Core Jacket
LAYER D%SIGNATION -> NON-HELICAL
ROD OR TUBE -> TUBE
TUBE I.D. (in) = 0.1300
TUBE O0.D. (in) = 0.1800
TENSILE MODULUS (Mpsi) = 0.100
ULTIMATE STRESS (kpsi) = 5.0
YIELD STRESS (kpsi) = 3.0
POISSON'S RATIO = 0.45
THERMAL EXPANSION COEF {10"-6/deg F) = 70.0
SPECIFIC GRAVITY = 0.96

LAYER 3 Inner Armor
LAYER DESIGNATION -> ARMOR
NUMBER OF WIRES = 16
WIRE DIA. (in) = 0.0375
LAYER 0O.D. (in) = 0.2500
LAY LENGTH (in) = 1.596
LAY DIRECTION => RIGHT
TENSILE MODULUS (Mpsi) = 28.000
ULTIMATE STRESS (kpsi) = 300.0
YIELD STRESS (kpsi) ) = 265.0
POISSON'S RATIO = 0.30
THERMAL EXPANSION COEF (10°-6/deg F) = 6.0
SPECIFIC GRAVITY = 7.80

CABLE SOLVER 1 V4.09 <CsS1000 11-07-1996
Copvright 1987-1993 Tension Member Technology



DESIGN: UNOLS-1
DESCRIPTION: 0.322-inch Diameter 3-Conductor Cable

LAYER 4 Outer Armor

LAYER DESIGNATION
NUMBER OF WIRES

WIRE DIA. (in)

LAYER 0.D. (in)

LAY LENGTH (in)

LAY DIRECTION

TENSILE MODULUS (Mpsi)

ULTIMATE STRESS (kpsi)

YIELD STRESS (kpsi)

POISSON'S RATIO

THERMAL EXPANSION COEF (10" -6/deg F)
SPECIFIC GRAVITY

CORE Belt Over Power Conductors

INYITIAL CORE I.D. (in)

INITIAL CORE 0O.D. (in)

BULK MODULUS (kpsi)

VOID VOLUME (%)

SPECIFIC GRAVITY OF VOID FILLER
THERMAL EXPANSION COEF (10°-6/deg F)

MAXIMUM CUSP FILL (%)
CUSP FILL PRESSURE PARAMETER (psi)
HERMETIC CABLE JACKET

CABLE SOLVER 1 V4.09 CS1000 11-07-1996
Copyright 1987-1993 Tension Member Technology

]

ARMOR
22
0.0375
0.3250
2.685
LEFT
28.000
300.0
265.0
0.30
6.0
7.80

0.1800
100.0

90
1000
NO



DESIGN: UNOLS-1
DESCRIPTION: 0.322-1inch Diameter 3-Conductor Cable

LAYER DESCRIPTION
LAYER 1 #19 AWG Conductors

LAYER 2 Core Jacket

LAYER 3 Inner Armor

LAYER 4 Outer Armor

CORE Belt Over Power Conductors

CABLE SOLVER 1 WV4.09 CS1000 11-07-1996
Copyright 1987-1993 Tension Member Technology



DESIGN: UNOLS-1
DESCRIPTION: 0.322-inch Diameter 3-Conductor Cable

MATERIAL PROPERTIES TABLE

LAYER NUMBER 1 2 3 B
LAYER DESIGNATION COND NHL ARMOR ARMOR
TENSILE MOD (Mpsi) 15.000 0.100 28.000 28.000
ULTIMATE (kpsi) 40.0 5.0 300.0 300.0
YIELD (kpsi) 30.0 3.0 265.0 265.0
SHEAR MOD (Mpsi) 5.639 0.034 10.769 10.769
POISSON'S RATIO 0.33 0.45 0.30 0.30
TEC (10°-6/deg F) 9.0 70.0 6.0 6.0
SPECIFIC GRAVITY 8.90 0.96 7.80 7.80
SG OF INSULATION 0.90 n/a n/a n/a

CABLE SOLVER 1 V4.09 CS1000 11-07-1996
Copyright 1987-1993 Tension Member Technology
A

]



DESIGN: UNOLS-1

DESCRIPTION: 0.322-inch DiLameter 3-Conductor Cable

INITIAL DESIGN

CORE: INITIAL CORE I.D.
INITIAL CORE 0O.D.
BULK MODULUS (kpsi)
VOID VOLUME (%)

SPECIFIC GRAVITY OF VOID FILLER -
MASS OF VOID FILLER (lbm/ft) -
THERMAL EXPANSION COEF (10°-6/deg F) =

LAYER OVER CORE

INITIAL CUSP FILL (%)
MAXIMUM CUSP FILL (%)
CUSP FILL PRESSURE PARAMETER
NO HERMETIC CABLE JACKET

CONFIGURﬁTION TABLE

LAYER NUMBER

LAYER DESIGNATION

(in)
(in)

= 0.1800
= 100.0

I
Q

o O o

= LAYER 3

= 90

(psi) = 1000

NO. OF ELEMENTS
ELMNT DIA. (in)

INSLTN DIA. (in)

LAYER I.D. (in)
LAYER P.D. (in)
LAYER O.D. (1in)
DELTA O0.D. (in)
DIA. BIAS (in)
LAY LENGTH (in)
LAY ANGLE (deg)
LAY DIRECTION
R OF CURV (in)
COVERAGE (%)
STRENGTH (1b)
MASS (lbm/ft)

0]
0
0

JOTEO
.0820
.1530

1 16 22

n/a 0.0375 0.0375
nj/a n/a n/a
0.1300 0.1750 0.2500
0.1550 0.2125 0.2875
0.1800 0.2500 0.3250

0] 0 0
0 0 0
n/a 1.596 2.685
0 2270 18.59
n/a Right Left
n/a 0.7 1.4
n/a 97.8 96.6
60 4890 6910
0.01 0.06 0.09

STRAIN (%)
TENSION (lb)
TORQUE (lb-in)

ROTATION (deg/ft)

CABLE SOLVER 1

v4.09

CS1000

CORE PRESSURE (psi)
TENSILE STRENGTH SUM (lb)
MASS SUMMATION (lbm/ft)

11-07-1996

Copyright 1987-1993 Tension Member Technology

(4.6)

11970
0. 17



DESIGN: UNOLS-1

DESCRIPTION: 0.322-inch Diameter 3-Conductor

INITIAL TENSION (lb)

FINAL TENSION (1b)
INCREMENT OF TENSION (lb)
END CONDITION

COMPRESSIBLE CORE MODEL
TENSION DEPENDENT CUSP FILL
NO BIAS

CORE: INITIAL CORE I.D. (in)
INITIAL CORE 0O.D. (in)
BULK MODULUS (kpsi)
VOID VOLUME (%)
SPECIFIC GRAVITY OF VOID FILLER
MASS OF VOID FILLER (lbm/ft)

LAYER OVER CORE

INITIAL CUSP FILL (%)

MAXIMUM CUSP FILL (%)

CUSP FILL PRESSURE PARAMETER (psi)
NO HERMETIC CABLE JACKET

PERFORMANCE TABLE

DIAMETER

TENSION  STRAIN TORQUE  ROTATION
(1b) (%) (1b-in) (deg/ft)
0 0 0 0
500 0.10 L5 0
1000 0.20 27 0
1500 0.28 38 0
2000 0.37 49 0
2500 0.46 60 0
3000 0.54 71 0
3500 0.63 81 0
4000 0.71 91 0
CABLE SOLVER 1 V4.09 CS1000 11-07-1996

Cable

0

4000

500

FIXED (NO ROTATION)

0.1800
100.0

LAYER 3
74

90

1000

(in) (psi)

0.3250 0
0.3240 0
0.3232 0
0.3225 0
0.3219 0
0.3212 0
0.3206 0
0.3200 0
0.3194 0

Copyright 1987-1993 Tension Member Technology

(4.6)

TEMPERATURE
(deg F)



DESIGN: UNOLS-1

DESCRIPTION: 0.322-inch Diameter 3-Conductor Cable
INITIAL TENSION (1lb) 9]
FINAL TENSION (1lb) 4000
INCREMENT OF TENSION (lb) 500

END CONDITION

FREE TO ROTATE

COMPRESSIBLE CORE MODEL
TENSION DEPENDENT CUSP FILL

NO BIAS
CORE: INITIAL CORE I.D. (in) =0
INITIAL CORE O.D. (in) = 0.1800
BULK MODULUS (kpsi) = 100.0
VOID VOLUME (%) =0 (4.6)
SPECIFIC GRAVITY OF VOID FILLER =0
MASS OF VOID FILLER (lbm/ft) = 0
LAYER OVER CORE = LAYER 3
INITIAL CUSP FILL (%) = 74
MAXIMUM CUSP FILL (%) = 90
CUSP FILL PRESSURE PARAMETER (psi) = 1000
NO HERMETIC CABLE JACKET
PERFORMANCE TABLE
TENSION STRAIN TORQUE  ROTATION DIAMETER PRESSURE TEMPERATURE
(lb) (%) (lb-in) (deg/ft) (in) (psi) (deg F)
0 0 0 0 0.3250 0 0
500 0.13 o} 5.8 0.3237 0 0
1000 0.24 0 10.6 0.3227 0 0
1500 0.34 0 15.0 0.3219 0 0
2000 0.44 0 19.3 0.3211 0 0
2500 0.54 0 23.6 0.3204 0 0
3000 0.64 0 27.9 0.3196 0 0
3500 0.74 0 32.3 0.3188 o} 0
4000 0.84 0 36.6 0.3181 0 0
CABLE SOLVER 1 V4.09 C€S1000 11-07-1996

Copyright 1987-1993 Tension Member Technology



DESIGN: UNOLS-1

DESCRIPTION: 0.322-inch Diameter 3-Conductor

TENSION (lb)

END CONDITION

COMPRESSIBLE CORE MODEL
TENSION DEPENDENT CUSP FILL
NO BIAS

CORE: INITIAL CORE I.D. (in)
INITIAL CORE O.D. (in)
EFFECTIVE CORE 0.D. (in
DELTA CORE 0.D. (in)
BULK MODULUS (kpsi)
VOID VOLUME (%)

)

SPECIFIC GRAVITY OF VOID FILLER
MASS OF VOID FILLER (lbm/ft)

LAYER OVER CORE

INITIAL CUSP FILL (%)
MAXIMUM CUSP FILL (%)

CUSP FILL PRESSURE PARAMETER
CUSP FILL (%)

NO HERMETIC CABLE JACKET

CONFIGURATION TABLE

LAYER NUMBER 1
LAYER DESIGNATION COND
NO. OF ELEMENTS 3
ELMNT DIA. (in) 0.0349
INSLTN DIA. (in) 0.0710
LAYER I.D. (in) 0.0107
LAYER P.D. (in) 0.0797
LAYER 0.D. (in) 0.1487
DELTA 0.D. (in) -0.0043
DIA. BIAS (in) 0
LAY LENGTH (in) 1.309
LAY ANGLE (deg) 10.83
LAY DIRECTION Left
R OF CURV (in) Tl
COVERAGE (%) 101.4
STRENGTH (1b) 110
MASS (lbm/ft) 0.01
STRAIN (%) = 0.71
TENSION (lb) = 4000
TORQUE (lb-in) = 91
ROTATION (deg/ft) = 0

CABLE SOLVER 1 V4.09 (CS1000

(psi)

n/a 0

n/a
0.1263 0
0.1506 0
0.1749 0
-0.0051 -0

0]

n/a

n/a

Cable
= 4000
=> FIXED
=0
= 0.1800
= 0.1749
= =-0.0051
= 100.0
=0
=0
= 0
= LAYER 3
= 74
= 90
= 1000
= 90
3 4
ARMOR ARMOR
16 22
.0375 0.0375
n/a n/a
.1694 0.2444
.2069 0.2819
.2444 0.3194
.0056 =0.0056
0 0
1.607 2.704
22.02 18.14
Right Left
0.7 1.5
100.0 98.3
4890 6910
0.06 0.09

CORE PRESSURE (psi)

TENSILE STRENGTH SUM (lb)
MASS SUMMATION (lbm/ft)

11-07-1996

Copyright 1987-1993 Tension Member Technology

(NO ROTATION)

]

(4.6)

