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ABBREVIATIONS
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1. SCOPE

1.1 This specification establishes the requirenents for
termnating cables used to connect incom ng outside plant cables
to the vertical side of the main distributing frame in a

t el ephone central office.

1.1.1 The conductors are solid tinned copper, individually
insulated with extruded solid dual insulating conpounds.

1.1.2 The insul ated conductors are twisted into pairs which are
then stranded or oscillated to forma cylindrical core.

1.1.3 The cable structure is conpleted by the application of a
core wap, a shield, and a polyvinyl chloride jacket.

1.2 The nunber of pairs and gauge size of conductors which are
used within the REA programare provided in the follow ng tabl e:

Anerican Wre Gauge (AWG 22 24
Pairs 12 12

50 50

100 100

200 200

300 300

400 400

600 600

800 800

Note: Cables larger in pairs fromthose shown in this table
shall nmeet all the requirenents of this specification.

1.3 Al cables sold to REA borrowers for projects involving REA
| oan funds under this specification nust be accepted by REA
Techni cal Standards Commttee "A" (Tel ephone). For cables
manufactured to this specification, all design changes to an
accepted design nust be submtted for acceptance. REA wll be
the sole authority on what constitutes a design change.

1.4 Materials, manufacturing techni ques, or cable designs not
specifically addressed by this specification may be allowed if
accepted by REA. Justification for acceptance of nodified
materi al s, manufacturing techniques, or cable designs shall be
provided to substantiate product utility and long termstability
and endur ance.

2. CONDUCTORS AND CONDUCTOR INSULATION

2.1 Each conductor shall be a solid round wire of conmercially
pure anneal ed tin coated copper. Conductors shall neet the
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requi renents of the American Society for Testing and Materials
(ASTM B 33-91 except that requirenents for D nensions and
Perm ssi ble Variations are wai ved.

2.2 Joints made in conductors during the manufacturing process
may be brazed, using a silver alloy solder and nonacid flux, or
they may be wel ded using either an electrical or cold wel ding
technique. 1In joints made in uninsul ated conductors, the two
conductor ends shall be butted. Splices nmade in insul ated
conductors need not be butted but nmay be joined in a manner
acceptabl e to REA

2.3 The tensile strength of any section of a conductor,
containing a factory joint, shall not be |less than 85 percent of
the tensile strength of an adjacent section of the solid
conductor of equal |length w thout a joint.

2.4 Engineering Information: The sizes of wire used and their
nom nal dianeters shall be as shown in the foll ow ng table:

Nom nal D ameter

AVG mllimeters  (inches)
22 0. 643 (0.0253)
24 0.511 (0.0201)

2.5 Each conductor shall be insulated wwth a primary |ayer of
natural or white solid, insulating grade, high density

pol yet hyl ene or crystalline propyl ene/ethyl ene copol yner and an
outer skin of colored, solid, insulating grade, polyvinyl
chloride (PVC) using one of the insulating materials listed in
Paragraphs 2.5.1 through 2.5.3 of this specification.

2.5.1 The polyethylene raw material selected to neet the
requi renents of this specification shall be Type |11
Class A, Category 4 or 5, Gade E9 in accordance with
ASTM D 1248-84(1989).

2.5.2 The crystalline propyl ene/ethylene raw materi al sel ected
to meet the requirenents of this specification shall be
Cl ass PP 200B 40003 E11 in accordance with ASTM D 4101-82(1988).

2.5.3 The PVCraw materials selected to neet the requirenents of
this specification shall be either Type PVC 64751E3X0,

Type PVC- 76751E3X0, or TYPE PVC-77751E3X0 i n accordance with
ASTM D 2287-81(1988).

2.5.4 Raw materials intended as conductor insulation furnished
to these requirenents shall be free fromdirt, netallic
particles, and other foreign matter.

2.5.5 Al insulating raw materials shall be accepted by REA
prior to their use.



Bulletin 1753F-207(PE-87)
Page 8

2.6 Al conductors in any single |length of cable shall be
insulated with the sane type of material.

2.7 A permssible overall performance |evel of faults in
conductor insulation when using the test procedures in Paragraph
2.8 of this specification shall average not greater than one
fault per 12,000 conductor neters (40,000 conductor feet) for
each gauge of conductor.

2.8 The test used to determ ne conpliance with Paragraph 2.7 of
this specification shall be conducted as foll ows:

2.8.1 Sanples tested shall be taken from finished cabl es

sel ected at random from standard production cable. The sanples
tested shall contain a m nimumof 300 conductor neters (1,000
conductor feet) for cable sizes |less than 50 pairs and 1,500
conductor neters (5,000 conductor feet) for cable sizes greater
than or equal to 50 pairs. No further sanple need be taken from
t he sane cable production run within 6,000 cable neters (20,000
cable feet) of the original test sanple fromthat run

2.8.2 The cable sanple shall have its jacket, shield, and core
wap renoved and its core shall be immersed in tap water for a

m ni mum period of 6 hours. In lieu of renoving the jacket,
shield, and core wap fromthe core, the entire cable may be
tested. In this case, the core shall be conpletely filled with

tap water, under pressure; then the cable assenbly shall be
imrersed for a mninmumperiod of 6 hours. Wth the cable core
still fully imersed, except for end connections, the insulation
resistance (IR) of all conductors to water shall be neasured
using a direct current (dc) voltage of 100 volts to 550 volts.

2.8.3 An IR value of |ess than 500 nmegohns for any individual

i nsul at ed conductor tested at or corrected to a tenperature of
23°C is considered a failure. |If the cable sanple is nore than
7.5 meters (25 feet) long, all failing conductors shall be
retested and reported in 7.5 neter (25 foot) segnents.

2.8.4 The pair count, gauge, footage, and nunber of insulation
faults shall be recorded. This information shall be retained on
a 6 nmonth running basis for review by REA when request ed.

2.8.5 Afault rate, in a continuous length in any one reel, in
excess of one fault per 3,000 conductor neters (10,000 conduct or
feet) due to manufacturing defects is cause for rejection. A

m ni mum of 6, 000 conductor neters (20,000 conductor feet) is
required to devel op a nonconpliance in a reel.

2.9 Repairs to the conductor insulation during manufacturing are
perm ssible. The nethod of repair shall be accepted by REA prior
to its use. The repaired insulation shall be capable of neeting

the relevant electrical requirenments of this specification.
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2.10 Al repaired sections of insulation shall be retested in
the same manner as originally tested for conpliance with the
Paragraph 2.7 of this specification.

