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| EEE Standar ds documents are devel oped within the | EEE Societies and the Standards Coordinat-
ing Committees of the IEEE Standards Board. Members of the committees serve voluntarily and
without compensation. They are not necessarily members of the Institute. The standards developed
within |EEE represent a consensus of the broad expertise on the subject within the Institute as well
as those activities outside of |EEE that have expressed an interest in participating in the develop-
ment of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an |[EEE Standard does not imply
that there are no other waysto produce, test, measure, purchase, market, or provide other goods and
services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developmentsin
the state of the art and comments received from users of the standard. Every |EEE Standard is sub-
jected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of the art. Users are cautioned to
check to determine that they have the latest edition of any |IEEE Standard.

Comments for revision of |IEEE Standards are welcome from any interested party, regardless of
membership affiliation with |EEE. Suggestions for changes in documents should bein the form of a
proposed change of text, together with appropriate supporting comments.

Interpretations. Occasionally questions may arise regarding the meaning of portions of standards as
they relate to specific applications. When the need for interpretations is brought to the attention of
|EEE, the Institute will initiate action to prepare appropriate responses. Since |EEE Standards rep-
resent a consensus of al concerned interests, it is important to ensure that any interpretation has
also received the concurrence of abalance of interests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to
interpretation requests except in those cases where the matter has previously received formal
consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, |IEEE Standards Board
445 Hoes Lane

PO. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may
require use of subject matter covered by patent rights. By publication of this standard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The |EEE shall not be responsible for identifying all patentsfor
which alicense may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or persona use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate
feeis paid to Copyright Clearance Center. To arrange for payment of licensing fee, please contact
Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA;
(508) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can a so be obtained through the Copyright Clearance Center.
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Introduction

(This introduction is not part of |EEE Std 1210-1996, |IEEE Standard Tests for Determining Compatibility of Cable-
Pulling Lubricants With Wire and Cable.)

Cable-pulling lubricants (compounds) are used to lower the tension on cable asit is pulled into conduit, duct,
or directionally bored holes. These friction reducers play an important part in minimizing physical damage
to cable asit isinstalled.

It isimportant that lubricants do not negatively affect the cablesthey lubricate. Conventional oils and greases
are generally not suitable pulling lubricants, since they can swell and weaken plastic jackets and insulations.

The purpose of this standard is to provide criteria and test methods for determining the compatibility of
cable-pulling lubricants with cable jacket or other exterior cable covering. Until now, the evaluation of this
compatibility was done on anonstandard basis.

It should be noted that compatibility of lubricants with cable coverings is the only subject for the standard;
other important performance criteria for lubricants, such as friction reduction, toxicity, combustibility, etc.,
are not discussed.

At the time this draft was completed, the Task Group on Cable-Pulling Compound Compatibility With Wire
and Cable had the following membership:

John M. Fee, Chair

Thamir J. Al-Hussaini W. F. Jensen Wiley J. Pickett

Jim Brioty Ronnie Kirven George R. Pitman
Kent Brown Mike Kopchik, Jr. Sam Rogoff

Rick Bush Frank LaGase Stephen J. Sandburg
Michael M. Dorn Jeffrey J. LaMarca Wendell T. Starr
Ken Fender Don Learned Joseph L. Steiner
Stephen L. Fitzhugh Rodney Machac Tom Stewart

Bob Fulcomer Sam Marcovi Mike Swesat

Ajit K. Gwal T. M. McCauley Jack Tuzinski

Stan Harper John Merando, Jr. T. T. A. Venkataraman
Rick Hartlein Dave Orchard Joseph Waligorski
Stan Howell Ron Petersen Olin L. Willis

John Jeanmonod Bob Washburn

Other individuals who have contributed review and comments are as follows:

Anthony Barlow Joseph S. Jue Jim Moran

John E. Bramfitt Larry Kelly Ward C. Peterson
Gene D'Aquanno Thomas J. Kendrew O. M. Rattan

James C. Dedman James Kopcso George Remaley
Louis G. Delvalle Ralph Lieux Robert A. Resuali
James V. Fitzgerald Mark E. Lowell Joseph H. Snow
Robert Fleming Nicholas Lucio D. J. Stonkus

D.A. Gillies Mel Maringer William A. Thue
Eugene J. Hibbard Andy Melzer Robert O. Wilkenson