4870
11870
16.45) Iy}



DESIGN: UNOLS-1
DESCRIPTION: 0.322-inch Diameter 3-Conductor Cable

TENSION (lb) = 4000

END CONDITION -> FIXED (NO ROTATION)
COMPRESSIBLE CORE MODEL

TENSION DEPENDENT CUSP FILL

NO BIAS
CORE: INITIAL CORE I.D. (in) =0
INITIAL CORE 0.D. (1n) = 0.1800
EFFECTIVE CORE O.D. (in) = 0.1749
DELTA CORE O.D. (in) = -0.0051
BULK MODULUS (kpsi) = 100.0
VOID VOLUME (%) =0 (4.6)
SPECIFIC GRAVITY OF VOID FILLER =0
MASS OF VOID FILLER (lbm/ft) =0
LAYER OVER CORE = LAYER 3
INITIAL CUSP FILL (%) = 74
MAXIMUM CUSP FILL (%) = 90
CUSP FILL PRESSURE PARAMETER (psi) = 1000
CUSP FILL (%) = 90

NO HERMETIC CABLE JACKET

STRESS/STRAIN TABLE

LAYER NUMBER 1 2 3 4
LAYER DESIGNATION COND NHL ARMOR ARMOR
TEN STRESS (kpsi) 39.7 0.7 61.6 124.2
TEN STRAIN (%) 0.58 0.71 0.22 0.44
SHR STRESS (kpsi) 0 0 0.4 0.1
SHR STRAIN (%) 0 0 0 0
MXTOR STRESS (kpsi) 2.0 0 1.8 0.8
MXTOR STRAIN (%) 0.04 0 0.02 0.01
MXBEN STRESS (kpsi) *Q* 0 22.5 10.4
MXBEN STRAIN (%) *O* 0 0.08 0.04
MXEFF STRESS (kpsi) 39.8 o W] 84.1 134.6
TENSION (lb) 110 10 1010 2870
TORQUE (lb-in) 1 0 -41 132
RAD FORCE (1b/in) 100 0 1570 2180
RAD PRESS (psi) 410 0 2420 2460

LAYER(S) 1 MXEFF STRESS ABOVE YIELD.

STRAIN (%) = 0.71 CORE PRESSURE (psi) = 4870
TENSION (lb) = 4000 TENSILE STRENGTH SUM (1lb) = 11970
TORQUE (lb-in) = 91

ROTATION (deg/ft) =0

CABLE SOLVER 1 V4.09 (€S1000 11-07-1996
Copyright 1987-1993 Tension Member Technology



DESIGN: UNOLS-1

DESCRIPTION: 0.322-inch Diameter 3-Conductor

TENSION (lb)

END CONDITION

COMPRESSIBLE CORE MODEL
TENSION DEPENDENT CUSP FILL
NO BIAS

CORE: INITIAL CORE I.D. (in)
INITIAL CORE O.D. (in)
EFFECTIVE CORE 0.D. (1in
DELTA CORE O.D. (in)
BULK MODULUS (kpsi)
VOID VOLUME (%)

)

SPECIFIC GRAVITY OF VOID FILLER
MASS OF VOID FILLER (lbm/ft)

LAYER OVER CORE
INITIAL CUSP FILL (%)
MAXIMUM CUSP FILL (%)

CUSP FILL PRESSURE PARAMETER
CUSP FILL (%)

NO HERMETIC CABLE JACKET

CONFIGURATION TABLE

LAYER NUMBER 1
LAYER DESIGNATION COND
NO. OF ELEMENTS 3
ELMNT DIA. (in) 0.0349
INSLTN DIA. (in) 0.0710
LAYER I.D. (in) 0.0106
LAYER P.D. (in) 0.0790
LAYER O.D. (in) 0.1474
DELTA 0.D. (in) -0.0056
DIA. BIAS (in) 0
LAY LENGTH (in) 1.325
LAY ANGLE (degq) 10.61
LAY DIRECTION Left
R OF CURV (in) 1.2
COVERAGE (%) 101.5
STRENGTH (1lb) 110
MASS (lbm/ft) 0.01
STRAIN (%) = 0.84

TENSION (lb) = 4000

]
o

TORQUE (lb-in)
ROTATION (deg/ft)

]
(%]
o
o3l

CABLE SOLVER 1 V4.09 (Cs1000

(psi)

n/a

n/a
0.1252
0.1493
0.1734
-0.0066
0

n/a

n/a

Cable

= 4000

-> FREE TO ROTATE

=0
= 0.1800
= 0.1734
= -0.0066
= 100.0
=0
=0
=0
= LAYER 3
= 74
= 90
= 1000
= 90
3 4
ARMOR ARMOR
16 22
0.0375 0.0375
n/a n/a
0.1681 0.2431
0.2056 0.2806
0.2431 0.3181
-0.0069 -0.0069
0 0
1.588 2.771
22.13 17::65
Right Left
0.7 1.5
100.7 98.5
4890 6910
0.06 0.09

CORE PRESSURE (psi)

TENSILE STRENGTH SUM (lb)
MASS SUMMATION (lbm/ft)

11-07-1996
Copyright 1987-1993 Tension Member Technology

(4.6)

5410
11970

= 0.17



DESIGN: UNOLS-1

DESCRIPTION: 0.322-inch Diameter 3-Conductor Cable

TENSION (1b)
END CONDITION

COMPRESSIBLE CORE MODEL
TENSION DEPENDENT CUSP FILL
NO BIAS

CORE: INITIAL CORE I.D. (in)
INITIAL CORE O.D. (in)
EFFECTIVE CORE O.D. (in)

DELTA CORE 0.D. (in)

BULK MODULUS (kpsi)

VOID VOLUME (%)

SPECIFIC GRAVITY OF VOID FILLER
MASS OF VOID FILLER (lbm/ft)

LAYER OVER CORE
INITIAL CUSP FILL (%)

MAXIMUM CUSP FRILL (%)

CUSP FILL PRESSURE PARAMETER (psi)
CUSP FILL (%)

NO HERMETIC CABLE JACKET

STRESS/STRAIN TABLE

LAYER NUMBER 1 2
LAYER DESIGNATION COND NHL
TEN STRESS (kpsi) 39.8 0.8
TEN STRAIN (%) 0.63 0.84
SHR STRESS (kpsi) 0.1 0
SHR STRAIN (%) 0 0
MXTOR STRESS (kpsi) 7.0 0.2
MXTOR STRAIN (%) 0.12 0.46
MXBEN STRESS (kpsi) xQ* 0
MXBEN STRAIN (%) *O* 0
MXEFF STRESS (kpsi) 41.6 0.9
TENSION (lb) 110 10
TORQUE (1lb-in) 1 0
RAD FORCE (lb/in) 100 0
RAD PRESS (psi) 400 )

LAYER(S) 1 MXEFF STRESS ABOVE YIELD.
CORE PRESSURE (psi)
TENSILE STRENGTH SUM (lb)

STRAIN (%) = 0.84
TENSION (1b) = 4000
TORQUE (lb-in) = 0

ROTATION (deg/ft) 36.6

CABLE SOLVER 1 V4.09 CS1000 11-07-1996

4000

-> FREE TO ROTATE

= 0.180
= 0.173
= =0.00
= 100.0

= LAYER
= 74

= 90

= 1000
= 90

Copyright 1987-1993 Tension Member Technology

0
4
66

3

{4.6)

6410
11970
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SECTION 1
INTRODUCTION

Background information on Tension Member Technology
and the authors of this tutorial

Format for this tutorial

History of electromechanical and fiber optic cables
1. Design sophistication
2. Cable materials

3. Fabrication techniques

Static versus dynamic cables



o

SECTION 2

CABLE MECHANICS

A. Examples of various cable constructions
1. Double armored cables

a. Equal numbers of wires in both layers
(poor torque balance)

b. Equal wire sizes in both layers
(better torque balance)

c. Smaller wires in outer layer
(best torque balance)

2. Three and four armor layers

a. Can offer good torque balance

b. Can offer the least cable rotation
3. Spaced armor cables
4, Nonmetallic strength members

a. Braided fiber

b. Served fiber

B. Cable reaction to tensile loading
l. Forces and motions affecting cable elements
2. Tensile stress distribution among elements
3. Advantages of strength member stress balance
4. Cable elongation
5. Diameter reduction

a. Displacement of deformable materials into
interstitial areas

b. Lateral contraction of materials during
longitudinal extension (Poisson's ratio)



10.

11

12.

13.

c. Material compressibility

d. Layer compaction (nonmetallic elements)
¢ore pressure

Increase in element coverage

Jacket loosening

Torque and/or rotation

a. Factors contributing to cable torque

b. Core contribution

c. Limitations to "torque ratio" equation
d. Effects of armor looseness

e. Effects of residual stresses in all cable
elements

Usual conditions requiring minimal cable torque

a. Use of a swivel

b. Suspension of an unrestrained payload

c. Cable handling procedures or dynamic loading
conditions which can produce slack loops

and potential hockles and kinks

d. Deployment of a heavy cable to great depths
(with either a free or fixed end)

Effects of tension-induced diameter changes
Effects of operational tensions

a. Mean tension and tension variations

b. Conductor survivability

c. Strength member fatigue performance

Use of swivels



.

C.

e

Cable reaction to bending
1. Element bending stresses
2. Element motions during bending
a. Effects of element helix angles
b. Effects of sheave-to-cable diameter ratio

c. Effects of cable diameter
(over strength members, not over jacket)

3. Effects of element motions
a. Element wear (layer-to-layer)
b. Element tension variations, friction effects

c. Potential for excessive element strains
(tensile or compressive)

d. Conditions defining "full bending'

4. Cable failure modes
a. Steel wire strength members
b. Nonmetallic strength members
c. Electrical conductors and optical fibers -
d. Void filler selection

5. Factors affecting cable flexure performance
a. Sheave-to-cable diameter ratio

b. Sheave groove diameter, material, hardness,
and surface finish

c. Cable diameter (over strength members)
d. Operating tension (safety factor)
e. Lubrication

f. Corrosion



D.

Bending conditions

1. Effect of cable cycling stroke amplitude (for
cable-to-sheave contact arc lengths greater than
the longest of the cable element lay lengths)

a.

b.

C.

Stroke > sheave contact arc
Stroke < sheave contact arc

Stroke < cable element lay length

2. Effect of cable-to-sheave wrap angle (contact
arc length)

a.

Contact arc length > cable element lay
length

Contact arc length < cable element lay
length

3. Effect of reverse bends

4. Effect of non-zero fleet angles

a.

c.

Cable abrasion and small-radius bends in
region of sheave flange contact

Flange angle selection

Groove depth selection

5. Cable strength reduction due to bending

a.

b.

static conditions

dynamic conditions

Cable reaction to twisting

1. Sources of twisting

a.

b.

Vehicle maneuvering

Cable handling system which does not employ
a conventional storage drum

Use of a swivel with a nontorque-balanced
cable



Rotation of a suspended payload or towed
body (no swivel)

Deployment of a heavy cable to great depths
(even with the end restrained from turning)

Effects of cable twisting

a.

Alteration of tensile stress distribution
among cable elements

Change of cable length

Potential for excessive element strains
(either tensile or compressive)

Alteration of cable breaking strength
(increase or decrease)

Increase in residual torque and hockling
potential

Cable torsional stiffness

a.

b.

Direction sensitivity

Load sensitivity

F. Hockling and kinking

1.

2.