2.11 The col ored conposite insulating material renoved from or
tested on the conductor, froma finished cable, shall be capable
of neeting the follow ng performance requirenents:

Property Conposite I nsul ation

Tensile Strength
M ni mum Megapascal s
(MPa) (Pounds per square

inch (psi)) 16.5 (2, 400)
Utimte El ongation

Percent, M ni mum 125
Col d Bend

Fai Tures, Maxi mum 0/ 10
Shri nkback

Maxi mum MIlinmeters

(mm (Inches (in.)) 9.5 (3/8)
Adhesi on

Maxi mum Newt ons (N)

(Pound-force (Ibf)) 13.3 (3)
Conpr essi on

M ninmum N (I bf) 1780 (400)

2.12 Testing Procedures: The procedures for testing the
conposite 1 nsulation sanples for conpliance wth Paragraph 2.11
of this specification shall be as foll ows:

2.12.1 Tensile Strength and Ultimate Elongation: Sanples of the
insulation material, renoved fromthe conductor, shall be tested

in accordance with ASTM D 2633-82(1989), except that the speed of
j aw separation shall be 50 mllinmeters/mnute (50 mm m n)

(2 inches/mnute (2 in./mn)).

Note: Quality assurance testing at a jaw separation speed
of 500 mMmmmn (20 in./mn) is permssible. Failures at this rate
shall be retested at the 50 mimn (2 in./mn) rate to determ ne
speci fication conpliance.

2.12.2 Cold Bend: Sanples of the insulation material on the
conduct or shalT be tested in accordance with ASTM D 4565-90a at a
tenperature of -40 £ 1°C wth a mandrel dianmeter of 6 mm

(0.25 in.). There shall be no cracks visible to normal or
corrected-to-normal vision.
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2.12.3 Shrinkback: Sanples of insulation shall be tested for
four hours at a tenperature of 115 + 1°C in accordance with
ASTM D 4565- 90a.

2.12.4 Adhesion: Sanples of the insulation material on the
conduct or shalT be tested in accordance with ASTM D 4565-90a with
a crosshead speed of 50 mMmimn (2 in./mn).

2.12.5 Compression: Sanples of the insulation material on the
conductor shall be tested in accordance with ASTM D 4565-90a with
a crosshead speed of 5 Mmimn (0.2 in./mn).

2.13 Oher nmethods of testing may be used if acceptable to REA

3. IDENTIFICATION OF PAIRS AND TWISTING OF PAIRS
3.1 The PVC skin shall be colored to identify:
a. The tip and ring conductor of each pair; and
b. Each pair in the conpl eted cable.
3.2 The colors used to provide identification of the tip and
{gglge:conduct or of each pair shall be as shown in the follow ng

Col or
Pai r No. Tip Ri ng

1 White Bl ue

2 Wi te Orange

3 Wi te G een

4 White Br own

5 Wi te Slate

6 Red Bl ue

7 Red Orange

8 Red G een

9 Red Br own
10 Red Slate
11 Bl ack Bl ue
12 Bl ack Orange
13 Bl ack G een
14 Bl ack Br own
15 Bl ack Slate
16 Yel | ow Bl ue
17 Yel | ow Orange
18 Yel | ow G een
19 Yel | ow Br own

20 Yel | ow Sl ate
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21 Vi ol et Bl ue
22 Vi ol et Orange
23 Vi ol et G een
24 Vi ol et Br own
25 Vi ol et Slate

3.3 Standards of Color: The colors of the insulated conductors
supplied 1n accordance with this specification are specified in
terms of the Munsell Col or System (ASTM D 1535-89) and shal
conply with the "Table of Wre and Cable Limt Chips" as defined
in ANSI/ El A-359-A-84. (Visual color standards neeting these
requi renents may be obtained directly fromthe Minsell Col or
Conpany, Inc., 2441 North Calvert Street, Baltinore, Mryl and
21218).

3.4 Positive identification of the tip and ring conductors of
each pair by marking each conductor of a pair with the col or of
its mate is permssible. The nmethod of marking shall be accepted
by REA prior to its use.

3.5 Oher nmethods of providing positive identification of the
tip and ring conductors of each pair may be enployed if accepted
by REA prior to its use.

3.6 The insulated conductors shall be twi sted into pairs.

3.7 In order to provide sufficiently high crosstal k isolation,
the pair twists shall be designed to enable the cable to neet the
capaci tance unbal ance and the crosstal k | oss requirenents of

Par agraphs 8.2, 8.3, and 8.4 of this specification.

3.8 The average length of pair twsts in any pair in the
finished cable, when neasured on any 3 neter (m (10 foot (ft))
| ength, shall not exceed 152 nm (6 in.).

4. FORMING OF THE CABLE CORE

4.1 Twisted pairs shall be assenbled in such a way as to forma
substantially cylindrical group.

4.2 Wen desired for lay-up reasons, the basic group may be
divided into two or nore subgroups called units.

4.3 Each group, or unit in a particular group, shall be encl osed
in bindings of the colors indicated for its particular pair

count. The pair count, indicated by the color of insulation,
shal | be consecutive as indicated in Paragraph 4.5 of this
specification through units in a group.

4.4 Threads or tapes used as binders shall be nonhygroscopic and
nonwi cki ng. The threads shall consist of a suitable nunber of
ends of each col or arranged as col or bands. When tapes are used
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as binders, they shall be colored. Binders shall be applied with
a lay of not nore than 100 mMm (4 in.). The col ored binders shal
be readily recogni zabl e as the basic intended col or and shall be
di stingui shable fromall other colors.