Darrell Jeter Frank D. Meyers Walter Zenger
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IEEE Standard Tests for Determining
Compatibility of Cable-Pulling
Lubricants With Wire and Cable

1. Overview

1.1 Scope

This standard applies to cable-pulling lubricants (compounds) and the testing and analysis of their interac-
tion with wire and cable. Cable-pulling lubricants are used to lower the tension on cables when they are
installed (pulled) into conduits, ducts, or directionally bored holes. These lubricants and/or their residues are
in direct contact with the cable exterior covering and may remain so for the life of the cable. Cable-pulling
[ubricants should be compatible with the cable. They should not interfere with the function of any compo-
nent of the cable system that they contact.

Compatibility of cable-pulling lubricants with cable coverings is the only subject of this standard; other
important performance criteria for cable-pulling lubricants, such as friction reduction, toxicity, combustibil-
ity, etc., are not discussed.

This standard utilizes accepted cable performance standards whenever possible. Relevant standards are cited
in the text and listed in clause 2.

1.2 Purpose

This standard describes tests for determining the compatibility of cable-pulling lubricants with cable jacket
or other exterior cable covering. Compatibility of cable-pulling lubricants with a variety of common cable
coveringsis considered.

Often, testing is confined to the effect of the lubricant on the physical properties of the jacket. When the elec-
trical properties, such as dielectric withstand voltage or electrical resistivity, are important, the evaluation
also includes these properties.
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2. References

This standard shall be used in conjunction with the following publications. When the following standards are
superseded by an approved revision, the revision shall apply:

ANSI/UL 83-1991, Thermoplastic-Insulated Wires and Cabl es!
ANSI/UL 1581-1991, Reference Standard for Electrical Wires, Cables, and Flexible Cords.

ASTM D412-92E2, Standard Test Methods for Vul canized Rubber and Thermoplastic Rubbers and Thermo-
plastic Elastomers—Tension.?

ASTM D1693-95, Standard Test Method for Environmental Stress-Cracking of Ethylene Plastics.

3. Physical property effects

3.1 General

Evaluation shall consist of immersing the cable jacket in the cable-pulling lubricant and heat-aging the cable
jacket while immersed at two different temperatures for two different durations in order to determine physi-
cal property changes. The results of this evaluation shall be compared to unimmersed and unaged samples at
the first temperature and to heat-aged comparison samples at both temperatures. The heat-aged comparison
samples shall be water-immersed (for cables suitable for use in awet or damp environment) or air-aged (for
cables not so suited).

To accurately establish alubricant’s compatibility with a cable jacket, priority should be given to testing the
specific cable jacket lubricant that is intended for use, since the lubricant on generic types of cable jackets
can vary significantly.

Reported results shall include the date of testing and indentification of, and specific information about, the
cable or jacket compound tested.

3.2 Lubricant on polyvinyl chloride (PVC) jacket

When tested on PV C jacket in accordance with the immersion test of clause 5, the lubricant shall not affect
the jacket in excess of the following:

After immersion test at 100 °C + 1 °C for 5 days (NEMA WC5-1992 [B8]?, 4.3.2.1)

— Tensile strength retained
Minimum percent of unimmersed and unaged comparison value—85%
— Elongation at break retained
Minimum percent of unimmersed and unaged comparison value—60%
— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

UL publications are available from Underwriters Laboratories, Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096, USA.

2ASTM publications are available from the Customer Service Department, American Society for Testing and Materials, 100 Barr Har-
bor Drive, West Conshohocken, PA 19428-2959, USA.

3The numbersin brackets preceded by the letter B correspond to those of the bibliography in annex A.
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After immersion test at 50 °C £ 1 °C for 30 days

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

3.3 Lubricant on black polyethylene (PE) jacket

When tested on black PE jacket in accordance with the immersion and environmental stress crack tests of
clause 5, the lubricant shall not affect the jacket in excess of the following:

After immersion test at 100 °C + 1 °C for 48 h (NEMA WC5-1992 [B8], 4.3.2.2)

— Tensile strength retained
Minimum percent of unimmersed and unaged comparison value—75%
— Elongation at break retained
Minimum percent of unimmersed and unaged comparison value—75%
— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

After immersion test at 50 °C £+ 1 °C for 30 days

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

After environmental stress crack test immersed in lubricant at 50 °C + 1 °C for 48 h