Requirements for the formation of hockles and
kinks (residual torque and a slack loop)

Operating conditions conducive to hockling

Hockling potential of specific cables

Effect of swivels



Double Steel Wire Armor

Braided Kevlar and Overall Jacket

&

i

Served Kevlar and Overall Jacket

TYPICAL CONFIGURATIONS OF CABLES HAVING
EXTERNAL STRENGTH MEMBERS

Tension Member Technology
(714) B98-5641
5721 Research Drive
Huntington Beach, Ca 92649



12 WIRES

12 WIRES

24 WIRES

CABLES WITH EQUAL NUMBERS OF WIRES IN BOTH LAYERS

Tension Member Technology
(714) B898-5641
5721 Research Drive
Hurtington Beach, Ca 92649



12 WIRES

CABLES WITH EQUAL SIZE WIRES IN BOTH LAYERS

Tension Member T
(714) 898-5641
5721 Research Drive
Huntinglon Beach, Ca 92649



RIS30ON F&ISING

TORQUE BALANCE ARMOR
BELTED CORZ

CONMPOUND CONDUCTOR
ASSEMBLY
Power Congucior
Signal Conducior
Ccanal Congusior

A Typical Compound Cable
(TORQUE BALANCED)

Tension Member Technology
(714) B98-5641
5721 Research Drive
Huntington Beach, Ca 92649
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18 WIRES

18 WIRES

24 WIRES

THREE LAYERS OF ARMOR

24 WIRES

24 WIRES

FOUR LAYERS OF ARMOR

Tension Member Technology
(714) 898-5641
5721 Research Drive
Huntington Beach, Ca 92649
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=g it ey
TENSION BENDING
f\ —

4 1> ¥ 3
Y L o
TORSION SHEAR

Pl l
Pttt 1

UNIFORM COMPRESSION LOCALIZED COMPRESSION

)

/ " Y

FIBER ABRASION FIBER ABRASION
DUE TO DUE TO
ROPE BENDING ROPE ELONGATION

FORCES AND MOTIONS AFFECTING INDIVIDUAL
ELEMENTS WITHIN A ROPE OR CABLE

Tension Member Technology
(714) B98-5641
5721 Research Drive
Huntington Beach, Ca 92649
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1st Cycle //(

Tension, Pounds

Nth Cycle

e

0 A B

Elongation, Percent

TYPICAL ELONGATION VERSUS TENSION CURVES FOR

FOR A DOUBLE STEEL-WIRE ARMORED ELECTRO-
MECHNICAL CABLE

Tension Member Technology
(714) 898-5641
5721 Research Drive
Huntington Beach, Ca 92649



//:;t Cycle

Nth Cycle

Tension, Pounds

(Negative) (Positive)
b a *i
B A 0

Torque, Inch-Pounds

TYPICAL TORQUE VERSUS TENSION CURVES FOR
A '"TORQUE-BALANCED' DOUBLE STEEL-WIRE
ARMORED ELECTROMECHANICAL CABLE

Tension Member Technology
(714) 898-5641
5721 Research Drive
Huntington Beach, Ca 92649



Nth Cycle

L6

lst Cycle

Pounds

Tension,

(Negative)

(Positive)
S ok

Rotation, Degrees Per Foot

TYPICAL ROTATION VERSUS TENSION CURVES FOR
A "TORQUE-BALANCED' DOUBLE STEEL-WIRE
ARMORED ELECTROMECHANICAL CABLE

Tension Member Technology
(714) B98-5641
5721 Research Drive
Huntington Beach, Ca 92649

e



CABLE TORQUE COMPONENTS

Tension Member Technology
(714) 898-5641
5721 Research Drive
Huntington Beach, Ca 92649
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COMPONENT MOTIONS DURING CABLE BENDING

(

Component Motions
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COMPONENT MOTIONS DURING CABLE BENDING

— r T ORIt CE. SR ety
(_lll', ,\_ - {\w. f_!"‘}w-. ) "‘r"“'.l”*’ ""I . f
- Lo ke A e b gt o= oo bl
p~ 4 '
a
30 25 20 15 10
1 i 1 L | ol
AS = Element motion D/d = 10
0.6 - d = Element pitch diameter
2 = Element lay length
9.5sd ¢ < Element lay angle
D = Sheave pitch diameter
15
0.4 - (Frictionless Cable)
AS/d 20
0.3+
30
0.2 4
50
8 0
100
O "- L] T 1
5 10 15 20

2/d



Cycles to Failure

Cycles to Failure

20

(For cable-to-sheave contact

arc lengths greater than the
(:E;:) longest of the cable element

lay lengths.)

Stroke Amplitude
Equal to Sheave
Contact Arc

—————————

v _w _L Bl "

2 n n+1

Stroke Amplitude, Lays

EFFECT OF CYCLING STROKE AMPLITUDE ON
CABLE BENBING FATIGUE LIFE

Change of Contact Arc
or Wrap Angle

T T i § T

2 3 4 5

Change of Contact Arc, Lays

EFFECT OF BENDING AMPLITUDE AT OQUTBOARD SHEAVE ON

CABLE BENDING FATIGUE LIFE = = r
Tension Member Technology
(714) 898-5641
5721 Research Drive
Hurntington Beach, Ca 92649



Cycles to Failure

Cable Wrap Angle on Sheave, Degrees

(For cable stroke amplitudes
much greater than the cable-
to-sheave contact arc length) (

T T

1 2 3 L

Arc of Contact, Lays

EFFECT OF SHEAVE CONTACT ARC ON CABLE
BENDING FATIGUE LIFE

wire lay length
wire pitch diameter
R i e
WRAP ANGLE OF A CABLE ON A SHEAVE CORRESPONDING S
TO A CONTACT ARC OF ONE LAY LENGTH OF THE OUTER i
LAYER OF STRENGTH MEMBERS Tension Member Technology
(714) 898-5641
5721 Research Drive
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SECTION 3
HANDLING SYSTEM CONSIDERATIONS

A. Single-drum winches
1. Potential sources of cable damage

a. Crushing due to winding many layers at high
tension

b. Crushing due to uneven winding

c. Pinching at drum flange

d. Cutting in

e. Electrical resistive heating
2. Drum configurations

a. Flat faced

b. Spiral grooved

c. Lebus grooved
3. Spooling aids

a. Fillers

b. Risers

c. False flanges

4, Level wind systems

B. Traction winches
1. Single-drum capstan (not recommended)
2. Double-drum capstan

3. Linear puller



23

Sheave design considerations

1

2.

Tread diameter
Groove diameter, depth, and flange angle

Groove material, hardness, and surface
finish

Type of bearings

Reeving configurations

1.

7

Safety considerations

Number of sheaves (minimize)
Reverse bends (avoid)

Fleet angles (minimize)

Sheave spacing (maximize for systems with motion
compensation)

Cable wrap angles on sheaves (maximize for
systems with motion compensation)

Use of guide rollers (avoid)

Caution: never use a series of small rollers to
replace a sheave!!

Use of swivels (to facilitate vehicle docking)

Special fairleads (wide-flange sheaves, rollers,
chutes, bellmouths)

Motion compensation systems

1.

2

<

Active drum
Active traction winch

Ram tensioner system




4.

S
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Nodding (or bobbing) boom system
a. Inflicts minimal cable flexure damage

b. Can be used with a "stopper" to reduce cable
flexure damage

Cable temperature rise

a. Effects of sheave size, cable tension, and
stroke amplitude

b. Effects of cable jackets and sheave liners

Use of operating logs to extend cable life by
distributing wear

1)
2.
3.

4.

Length of cable deployed
Cable tension amplitude and frequency
Cable motion amplitude and frequency

Elapsed time

Tension measuring devices

L

2

Load cell at termination

Sheave axle or suspension system
Winch suspension system
Three-sheave device

Vibration monitor

Cable storage

B

B

3.

Drum (low tension versus high tension)
Basket or cage (with induced twist)

On deck (figure eight)
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SPIRALLY-GROOVED DRUM

LEBUS-GROOVED DRUM

Tension Member Technology
(714) 898-5641
5721 Research Drive
Huntington Beach, Ca 92649



FILLER STRIP 8 8-B
e

TAPERED RISE
A

i

START OF
FIRST WRAP

RISER STRIP
.-f-"’-——ﬂ’-

SPOOLING AIDS

Tension Member Technology
(714) 898-5641
5721 Research Drive

Huntington Beach, Ca 92649 .
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DRUM GROOVING CONSIDERATIONS

The following combinations are generally most effective:
® For single layer winding, helical grooving is best.

® For two layer winding, either helical grooving with a
riser or LEBUS grooving with a riser is satisfactory.

@ For three layer winding, LEBUS grooving is preferred
over helical grooving, but in either case riser and

filler strips are needed.

(r @ For more than three layer winding, LEBUS grooving
should be used with riser and filler strips; helical

grooving is not recommended.

Tension Member Technology
(714) 898-5641
5721 Research Drive
Huntington Beach, Ca 92649
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Flange
Angle
Groove I
Radius
Groove
Depth
Y
A
Tread
Diameter

\J\ f

Material:
Hardness:

Surface Finish:

SHEAVE DESIGN PARAMETERS
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BENDING IN THE SAME DIRECTION
OVER TWO SHEAVES

REVERSE BENDING OVER TWO SHEAVES
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SECTION 4

TERMINATIONS

Considerations in termination selection

1. Size and weight limitations

2. Compatibility with the cable design details
a. Central versus external strength member
b. Metallic versus nonmetallic strength member
c. Potential impact on cable design

3. Required strength and fatigue performance

4. Requirement for field installation

5. Load transfer mechanism

Externally applied cable terminations
1. Capstans, bollards, and drum grips
2. Twisted wire rod grips
a. Single layer versus double layer
b. Cable diameter sensitivity
c. Bending strain relief
3. Flexible mesh grips
4. Split pipe grips

5. Stoppers

Terminations integrated with strength members
1. Resin sockets

2. Mechanical compression fittings with conical
wedge inserts

3. braid-splice terminations



32

Bending strain relief considerations

Specifics of resin terminations

I

2

Load transfer mechanism
Cavity shape and surface finish
Resin matrix material

Suitability for steel versus nonmetallic
cable strength members

Installation procedures
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LONGER LEGS

« CROSS-OVER MARKS

(_ GREEN MARK INDICATES THAT
GRIP IS FOR USE ON WIRE AQPE. ..

... AND AIDS VISUALLY IN
REMOVING GRIP FROM WIRE ROPE

‘ ONE LAY {

LENGTH

SIZE COLOR CODE
AND CROSS5-OVER MARKS

* Courtesy of Preformed Marine Cleveland, Ohio.

TWISTED WIRE ROD GRIPS
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PERFORMANCE CHARACTERISTICS OF ROV TETHER CABLES

James A. Walther and Philip T. Gibson

Tension Member Technology
15202 Pipeline Lane
Huntington Beach, CA 92649

ABSTRACT

This paper describes some of the general operation-
al characteristics of ROV tether cables which must
be taken into consideration to achieve good cable
service life. The reaction of a cable to tensile
loading is discussed with regard to the component
stresses and changes in cable elongation and di-
amecer. Cable torque and twist characteristics

are described, including design considerations for
achieving torque and twist balance, the effect of
twist on cable performance, and causes of cable
hockling and kinking. The reaction of a tether
cable to bending is discussed, including comments
on how cable performance is affected by the details
of the cable design and by the geometry of the com-
ponents within the cable handling syste=.

Cable terminations are discussed with reference to
the ease of installation and the strength effi-
ciency achievable. Finally, typical cable failure
mechanisms are reviewd and suggestions are in-
cluded on ways to improve the mechanical and elec-
trical performance of ROV tether cables.

CABLE REACTION TO TENSILE LOADING

The initial application of a tensile load to a new
tether cable produces cable elongation which con-
sists of a constructional stretch component and an
elastic stretch component. The constructional
strecch of the cable, a more or less permanent
cable elongation (a portion of this elongation may
dissipate if the cable is allowed to remain at zero
tension for a period of time), is most evident in
cables having external strength members and is pri-
marily the result of core compression and strength
member compaction.

External cable strength members, either steel or
Kevlar, are wrapped helically around the cable core
in either a braided construction or in one or more
separate layers. As a tensile load is applied to
the cable, the strength members exert a radial pres-
sure on the cable core. In tesponse to this pres-
sure, the cable elements and filler materials ex-
perience deformations due to their own compress-
ibility and due to material displacements associ-
ated with the elimination of voids within the cable
structure. The resulr of this process is a reduc-
tion in cable diameter and a corresponding increase

in cable length. Cables having Kevlar strength
members typically exhibit a greater azmount of
strength member compaction than do cables having
steel strength members. When the tensile load is
removed from the cable, there is some recovery of
cable diamecrer and a corresponding reduction in
cable length. However, a significant porcion of
the core compression and strength member compaction
may be relatively permanent, and, as a result,there
will be some permanent increase in cable length.

This permanent change in cable length must not be
overlooked, because its magnitude may actually be
greater than the elastic stretch the cable exhibits
under normal operating tensions. Obviously, the
total strain experienced by the cable conductors
(copper wires or optical fibers) will be a functicn
of both the constructional and elastic cable elonga-
tion. Cables which experience a large amount of
construccional stretch may impose strains on optical
fibers which may, in the long term, contribute to
fiber failures under quite moderate cable operating
tensions or even during storage of the cable be-
tween missions.

