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INTRODUCTION

1 Scope

1.1

These requirements cover single-conductor and multi-conductor, unjacketed, 18 — 10 AWG (0.807 —

5.16 mm?), low voltage LED wire rated 105°C — 250°C (221°F — 482°F), and 300 or 600 volts, suitable for
installation in dry and damp, or wet locations. These wires are for use with signs, outline lighting, and
interior lighting where the wire is only connected to the output of the driver to the LED array, is only
accessible during user servicing of the sign, and is not required to be additionally enclosed by the sign

enclosure, in

1.2 Assem

accordance with the Standard for Electrical Signs, UL 48.

hall meet the

requirements

1.3 Wirest
equipment W
mechanical

2 Units of Measurement

2.1
provide equi
2.2 In addi

requirements
countries em
necessary e
terms. Equip

3 Undated

3.1 Anyun
interpreted a

CONSTRUC

4 Materialg

41 Eachm

nat are surface marked "-EX" are for use as exposed runs between a cable’ tray

When a value for measurement is followed by a value in ether units, the use of eit

ment calibrated in metric units is to-be used when a requirement is applied in me

lies that include these wiras and are intended for use - as comnonents of sians
Lad J

in the Standard for Electric-Sign Components, UL 879.

here the wires are continuously supported and protected againstOphysical d
rotection such as struts, angles, or channels.

alent results in the application of the requirement.

ion to being stated in the inch/pound units“that are customary in the USA
in this standard is also stated in units that' make the requirement convenie
ploying the various metric systems (practical SI and customary). Equivalent
actly identical — results are to be expected from applying a requirement in US

References

jated reference to a code or standard appearing in the requirements of this star
5 referring to the latest-edition of that code or standard.

TION

atenidl used in a wire shall be compatible with all of the other materials used in t

And utilization
amage using

her value will

each of the
htly usable in
although not
A or in metric
tric terms.

dard shall be

e wire.

5 Conductors

5.1

511

General

The conductor shall be stranded and shall be of soft-annealed copper. The conductor shall be 18 —

10 AWG (0.807 — 5.16 mm?) in size. The conductor shall not be smaller in area than indicated in Table 5.1
and shall be continuous throughout without joints in the conductor as a whole. The conductor shall not be
used where subjected to any temperature that exceeds that shown for the metal as shown in Table 5.2.
The metal shall comply with the applicable ASTM specification as indicated in Table 5.2.
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Minimum cross-sectional area of conductor

Table 5.1

AWG size of copper conductor cmil (0.98 X nominal area) mm
18 1,588 0.807
17 2,009 1.02
16 2,528 1.28
15 3,195 1.62
14 4,028 2.04
13 5,076 2.58
1 8,065 4.09
10 10,172 516
Table 5.2

Conductor — metal specifications

Comnductor Metal

ASTM Reference

Temperature limit,|°C (°F)

minimum nickel

coated copper

Copper, uncoatked, each strand less than | Standard Specification for Soft or 150 (302)
0.015inch (0.3 mm) in diameter Annealed Copper Wire, ASTM/ANSI B'3
Copper, uncoatgd, each strand at least Standard Specification for Soft or 200 (392)
0.015inch (0.3 mm) in diameter Annealed Copper Wire, ASTM/ANSI B 3
Copper, tin-coaled, each strand less than | Standard Specification.for'Soft or 150 (302)
0.015 inch (0.3§ mm) in diameter Annealed Copper Wite, ASTM/ANSI B 3
Copper, tin-coaled, each strand at least Standard Specification for Soft or 200(392)
0.015inch (0.3 mm) in diameter Annealed Copper Wire, ASTM/ANSI B 3
Copper, silver-qoated Standard Spécification for Silver-coated 200 (392)
Soft or-Atinealed Copper Wire,
ASTM/ANSI B 298
Copper, nickel-goated Standard Specification for Nickel-coated 250 (482)
Soft or Annealed Copper Wire,
ASTM/ANSI B 355
Copper, nickel-goated, 27 percent Standard Specification for Nickel-coated 550 (1022)

Soft or Annealed Copper Wire,
ASTM/ANSI B 355

51.2 The s
determination

ize. of.a conductor shall be verified either by determination of the dc resistance or by
of the cross-sectional area as described in 5.1.4. Measurement of the dc resisfance is to be

as described 1 the DC TesiStance test In the Standard for Wire and Cable

TestMethods, UL 2556.