— Maximum percent of samples cracked—20%

3.4 Lubricant on thermoplastic chlorinated polyethylene (CPE) jacket

When tested on a thermoplastic CPE jacket in accordance with the immersion test of clause 5, the lubricant
shall not affect the jacket in excess of the following:

After immersion test at 100 °C = 1 °C for 5 days (NEMA WC5-1992 [B8], 4.3.2.3)

— Tensile strength retained
Minimum percent of unimmersed and unaged comparison value—85%
— Elongation at break retained
Minimum percent of unimmersed and unaged comparison value—50%
— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

After immersion test at 50 °C £ 1 °C for 30 days

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

3.5 Lubricant on natural rubber jacket

When tested on a vulcanized jacket containing at least 60% natural rubber in accordance with the immersion
test of clause 5, the lubricant shall not affect the jacket in excess of the following:
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After immersion test at 70 °C + 1 °C for 96 h (NEMA WC3-1992 [B7], 4.13)
—  Minimum tensile strength—2500 | bf/in?
Minimum elongation at break—400%
— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%
After immersion test at 50 °C £ 1 °C for 30 days

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

3.6 Lubricant on styrene butadiene rubber (SBR) jacket

When tested on an SBR jacket in accordance with the immersion test of clause 5, the lubricant shall not
affect the jacket in excess of the following:

Afterimmersiontest at 70 °C + 1 °C for 168 h (NEMA WC3-1992 [B7], 4.13)
—  Minimum tensile strength—1600 |bf/in®
Minimum elongation at break—250%
— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

After immersion test at 50 °C £+ 1 °C for 30 days

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

3.7 Lubricant on thermoset polychloroprene jacket

When tested on a thermoset polychloroprene jacket in accordance with the immersion test of clause 5, the
[ubricant shall not affect the jacket in excess of the following:

After immersion test at 100 °C + 1 °C for 168 h (NEMA WC3-1992 [B7], 4.13)
— Tensile strength and elongation at break retained
Minimum percent of unimmersed and unaged comparison value—50%
— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

After immersion test at 50 °C £+ 1 °C for 30 days

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

3.8 Lubricant on acrylonitrile/butadiene and polyvinyl chloride (PVC) jacket

When tested on a thermoset blend of acrylonitrile/butadiene rubber and PVC resin in accordance with the
immersion test of clause 5, the lubricant shall not affect the jacket in excess of the following:

After immersion test at 100 °C + 1 °C for 168 h (NEMA WC3-1992 [B7], 4.13)
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— Tensile strength and elongation at break retained
Minimum percent of unimmersed and unaged comparison value—50%

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

After immersion test at 50 °C + 1 °C for 30 days

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

3.9 Lubricant on a thermoset chlorosulfonated polyethylene (CSPE) jacket

When tested on a thermoset CSPE jacket in accordance with the immersion test of clause 5, the lubricant
shall not affect the jacket in excess of the following:

After immersion at 100 °C + 1 °C for 168 h (NEMA WC3-1992 [B7], 4.13)

— Tensile strength retained
Minimum percent of unimmersed and unaged comparison value—85%

— Elongation at break retained
Minimum percent of unimmersed and unaged comparison value—65%

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

After immersion test at 50 °C + 1 °C for 30 days

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

3.10 Lubricant on thermoset chlorinated polyethylene (CPE) jacket

When tested on a thermoset CPE jacket in accordance with the immersion test in clause 5, the lubricant shall
not affect the jacket in excess of the following:

After immersion test a 100 °C + 1 °C for 168 h (NEMA WC3-1992 [B7], 4.13)

— Tensile strength retained
Minimum percent of unimmersed and unaged comparison value—85%

— Elongation at break retained
Minimum percent of unimmersed and unaged comparison value—65%

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%

After immersion test at 50 °C £+ 1 °C for 30 days

— Tensile strength and elongation at break retained
Minimum percent of immersed in water/air and heat-aged comparison value—85%
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4. Electrical property effects

4.1 General

This clause shall only apply when the lubricant is used on coverings that are semiconducting or unshielded
cables with exposed primary insulation (building wire or specia purpose cables).