4.5 The colors of the bindings and their significance with
respect to pair count shall be as shown in the follow ng table:

G oup No. Col or of Bindi ngs G oup Pair Count
1 Whi t e- Bl ue 1- 25
2 Wi t e- Or ange 26-50
3 Wi t e- G een 51-75
4 Whi t e- Br own 76-100
5 VWhi te-Sl ate 101- 125
6 Red- Bl ue 126- 150
7 Red- Or ange 151-175
8 Red- G een 176- 200
9 Red- Br own 201- 225

10 Red- Sl at e 226- 250
11 Bl ack- Bl ue 251- 275
12 Bl ack- Orange 276- 300
13 Bl ack- G een 301- 325
14 Bl ack- Br own 326- 350
15 Bl ack- Sl at e 351- 375
16 Yel | ow Bl ue 376-400
17 Yel | ow Or ange 401- 425
18 Yel | ow G een 426- 450
19 Yel | ow Br own 451- 475
20 Yel | ow Sl at e 476- 500
21 Vi ol et - Bl ue 501-525
22 Vi ol et - Or ange 526- 550
23 Vi ol et - G een 551-575
24 Vi ol et - Br own 576- 600

4.6 The use of the white unit binder in cables of 100 pair or
| ess is optional

4.7 Wen desired for manufacturing reasons, two or nore 25 pair
groups may be bound together w th nonhygroscopi ¢c and nonw cki ng
threads or tapes into super-units. The group binders and the
super-unit binders shall be col ored such that the conbination of
the two binders shall positively identify each 25 pair group from
every other 25 pair group in the cable.

4.8 Super-unit binders shall be of the colors shown in the
foll ow ng tabl e:

Pair No. Bi nder Col or

1- 600 Wi te
600- 1200 Red
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5. CORE WRAP

5.1 The core shall be conpletely covered with a | ayer of
nonhygroscopi ¢ and nonw cking dielectric material. The wap
shall be applied with an overl ap.

5.2 The core wap shall provide a sufficient heat barrier to
prevent visible evidence of conductor insulation deformation or
adhesi on between conductors, caused by adverse heat transfer
during the jacketing operation.

5.3 Engineering Information: |If required for manufacturing
reasons, white or uncol ored binders of nonhygroscopic and
nonwi cki ng material may be applied over the core and/or core
wr ap.

6. SHIELD

6.1 An alum numshield, plastic coated on one side, shall be
applied longitudinally over the core w ap.

6.2 The shield may be applied over the core wap with or w thout
corrugations (snooth) and shall be bonded to the outer jacket.

6.3 The shield overlap shall be a mnimumof 3 mm (0.125 in.)
for cables with core dianeters of 15 mm (0.625 in.) or less and a
mnimumof 6 mm (0.25 in.) for cables with core dianeters greater
than 15 nm (0.625 in.). The core dianeter is defined as the

di aneter under the core wap and bindi ng.

6.4 GCeneral requirenents for application of the shielding
mat eri al shall be as foll ows:

6.4.1 Successive lengths of shielding tapes may be joined during
t he manufacturing process by neans of cold weld, electric weld,
soldering with a nonacid flux, or other acceptabl e neans;

6.4.2 The metal shield with the plastic coating shall have the
coating renoved prior to joining the netal ends together. After
joining, the plastic coating shall be restored w thout voids
usi ng good manuf acturing techni ques;

6.4.3 The shields of each I ength of cable shall be tested for
continuity. A one neter (3 ft) section of shield containing a
factory joint shall exhibit not nore than 110 percent of the
resi stance of a shield of equal length wthout a joint;

6.4.4 The breaking strength of any section of a shield tape
containing a factory joint shall not be | ess than 80 percent of
the breaking strength of an adjacent section of the shield of
equal length without a joint;
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6.4.5 The reduction in thickness of the shielding material due
to the corrugating or application process shall be kept to a
m ni mum and shall not exceed 10 percent at any spot; and

6.4.6 The shielding material shall be applied in such a manner
as to enable the cable to pass the bend test as specified in
Paragraph 9.1 of this specification.

6.5 The di nensions of the uncoated al um numtape shall be
0.2030 £ 0.0254 nm (0.0080 + 0.0010 in.).

6.6 The alum numtape shall conformto either Alloy AA-1100-0,
AA-1145-0, or AA-1235-0 as covered in the |latest edition of

Al um num St andards and Data, issued by the Al um num Associ ati on,
except that the requirenents for tensile strength are waived.

6.7 The singled-sided plastic coated al um num shi el d shal
conformto the requirenents of ASTM B 736-92a, Type | Coati ng,
Class 1 or 2, or Type Il Coating, Cass 1. The mninmumthickness
of the Type |I Coating shall be 0.038 mm (0.0015 in.). The

m ni mum t hi ckness of the Type Il Coating shall be 0.008 mm
(0.0003 in.).

6.8 The plastic coated al um numshield shall be tested for
resistance to water mgration by imersing a one neter (3 ft)

| ength of tape under a one neter (3 ft) head of water containing
a soluble dye plus 0.25 percent (% wetting agent.

6.8.1 After a mnimumof 5 mnutes, no dye shall appear between
the interface of the shield tape and the plastic coating.

6.8.2 The actual test nethod shall be acceptable to REA

6.9 The bond between the plastic coated shield and the jacket
shall conformto the foll ow ng requirenents:

6.9.1 Prepare test strips approximately 200 mm (8 in.) in

length. Slit the jacket and shield longitudinally to produce 4
strips evenly spaced and centered in 4 quadrants on the jacket
circunference. One of the strips shall be centered over the
over | apped edge of the shielding tape. The strips shall be 13 mm
(0.5 in.) wde. For cable dianeters less than 19 mm (0.75 in.)
make two strips evenly spaced.

6.9.2 Separate the shield and jacket for a sufficient distance
to allow the shield and jacket to be fitted in the upper and

| ower jaws of a tensile machine. Record the maxi num force
required to separate the shield and jacket to the nearest newon
(pound-force). Repeat this action for each test strip.
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6.9.3 The force required to separate the jacket fromthe shield
shall not be less than 9 N (2 Ibf) for any individual strip when
tested in accordance with Paragraph 6.9.2 of this specification.
The average force for all strips of any cable shall not be | ess

than 18 N (4 | bf).

7. CABLE JACKET AND EXTRANEOUS MATERIAL

7.1 The jacket shall provide the cable with a tough, flexible,
protective covering which can withstand stresses reasonably
expected in normal installation and servi ce.

7.2 The jacket shall be free fromholes, splits, blisters, or
ot her inperfections and shall be as snooth and concentric as is
consistent wwth the best commercial practice.

7.3 The raw material used for the cable jacket shall be one of
the follow ng four types:

a. Type PVC-55554E0XO in accordance with
ASTM D 2287-81(1988);

b. Type PVC 65554E0X0 in accordance with
ASTM D 2287-81(1988);

c. Type PVC-55556E0X0 in accordance with
ASTM D 2287-81(1988); or

d. Type PVC-66554E0XO in accordance with
ASTM D 2287-81(1988).