CABLE TORQUE AND TWIST CHARACTERISTICS

Another consequence of changes in cable diameter
with applied tension load relates to the cable
torque characteristies. Any change in diameter of
a cable having an external strength member (with
the exception of a braided strength member) alters
the load sharing among the strength member layers.
As the stress balance awmong strength member layers
changes, so does the torque contribution of each
layer. Typically, reductions in diameter of double
armored cables cause a small shift in tensile
stresses from the inner to the outer layer of wires.
As a resulr, the outer wires experience a propor-
tionally higher tensile stress and, thus, produce a
portionally higher torque component. In fact, most
of the so-called torque-balanced double-armored
cables which have been tested in the Tension Member
Technology laboratory have exhibited a small amount
of torque and roctation in a direcrion to unlay the
outer wires due to an excessive torque component in
that layer. On the other hand, cables which have
two or more layers of served Kevlar strength members
may experience a reduction in the tensile load and
torque contribution of the outer layers.
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Another consequence of cable constructional stretch
is an increased rorque contributien 6f the cable
core due to an increase in the tensile strain on
the core elements. This torque can be quite large
in cables which incorporate cne or more layers of
large power conductors located just beneath the
insulated jacket of the core assembly. To quantify
the torque contribution of the cable core as well
as the contribution of each layer of strength mem-
ber elements, it has become common practice in the
Tension Member Technology laboratory to conduct
torque/dissection tests. During this restc, a
cable specimen is repeatedly loaded to the same
total strain while continuous traces of cable
torque versus tension are recorded after the re-
moval of successive layers of cable elements. (A
precision friction-compensated swivel is required
to obtain accurate cable torque data.) The results
of this test indicate how much tension load and how
much torque is produced by each layer of elements
within the cable. These data can then be used to
determine how the cable geometry may be alrered to
achieve a design having better torque and twist
balance.

The torsional stiffness of a cable (the amount of
cable rotation which will be produced by a given
amount of internal or external torque) is highly
directional, especially for double-armored cables.
A cable will typically rotate much more easily in
the direction to loosen the outer layer of wires.
Thus, to produce a cable with a minimum amount of
rotacion, it is desirable for any amount of torque
imbalance to be in the direction which causes a
cightening of the outer layer of wires.

It is usually desirable for a tether cable to have
good torque and twist balance to minimize the .possi-
bility of cable hockling and kinking in service. A
hockle is a loop which forms in a cable and then be-
comes twisted so that the portions of the cable on
eicher side of the loop become helically wrapped
around each other. The hockle itself may not seri-
ously damage the cable, bur it renders the cable
useless where a tension load must be transmitted to
a tethered vehicle. Any application of tension to

a hockled cable may cause the hockle to tighten,
thereby producing permanent cable deformation and
kinking. In a double steel wire armored cable, the
outer armor wires may become badly displaced or
birdcaged as a result of this hockling and kinking.

The generation of a hockle in a cable requires only
that a slack loop of sufficient size be allowed to
form in a cable which contains a sufficient amount
of stored torsional energy. If a cable contains no
torsional energy, then the formation of a slack
loop is not likely to produce a hockle. Similarly,
if even a small amount of tension is maintained on
the cable so that a slack loop cannot form, then no
hockling will occur even if the cable contains a
rather large amount of torsional energy.

1f a cable is not of a torque-balanced design and
if it is negatively buoyant and is suspended in
long lengths in the ocean, then the cable may de-
velop a significant amount of internal torque due
to the tension produced by cable self weight.
Should a slack loop be allowed to form at the lower

end of the cable, then hockling is likely to occur.

Even if a cable has been designed to have good
torque balance, the cable may still exhibit some
torsional energy if any twisting has been induced
in the cable. Such twisting can occur during the
lowering or raising of a nonsymmetrical vehicle, by
maneuvering of a vehicle so as to accumulate turns
in the cable, or by the cable handling techniques.
For example, if a tether cable which is deployed
manually is allowed to pull out of a coil which is
lying on the deck, the cable will develop one turn
of twist for each-wrap in the coil. Similarly, a
cable handling system which does not incorporate a
drum, but which allows the cable to lie in a cage
or basket, will produce one complete twist of the
cable for each loop of cable in the basker. Depend-
ing on the diameter of the tether cable and on its
inherent torsional stiffness, the resulting twist-
ing of the cable may be sufficient to produce
hockling if a slack loop should be allowed to form.

The twisting of a cable has a number of adverse
effects other than the potential formation of
hoekles. One of the major consequences of twisting
is a reduction in cable breaking strength. This
effect is most significant in cables having external
contrahelical strength members arranged in either a
braid or in multiple layers. When a cable is twisc-
ed, the strength members which are wrapped in one
helical direction are tightened, while the strength
members which are wrapped in the opposite helical
direction are loosened. The resulring stress im-
balance not only reduces the cable breaking strength
but also reduces the cable fatigue performance.
Kevlar strengthened cables, in particular, exhibit

a dramatic reduction in breaking strength as a re-
sult of small amounts of induced twist.

Another potential consequence of cable twisting is
the rapid failure of conductors within the cable
core. Most cables having a complex core design in-
corporate several layers of conductors which are
typically assembled with alternately right and lefrt
lay helical directions. With this type of core de-
sign, no matter which way the cable is twisted some
of the conductors will cend to tighten while the
others tend to loosen. Since cables having external
strength members tend to become shorter no matter

in which direction they are twisted (assuming that
the strength members are either braided or are as-
sembled in two or more contrahelical layers),

then the conductors which tend to ctighten will ex-
perience some strain relief due to shorcening of

the cable. However, those conductors which tend to
loosen as a result of cable twisting experience even
more loosening due to shortening of the cable, and
they rapidly develop z-kinks which lead to conductor
or insulacion failure.

If it is known that a cable will be twisted in ser-
vice due to the characteristics of the cable han-
dling system, it is possible to design the cable to
be twist tolerant. Such a cable must have all con-
ductor layers arranged in the same helical direc-
tion so that they will all tighten and loosen to-
gether in response o cable twisting. Furthermore,
the helical direction of the conductors should be
such that the cable twisting induced by the handling
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system tends to tighten the conductors. Finally,
the lay angle of each layer of conductors should be
carefully chosen to minimize the additional con-
ductor strain induced by cable twisting. Extensive
cable twist tests have revealed that properly de-
signed tether cables can survive many thousands of
cycles of severe cable twisting without electrical
or mechanical failure. Conversely, tether cables
which have not been designed for twist tolerance
may survive only a few cycles of moderate twisting.

0f course, whenever possible, cable twisting should
be avoided so as to achieve maximum cable breaking
strength and fatigue performance. In some systesms,
it may be necessary to employ a swivel to decouple
a torque-balanced cable from a twisting payload.
Conversely, it may be equally important to elimi-
nate a swivel in a system which uses a nontorque-
balanced cable with a stable and nonrotating pay-
load. Regardless of the details of the service
conditions for a specific cable,it is usually quite
helpful for the cable to be manufactured with an
obvious and permanent stripe positioned longitudi-
nally along the cable jacket. This stripe will
allow any cable twisting to be identified and quan-
tified so that measures can be taken to minimize
the number of accumulated twists.

CABLE REACTION TO BENDING

The bending of the cable around a sheave or other
curved surface obviously produces a change in the
radius of curvature of each cable element and a
corresponding change in the bending stress in each
element. In addition, cable bending produces re-
lative motions among the various cable components.

Consider for example, the path followed by a single
outer armor wire on a cable which is wrapped around
a sheave. (See Figure 1.) Assume that the 12

12 12
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FICURE 1. ARMOR WIRE GEOMETRY

e

o'clock position corresponds to the location on the
cable furthest from the sheave centerline. It is
apparent, then, that the path length of the wire as
it moves from the three o'clock to the nine o'clock
position is shorter than the path length of the
wire as it moves from the nine o'clock past the 12
o'clock and back to the three o'clock position. 1If
all of the wires within the cable were locked to-
gether so that no relative motion could occur, then
the individual wires would experience high tensile
strains on the side of the cable away from the
sheave throat and compressive buckling strains on
the side of the cable adjacent to the sheave throat.
However, the mobility of the individual wires with-
in the cable structure allows the excess wire
length on the side of the cable toward the sheave
throat to make up for the deficiency in wire length
on the side of the cable away from the sheave
throat. As a result, the tensile stress remains
much more uniform along the length of each wire
than would be the case if all wires were locked up
so that no relarive motions could occur.

As a cable is repeatedly flexed over a sheave, the
largest magnitudes of relarive motion among the
cable elements occur at the three o'clock znd nine
o'clock positions. For example, when a cable hav-
ing a braided Kevlar strength member is moved back-
and-forth over a sheave during a laboratory fatigue
test, the Kevlar strands within the braid become
most severely worn at the three and nine o'clock
positions, with very litcrle Kevlar wear occurring
at the six and twelve o'clock positions.

All of the bending-induced changes in bending stress
and in the relative motions among the cable com-
ponents as described above take place in the vi-
cinity of the cable-to-sheave tangent point. Be-
cause of the internal friction within the cable
structure, the affected portion of the cable is
approximately one lay length either side of the
tangent point. In other words, portions of the
cable which are more than approximately one lay
length away from a sheave, or portions of a cable
which are on a sheave but are more than approxi-
mately one lay length away from a sheave tangent
point, experience no changes in internal stresses
or motions and thus are not influenced by the bend-
ing of other portions of the cable. If the arc of
contact between the cable and sheave exceeds approx-
mately one lay length, then there will be a certain
portion of cable in contact with the sheave which,
having undergone stress changes in the vicinity of
one sheave tangent point, will experience no fur-
ther changes in its state of stress until it ap-
proaches a second tangent point.

The conclusion which can be drawn from the previous
discussion is that for typical deployment and re-
trieval operations, the bending fatigue life of a
cable is not influenced by the wrap anpgle cn a
sheave as long as at least one lay length of the
cable is in contact with the sheave. Tether cables
which experience many deployment and recrieval
cycles through a series of fairlead sheaves will
provide a certain bending fatigue life which will
be the same regardless of whether the cable wrap
angles on the sheaves are 180 degrees or 90 degrees
or any other angle which produces a cable contact



arc equivalent to one lay length or more. For con-
tact arcs of less than one lay length, the bending
fatigue damage produced by the sheave is typically
reduced, but there are notable exceptions to this
rule. Depending on the specific cable design, the
sheave-to-cable diameter ratio, and the cable safe-
ty factor, a cable contact arc of one-half lay may
be more damaging than a longer contact arc. One of
the important conclusions which can be drawn from
these considerations is that a sheave diameter
should not be arbritarily reduced just because a
cable happens to have a relatively small wrap

angle on that sheave. A single, small deflection
sheave or roller can produce more cable damage than
all of the other sheaves in the fairlead system.
Even worse is the replacement of a sheave with a
series of small rollers in the interest of saving
space. This procedure can quickly destroy a tether
which supports any significant tensile load.

In cable systems which employ active motion com-
pensation and which induce repeated flexure of the
cable cver one or more sheaves, special consider-
ation must be given to cable wrap angles and sheave
spacing. Obviously, such a system should employ as
small a number of sheaves as possible to minimize
the bending fatigue damage to the cable. Further-
wore, these sheaves should be spaced as far apart
as necessary to assure that during each heave cycle
no single secticon of the cable comes into contacc
with more than one sheave. Should a single sec-
tion of cable pass over two sheaves with each heave
cycle, the totzl bending fatigue life of the cable
will obviously be one-half of that which could be
achieved if the sheaves were further aparct.

tnother important, but less obvious, factor which
influences the toral achievable cable farigue life
in a motion compensation system is the arc of con-
tact between the cable and each sheave in the fair-
lead system. (It should be noted that the previous
discussion of cable contact arc effects applied to
typical deployment and retrieval operactions and not
to motion compensation.) During active motion com-
pensation, if the cable stroke amplitude is less
than the cable arc of contact with a sheave, then
each heave cycle will produce cne straight-bentc-
straight cable bending ecycle. If, on the other
hand, the amplitude of cable motion should exceed
the length of the cable arc of contact on the
sheave, then during each heave cycle a single sec-
tion of the cable will pass onto, completely
around, and off of the sheave as the cable strokes
in one direction, and will then return to its orig-
inal position as the vessel completes one heave
cycle. Under these conditions, a section of the
cable receives two straight-bent-sctraight bending
eycles during each heave cycle. Thus, it is obvi-
ous that using a cable wrap angle of 1B0 degrees
will allow cable motions (heave amplitudes) twice
as large as could be accommodated with a wrap
angle of 90 degrees before each heave cycle of the
vessel produces two cable bending cycles. In the
long term, a motion compensation system which em-
ploys larger cable wrap angles will accumulate
fewer cable bending cycles and will enjoy a longer
cable service life.