Determination of the conductor size by measurement of the direct-current resistance is the referee method
in all cases. The dc resistance shall not be higher than the maximum indicated for the size in Table 5.3 or
Table 5.4, as applicable.
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Maximum direct-current resistance of coppe-::acl:’lﬁjﬁitors ASTM Class C 19-strand concentric-lay
conductors
Uncoated Coated
AwifSize 20°C (68°F) 25°C (77°F) 20°C (68°F) 25°C (77°F)
conductor | Ohms per | Ohms per Ohms per | Ohms per | Ohms per Ohms per | Ohms per Ohms per
(mm?) 1000 feet kilo-meter 1000 feet kilo-meter 1000 feet kilo-meter 1000 feet kilo-meter
18 (0.807) 6.66 21.8 6.79 22.2 7.06 23.2 719 23.6
17 (1.02) 5.27 17.3 5.37 17.6 5.59 18.3 5.70 18.7
16 (1.28) 4.18 13.7 4.26 14.0 4.45 14.6 4.53 14.9
15(1.62) 3.31 10.9 3.37 111 3.44 11.3 3.51 11.5
14 (2.04) 2.62 8.62 2.68 8.78 2.73 8.96 2.78 9.14
13 (2.58) 2.08 6.82 212 6.97 2.21 7.10 2.20 7.24
12 (3.24) 1.65 5.43 1.68 5.53 1.72 5.64 1.75 5.75
11 (4.09) 1.32 4.30 1.34 4.39 1.37 4.48 1.39 4.56
10 (5.16) 1.039 3.409 1.060 3.476 1.080 3,546 1.102 3.615
Table 5.4
Maximum direct-current resistance of single-bunch bunch-stranded copper conductors
Uncoated Coated
AwifSize 20°C (68°F) 25°C (77°F) 20°C (68°F) 25°C (77°F)
conductor | |Ohms per | Ohms per Ohms per | Ohms per | Ohms per Ohms per | Ohms pef Ohms per
(mm?) 1000 feet kilo-meter 1000 feet kilo-meter 1000 feet kilo-meter 1000 feet kilo-meter
18 (0.807) 6.72 221 6.85 22.5 7.23 23.7 7.36 24.6
17 (1.02) 5.29 17.4 5.40 17.7 5.47 17.9 5.57 18.3
16 (1.28) 4.18 13.7 4:26 14.0 4.54 14.9 4.58 15.0
15 (1.62) 3.30 10.8 3.37 111 3.44 11.3 3.50 11.5
14 (2.04) 2.63 8.64 2.67 8.76 2.82 9.25 2.89 9.48
13 (2.58) 2.08 6.82 212 6.96 2.16 7.09 2.20 7.22
12 (3.24) 1.65 5.42 1.69 5.55 1.78 5.84 1.81 5.94
11 (4.09) 1.32 4.33 1.35 4.43 1.37 4.49 1.40 4.59
10 (5.16) 1.040 3.420 1.063 3.380 1.120 3.680 1.140 3.740

5.1.3 The resistance of a copper conductor measured at a temperature other than 20 or 25°C (68 or
77°F) is to be adjusted to the resistance at 20 or 25°C (68 or 77°F) by means of the applicable multiplying
factor from Adjustment factors for dc resistance of conductors in the Standard for Wire and Cable Test
Methods, UL 2556.

5.1.4 Where measured as the means of size verification (see 5.1.2), the cross-sectional area of the
conductor shall not be smaller than the minimum area indicated for the size in Table 5.1. The cross-
sectional area of the conductor is to be determined as the sum of the areas of its component round
strands, with the individual strands measured as described in 5.1.5.

5.1.5 The diameter of each individual strand is to be measured over the tin or other metal coating by
means of a micrometer caliper having flat surfaces on both the anvil and the end of the spindle and
calibrated to read directly to at least 0.001 inch (0.01 mm). It is to be assumed that any one strand is
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practically constant in diameter throughout its length. Determination of the conductor size is to be in
accordance with the Conductor diameter test in the Standard for Wire and Cable Test Methods, UL 2556.

5.1.6 No particular combination of the individual strands of a conductor is required; however, simple
bunching (untwisted strands) shall not be used.

5.1.7 The individual strands used in making up a conductor are usually drawn to a specified diameter
that does or does not correspond to the diameter of an established gauge number. The individual strands
are not required to be all of the same diameter.