7.4 The jacketing material renoved fromor tested on the cable
shal | be capable of neeting the follow ng performance
requirenents:

Property Jacket Performance

Tensi | e Strengt h- Unaged

M ni nrum MPa (psi) 13. 8 (2, 000)
U timat e El ongati on- Unaged

M ni mum Percent (% 200
Tensil e Strengt h- Aged

M nimum % of Oiginal 80
U timate Elongation-Aged

M nimum % of Oiginal 50
| npact

Fai [ ures, Maxi mum 2/ 10
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7.5 Testing Procedures: The procedures for testing the jacket
sanples tor conpliance with Paragraph 7.4 of this specification
shall be as follows:

7.5.1 Tensile Strength and Ultimate Elongation-Unaged: The test
shall be pertformed 1n accordance wth ASTM D 2633-82(1989), using
a jaw separation speed of 50 mimn (2 in./mn).

Note: Quality assurance testing at a jaw separation speed
of 500 mMmimn (20 in./mn) is permssible. Failures at this rate
shall be retested at the 50 mimn (2 in./mn) rate to determ ne
speci fication conpliance.

7.5.2 Tensile Strength and Ultimate Elongation-Aged: The test
shal |l be pertformed 1 n accordance Paragraph 7.5.1 of this
specification after being aged for 7 days at a tenperature of

100 £+ 1°Cin a circulating air oven conformng to ASTM D 2436- 85.

7.5.3 Impact: The test shall be perforned in accordance with
ASTM D 4565-90a using an inpact force of 4 newton-neter

(3 pound force-foot) at a tenperature of -10 £ 1°C. The cyl i nder
shall strike the sanple at the shield overlap. A crack or split
in the jacket constitutes failure.

7.6 Jacket Thickness: The nom nal jacket thickness shall be as
specitied In the tollowng table. The test nethod used shall be
either the End Sanple Method (Paragraph 7.6.1 of this
specification) or the Continuous Uniformty Thi ckness Gauge

Met hod (Paragraph 7.6.2 of this specification):

Nom nal Jacket Thi ckness

No. of Pairs mm (in.)
25 or less 1.4 (0.055)
50 1.5 (0.060)

100 1.7 (0.065)
200 1.9 (0.075)
300 2.2 (0.085)
400 2.4 (0.095)
600 2.9 (0.115)
800 and over 3.3 (0.130)

7.6.1 End Sample Method: The jacket shall be capabl e of neeting
the foll owm ng requirenents:

M ni mum Aver age Thi ckness 90 % of nom nal thickness
M ni mum Thi ckness 70 % of nom nal thickness
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7.6.2 Continuous Uniformity Gauge Method:

7.6.2.1 The jacket shall be capable of neeting the follow ng
requi renents:

M ni mum Aver age Thi ckness 90 % of nom nal thickness
M ni mum (M n.) Thickness 70 % of nom nal thickness
Maxi mum (Max.) Eccentricity 55 %

Eccentricity = Max. Thickness - Mn. Thickness x 100 Percent
Aver age Thi ckness

7.6.2.2 Maximum and Minimum Thickness Values: The maxi num and
m ni mum t hi ckness val ues shall be based on the average of each
axi al section.

7.7 The color of the jacket shall be either black or dark grey
in conformance with the Munsell Color System specified in
ASTM D 1535- 89.

7.8 There shall be no water or other contam nants in the

fini shed cable which woul d have a detrinental effect onits
performance or its useful life.

8. ELECTRICAL REQUIREMENTS

8.1 Mutual Capacitance and Conductance:

8.1.1 The average nutual capacitance (corrected for |ength) of
all pairs in any reel shall not exceed the foll ow ng when tested
in accordance with ASTM D 4566-90 at a frequency of 1.0 £ 0.1
kil ohertz (kHz) and a tenperature of 23 + 3°C:

Mut ual Capacitance

Nunber of Cable Pairs nanof ar ad/ ki | oneter (nanofarad/ m |l e)
12 52 + 4 (83 = 7)
Over 12 52 + 2 (83 = 4)

8.1.2 The root nean square (rns) deviation of the mnutual
capaci tance of all pairs fromthe average nutual capacitance of
that reel shall not exceed 3.0 % when cal cul ated i n accordance
with ASTM D 4566- 90.

8.1.3 The nutual conductance (corrected for |ength and gauge) of
any pair shall not exceed 3.7 m cromhos/kilonmeter (m cronmhos/km
(6.0 mcromhos/mle) when tested in accordance with

ASTM D 4566-90 at a frequency of 1.0 + 0.1 kHz and a tenperature
of 23 + 3°C.
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8.2 Pair-to-Pair Capacitance Unbalance: The capacitance

unbal ance as neasured on the conpleted cable shall not exceed
45. 3 picofarad/ kil ometer (pF/ km (25 picofarad/ 1000 ft

(pF/ 1000ft)) rns when tested in accordance with ASTM D 4566-90 at
a frequency of 1.0 £+ 0.1 kHz and a tenperature of 23 = 3°C.

8.3 Pair-to-Ground Capacitance Unbalance:

8.3.1 The average capacitance unbal ance as neasured on the
conpl eted cabl e shall not exceed 574 pF/ km (175 pF/ 1000 ft) when
tested in accordance with ASTM D 4566-90 at a frequency of

1.0 £ 0.1 kHz and a tenperature of 23 = 3°C.

8.3.2 Wen neasuring pair-to-ground capacitance unbal ance al
pairs except the pair under test are grounded to the shield
except when neasuring cable containing super-units in which case
all other pairs in the sane super-unit shall be grounded to the
shi el d.

8.3.3 Pair-to-ground capacitance unbal ance may vary directly
with the length of the cable.

8.4 Crosstalk Loss:

8.4.1 The rns output-to-output far-end crosstal k | oss (FEXT)
measured on the conpl eted cable in accordance with ASTM D 4566- 90
at a test frequency of 150 kHz shall not be |ess than

68 deci bel /kilonmeter (dB/km (73 decibel/1000 ft (dB/ 1000 ft)).
The rms cal cul ati on shall be based on the conbined total of al

adj acent and alternate pair conbinations within the sanme |ayer
and center to first layer pair conbi nations.