With regard to the sheaves which are used in the
cable handling system, the sheave diameter should
be as large as practical in order to maximize cable
service life. In addition, the sheave grooves must
be smooth, and the groove diameter should be the
same as the cable diameter when measured at Zero
tension. It is also important that each sheave be
properly aligned so that the cable experiences
litrle or no fleet angle. Any sheave misalignment
will cause cable wear due to rubbing on the sheave
flanges.

Plastic lined or nylon sheaves may cffer some ad-
vantage for double steel wire armored electromechan-
ical cables in terms of cable wear and wire-to-
sheave contact stress. However, in situations where
a highly loaded cable passes back-and-forth over a
sheave in a mocion compensation system, especially
when transmitting large amounts of electrical power,
it may be advantageous to avoid the use of non-
metallic sheaves or sheave liners because of cable
heating considerations. Cable heating which is
produced by repeated high load flexure and by elec-
trical power dissipation can sometimes be reduced

by heat transfer into a metal sheave.

In general, cables which are required to experience
repeated bending over sheaves will provide betcter
total fatigue life with increasing helix angles

for the individual cable components. Although
large helix angles for the strength members tend

to slightly reduce the achievable cable breaking
strength, chey greatly reduce the amplitude of
relative motions among the components and, to a
limited extent, reduce the component bending stress-
es., For example, two electromechanical cables
which differ only in the helix angles of the
strength members will typically exhibit significant
differences in fatigue performance; the cable hav-
ing the larger helix angles will provide the best
fatigue life. And, of course, good cable lubrica-
tion is essential to good flexure performance.

1t is important for any electromechanical cable to
be properly void filled to minimize the change in
diameter during tensile loading and the associated
constructional elongation. Hewever, for any cable
which is to be operated over sheaves, the void
fillers used within the core must not be of the
type which remain liquid, no matcter how high the
viscosity may appear to be. Repeaced cycling of
the cable over a sheave will cause such void fillers
to be milked away from the sheave contact zone due
to the increased pressures produced by cable con-
tact with che sheave. The void filling material
will cthen accumulate just beyond the sheave contact
zone and will produce bulging of the cable or even
total rupture of the core jacket. Elastomeric void
fillers, such as DPR, are much preferred.

TERMINATIONS

The ideal tether cable termination restrains the
cable core and external strength members in such a
manner as to duplicate the stress distriburion in
the cable elements which would be present in an un-
disturbed continuation of the eriginal cable. Com-
pression of the cable core by the strength members
when the cable is under tension prevents the core



from slipping longitudinally inside the cable and
allows the core to extend through the strength mem-
ber termination without affecting the stress dis-
tribution in the strength members.

Four basic types of cable terminations are in com-
mon use on ROV tether cables. The drum-grip ter-
mination is simplest in concept. It consists of a
wide sheave having either a flat face or a helical,
conformal groove upon which are wrapped several
turns of cable. The fricrion between the cable
strength member and the drum face provides a means
for transferring the stress in the cable strength
member to the drum grip. A portion of the cable
tension is transferred to the drum for each wrap of
cable, and the low tension end of the cable is an-
chored with a suitable secondary termination which
can accommodate the lower tension level. The drum
grip is parcicularly effective for steel wire ar-
wmored cables, it works well with certain Kevlar-
strengthened cables, and it may be easily installed
in the field.

To maintain the greatest termination strength effi-
ciency, the same geometry requirements as men-
tioned for sheaves must be met: i.e. a large drum-
to-cable diameter ratio, a groove diameter equal to
the cable diameter at zero tension, and a small
fleet angle. (Termination efficiency is defined

as the ratio of terminated cable breaking strength
to unterminated breaking strength expressed as a
percent.) Drum-grip terminations are usually large
in diameter and are relatively heavy. Termination
efficiencies of near 100 percent are achievable on
steel wire armored cables without external jackets.
However, jacketed tether cables having steel or
Kevlar strength members can encounter problems when
terminated with drum grips. If the coefficient of
fricrion berween the cable strengrth member and the
jacker is less than the coefficient of friction be-
tween the jacket and the face of the drum grip, the
scrength members will slip inside the jackecr, and
upon repeated load cycling the entire load will
eventually appear at the secondary termination re-
sulting in cable failure. (If the secondary ter-
mination is capable of handling the entire load,
then the drum grip is superfluous.) This same in-
ternal slippage problem can occur in systems utili- -+
zing traction sheaves, and total jacket delamina-
tion is the final resulc.

The resin-filled socket termination is a proven
technology used successfully with steel wire armor-
ed cables. The large diameters of the individual
tensile elements in steel wire cables (approxi-
mately one millimeter diameter) as compared to
those in Kevlar-strengthened cables (0.012 milli-
meter diamecer) has a great bearing on the strength
efficiencies achievable with resin terminations.

In Kevlar-strengthened cables, good wetting of the
individual Kevlar strands by the potting compound
is essential for high strength efficiency. Termi-
nation efficiencies of 100 percent are commonly
achieved on steel wire armored cables, buc effi-
ciencies of as little as 60 percent are often en-
countered for Kevlar-strengthened cables.

A factor contributing to the low strength efficien~-
cy of resin terminations when used on Kevlar is the

fact that, unlike steel wires which can yield under
tension and allow all wires to share the load,
Kevlar fibers fail without yielding. Thus, careful
preparacion of the Kevlar before pouring the resin
in the socket is essential for good fiber load shar-
ing and a high strengrth efficiency.

External compression-type terminations apply radial
compression over some length of the cable and trans-
fer the stress in the cable tension elements to

some type of external tension elements. Woven wire
mesh '"Chinese finger" grips, single-layer and dou-
ble-layer helical wire grips, and split-pipe grips
fall into this terminacion category. They are
quite effective on steel strength member cables and
may work well on externally jackered cables if the
coefficient of friction between the jacket and the
strength members is high enough. If this is not

the case, the termination and a section of the jack-
et will pull off of the cable at a rather low ten-
sion. In cables which have multiple layers of
Kevlar strength members (double-layer Kevlar braids
and mulriple layers of contrahelically served
Kevlar), the friction between layers must be suffi-
cient to allow the load transfer to take place from
the inner to the outer layers to provide uniform
loading of the cable strength members by the termi-
nation. TIsolation tapes, if used between Kevlar
layers to prevent layer-to-layer abrasion during
cable flexing, must be specially selected to isolare
while still providing adequate friction between
layers if terminations of this type are to be uti-
lized successfully.

Spliced eye terminations made of Xevlar fiber which
is braided back into the end of Kevlar-strengthened
cables are being used quite successfully. They
circumvent the jacket-to-strength-member and layer-
to-layer coefficient of friction problems by termi-
nating all Kevlar fibers directly. The elasticity
of the braided section provides some load sharing
among the fibers so that good scress distribution

is maintained. Spliced eye terminations are readily
applied to braided Kevlar strengcth members and, with
some judicious rearrangement of the geometry of the
fibers in the cable strength member, they may also
be applied to cables having multiple layers of braid-
ed or served Kevlar. Although scomewhat time con-
suming to apply, they are light in weight and give
strength efficiencies approaching 100 percent. The
lay lengths of the braid tucks must be carefully
engineered for each specific cable to provide uni-
form core compression over the length of the splice
to avoid damage to the cable core. Premade splice
eyes can be applied in the field and are also effec-
tive on cables having optical fibers in the cable
core.

FAILURE MECHANISMS AND RETIREMENT CRITERIA

ROV tether cables seldem '"wear out" in the same
sense that, for example, elevator cables do. Ele-
vator cables are used under a set of conditions
which vary lictcle from day to day. The environment
is clean and dry, and the handling system is opti-
mized to provide a long cable life. The cables wear
out as a result of bending fatigue and are retired
prior to failure by means of some experience-based
retirement criteria. Catastrophic faoilure due to



cable damage or fatigue is a rare exception to
normal elevator operating procedures.

ROV tether cables have several modes of failure
which may occur if the tether does not encounter
accidental damage such as entanglement with pro-
pellers or slipping off of the handling system
sheaves. One common operational mode of failure
is tensile overload due to a snap load induced
during docking of the vehicle with a surface ship
or underwater garage. If the two masses involved
have different motions, the snap loads induced in
a short deployed length of tether cable can be
large enough to produce a tensile failure.

Internal failure mechanisms are present in the
tether cable irself and can be the cause of cable
failure if the tether receives enough use. In
tether cable designs which urilize several layers
of contrahelically served Kevlar for the strength
member, circumferential migration of the Kevlar
may occur. The cable corkscrewing which results
can cause internal damage to the cable core., This
type of failure ocecurs most commonly at sheave and
drum tangent points where the cable stops repeat-
edly, such as when the vehicle is secured in its
cage or on deck.

If the tether cable receives sufficient use, the
internal wear on the cable elements will be the
ulrimate cause of failure. Either the strength
members will wear and degrade in strength allowing
a tensile failure to occur at some lower tension,
or the core elements will break or short out caus-
ing a failure in the power, communications, or
control systems.

Another facrtor contributing to cable failure is
hearing of the cable power conductors due to: IR
losses. The conflicring requirements of neutral
buoyancy, small diameter, high strength, and high
power capability result in cables which operate
at elevated temperatures. Usually, once the cable
is underwater, the heat dissipation into the water
column is sufficient to keep the internal cable
temperatures within acceprable limits. When the
tether is in air or rolled up on a drum, severe
heating problems often exist.

Increasing the thermal conductivity of the Kevlar
strength member by impregnating it with thermally
conductive grease can be an effective means of
lowering cable core temperatures, but the lubri-
cation effect of the grease on the Kevlar has been
shown to increase the probability of Kevlar migra-
tion and corkscrewing of contrahelically served
strength members.

Since ROV tethers are usually retired from service
following, rather than prior to, some cable fail-
ure, it is desirable to limict the damage to a
localized area of the cable. The failure of com-
munication or control system elements in the cable
may scrub the mission, but will allow the vehicle
to be recrieved by means of the tether cable
strength member. If the failure occurs near cne
end of the tether cable, and particularly if it is
due to an external cause rather than general in-
ternal wear, cutting off the damaged section and

retermination of the cable is a reasonable approach.
This technique also applies when opens in the power
conductors cause loss of power to the vehicle.

Perhaps the worst type of cable failure is a short-
ing of the power conductors where the system does
not have adequate safeguards to prevent additional
cable damage. Cables particularly susceprible to
thermal heating damage during shorct circuits are
those which use several power conductors in par-
allel to achieve the required conductor cross-
sectional area. If, for example, three power con-
ductors are used in parallel to carry 15 amperes
and are protected by a single 15 ampere circuit
breaker, shorting of one of the three conductors
to a return conductor at a damage site in the cable
can cause that conductor to carry the full 15 am-
peres with virtually no current being carried by
the two remaining power conductors. Since the 15
amperes is the design current, this situatioen can
exist without blowing any circuit breakers and can
allow the insulation on one conductor to be ther-
mally damaged along the entire length of the cable
between the power source and the short circuic,
forcing early rectirement of the cable.

ROV power systems should be designed to accommodate
shorts and opens in tether power conductors without
causing any additional local damage such as arcing
at the location of the cable short circuic. This
approach will prevent additional damage from occur-
ring along the length of the cable and will allow

a failure analysis to be performed on the damaged
section. The addition of conductive blocking com-
pounds and drain wires to the cable core allows the
use of pround-faulc detector circuits at the power
source. These circuits disconnect the power to the
cable upon detection of electrical leakage above a
predetermined level to either seawater or the cable
drain wires. This system prevents pOwer surges
from passing through a shorted section of cable and
heating the entire length of the power conductors
sufficiently to thermally damage cthe conductor in-
sulacion.