5.1.8 The length of lay of the strands in every layer of a concentric-lay-stranded conductor shall be 8 —
16 times the putside-diameter of that |Q\JIDI". The direction of |9\J/ of the auter |9ynr shall-be-left-hand. The
length of lay ghall be determined in accordance with the Length of Lay test in the Standard |for Wire and
Cable Test Methods, UL 2556.

5.1.9 The Igngth of lay of the strands in a single-bunch bunch-stranded conductor’ shall npt be greater
than indicatedl in Table 5.5. The direction of lay shall be left-hand. The length of lay shall be determined in
compliance with the method Length of Lay in the Standard for Wire and Cable Test Methods, UL 2556.

Maximum length of lay of strands ir-\raabskiansgllse-bunch bunch-stranded conductpr
AWG (mnp) size of conductor Inches (mm)
18 (0.807), 17 (1.02) 1-1/4 32
16 (].28), 15 (1.62) 1-1/2 38
14 (2.04), 13 (2.58) 1:3/4 44
12 ($.24), 11 (4.09) 2 51
10 (5.16) 2-1/2 64

5.2 Metal cpating

5.2.1 The individual strands.of a copper conductor shall each have a continuous coating gf tin or other
metal or alloy|if the conductor.is insulated with a material that is capable of corroding unprotedted copper.

5.3 Separator

5.3.1 A sepprator between the conductor and the insulation is not required, but shall be|permitted to
keep the instatien—from pcllctlat;lly between—the-strands—of-a—stranded—conductor—A ocpalator shall be
colored or opaque to make the separator clearly distinguishable from the conductor once the insulation is
removed. The color shall be other than green or green and yellow and may be solid, striped, or in some
other pattern.

6 Insulation

6.1 The conductor shall be insulated for its entire length with one or more of the materials for which
physical-properties limits are noted in Specific Materials in the Reference Standard for Electrical Wires,
Cables, and Flexible Cords, UL 1581 or with another such material evaluated for the use. The insulation
shall be of a material that has a minimum, unaged tensile strength of 1200 Ibf/in?> (8.27 MPa). The
insulation material shall have a temperature rating of 105°C (221°F), 125°C (257°F), 150°C (302°F),
200° C (392°F), or 250°C (482°F), shall be applied directly to the surface of the conductor or to the
separator, if one is used, and shall comply with the requirements in Sections 9 — 24.
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6.2 The applied insulation shall provide a circular cross section for the insulated conductor, and the
conductor itself shall be centered in the applied material so that, when determined by the pin-gauge or
optical method, the minimum thickness at any point of the applied material is not less than 90 percent of
the average thickness of the material as determined by the difference method. For parallel constructions,
measurements to determine the average thickness and to determine compliance with the minimum at any
point requirement shall be made as shown in Figure 6.1. For rippable constructions, the minimum
thickness at any point of the applied material is not less than 90 percent of the average thickness of the
material as determined by the difference method after ripping. The average thickness of the insulation is
not specified. The insulation thickness shall be determined in compliance with the Thickness test in the
Standard for Wire and Cable Test Methods, UL 2556.
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Figure 6.1

Definition of regions of valley slopes on which thickness measurements shall not be made on
parallel constructions

980636-5

Constructions with a cross-section having a definite point P at the outer end of each valley slope.

OP in each casg is a straight line from the center O of a conductor to P an the same segment of the cross-segtion. Thickness
measurements shall not be made on any valley slope.

$B0636-6

Constructions wil = 7 T T T opE:

OT in each case is a straight line from the center O of a conductor to T, the point of tangency, on the adjacent segment of the cross-
section. Thickness measurements shall not be made on any valley slope other than X, which is the intersection of the line OT with the
valley slope. Thickness measurements shall be made on each slope segment TX.
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6.3 An insulation that is of material generically different from any insulation material referenced in the
Index to insulation and jacket materials table in the Reference Standard for Electrical Wires, Cables, and
Flexible Cords, UL 1581, or that is as referenced in 6.1 yet does not comply with the short-term tests
applicable to the material, shall be of a material and in thicknesses and with the temperature rating
appropriate for the wire. The material shall be evaluated for the requested temperature rating as described
in the Dry temperature rating of new materials (long-term aging test) test in the Standard for Wire and
Cable Test Methods, UL 2556. Investigation of the electrical, mechanical, and physical characteristics of
the wire using either material shall show the material to be comparable in performance to the insulation
materials referenced in 6.1. The investigation shall include tests such as crushing, abrasion, deformation,
heat shock, insulation resistance, and dielectric voltage-withstand.