4.2 Lubricant on semiconducting jackets or exposed semiconducting shields

The lubricant shall not cause the volume resistivity to exceed AEIC specifications [B1-B3] or ICEA stan-
dards[B7-B12]. The lubricants shall demonstrate stability over a minimum 42-day test before the final high-
temperature test. The final high-temperature test includes temperatures (table 2) to represent the transient
high temperatures possible from overloading.

4.3 Determining stability of lubricant on semiconducting materials (IEEE Std 1026-
1995 [B13])

When tested according to table 1 and clause 5, for aminimum duration of 42 days, effect of the lubricant on
the semiconducting material shall show stability if it meets the following equation:

3log P,<log P,_14) +10g P(_2g) + 109 P(_4) + 0.3 (1)
where

P is the volume resistivity measured in accordance with clause 5 on the nth, nth-14, nth-28, and nth-42
days

NOTE—When n = 42 days, the 1-day P reading should be used for P(n—42).

Volume resistivity readings shall be made on a schedule as follows: Samples shall be pre-aged for 18 h at the
temperature specified in table 1, then cooled before the initial (0) reading.

Initia (0), 1, 3, 7, 14, 28, and 42 days aging at the temperature specified in table 1. All samples will be
cooled to 20-30 °C (£ 2 °C of the same temperature for al readings) to measure resistance, then returned to
the oven for additional aging. In all cases, readings shall not be taken sooner than 4 h after removal from the
oven.

Table 1—Aging temperature for volume resistivity samples

Sampletype 75 °C rated cable 90 °C rated cable
Conducting jacket 75°C+2°C 90°C+t2°C
Exposed insulation shield 75°C+2°C 90°Cx2°C

If, at the 42-day reading, stability is not demonstrated as defined in equation 1, then aging shall be continued
and readings shall be made at additional 14-day intervals until stability is attained, or for 92 days.
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All volume resistivity calculations shall be recorded, including the initial (unaged) P, and final Py, If any
volume resistivity determined during the aging was greater than the final Py, then the ratio of how much
greater shall be determined as follows:

Ps

K = =
Pn

2

where

K istheratio (always greater than 1)
Pg isthe greatest volume resistivity measured

P, isthefinal volume resistivity measured

4.4 Final high-temperature volume resistivity test (AEIC CS5-94 [B1], AEIC CS6-96
[B2], AEIC CS7-93 [B3], and IEEE Std 1026-1995 [B13])

On completion of the stability testings and attainment of stability, a final volume resistivity shall be deter-
mined in accordance with clause 5 at the test temperatures in table 2.

Table 2—Final volume resistivity test temperature and maximums

Test Maximum
Sampletype volume
temperature resistivity
Conductive jacket 75°C+t2°C 50 000 Q-cm
and
90°C+2°C 50 000 Q-cm
Exposed insulation shield 75°C+t2°C 50 000 Q-cm
on thermoplastic and
polyethylene insulation 90°C+2°C | 50000Q-cm
Exposed insulation shield 90°C+t2°C 50 000 Q-cm
on cross-linked and
polyethylene insulation 110°C+2°C | 50000 Q-cm
Exposed insulation shield 90°Ct2°C 50 000 Q-cm
on ethylene propylene and
rubber insulation 110°C+2°C | 50000 Q-cm

In no case shall the volume resistivity determined at the final test temperature, or any volume resistivity
determined in 4.3, or K times the volume resistivity at the final test temperature (see equation 2 for determi-
nation of K), exceed the maximum values given in table 2.

4.5 Lubricant on exposed thermoplastic primary insulation

When tested on exposed thermoplastic primary insulation in accordance with the dielectric voltage-with-
stand test of clause 5, the lubricant shall not affect the exposed insulation so that the insulation cannot with-
stand, for 60 s, without breakdown, the essentially sinusoidal rms test potentials given in table 3 (ANSI/UL
83-19914). Tests can be run on any conductor size in table 3 to meet the requirements of this section for that
exposed insulation type.
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Table 3—RMS test pontential in volts—thermoplastic-exposed insulation

Type
Conductor size TRV, THIVN T, TW FEP, FEPB TFE
(00W) (600V) (600V) (600V)

14-9AWG 2000 1500 2000 2000
82 AWG 2000 2000 2000 2000
1-4/0AWG 2500 2500 — 2000
250-500 kemil 3000 3000 — —
5501000 kemil 3500 3500 — —
1100-2000 kemil 4000 4000 — —

4.6 Lubricant on exposed thermoset primary insulation

When tested on exposed thermoset primary insulation in accordance with the dielectric voltage-withstand
test of clause 5, the lubricant shall not affect the exposed insulation so that the insulation cannot withstand,
for 60 s, without breakdown, the essentially sinusoidal rms test potentials given in table 4 (ANSI/UL 44-
1991 [B4]). Tests can be run on any conductor size in table 4 to meet the requirements of this subclause for
that exposed insulation type.