8.4.2 The FEXT crosstal k | oss between any pair conbination of a
cable shall not be less than 58 dB/ km (63 dB/ 1000 ft) at a
frequency of 150 kHz . If the loss Ky at a frequency Fg for
length Lg is known, then Ky can be determ ned for any other
frequency Fy or length Ly by:

Fx Ly
FEXT loss (Ky) = Ko -20 logqg I -10 logyg [
Fo Lo

8.4.3 The near-end crosstalk I oss (NEXT) as neasured within and
between units of a conpleted cable in accordance with

ASTM D 4566-90 at a frequency of 772 kHz shall not be |ess than
the follow ng mean mnus sigm (MS) crosstal k requirenent for
any unit within the cable:

Unit Size M S deci bel (dB)

Wthin Unit:
12 and 13 Pairs 56
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18 and 25 Pairs 60
Bet ween Unit:
Adj acent 13 Pairs 65
Adj acent 25 Pairs 66
Nonadj acent (all) 81

Where MS is the Mean near-end coupling | oss based on the
conbined total of all pair conbinations, |ess one Standard
Devi ation, Sigma, of the nean val ue.

8.5 Insulation Resistance: Each insulated conductor in each

| ength of conpleted cable, when neasured with all other insul ated
conductors and the shield grounded, shall have an insulation

resi stance of not |ess than 152 nmegohm kil oneter (500 Megohm
mle) at 20 + 1°C. The nmeasurenent shall be made in accordance
with the procedures of ASTM D 4566- 90.

8.6 High Voltage Test:

8.6.1 In each length of conpleted cable, the dielectric strength
of the insulation between conductors shall be tested in
accordance with ASTM D 4566-90 and shall withstand, for 3
seconds, a direct current (dc) potential whose value is not |ess
t han:

a. 3.6 kilovolts for 22-gauge conductors, or
b. 3.0 kilovolts for 24-gauge conductors.

8.6.2 In each length of conpleted cable, the dielectric strength
bet ween the shield and all conductors in the core shall be tested
in accordance with ASTM D 4566-90 and shall w thstand, for

3 seconds, a dc potential whose value is not less than 10

kil ovol ts.

8.7 Conductor Resistance: The dc resistance of any conductor
shal | be neasured 1n the conpleted cable in accordance with
ASTM D 4566- 90 and shall not exceed the foll ow ng val ues when
measured at or corrected to a tenperature of 20 £ 1°C

Maxi rum Resi st ance

AWG ohns/ kil oneter (ohns/ 1000 ft)
22 60. 7 (18.5)
24 95.1 (29.0)

8.8 Resistance Unbalance:

8.8.1 The difference in dc resistance between the two conductors
of a pair in the conpleted cable shall not exceed the val ues
listed in this paragraph when neasured in accordance with the
procedures of ASTM D 4566- 90:
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Resi st ance Unbal ance - Maxi mum for any Reel
AWG Aver age Percent | ndi vi dual Pair Percent
22 1.5 4.0
24 1.5 5.0

8.8.2 The resistance unbal ance between tip and ring conductors
shall be randomw th respect to the direction of unbalance. That
is, the resistance of the tip conductors shall not be
consistently higher with respect to the ring conductors and vice
ver sa.

8.9 Electrical Variations:

8.9.1 Pairs in each length of cable having either a ground,
cross, short, or open circuit condition shall not be permtted.

8.9.2 The maxi num nunber of pairs in a cable which nay vary as

specified in Paragraph 8.9.3 of this specification fromthe

el ectrical paranmeters given in this specification are listed in

this paragraph. These pairs nay be excluded fromthe arithnetic
cal cul ati on:

Nom nal Maxi mrum Nunmber of Pairs
Pai r Count with Allowable Electrical Variation

12-100
101- 300
301- 400
401- 600
601 and above

DA WNE

8.9.3 Parameter Variations:

8.9.3.1 Capacitance Unbalance-to-Ground: |If the cable fails

ei ther the maxi num i ndi vidual palr or average capacitance

unbal ance-to-ground requirenent and all individual pairs are 3280
pF/ km (1000 pF/ 1000 ft) or less the nunber of pairs specified in

Paragraph 8.9.2 of this specification may be elimnated fromthe

average and maxi mum i ndi vi dual cal cul ati ons.

8.9.3.2 Resistance Unbalance: |[Individual pair of not nore than
7 percent for all gauges.

8.9.3.3 Far-end Crosstalk Loss: Individual pair conbination of
not | ess than 52 dB/km (57 dB/ 1000 ft).

Note: REA recognizes that in large pair count cables (600
pair and above) a cross, short, or open circuit condition
occasionally nmay develop in a pair which does not affect the
performance of the other cable pairs. |In theses circunstances
rejection of the entire cable mat be econom cally unsound or
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repairs may be inpractical. |In such circunstances the

manuf acturer nmay desire to negotiate with the custoner for
acceptance of the cable. No nore than 0.5 percent of the pairs
may be invol ved.

9. MECHANICAL REQUIREMENTS

9.1 Cable Cold Bend Test: The conpleted cable shall be capable
of nmeeting the requirenents of ASTM D 4565-90a after conditioning
at -20 £ 2°C except that the mandrel dianeters shall be as
speci fi ed bel ow

Cabl e Qutside D aneter Mandr el Di aneter
<40 Mm (1.5 in.) 15x
>40 mm (1.5 in.) 20x

9.2 Cable Flame Test: The conpl eted cable shall be capabl e of
meeting a maxi numftlanme height of 3.7 m(12.0 ft) when tested in
accordance with Underwiters Laboratories (UL) 1666 dated
January 22, 1991.

9.3 Cable Listing: Al cables manufactured to this specification
at a mninumshall be |isted as Conmuni cati on Ri ser Cable (Type
CVMR) in accordance with Sections 800-50 and 800-51(b) of the 1993
Nat i onal El ectrical Code.

10. SHEATH SLITTING CORD (OPTIONAL)

10.1 Sheath slitting cords may be used in the cable structure at
the option of the manufacturer.

10.2 Wen a sheath slitting cord is used it shall be non-
hygroscopi ¢ and nonw cki ng, continuous throughout a |ength of
cable, and of sufficient strength to open the sheath w t hout
breaki ng the cord.

10.3 Sheath slitting cords shall be capable of consistently
slitting the jacket and/or shield for a continuous length of 0.6
m (2 ft) when tested in accordance with the procedure specified
in Appendi x B of this specification.