7 Assembl

7.1 The construction shall consist of a single, insulated conductor, or 2 or more insulated-conductors laid
parallel.

PERFORMANCE
8 Samples|

8.1 Test samples shall consist of single conductor and multi<conductor parallel cables. Rippable
constructiong shall be separated and additionally tested as a single.conductor construction.

9 Physical|Properties Tests

9.1 Specimens prepared from sample lengths of the insulation shall have physical propertigs that comply
with Specifig Materials in the Reference Standard;for Electrical Wires, Cables, and Flexihle Cords, UL
1581 or with|separately established values of physical properties. The samples are to be taken from the
finished wire|and the testing is to be conductedas indicated in 9.2.

9.2 The mgthods of preparation of samples, of selection and conditioning of specimens, gnd of making
the measur¢ments and calculations~for ultimate elongation, tensile strength, and se{ shall be in
accordance vith the Physical properties (ultimate elongation and tensile strength) tests in thg Standard for
Wire and Cable Test Methods{ UL 2556.

10 Routing Voltage Application Test

10.1 Finished wiresshall be capable of withstanding without breakdown the application of ja 48 — 62 Hz
essentially sinusoidal potent|al after immersion in water at24.0 +3 C (75.2 £5° F) for 1 hour and under the
following cohditic : o _appliec otential shall be increasec the rate of
approximately 500 V/s untll the test voltage is equal to the test voltage |nd|cated in Table 12.1, shall be
held at that level, and then shall be reduced to zero. The total time for increasing, holding, and reducing
the test voltage shall be 5 minutes.

10.2 Compliance of wire with the requirement in 10.1 is to be determined by using a voltage supply that
complies with 12.3. The test potential is to be applied between the conductor of the wire and an electrode
immersed in the water. For multi-conductor constructions, the test potential is to be applied between all
conductors tied together and the water. Additionally, for multi-conductor constructions, the test potential is
to be applied between adjacent conductors.

10.3 Throughout the test, including the 1-hour period of immersion prior to the application of the test
potential, the two ends of the coil are to be kept at least 2 feet (610 mm) out of the water. Breakdown
usually can be determined by a current rush resulting from the decreased resistance of the circuit, and is
to be indicated by the tripping of a circuit breaker or by the illumination of a bank of lamps connected in
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series with the test coil. In some instances, breakdown can be noted by observing the flash at the point on
the wire at which the rupture takes place.

11 Voltage Application at Elevated Temperature

11.1 A 10 foot coil of finished wire shall be capable of withstanding, without breakdown, the application of
a 48 — 62 Hz essentially sinusoidal potential when the coil under test is placed in an oven at elevated
temperature calculated as follows under the following conditions. Starting near zero, the applied potential
shall be increased at the rate of approximately 500 V/s until the test voltage is equal to the test voltage
indicated in Table 12.1, shall be held at that level, and then shall be reduced to zero. The total time for
increasing, holding, and reducing the test voltage shall be 12 hours.

The oven temperature, Ty, shall be 102 percent of the desired temperature rating exprgssed on the
Kelvin scale. [This temperature shall be calculated, in °C, using the following formula (T&shajl be rounded
to the neares{ whole number):

T (°C) = 1.02 x [273.15 + T, (°C)] - 273.19

—_

The test temperatures applied for the most common temperature ratings*are given in Table 111

Table 11.1
Test temperature for dry temperature rating of new materials
See 11.1.
Temperature rating, °C (°F) 60 75 80 90 105 125 150 180 200 250
(140) | (167) {\(176) | (194) | (221) | (257) | (302) | (356) | |(392) | (482)
Aging temperdture, °C (°F) 67 82 87 97 13 133 158 | 189 |[209 | 260
(153) | (180) | (189) | (207) | (235) | (271) | (316) | (372) | |(408) | (500)

11.2 Compliance of wire with the requirement in 11.1 is to be determined by using a voltage supply that
complies with 12.3. The test potential is to be applied between the conductor and either a etallic braid
applied around the wire for test)purposes, or a graphite powder in which the wire is placgd. For multi-
conductor copstructions, the.tést potential is to be applied between all conductors tied toggther and the
braid or graplite powdersAdditionally, for multi-conductor constructions, the test potential is fo be applied
between adjarent conductors.

11.3 Breakdown.usually can be determined by a current rush resulting from the decreased [resistance of
the circuit, and.i indi ippi ircui i inati ank of lamps
connected in series with the test coil. In some instances, breakdown can be noted by observing the flash
at the point on the wire at which the rupture takes place.