Table 4—RMS potential in volts—thermoset exposed insulation

Types
Conductor size AN RH RH, RHW, RHH SIS
600V) (600V) (2000V) (600V)

13-11AWG 3000 2000 6 000 3000
10, 9AWG 3000 3000 6000 3000
BAWG 3500 3500 6 000 3500
7AWG 3500 3500 7500 3500
6-2AWG 3500 3500 7500 3500
1-4/0 AWG 4000 4000 9,000 4000
250-500 kemil 5000 5000 10 000 —
5001000 kemil 6000 6000 11,000 —
11002000 kel 7000 7000 11,000 —

4 nformation on references can be found in clause 2.
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5.Testing and test methods

5.1 General

Tests shall be performed using the cable-pulling lubricant and the jacket for which compatibility is being
determined. Both lubricant and jacket samples should be representative and selected at random.

5.2 Jacket test specimens for the immersion/physical property tests

Specimens shall be taken from completed wire or cable. Fifteen specimens of the jacket shall be taken for
the test. Three will serve as unimmersed and unaged comparison samples, three will be immersed in lubri-
cant at the first temperature, three will be immersed at the second temperature, three will serve asthe aged in
air/water comparison samples at the first temperature, and three will serve as the aged in air/water compari-
son at the second temperature. The specimens shall be segment cut with a sharp knife or with a Die C or D,
as specified by ASTM D412-92E2. The specimens shall be cut parallel to the cable axis and shall not have a
cross-sectional area greater than .025 in or less than .0075 in? after irregularities, corrugations, and rein-
forcing members have been removed. If necessary, surface irregularities shall be removed so that the speci-
mens are smooth and of uniform thickness.

5.3 Tensile strength and elongation test

Physical tests shall be performed at room temperature (68-82 °F) on a tensile testing machine that is in
accordance with ASTM D412-92E2.

The test specimens, prepared in accordance with 5.2, shall be marked with gauge marks that are 1 in apart.
The jaws of the testing machine shall be a maximum of 4 in apart. The separation speed shall be 20 in/min.
continued until the specimen breaks. However, if the test specimen is polyethylene, the maximum jaw sepa-
ration will be 2.5 in and the speed will be 2 in/min. The tensile strength shall be calculated from the force at
break and the cross-sectional area of the unstretched specimen.

Elongation at break shall be determined at the same time as tensile strength. The distance between the gauge
marks at break shall be measured and used to calculate the elongation at break as follows:

— (GR_ Go)

E G,

(100 ©)

where

E isthe elongation at break

Gr isthe gauge mark distance at rupture

G, istheoriginal gauge mark distance

Results of tensile and elongation tests will be the average from three specimens called for in 5.2 at the vari-
ous aging conditions. Specimens length and type, gauge mark distance, and jaw separation and speed will be
recorded with the results.
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5.4 Heated lubricant immersion method

The purpose of the heated immersion of the specimens in the cable-pulling lubricant is to determine the
effect of the lubricant on the cable jacket material. The lubricant should be used in the same form and con-
centration that it would be used in pulling cable.

350 ml of lubricant shall be placed in a glass desiccator with an opening in the lid for ano. 8 rubber stopper.
The desiccator shall have aflange|.D. of 200 mm and a chamber depth of 125 mm.> The 350 ml shall fill the
desiccator to alubricant depth of approximately 10 mm.

The three physical test specimens called for in 5.2 shall be completely immersed in the lubricant.

Thelid shall be placed on the desiccator and a no. 8, one-hole, rubber stopper (hole diameter of 5 mm) shall
be placed in the lid opening. Volatiles in the lubricant can slowly escape through the stopper, as they do from
a conduit.

The desiccator, with immersed test specimens, will be heated for the specified time and temperature (refer to
3.2-3.10) in afresh-air-circul ating oven.