The importance of failure analysis cannot be over
emphasized. In any tether failure, a 10-meter sec-
tion of cable including the failure locarion should
be saved for analysis. The end toward tha vehicle
should be marked, and a cable map prepared showing
the location of the failed secrion in relactionship
to the handling system sheaves. The cause of fail-
ure, if known, the sea state, and other operating
conditions should be recorded.

It is important to determine whether the failure is
due to externally or internally induced cable
damage. If externally induced, then an examination
of the operational procedures is in order. I1f in-
ternally induced, the cable may be worn cut or have
design deficiencies which make it unsuitable for
use under existing conditions. A change in opera-
tional procedure may reduce the cable stresses to a
level which will allow the tether to perform satis-
factorily.
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Operational Characteristics of
Electromechanical Cables

During the past decade, there has been a proliferation of operational systems which
include electromechanical (or electro-optical-mechanical) cables as vital system
components. Examples of such systems include: 1) unmanned remote operated
vehicles (ROVs) used for subsea exploration, inspection, recovery, or repair;
2) towed arrays or towed electronic packages used for subsea maping, exploration,
or surveillance; 3) moored subsea systems used for surveillance or acquisition of
environmental data; 4) lethered aerostats used for communication and sur-
veillance; 5) data acquisition systems used in oil, gas, and geothermal wells. For
each of these systems, the success of the mission is contingent upon the reliable
operation of the electromechanical (EM) cable which provides the strength, power,
and communications link. As the applications for EM cables have become more
varied and as the operational conditions for these cables have become more
demanding, there has been a corresponding increase in the sophistication of cable
design and manufacturing merhods. Most contemporary EM cables are highly
complex machines which are designed specifically for the intended appiication.
Unfortunately, the complexities and the operational idiosyncrasies of these cables
are often misunderstood by the cable user with the result being less than optimum
cable performance. As cable technology continues to advance, it becomes in-
creasingly important that cable users devote ample engineering and monetary
resources to the development of cables and cable handling systems which are
required for critical applications. This paper discusses many of the operarional
characteristics of typical EM cables and highlights the important poinis which must
be considered during cable design. Examples are given of how cable designs may be
tailored ro achieve specific performance goals in terms of cable strength, elasticity,
torque and rotation characieristics, bending fatigue life, and twist tolerance. The
paper also compares and conirasts the operational characieristics which are
achievable with cables having mertallic sirength members versus cables having
nonmetallic (typically Kevlar) sirength members. The advantages and short-
comings of these two basic classes of cables are described for various sirengih
member configurations. A list of references is provided to assist the reader in
Jurther investigations into cable response 1o tension, bending, and twisting.

Typical Cable Configurations

Electromechanical cables typically fall into one of three
basic design categories. The most common configuration is
one in which the power and/or data transmission elements are
contained within the center of the cable with the strength
member elements being placed on the exterior. The cable may
include an overall extruded or braided jacket. Another cable
configuration has a centrally located strength member around
which the power and/or data transmission elements are
helically wrapped. This type of cable requires an overall
extruded or braided jacket. Finally, a cable may have a
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separate strength member which lies along side of and is
attached to a second component which contains all of the
power and/or data transmission elements. A large number of
design and material variations are available within each of
these basic cable design categories.

Operational systems which subject cables to high tension
loads combined with bending over sheaves and drums
typically use cables which have an external strength member
and, perhaps, an overall jacket. This cable configuration
provides the best protection and service life for the internal
conductors, it is easily handled using conventional winch
systems, and it can be designed to provide high strength, good
torque balance, and good cyclic tension and cyclic bending
fatigue performance. Because of its widespread use, this cable
configuration will be the main subject of the following
discussion. However, many of the concepts which are
described in the forthcoming may also be applied 1o cables
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Fig. 1 Typical configurations of cables having external strength
members

having center strength members or strength members which
are separate from the cable component which contains the
power and/or data transmission elements.

Typical configurations of cables having external strength
members are shown in Fig. 1. Cable design A is a double steel
wire armor cable which incorporates two contrahelically
wrapped layers of steel wires. More than two layers of armor
wires can be used if increased cable strength or weight is
required.

Should a cable require a large core assembly with many
conductors, then a full double armor design may provide
excessive cable weight and more strength than required. The
alternative is a spaced armor design represented by Cable Bin
Fig. 1. In this case, the armor wires within each layer are
widely spaced and are held in position by an integral extruded
jacket.

Cables which use Kevlar fibers rather than steel wires as the
strength member elements typically have the Kevlar applied as
a braid or in several contrahelically served layers as
represented by Cables C and D in Fig. 1. In some cases, two or
more layers of braided Kevlar are used, perhaps with isolation
tapes separating the layers. However, higher strength, lower
stretch, and better flexure performance can typically be
achieved with a multiple layer, contrahelically served Kevlar
strength member with the various fiber layers separated by
some type of isolation tape. In cither case, the cable typically
includes an overall extruded or braided jacket.

All of the cables shown in Fig. | have a simple insulated
conductor as the core element. However, most conventional
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operating cables require complex cores containing power
conductors, twisted pairs, twisted quads, and coaxial con-
ductors. Other cables which are beginning to be used more
widely contain power conductors and optical fibers within the
core. With few exceptions, all elements of an operating cable
(power conductors, data transmission elements, and strength
members) are assembled with helical paths within the cable
structure 10 accommodate bending of the cable. Any con-
ductor which is located in the very center of the cable core so
as to have no helix, itself, is typically manufactured from
helically wrapped copper filaments. While the discussion
which follows is directed primarily at cable strength members,
it applies to all helically wrapped elements within the cable
structure.

Forces Affecting Cable Elements

The forces which act upon the elements within a cable
structure are described in Fig. 2. The application of a tensile
load to a cable produces cable elongation which imposes a
longitudinal strain and, therefore, a tensile force on each of
the cable elements. In addition, the slight tension-induced
changes in cable geometry (increase in length and reduction in
diameter) produce minor amounts of bending and torsion in
the individual cable elements.

Whenever a cable is bent, the individual clements ex-
perience changes in curvature which produce bending stresses
within these elements. In steel wire strength members, the
resulting bending stresses may be quite high if the cable
bending diameter is small. However, in the case of cables
having Kevlar strength members, no matter how small the
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Fig.3 Motions affecting individual cable elements

cable bending diameter, the bending stresses within the in-
dividual fibers are negligible due to the very small diameter of
these fibers.

Bending and twisting of a cable also induces torsional
stresses in each of the individual components. However, these
stresses are typically small relative to other critical stresses
within the structure.

The bending of a cable also produces significant shear
forces among the elements within each helical layer and at the
interface between layers. As described in the forthcoming, the
magnitude of these shear forces is dependent upon the cable
bending diameter and the helix angles of the elements within
the cable structure.

Elements within a cable which are in parallel contact with
each other or which contact extruded materials experience
more or less uniform compressive forces along their length as
a result of the tension load which is applied to the cable or
as the result of externally applied hydrostatic pressure. The
combination of compression and shear forces acting on in-
dividual elements is frequently the cause of element
deterioration.

At the interface between contrahelically wrapped layers of
elements within a cable structure, the individual elements
experience localized compressive loading at locations where
they contact each other. These localized contact forces
produce high contact stresses which can lead to the rapid
deterioration of cable conductors or strength members.

Motions Affecting Cable Elements

Whenever a cable is subjected to tensile loading, the
resulting increase in length and reduction in diameter causes a
slight reduction in the helix angle of each element within the
cable. At the interface between contrahelically wrapped
elements, this change in helix angle produces localized
abrasion of the cable elements as described in Fig. 3. This
effect is more pronounced in cables having greater stretch due
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to higher initial helix angles, compressibility of the cable core,
or high elasticity of the individual strength members.

Whenever a cable is subjected to bending, the individual
elements experience a small amount of movement along their
individual axes as the helical cable structure deforms to ac-
commodate the change of cable curvature. The result is
localized abrasion of the elements at the interface between
contrahelically wrapped layers. To a lesser extent, bending of
the cable also produces small amplitude relative motions
among the elements within each laver.

Cable Behavior in Bending

When a cable is subjected to combined tension and
bending, the forces and motions which are imposed upon the
individual elements, as described above, are responsible for
the deterioration and final retirement of the cable. It is useful
to understand the factors which affect the magnitudes of these
forces and motions so that cables may be designed and used
properly to avoid premature failure.

Consider a cable which is passing over a sheave as shown
schematically in Fig. 4. Within the straight portion of the
cable, all elements within a given layer (for example, all outer
armor wires) have precisely the same length within a given
length of cable. Furthermore, if the straight portion of cable
is divided into sections of equal length (for example, one-
fourth lay length increments as shown in Fig. 4), then the
elements in one cable section have the same length as the
elements in another cable section. In other words, the length
of an element between Positions |1 and 2 is the same as the
length of that same element between Positions 2 and 3.

However, after the cable has been bent onto a sheave, the
length of an element from Position 4 to Position § is greater
than the length of the same element from Position 5 to
Position 6. Thus in the process of being bent onto the sheave,
the cable experiences relative motions among its individual
elements to accommodate the distortion of the helical
geometry. As the cable passes onto the sheave, the high
contact forces at the sheave-to-cable interface prevent element
motions in this region (Position 6). To accommodate the
length differences described in the foregoing, each cable
element experiences a small amount of motion relative to
adjacent layers as shown in Fig. 5. Little or no motion ac-
tually occurs among elements located at Position 4.

This behavior is often observed in the laboratory during
cyclic-bend-over-sheave fatigue tests of cables having braided
Kevlar strength members. During repeated bending over
sheaves with normal operating tensions, such cables even-
tually fail mechanically due 1o Kevlar fiber abrasion in the
vicinity of Position 5, with little abrasion being apparent in
the vicinities of Positions 4 and 6. Of course, similar motions
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and wear patterns are exhibited to a greater or lesser degree by
all helically wrapped elements within a cable.

To determine the magnitude of these element motions, a
mathematical model was developed which, with the aid of a
digital computer, allows the analysis of any helical structure
which is deformed to any desired bending diameter. While the
details of this analysis are beyond the scope of this paper, the
results are summarized in Fig. 6 (Reference [18]).

Consider, for example, a double steel wire armored cable
having an outside diameter of 25 mm. Assume that the
diameter of each outer armor wire is 2 mm and, therefore, the
pitch diameter of this layer of wires is 23 mm. Also assume
that the lay length of the outer armor wires is 230 mm or 10
times the wire pitch diameter. If this cable is bent over a
sheave which provides a 690-mm bending pitch diameter for
the cable (30 times the pitch diameter of the outer armor
wires), then the motion of each outer armor wire relative to
the inner armor wires is approximately 0.10 times the pitch
diameter of the outer wires or approximately 2.3 mm.
Physical measurements of cable specimens during bending at
zero tension (a condition which approaches a frictionless
cable) have confirmed that the actual element displacements
are approximately the same as the displacements predicted in
Fig. 6. '

It is this relative motion between and within element layers
which gives rise to the shearing forces and abrasive
deterioration discussed earlier. In general, increasing the
number of elements in a given layer decreases the relative
motion between any two adjacent elements within that layer.
However, the motion of an element relative 1o an adjacent
layer is affected only to a small degree by the number of
elements and the element diameters in a given layer.

As discussed in the foregoing, the dominant failure
mechanism in a braided Kevlar strength member is fiber-to-
fiber abrasion at the braid crossover points. Improved per-
formance is obtained if the Kevlar strength member is applied
in contrahelically served layers separated by low-friction
isolation tapes (such as mylar). The isolation tapes all but
eliminate the layer-to-layer abrasion. Furthermore, since the
individual Kevlar fibers have a diameter of only ap-
proximately 0.012 mm and the number of fibers in each layer
is enormous, the relative motion and, thus, the abrasive wear
between adjacent fibers within a given layer is negligible. In
the absence of significant fiber wear within and between
Kevlar layers (and due to the insensitivity of Kevlar to cyclic
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Fig.6 Cable element motions due lo cable bending over a sheave

tension, bending, and torsional stresses which promote
fatigue crack growth in metallic strength members), out-
standing cable flexure performance may be achieved.

In the case of cables which have steel wire strength mem-
bers, the relative motions within and between the armor layers
contribute to some degree of wear which may remove the
protective zinc coating on galvanized wires and, thus,
promote the corrosive deterioration of the armor. However,
wire armored cables usually do not exhibit a significant
strength loss due to internal wear per se. Rather, they develop
fatigue failures of individual wires due 10 variations in the
tension, bending, torsion, and localized compressive contact
stresses produced by cable tension, bending, and twisting.