11. IDENTIFICATION MARKER AND LENGTH MARKER

11.1 Each length of cable shall be permanently identified as to
manuf acturer and year of manufacture.

11.2 The nunber of conductor pairs and their gauge size shall be
mar ked on the jacket.
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11.3 The marking shall be printed on the jacket at regular
intervals of not nore than 1.5 m (5 ft).

11.4 An alternative nethod of marking nmay be used if accepted by
REA prior to its use.

11.5 The conpleted cable shall have sequentially nunbered | ength
markers in FEET OR METERS at regular intervals of not nore than
1.5 m(5 ft) along the outside of the jacket.

11.6 The nmethod of |ength marking shall be such that for any
single length of cable, continuous sequential nunbering shall be
enpl oyed.

11.7 The nunbers shall be di nensi oned and spaced to produce good
legibility and shall be approximately 3 nm (0.125 in.) in height.
An occasional illegible marking is permssible if there is a

| egi bl e marking | ocated not nore than 1.5 m (5 ft) fromit.

11.8 The nmethod of marking shall be by neans of suitable surface
mar ki ngs produci ng a clear, distinguishable, contrasting marking
acceptable to REA. Wiere direct or transverse printing is

enpl oyed, the characters should be indented to produce greater
durability of marking. Any other nethod of |ength marking shal
be acceptable to REA as producing a marker suitable for the
field. Size, shape and spacing of nunbers, durability, and
overall legibility of the marker wll be considered in acceptance
of the nethod.

11.9 The accuracy of the length marking shall be such that the
actual length of any cable section is never |less than the | ength
i ndi cated by the marking and never nore than one percent greater
than the length indicated by the marking.

11.10 The color of the initial marking for a black col ored

j acket shall be either white or silver. The color of the initial
mar ki ng for a dark grey col ored jacket shall be either red or
black. If the initial marking of the black colored jacket fails
to meet the requirenents of the precedi ng paragraphs, it will be
permssible to either renove the defective marking and re-mark
with the white or silver color or |eave the defective marking on
the cable and re-mark with yellow If the initial marking of the
dark grey colored jacket fails to neet the requirenents of the
precedi ng paragraphs, it will be permssible to either renove the
defective marking and re-mark with the red or black color or

| eave the defective marking on the cable and re-mark with yel |l ow.
No further re-marking is permtted. Any re-marking shall be on a
different portion of the cable circunference than any existing
mar ki ng when possi bl e and have a nunberi ng sequence differing
fromany other existing marking by at |east 5, 000.



Bulletin 1753F-207(PE-87)
Page 23

11.11 Any reel of cable which contains nore than one set of
sequential markings shall be | abeled to indicate the col or and
sequence of marking to be used. The labeling shall be applied to
the reel and also to the cable.

12. PRECONNECTORIZED CABLE (OPTIONAL)

12.1 At the option of the nmanufacturer and upon request by the
purchaser, cables 100 pairs and |larger may be factory term nated
in 25 pair splicing nodul es.

12.2 The splicing nodul es shall neet the requirenents of REA
Bul l etin 345-52, REA Specification for Tel ephone Splicing
Connectors (lncorporated by Reference at 8§ 1755.97), and be
accepted by REA prior to their use.

13. ACCEPTANCE TESTING AND EXTENT OF TESTING

13.1 The tests described in Appendix A of this specification are
i ntended for acceptance of cable designs and major nodifications
of accepted designs. REA decides what constitutes a nmjor

nmodi fication. These tests are intended to show the inherent
capability of the manufacturer to produce cable products having
long life and stability.

13.2 For initial acceptance, the manufacturer shall submt:

a. An original signature certification that the product
fully conplies with each section of this specification;

b. Qualification Test Data, per Appendix A of this
speci fication;

c. To periodic plant inspections;

d. Acertification that the product does or does not conply
with the donmestic origin manufacturing provisions of the
"Buy American" requirenments of the Rural Electrification
Act of 1938 (7 U . S.C. 901 et seq.);

e. Witten user testinonials concerning performance of the
product, and;

f. O her nonproprietary data deened necessary by the Chief,
Qutside Plant Branch (Tel ephone).

13.3 For requalification acceptance, the manufacturer shal

submt an original signature certification that the product fully
conplies with each section of the specification, excluding the
Qualification Section, and a certification that the product does
or does not conply with the donestic origin manufacturing
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provi sions of the "Buy American" requirenents of the Rural
Electrification Act of 1938 (7 U S.C. 901 et seq.) for acceptance
by June 30 every three years. The required data and
certification shall have been gathered wthin 90 days of the

subm ssi on

13.4 Initial and requalification acceptance requests should be
addressed to: Chairman, Technical Standards Committee "A"

(Tel ephone), Tel econmuni cati ons Standards Division, Rural

El ectrification Adm nistration, Washi ngton, DC 20250- 1500.

13.5 Tests on 100 Percent of Completed Cable:

13.5.1 The shield of each |length of cable shall be tested for
continuity using the procedures of ASTM D 4566- 90.

13.5.2 Dielectric strength between all conductors and the shield
shal|l be tested to determ ne freedom from grounds in accordance
wi th Paragraph 8.6.2 of this specification.

13.5.3 Each conductor in the conpleted cable shall be tested for
continuity using the procedures of ASTM D 4566- 90.

13.5.4 D electric strength between conductors shall be tested to
ensure freedom from shorts and crosses in accordance with
Paragraph 8.6.1 of this specification.

13.5.5 Each conductor in the conpl eted preconnectorized cabl e
shall be tested for continuity.

13.5.6 Each length of conpleted preconnectorized cable shall be
tested for split pairs.

13.5.7 The average nutual capacitance shall be measured on al
cables. If the average nmutual capacitance for the first 100
pairs tested fromrandomy selected groups is between 50 and 53
nanof arad/ kil oneter (nF/km) (80 to 85 nanofarad/mle (nF/fmle)),
the remai nder of the pairs need not be tested on the 100 percent
basis. (See Paragraph 8.1 of this specification).