At the end of the test period, the specimens shall be removed from the desiccator. They shall be carefully and
thoroughly washed with tap water to remove lubricant residue, then blotted dry. The specimens shall be
allowed to rest at room temperature for a minimum of 48 h and a maximum of 96 h before physical testing.
The tensile and elongation of the samples shall then be determined in accordance with 5.3. The physical
properties of the comparison samples shall be determined at the same time.

5.5 Heated water/air immersion method

The purpose of the heated immersion of the specimens in water (for cable suitable for wet or damp loca
tions) or air isto provide a comparison sample for the lubricant-immersed samples described in 5.4.

The procedure isthe same asin 5.4 except that either distilled water or nothing is placed in the glass desiccator.

The aging for the water-/air-immersed samples should be identical to the lubricant-immersed samples and
should be performed at the same time.

The conditioning before physical testing shall also be identical to the lubricant-immersed samples.

5.6 Environmental stress cracking test

Except as noted below, this test shall be conducted in accordance with Condition A, specified in ASTM
D1693-95.

The test specimens shall come from platen moldings of PE jacket material taken from completed cable. The
temperature of the newly molded samples shall be lowered at the rate specified in ASTM D1928-90 [B6],
Procedure C. Ten samples shall be razor dlit (ASTM D1693-95, Condition A) and completely immersed in
lubricant in atest tube 200 mm long and 32 mm in diameter. An additional set of 10 control samples shall be
similarly slit and completely immersed in distilled water in asimilar test tube. Both test tubes shall be sealed
with a foil-covered cork. At the end of the test period, both sets of specimens shall be removed, alowed to
cool to room temperature, and inspected for cracking. No interim inspection is necessary. The water-
immersed control samples provide perspective on reasons for cracking if any occurs.

SPyrex Brand 3100200 desiccator and lid, or equivalent.
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5.7 Specimens for volume resistivity tests (stability and final high temperature)

The lubricant (or its residue) must remain in contact with the semiconducting jacket or exposed semicon-
ducting insulation shield for the 42-day (or longer) duration of the test. Three types of tests are described:
one, when the lubricant will stay in place by itself on conductive jacket; one, when the lubricant will stay in
place by itself on semiconducting insulation shield; and the final test, when the lubricant will not stay in
place (too fluid to maintain a 3 mm thick coating girdling the cable).

5.8 Specimens and test for semiconducting jacket and self-supporting lubricants

Test procedures shall be performed in the following way: Cut two cable specimens 230 mm long. Remove
from the cable the semiconducting jacket and all other coverings to expose the dielectric. Cut the semicon-
ducting jacket so that it fits snugly over the dielectric with edges butting (gap no greater than 2 mm). Bind
the jacket to the cable core using splicing tape on the outside 2 cm of both ends. Cut two pieces of cross-
linked polyethylene, heat-shrinkable tubing, 158 mm in length, that is between 65% and 85% of the diame-
ter of the cable when the tubing is fully recovered. Paint two bands of conducting silver paint 6 mm wide at
a separation of 165 mm (centered on the 230 mm specimen). Mark the center 50 mm of the specimen and,
on one specimen only, place a lubricant coating of approximately 3 mm thickness completely around the
cable in this 50 mm area. The second specimen serves as a control with no lubricant exposure. Shrink the
tubing over the specimen working from both edges in. Final appearance and dimensions are shown in figure
1. Asan alternative to heat-shrink tubing, self-adhering silicone rubber tape can aso be wrapped to form the
containment pocket shown in figure 1.

230 mm
—BUTTED EDGES OF JACKET

i

\\ L—*SO mm AJ ' ‘
|
I

165 mm

/ CONDUCTIVE JACKET INSTALLED
OVER CABLE CORE OR MANDREL

p— WRAPPED SPLICING TAPE

Figure 1—Specimen for self-supporting lubricants—conductive jacket
Test both specimens at the conditions specified in 4.3 and 4.4 and by the method in 5.10.