An examination of Fig. 6 reveals that the element motions
within a cable can be reduced by decreasing the element lay
length (increasing the element helix angle) or by increasing the
bending diameter of the cable. Both Kevlar and steel-
strengthened cables exhibit improved bending fatigue per-
formance with larger helix angles and/or larger bending
diameters. Of course, an increase in element helix angles
usually produces an increase in cable diameter, a reduction in
elastic modulus, and a decrese in the maximum achievable
breaking strength for a given quantity of load bearing wire or
fiber. However, since the useable service life of a cable is
determined by the residual breaking strength after some
period of flexure cycling and not by the original breaking
strength, the use of higher helix angles to improve fatigue
performance is usually advantageous if the corresponding
increase in cable diameter can be tolerated.

When a cable is subjected to tensile loading, each of the
helically wrapped elements exerts a radial force on the portion
of the cable around which it is wrapped. This radial force acts
in conjunction with the internal cable friction to impede the
element motions described in the foregoing. As a consequence
of the friction forces which exist within a cable, each element
experiences a variation in tension along its length as the cable
is bent. For example, referring to Fig. 5, the portion of an
element between Positions 4 and § experiences an increase in
tensile loading while the adjacent portion of the same element
between Positions 5 and 6 experiences a decrease in tensile
loading as internal friction forces impede the motion of that
element. Only in ideal frictionless cable would the tensile
loading remain uniform along the length of a given element.
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Thus, a second factor which contributes to cable deterioration
during bending, in addition to element wear, is a variation in
the effective tensile load experienced by each element. The
resulting variation in tensile stress acts to accelerate fatigue

crack initiation and propa%ation in metallic components.
Another consequence of the element motions and friction

forces within a cable is a distortion of the geometry of that
portion of cable immediately adjacent to a sheave tangent
point. Because of the nonuniform tensile load distribution in
the strength members around the cable circumference (higher
element tensions away from the sheave and lower element
tensions toward the sheave), the cable does not remain a
smooth circular cylinder, but rather developes a helical
distortion or corkscrew over a short section of its length
adjacent to the sheave. Close observation of a cable which is
passing over a sheave will reveal a small standing wave at each
sheave tangent point as a consequence of this helical defor-
mation. Cables which have small helix angles for the in-
dividual strength member elements experience greater element
motions and larger element tension variations and, therefore,
exhibit more obvious helical deformation during bending. In
extreme cases, this helical deformation can lead to the cir-
cumferential migration of the strength members which ex-
poses the inner layers of cable elements and leads to gross
deformation of the cable structure. Experience in the
laboratory has shown, for example, that a cable with 48 outer
armor wires will operate satisfactorily over a sheave which is
20 times the cable diameter if the armor wires have a helix
angle of 23 deg, but very rapid cable distortion and
destruction occurs with armor wire helix angles of ap-
proximately 18 deg. Larger sheaves are required for the latter
cable to reduce armor wire motions and tension variations.

The element displacements and friction forces described
above also give rise to cable heating during flexure over
sheaves. Such heating is of little consequence during normal
deployment and retrieval operations where the cable may
experience bending over several sheaves, but only in-
frequently. On the other hand, if a cable is subjected to
repeated bending over the sheaves of a motion compensation
system while sustaining a high tension load, then the friction-
induced temperature buildup in the cable can be quite
significant and, when added to any electrical resistance
heating, can lead to accelerated failure of certain insulation
materials. The application of a lubricant to a cable to reduce
the internal friction and to improve the heat transfer away
from the cable will reduce these heating effects.

When a cable is subjected to bending, either steel or Kevlar
strength members have sufficient tensile strength and elastic
modulus (low stretch) to accommodate the induced element
motions, although with some resulting variation in tensile
loading as discussed above. Should a cable be manufactured
with highly elastic strength members, then the internal cable
friction would impede element motions to the extent that the
motions would be minimal, and, instead, the cable strength
members would experience changes in length to accommodate
the induced deformations due to cable bending. A con-
sequence of this behavior would be a reduction in abrasion
between element layers. However, most high performance
electromechanical cables have relatively inelastic strength
members and, thus, they experience element motions ap-
proaching the theoretical values for a frictionless cable as
described in Fig. 6.

The electrical conductors or optical fibers within the core of
a cable also experience similar element motions and friction
forces. However, in this case the elements themselves may be
of insufficient tensile strength to accommodate the induced
element motions in the presence of high internal cable fric-
tion. As a consequence, small copper conductors may ex-
perience strains far in excess of their yield point between
Positions 4 and 5 in Fig. 5, while the same conductors may
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experience column buckling loads and z-kinking between
Positions § and 6. Then, if the same section of cable passes
over a sheave so as 1o be bent in the opposite direction, the
reverse situation will occur, and that portion of the wire which
was previously strained beyond its yield point will be forced
into longitudinal compression, while the adjacent section of
wire which was previously compressed will be strained beyond
its yield point. The consequence of this behavior will be rapid
failure of the conductor and insulating materials. This type of
deterioration is frequently observed in cables which in-
corporate small interstitial conductors at locations well away
from the cable centerline.

On the other hand, larger power conductors which have
ample tensile strength can accommodate the induced motions
without rapid failure. However, even these conductors may
eventually exhibit cup and cone tensile failures (rather than
classical fatigue failures) as the result of the large strains
induced in the conductors during cable bending.

There are several steps that can be taken to avoid premature
failure of small conductors which must be located at a
significant distance from the cable centerline. One approach is
to combine several small conductors together into a twisted
pair, triad, or quad so that the assembly has ample ex-
tensibility to accommodate the length changes imposed by
cable bending without exceeding the yield point of the con-
ductor material. If it is not possible to combine small con-
ductors into complexes, then it is necessary to either use a very
high conductor helix angle so as to minimize the motions
within the cable structure or to fabricate an elastic conductor
by wrapping one or more layers of copper filaments around a
small diameter nylon rod. In any case, careful attention must
be paid to the design of a cable core so that all elements within
the core have sufficient strength, elasticity, and helix angle to
accommodate the deformations which occur as the result of
cable bending.

Cable Reaction to Twisting

Many cables must survive not only combined tension and
bending but also a certain amount of twisting. There are
several potential sources of twisting including the
maneuvering of a tethered vehicle, the use of a cable handling
system which places the cable in a cage or basket rather than
on a drum (in this case the cable experiences one complete
360-deg twist for each wrap in the basket), or the use of a
nontorque-balanced cable with a swivel or with an
unrestrained payload. The twisting of the cable always in-
creases the strain on the helical elements which are wrapped in
one direction while it decreases the strain on the elements
which are wrapped in the opposite direction. The result is
often a decrease in cable breaking strength (particularly in the
case of Kevlar strengthened cables) and a reduction in the
cable flexure performance. Of course, any excess strain which
is induced in the individual elements due to cable twisting will
compound any problems associated with the excess strain
induced by cable bending.

Since most cables have strength members which are
assembled with both right and left-hand helices, the cables
tend to become shorter no matter in which direction they are
twisted. Any conductors within the cable core which tend to
experience increased strain due to cable twisting will be
relieved to some extent by this shortening of the cable. On the
other hand, any conductors which experience a decrease in
length due to cable twisting will experience a further decrease
in length due to cable shortening and may then fail due to
column buckling and z-kinking. Thus, any cable which is
likely to experience a significant amount of twisting in service
must be carefully designed with the proper conductor lay
direction and lay angles to accommodate the twisting without
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inducing excessive strains on the core elements. Experience
has shown that careful attention to such design details can
result in electromechanical cables which are highly twist
tolerant, although they may have a preferred twist direction.
In any case, designing for twist tolerance must be undertaken
in light of the additional element strains and motions which
must be accommodated due to cable bending.

Cable Torque and Rotation

The preceding discussion describes the influence of cable
element helix angles on certain cable parameters such as
breaking strength, elasticity, twist tolerance, conductor
survivability, and cable flexure life. However, this discussion
would be incomplete without some mention of cable torque
and rotation characteristics and how these parameters are
influenced by the selection of component helix angles.

For many applications, it is very important that a cable be
well torque-balanced and free from rotation to avoid
rotation of a payload or to decrease the chance of hockles and
kinks should a slack loop form in a deployed cable. To
achieve good stress balance among the cable strength
members as well as good torque balance for the complete
cable assembly, it is necessary that certain relationships exist
between the helix angles of various layers within the cable
structure. Should it become necessary to alter the helix angle
of one layer of elements (perhaps to avoid a premature mode
of failure), then it may also be necessary to alter the geometry
of other components in order to preserve torque balance. This
is especially true for Kevlar strengthened cables where cable
elongation often imposes significant strains and tension loads
on copper conductors within the cable core. Should the core
contain a number of large power conductors, then the torque
contribution of these elements may be quite large. A change in
the helix angle of these conductors may require a redesign of
the cable strength member to preserve the desired torque
balance. This redesign may be in the form of changes in the
helix angles of the strength members or changes in the load
bearing area of the strength members in each layer, or a
combination of the two. Of course, the final selection of the
helix angles for all cable elements must be made with con-
sideration for the cable flexure performance and twist
tolerance, as well as for the torque balance.

Conclusions

To achieve satisfactory cable performance under conditions
of bending and/or twisting, careful attention must be paid to
the helical geometry of all elements within the cable structure
and to the strength and stretch characteristics of these
elements. Slight variations in cable geometry can have a
dramatic effect on the useful service life of the cable. The
survivability of electrical and/or optical elements is con-
tingent upon the selection of a cable design which imposes
neither excessive tensile strains nor column buckling loads on
delicate cable components. The survivability of the cable
strength member is contingent upon the selection of a cable
design which, in the case of Kevlar strength members, avoids
excessive fiber-to-fiber compressive loads and relative
motions and, in the case of steel wire armored cables, avoids
excessive bending and contact stresses which promote fatigue
crack initiation and growth. While the evolution of a
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satisfactory cable design may require actual operational
experience or properly executed laboratory tests, significant
cable performance improvements are often possible through
careful failure analyses and slight variations in cable geometry
to delay or avoid the dominant failure mechanisms.
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Typical Bending Fatigue Performance
of Cables Having Steel-Wire
Strength Members (Armor)

Tension, pounds
New Cable Strength

D = Sheave Diameter

Bending Cycles to Failure (Log Scale)
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CEANOGRAPHIC CABLE POOLS
GENESIS

Before 1982:
= Each institution purchased cable to meet
its own requirements.
* Characteristics varied through fleet
(Electrical and mechanical)
» CTD became dominant user of E-M cable

Problems:
* User: unable to pick R/V of choice
* User: unpredictable cable performance
(multiple designs/vendors)
* Many annual proposals for funds
* High cost per unit length
* Inefficient maintenance of reserve cables

Solutions:
+ Standardize cable type/design/length
* Provide uniform winch capability
* Bulk-purchase cable
* Pool reserve cables

D.A.M.- 3/94



HISTORICAL REPLACEMENT OF CABLE

Too Short = 75-80%
Age/corrosion * 15-20%
Loss * 5-10%

Reason: Electrical failure - cut at sea

Causes: Crushing due to poor level-wind
Z-kinking (cyclical overloading)
Slack wire hockle (cyclical "0" load)

Solutions: -+ Multiple conductor cable - redundancy
* Improve strength/weight ratio
* New winch/level-wind systems
* Improve payload characteristics
« Define operating limits:
- Sea state
- Vessel motion
- Lowering speeds
- Payload limits (weight/bulk)
» Education

D.A.M.- 3/94



UNOLS
Oceanographic Cable 'Pools’

Total Purchases since Inception

Total Length Total Cost

No. of Reels __(x1000) (x1000)

EM- .225" 18 457 .1 $ 1327
303" 5 132.4' 91.7

.322" 100 3.174.2' 1.853.3

Total 123 3,764.0' $2,077.7
Coaxial - .68" 13 359.9' $959.9
Hydro - 3/16" 9 271.2' $ 73.4
(3x19) 1/4" 25 742.1' 340.7
Total 34 1013.3 $414 1

Trawl - 1/2" 27 811.3' $ 608.3
(3x19) 9/16" 22 845.6' 993.2
Total 49 1,656.9' $1,601.5

Grand Total 219 6,794.1" $5,053.2

D.Moller -11/1/96



UNOLS Oceanographic Cable 'Pools’
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UNOLS E-M CABLE

Requirement: A long cable with data transmission capability used to
lower varied instrumentation from R/V on the High Seas

GENERAL SPECIFICATIONS

* Payload weight: >1000# (450kg.)
+ Operating Depth: 6,000m.
« Lowering rates: >60m./min.