13.6 Capability Tests: Tests on a quality assurance basis shal
be made as trequently as is required for each manufacturer to
determ ne and maintain conpliance wth:

13.6.1 Performance requirenents for conductor insulation and
j acket material;

13.6.2 Bondi ng properties of coated or |am nated shi el di ng
materi al s;

13.6.3 Sequential marking and | ettering;

13.6.4 Capacitance unbal ance and crosstal k;
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13.6.5 | nsul ati on resi stance;
13.6.6 Conduct or resistance and resi stance unbal ance;
13.6.7 Cabl e cold bend and cable flane tests; and

13.6.8 Mut ual conduct ance.

14. SUMMARY OF RECORDS OF ELECTRICAL AND PHYSICAL TESTS

14.1 Each manufacturer shall nmaintain suitable sumary of
records for a period of at least 3 years for all electrical and
physical tests required on conpleted cable by this specification
as set forth in Paragraphs 13.5 and 13.6 of this specification.
The test data for a particular reel shall be in a formthat it
may be readily avail able to the purchaser or to REA upon request.

14.2 Measurenents and conputed val ues shall be rounded off to
t he nunber of places of figures specified for the requirenent
according to ASTM E 29-90.

15. MANUFACTURING IRREGULARITIES

15.1 Repairs to the shield are not permtted in cable supplied
to the end user under this specification.

15.2 No repairs or defects in the jacket are all owed.

16. PREPARATION FOR SHIPMENT

16.1 The cabl e shall be shipped on reels unless otherw se
specified or agreed to by the purchaser. The dianeter of the
drum shall be | arge enough to prevent damage to the cable from
reeling or unreeling. The reels shall be substantial and so
constructed as to prevent damage to the cable during shipnment and
handl i ng.

16.2 A waterproof corrugated board or other nmeans of protection
acceptable to REA shall be applied to the reel and shall be
suitably secured in place to prevent damage to the cable during
storage and shi pnent.

16.3 The outer end of the cable shall be securely fastened to
the reel head so as to prevent the cable from becom ng | oose in
transit. The inner end of the cable shall be securely fastened
in such a way as to nmake it readily available if required for

el ectrical testing. Spikes, staples, or other fastening devices
whi ch penetrate the cable jacket shall not be used. The nethod
of fastening the cable ends shall be accepted by REA prior to it
bei ng used.
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16.4 Each length of cable shall be wound on a separate ree
unl ess otherw se specified or agreed to by the purchaser.

16.5 The arbor hole shall admt a spindle 63 nrm (2.5 in.) in
di aneter w thout binding. Steel arbor hole liners may be used
but shall be acceptable to REA prior to their use.

16.6 Each reel shall be plainly marked to indicate the direction
in which it should be rolled to prevent |oosening of the cable on
the reel.

16.7 Each reel shall be stenciled or |abeled on either one or
both sides with the name of the manufacturer, year of
manuf act ure, actual shipping |ength, an inner and outer end
sequential |ength marking, description of the cable, reel nunber
and the REA cabl e designation.

CABLE DESI GNATI ON

CT
Cabl e Construction
Pai r Count

Conduct or Gauge

A
P

Coat ed Al um num Shi el d
Preconnectori zed Cabl e

Exanpl e: CTAP 100- 22

Term nating Cabl e, Coated Al um num Shi el d,
Preconnectorized, 100 pairs, 22 AWG

16.8 Wen preconnectorized cable is shipped, the splicing
nodul es shall be protected to prevent damage during shipnent and
handling. The protection nmethod shall be acceptable to REA prior
to its use.
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UNI TED STATES DEPARTMENT OF AGRI CULTURE
Rural Electrification Adm nistration

APPENDIX A
TERMINATING CABLE
Qualifications Test Methods Bulletin 1753F-207(PE-87)

1. The test procedures described in this appendix are for
qualification of initial designs and major nodifications of
"accepted" designs. Included in Paragraph 5 of this appendi x are
suggested formats that may be used in submtting test results to
REA.

2. SAMPLE SELECTION AND PREPARATION

2.1 Al testing shall be perfornmed on | engths renoved
sequentially fromthe same 25 pair, 22 gauge jacketed cabl e.

This cable shall not have been exposed to tenperatures in excess
of 38°C since its initial cool down after sheathing. The |engths
specified are mninumlengths and if desirable froma | aboratory
testing standpoint |onger |engths may be used.

2.1.1 Length A shall be 12 £ 0.2 neters (40 = 0.5 feet) I|ong.
Prepare the test sanple by renoving the jacket, shield, and core
wrap for a sufficient distance on both ends to allow the

i nsul ated conductors to be flared out. Renove sufficient
conductor insulation so that appropriate electrical test
connections can be made at both ends. Coil the sanple with a

di aneter of 15 to 20 tines its sheath dianeter. Two lengths are
required.

2.1.2 Length B shall be 300 mllineters (1 foot) long. Three
| engths are required.

2.1.3 Length Cshall be 3 neters (10 feet) |ong and shal
mai ntai ned at 23 £ 3°C for the duration of the test. Two |engths
are required.

2.2 Data Reference Temperature: Unless otherw se specified, al
measurenents shall be made at 23 + 3°C
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3. ENVIRONMENTAL TESTS

3.1 Heat Aging Test

3.1.1 Test Samples: Place one sanple each of lengths A and B in
an oven or environnental chanber. The ends of sanple A shal

exit fromthe chanber or oven for electrical tests. Securely
seal the oven exit holes.

3.1.2 Sequence of Tests: Sanple B referenced in Paragraph 3.1.1
of this appendi x shall be subjected to the insulation conpression
test outlined in Paragraph 3.2 of this appendi x.

3.1.3 Initial Measurements

3.1.3.1 For sanple A neasure the open circuit capacitance and
conductance for each odd pair at 1, 150, and 772 kHz after
conditioning the sanple at the data reference tenperature for 24
hours. Calculate the average and standard devi ation for the
data of the 13 pairs on a per kiloneter (per mle) basis.

3.1.3.2 Record on suggested formats attached in Paragraph 5 of
this appendi x or on other easily readable formats.

3.1.4 Heat Conditioning

3.1.4.1 Imediately after conpleting the initial neasurenents,
condition the sanple for 14 days at a tenperature of 65 = 2°C.

3.1.4.2 At the end of this period neasure and cal cul ate the
paraneters given in Paragraph 3.1.3 of this appendix. Record on
suggested formats in Paragraph 5 of this appendi x or on other
easily readabl e fornmats.

3.1.5 Overall Electrical Deviation

3.1.5.1 Calculate the percent change in all average paraneters
between the final paranmeters after conditioning wwth the initial
paraneters in Paragraph 3.1.3 of this appendi x.