5.9 Specimens and tests for semiconducting insulation shield with self-supporting
lubricants

Test procedures shall be performed in the following way: Cut two cable specimens 230 mm long. Remove
all coverings down to the semiconducting insulation shield (in most cases, the concentric neutral wires are
the only coverings that need to be removed). Cut two pieces of cross-linked polyethylene, heat-shrinkable
tubing (without internal sealant) to 158 mm inchesin length. Choose heat-shrinkable tubing that is between
65% and 85% of the diameter of the cable when the tubing is fully recovered. Paint two bands of conducting
silver paint 6 mm wide at a separation of 165 mm inches (centered on the 230 mm specimen). Mark the cen-
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ter 50 mm of the specimen and on one specimen only, place a lubricant coating of approximately 3 mm
thickness completely around the cable in this 50 mm area. The second specimen serves as a control with no
lubricant exposure. Shrink the tubing over the specimen working inward from both edges. Final appearance
and dimensions are shown in figure 2. As an alternative to heat shrink tubing, self-adhering silicone rubber
tape can also be wrapped to form the containment pocket shown in figure 2.

Test both specimens at the conditions specified in 4.3 and 4.4 and by the method in 5.10.

230 mm -
1
/f“ INSULATION SHIELD I

o T = ) i
‘ i AR l—c- 50 mm —= l T‘: w
i 0 : : “ :
e 4e5mm l?
i Lo 1l
- e = ’ \‘g\ ‘/:\,/

/LTEST MATERIAL A SILVER PAINT ELECTRODES

“—— RECOVERED HEAT-SHRINKABLE TUBE

Figure 2—Specimen for self-supporting lubricants—exposed insulation shield

5.10 Volume resistivity test procedure for self-supporting lubricants on
semiconducting jackets/shields

Two samples shall be prepared asin 5.8 or 5.9, one with lubricant and the other without lubricant, to serve as
a comparison. Resistance measurements shall be taken using either the two-point method with an ohmmeter
or the four-point method with current and potential electrodes. These tests shall be conducted as described in
ICEA T-25-425. An initial reading shall be taken for both specimens before they are oven-aged. All addi-
tional readings are to be taken at the temperatures and times specified in 4.3 and 4.4.

Convert the resistance measurements taken above to volume resistivity using the following formula

R(D2 —d?)

P(n,1) = N2 @

where

isthe volume resistivity, in Q-cm

is the measured resistance, in Q

isthe diameter over the conducting component, in cm
is the diameter under the conducting component, in cm
is the distance between the potential electrodes, in cm
isthe day from start of aging

~ 5 r Q U »o o

is the temperature at which resistivity was read
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5.11 Specimens and tests for semiconducting jackets/shields when lubricants are
not self-supporting—immersion test

Test procedures shall be performed in the following way: Cut two test specimens for testing from the con-
ductive component of the cable with the long dimension parallel to the conductor. Cut strips of material Test
procedures shall be performed in the following way: 190 mm + 3 mm long by 10 mm £ 1 mm wide. Apply
silver electrodes as shown in figure 3 with the potential electrodes at a separation of 100 mm and the current
electrodes at a separation of 180 mm.

Current Electrode
A// Potential Electrodes\

<4——100mm —>F

e e

7 mm typical
< 190 mm >

Figure 3—Specimen for non-self-supporting lubricants

Immerse one sample completely in lubricant at the conditions called for in 4.3 and 4.4 and test via the same
method asin 5.10. The second sample should be air aged at the same conditions.

Convert the resistance measurements taken to volume resistivity using the equation:

P(n.t) = 510 ©

where

isthe volume resistivity, in Q-cm

is themeasured resistance, in Q

is the average width of the cut specimen (before immersion), in cm
is the thickness of specimen (before immersion), in cm

is the distance between the potential electrodes, incm

isthe day from start of aging

isthe temperature at which resistivity was read

“Sr-H4s37T

5.12 Preparation of samples for the dielectric voltage withstand test in water

A 10 ft (3.04 m) length of wire or cable shall be used for the test. The wire shall be coiled and immersed in
the lubricant (closed container) for 30 days at 120 °F (49 °C). The coil shall then be removed from the lubri-
cant, carefully and thoroughly washed, and allowed to dry for a minimum of 48 h and maximum of 96 h
before the test.

5.13 Dielectric voltage withstand test in water

The test shall be run in accordance with ANSI/UL 1581-1991, Section 820, and the conditionsin 4.5 or 4.6
with the following exceptions; A 10 ft (3.04 m) piece of cable shall be coiled for the test. The coil shall
undergo the lubricant immersion preparation described in 5.12. The sample shall then be immersed in the
water tank for 6 h before the test potential is applied.
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