Dynamic environment
Continuous operation
Intermediate sized winch systems
"Well logging" cable design
Muitiple conductors

« Low powered telemetry

« Minimal power capacity

HARACTERISTI

* Nominal .322%(8.2mm) diameter

* 10,000 meter length

» Best weight to strength ratio

» Highest elastic limit

« Best abrasion resistance

= Best corrosion resistance

« High rotational stability

« Armor stress balance

» Well preformed (resist unlaying)

« Service life >3 years

« Survival: >40% RBS for 70% life

« Survival: Periodic loading >50% RBS
« Withstand cyclical loading

« Flexure: operate over sheaves 40X cable dia.
» Galvanized

« Storage under tension to 40 layers

* Lubricated

. L L]

D.A.M.- 3/94



UNOLS E-M CABLE
PERFORMANCE SPECIFICATIONS

Diameter: .322" (+/-.003") at 15% RBS
<2% Change at 50% RBS
Uniform over length

Length: 10,000 meters, w/o splices
Strength: RBS >9,000# w/ one-end-free
Rotation: <20°/ft. at 40% RBS

Flexure: >50,000 cycles, sheave 40X O.D.
at 40% RBS without failure

Tension cycling: as above, 10% to 40% RBS
Min.Sheave size; <15" tread diameter

Armor: Strength > XIPS
Ductility < XIPS
Min. outer wire dia.=.032" (.81mm)

Electrical: 3 cond.,stranded copper wire >#20AWG
Conductor: DC resist <10Q/1000',
<40pf/ft. @ 1kHz,
Rated >600 VDC
Primary circut: 1 conductor to armor
Telemetry: optimize freq <20kHz (5kHz+10kHz)
Copper yield >65% RBS of cable

Lubrication: Low vicosity, water displacing
During armoring

D.AM.- 3/94



May ‘1986
SPECIFICATIONS

A UNOLS [:2%1)" CABLE W

The academic oceanographic community, represented collectively by  the University
and National Oceanographic Laboratory System (UNOLS), has for many years used
Electro-mechanical cables in general purpose applications to lower various scientific
instruments over the side of oceangoing research vessels. The cables, which are
handled with intermediate-sized hydrographic winches, support the instruments and
provide the medium for electronic telemetry to the vessel. This type of cable has
come to be known as "CTD wire”.

Since 1982 a community wide effort has been made to "standardize” E-M cables to a
single design to provide commonality on UNOLS vessels. A triple conductor .322"
diameter cable of 33,000 ft. length has been selected for this application. In 1984,1985
and 1986 several reels of this cable were purchased.  Winch systems have been
replaced or upgraded to accommodate cables of this size.

The E-M cable is of the general type developed for the well logging industry.
Although this type cable continues to be suitable for oceanographic applications,
operating conditions and scientific applications aboard research vessels differ from
those of the oil industry. These differences are significant enough to warrant the
design of a cable that will specifically meet the needs of the UNOLS laboratories.

The following specifications describe in general terms the significant

characteristics a UNOLS E-M cable design MUST have. No priority is implied by the
order given.

-

GENERAL:

An Electro-mechanical cable is required to lower various scientific instruments over
the side of oceangoing research vessels. The cable must be capable of safely
lowering an instrument to a 20,000 foot water depth in the dynamic environment
caused by ship and wave motion, and lowering/raising speeds of 300 ft./min.
Multiple conductors are required for the real time transmission of electrical data and
control signals and for redundancy. The cable must be capable of being stored under
tension for long periods of time on single drum winches to a depth of 40 Ilayers.
Resistance to crushing, as occurs when level winding is faulty, is desirable. It is
expected, that regardless of the Ultimate and Yield Strengths of the cable, payloads
will evolve to a point that loading of the cable (static + dynamic) will frequently
approach 50% of RBS.

CHARACTERISTICS:

1) Maximum strength attainable-- identified as the best pbssiblc ratio of strength to
weight. The ability of a cable to "survive" under extreme conditions is a function
of its Rated or Ultimate Breaking Strain.

2) Highest elastic limit attainable-- identified as the best possible ratio of elastic limit
to weight. This characteristic controls the mix of payload size, wire out, wire
speed and environmental conditions at which the cable can operate with safety.
This applies to both strength and electrical components of the cable.



3) High rotational stability-- identified as a minimal amount of axial rotation under
loads cyclically varying from 0% to 45% of RBS. Low rotation is considered
necessary to avoid looping/hockling the cable on bottom contact or "Zero"
tension conditions and to prevent excessive spinning of lowered instruments. (A
‘trade off' with Item 15)

4) High degree of armor stress balance -- identified as the absence or near absence
of wvariations to the relative loading on inner and outer armors that produce
strength degradation when one end of the cable is free to rotate.

5) Minimum service life of 3 years-- the useful life in "normal" service assuming
reasonable care and proper handling.

6) Cable must be capable of operating at:
>30% RBS for 90% of expected life;
>40% RBS for 70% of expected life.

7) Withstand occasional loading to 50% RBS without significant, if any, reduction in
strength or change in electrical characteristics.

8) The cable must be galvanized.

9) The cable must have a finished O.D. of .322". This is to avoid modifications to
existing winch/sheave train systems.

10) The cable must be in an unbroken length of 33,000 (without splices).

11) The cable must be capable of operation with single drum winch systems where
the cable is stored under tension.

12) Operate continuously (useful life) over sheaves NLT 40X cable diameter without
degradation in strength.

13) The cable must be capable of withstanding repeated flexures over sheaves at the
nominal working loads given in Item 6 without degradation in strength or
change in electrical characteristics.

14) The cable must be capable of withstanding cyclical loading in temsion as results
from ship motion without degradation in strength or change in electrical
characteristics.

15) Exhibit the best possible resistance to abrasion, both internal and external,
consistent with the need for high rotational stability. (A 'trade off with {tem 3)

16) Exhibit the best possible resistance to corrosion, particularly crevice corrosion
and hydrogen imbrittlement.

17) The cable must not unlay when cut, i.e., it must be well preformed.

18) The cable should be lubricated for abrasion and corrosion protection. The
lubricant should not extrude in use.

19) The cable must have multiple electrical conductors capable of efficient
transmission of low power telemetry signals at frequencies <20kHz. Cable design
should be optimized to permit simultaneous transmission of S5SkHz and 10 kHz
signals in a single conductor to armor circuit. There is no requirement for
power transmission.



PERFORMANCE SPECIFICATIONS:

1) Finished Diameter: The finished diameter shall be .322" at a loading of 15% of
RBS. The diameter shall be uniform over the length of the rope with tolerances
of (+0.003"). This specification permits the use of existing winch/sheave train
systems without modification.

2) Working Diameter: The change in cable diameter due to a change in cable
loading shall not exceed 2% of the finish diameter. At a loading of 50% RBS the
cable diameter shall not be less than .316". This specification is to assure the
cable stays within limits necessary for proper level winding.

3) Rotation:  The finished rope should not rotate about its axis more than 20° per foot
at 40% of Rated Breaking Strength. It is recognized that this requirement may
not be met given the specified outer armor wire size and minimum sheave
diameter.

4) Rated Breaking Strength:  >9000# with 1 end free to rotate.

5) Flexure Tolerance: Withstand 250,000 flexure cycles over sheaves 40X wire O.D. at
35.40% of RBS without failure of individual wires or degradation of electrical
performance. Degradation in strength shall not exceed 5% of RBS. This is
estimated to be 150% of flexures in a sheave train for 500 casts to oceanic depths
including flexures at the overboarding sheave due to ship motion.

6) Tension Cycling: Withstand 250,000 cycles in tension from 10% to 40% of RBS at
an 8 sec. period without failure of individual wires or degradation of electrical
performance. Degradation in strength shall not exceed 5% of RBS. This value is
considered to be representative of tension variations due to ship motion and pay-
out/haul-in speeds for 500 casts to oceanic depths.

7) Sheave Size: The cable shall be capable of operation with sheaves of tread
diameter <15".

8) Cable Length: The cable shall be of an unbroken length of 33,000 ft. without
splices.

9) Armor Wires: The armor wires shall be galvanized and have the following
characteristics:
Tensile strength: > xtra Improved Plow Steel
Ductility: 2 of XIPS
Quter armor: wires to have a diameter 2.032".

10) Electrical: The cable shall be constructed with 3 stranded copper wire
conductors sized #20 AWG or larger, each of which shall have the following
electrical characteristics:

Resistance: <10 ohms/1000ft.
Capacitance: <40 pf/ ft. at a freq. of 1 kHz.
Voltage Rating: 2 600 VDC

11) Yield Strength: Construction shall be such that the conductors shall not yield at
a cable loading equal to 70% of RBS.

12) Lubrication: The cable should be lubricated for abrasion and corrosion
protection at the armor closing process during manufacture. The lubricant shall
be of a low viscosity, water displacing type that does not extrude in use.
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SeaNET update

November 11, 1996
Andy Maffei and Dale Chayes

The SeaNet Communications Node (SCN)/INMARSAT-B system which has been on
the R/V Thompson was moved to The Joides Resolution (SEDCO-471) during a
regularly scheduled port stop in San Diego at the end of October. This move
would not have been possible without the able assistance of Mike Realander
who handled the removal and packing on the Thompson end and the SEDCO crew.
who managed to find time to assist with the installation in the middle of
replacing both of their radars.

The installation on the Resolution was done to allow wire line logging data
to be transferred ashore for analysis with the results to be sent back out
to the onboard science party during the drilling leg 170. The Borehole
Research Group which leads the wireline logging effort on the resolution has
been using a VSAT system courtesy of Schlumberger to do this for some time.
The SCN/INMARSAT-B system was installed for the current leg because the
drilling site was expected to be beyond the reach of the existing VSAT

capability.

As with all INMARSAT A installations, there are still problems with antenna
masts (and the drill rig!) blocking the view of the satellite on certain
headings. This problem is somewhat lessened by SEDCO-471 remaining
stationary for much of the time during a cruise. High Speed connections to
shore need to be coordinated for a time when the ship is pointed towards the
equator (more or less). We are working on a software module that calculates
good headings based on a ship's above deck profile and the predicted azimuth
and elevation to an INMARSAT satellite. Careful planning of the antenna
location can reduce the impact of obstructions. One of the things we have
learned about INMARSAT B is that voice connections are more robust in the
fact of obstructions than for INMARSAT A. However, HSD connections require a
clear line of site to the satellite. For shipboard applications where
continuous HSD service is critical and a single location can't be found,
consideration of two antennas might be an alternative.

We are now getting ready to help with some periodic transfers of wireline
logging data from the SEDCO-471 after the first hole is finished and logged
which we expect within the next week. There are some ISDN problems to be
worked out and some software (o be tweaked in support of their efforts to
transmit some fairly large seismic files over the INMARSAT-B SeaNet system
installed on the Resolution.

It is likely that we will see on the order of half a dozen large
(multi-megabyte) file transfers during this leg and we expect to be able to
monitor the transfer characteristics and hope 10 be able to improve the
throughput over time while providing a useful service to the science
community at the same time.

When it became clear that the our INMARSAT B system with High Speed Data
(HSD) was going to be installed to support the wireline logging effort, TAMU
expressed interest in using the link to transfer their cc:Mail messages
between ship and shore. We are working with them to develop and implement a



test plan. One of the problems is that the ship is currently using an

network number that is already in use on the TAMU campus. A "simple” TCP/IP
routing scenario is not an option. A lesson to be learned from this is that

even for ships (or remote sites) that do not anticipate a direct Internet
connection, now is the time to allocate legitimate network addresses.

Our hope is that when (if) UNOLS vessels move to using INMARSAT-B more
then we will have an attractive communications hub for them to use for various
Internet type tasks. We should have some hard numbers to report by the end
of the year concerning optimal file transfer rates and costs. We are also
hoping to port the software to a Linux platform soon and make it available
as a development platform for other shipboard applications.

Dale Chayes
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