3.1.5.2 The stability of the electrical paraneters after
conpletion of this test shall be within the follow ng prescribed
[imts:

a. Capacitance: The average nutual capacitance shall be
w thin 10 percent of its original value;

b. The change in average nmutual capacitance shall be |ess
than 10 percent over the frequency range of 1 to 150
kil ohertz; and
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c. Conductance: The average nutual conductance shall not
exceed 3.7 mcronmhos/kiloneter (6 mcromhos/mle) at a
frequency of 1 kil ohertz.

3.2 Insulation Compression Test

3.2.1 Test Sample B: Renove jacket, shield, and core wap being
careful not to damage the conductor insulation. Renbve one pair

fromthe core and carefully separate and straighten the insul ated
conductors. Retwi st the two insul ated conductors together under

sufficient tension to form 10 evenly spaced 360 degree twists in

a length of 100 mllineters (4 inches).

3.2.2 Sample Testing: Center the md 50 mllineters (2 inches)
of the twsted palr between two snooth rigid parallel netal

pl ates neasuring 50 mllineters (2 inches) in length or dianeter.
Apply a 1.5 volt direct current potential between the conductors,
using a light or buzzer to indicate electrical contact between
the conductors. Apply a constant | oad of 67 newtons

(15 pound-force) on the sanple for one mnute and nonitor for

evi dence of contact between the conductors. Record results on
suggested formats attached in Paragraph 5 of this appendi x or on
ot her easily readable fornmats.

3.3 Temperature Cycling

3.3.1 Repeat Paragraphs 3.1.1 through 3.1.3.2 of this appendix
for separate set of sanples A and B which have not been subjected
to prior environnmental conditioning.

3.3.2 Imediately after conpleting the neasurenents, subject the
test sanples to 10 cycles of tenperature between -40°C and +60°C.
The test sanples shall be held at each tenperature extrene for a
m ni mum of 1.5 hours during each cycle of tenperature. The air
within the tenperature cycling chanber shall be circul ated

t hroughout the duration of the cycling.

3.3.3 Repeat Paragraphs 3.1.4.2 through 3.2.2 of this appendi x.

4. CONTROL SAMPLE

4.1 Test Samples: One length of sanple B shall have been
mai ntali ned at 23 £ 3°C for at |east 48 hours before the testing.

4.2 Repeat Paragraphs 3.2 through 3.2.2 of this appendi x.
4.3 Surge Test
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4.3.1 One length of sanple C shall be used to neasure the

br eakdown between conductors while the other length of C shall be
used to nmeasure core to shield breakdown.

4.3.2 The sanples shall be capable of w thstanding, w thout
damage, a single surge voltage of 20 kilovolts peak between
conductors, and 35 kil ovolts peak between conductors and the
shield as hereinafter described. The surge voltage shall be
devel oped from a capacitor discharge through a form ng resistor
connected in parallel with the dielectric of the test sanple.

The surge generator constants shall be such as to produce a surge
of 1.5 x 40 m croseconds wave shape.

4.3.3 The shape of the generated wave shall be determ ned at a
reduced vol tage by connecting an oscilloscope across the form ng
resistor with the cable sanple connected in parallel with the
formng resistor. The capacitor bank is charged to the test

vol tage and then discharged through the form ng resistor and test
sanple. The test sanple will be considered to have passed the
test if there is no distinct change in the wave shape obt ai ned
with the initial reduced voltage conpared to that obtained after
the application of the test voltage.

5. TEST DATA FORMATS

5.1 The follow ng suggested formats nmay be used for submtting
the test data to REA
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Envi ronnment al Condi ti oni ng

FREQUENCY 1 KI LOHERTZ

Pai r Capaci t ance Conduct ance
Nunber nF/ km (nF/ m | e) m cromhos/ km (m cromhos/ m | e)

Initial Fi nal Initial Fi na

1
3
5
7
9

11

13

15

17

19

21

23

25

Aver age X

Overal |l Percent
Difference in

Aver age X
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Envi ronnment al Condi ti oni ng

FREQUENCY 150 KI LOHERTZ

Pai r Capaci t ance Conduct ance
Nunber nF/ km (nF/ m | e) m cromhos/ km (m cromhos/ m | e)

Initial Fi nal Initial Fi na

1
3
5
7
9

11

13

15

17

19

21

23

25

Aver age X

Overal |l Percent
Difference in

Aver age X
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Envi ronnment al Condi ti oni ng

FREQUENCY 772 Kl LOHERTZ

Pai r Capaci t ance Conduct ance
Nunber nF/ km (nF/ m | e) m cromhos/ km (m cromhos/ m | e)

Initial Fi nal Initial Fi na

1
3
5
7
9

11

13

15

17

19

21

23

25

Aver age X

Overal |l Percent
Difference in

Aver age X
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| NSULATI ON COMPRESSI ON

Fai | ur es

Contro

Heat Age

Tenperature Cycling

SURGE TEST (ki l ovol ts)

Conduct or to Conduct or

Shield to Conductors
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UNI TED STATED DEPARTMENT OF AGRI CULTURE
Rural Electrification Adm nistration

APPENDIX B

Sheath Slitting Cord Qualification

1. This test procedure described in this appendix is for
qualification of initial and subsequent changes in sheath
slitting cords.

2. SAMPLE SELECTION: All testing shall be perfornmed on two

1.2 m(4 17t) length of cable renoved sequentially fromthe sane
25 pair, 22 gauge jacketed cable. This cable shall not have been
exposed to tenperatures in excess of 38°C since its initial cool
down after sheat hing.

3. TEST PROCEDURE

3.1 Using a suitable tool, expose enough of sheath slitting cord
to permt grasping wth needl e nose pliers.

3.2 The prepared test specinens shall be maintained at a
tenperature of 23 £ 1°C for at least 4 hours immedi ately prior to
and during the test.

3.3 Wap the sheath slitting cord around the plier jaws to
ensure a good grip.

3.4 Gasp and hold the cable in a convenient position while
gently and firmy pulling the sheath slitting cord longitudinally
in the direction away fromthe cable end. The angle of pull may
vary to any convenient and functional degree. A small starting
notch is permssible.

3.5 The sheath slitting cord is considered acceptable if the
cord can slit the jacket and/or shield for a continuous |ength
of 0.6 m(2 ft) w thout breaking the cord.