12 Extended Voltage Application Test

12.1  When a specimen of finished wire is wound on a metal mandrel, the insulation shall be capable of
withstanding for 1 hour without breakdown the application of a 48 — 62 Hz essentially sinusoidal potential
as indicated in Table 12.1 and under the following conditions: starting near zero, the applied potential shall
be increased at the rate of approximately 500 V/s until the required test value is reached. After an hour, the
applied potential shall be reduced to zero.
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Table 12.1
Test potential and mandrel diameter

Maximum working potential in volts

Test potential in volts rms

Diameter* of mandrel

600
300

2000
1500

2 times the outer diameter of the wire

2 times the outer diameter of the wire

* For parallel constructions, the minor diameter shall be used to determine the mandrel size.

12.2 Compl

a)Av

iance of wire with the requirements of 12.1 is to be determined by means of:

oltage supply that complies with 12.3, and

b) Al

12.3 The ts
from near z4
circuit, the su
percent of th
is to be mon
response tim
rate of incred
percent.

124 The w
each other. T
adjust itself g

12.5 Thec
mandrel and
to serve as
between all
test potential

12.6 Thete
(two separat
Table 12.1 sh

a) 72
(sunli

gid, metal mandrel having the diameter indicated in Table 12.1.

st potential is to be supplied by a 48 — 62 Hz supply whose potential is continu
ro to at least 10 kV rms at the rate of approximately 500 V rms/s. " With a sp
pply potential is to have a crest factor (peak voltage divided by rms~voltage) equ
e crest factor of a pure sine wave over the upper half of the supply range. The S
tored continuously by a voltmeter that, if of the analog rather than digital type
e that does not introduce a lagging error greater than 1 percent of full scale at
se in voltage, and that has an overall accuracy that«dees not introduce an erro

re shall be wound around the mandrel for 6 _turns. Successive turns are to be i
he wire is not to be twisted while being wound onto the mandrel. The free end o
s the wire is being wound onto the mandrel.

pbnductor is to be held in position at'the ends by means of one or two turns of ta
conductor. The metal mandrel is:to serve as one electrode and the conductor(s
the other electrode. For multi-conductor constructions, the test potential is

tonductors tied togethercand the mandrel. Additionally, for multi-conductor cons
is to be applied between adjacent conductors.

st described in 421 — 12.6 shall also be conducted on samples which have bee
b samples for_each conditioning) as described below, except that the test volt
all be increased by 6000 volts.

D hours weatherometer exposure as described in the Conditioning of specim
hht)resistance test in the Standard for Wire and Cable Test Methods, UL 2556.

busly variable
bcimen in the
al to 95 — 105
upply voltage
shall have a
the specified
I exceeding 5

h contact with
[ the wire is to

be around the
in the wire is
o be applied
tructions, the

n conditioned
hge shown in

ens, Weather

b) 7 day immersion in 75 minus 0, plus 5°C (167 minus 0, plus 9°F) water, immersed as described
in the Short term insulation resistance, Method 1 (15°C in water) test in the Standard for Wire and
Cable Test Methods, UL 2556 (wet locations only).

¢) 4 hours at minus 25 +3°C (minus 13 +5°F) (samples wound around the mandrel specified in Cold

Bend,

Section 20, while at the low temperature.)

13 Extended Voltage Application After Immersion Test

13.1

After a finished wire is immersed in water for 1 hour, the insulation shall be capable of withstanding

for a period of 4 hour without breakdown the application of a 48 — 62 Hz sinusoidal potential of 150 percent
of the rated voltage of the wire. Starting near zero, the applied potential is to be increased at the rate of
approximately 500 V/s until the required test value is reached. After 4 hour, the applied potential is to be
reduced to zero.
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13.2 Compliance of wire with the requirement in 13.1 is to be determined by means of:
a) A voltage supply that complies with 12.3, and

b) A 5-ft (1.5-m) length of 1/2 inch trade size rigid metal conduit having square-cut ends and
standard conduit bushings threaded in place.

13.3 A 9-foot (2.7-m) sample of wire is to be immersed for all but about 6 inches (150 mm) at each end in
water at 25.0 £5.0°C (77.0 £9.0°F) for 1 hour, after which the sample is to be removed and the surface
moisture is to be wiped off with a clean, dry cloth. A 7-foot (2.1-m) specimen is then to be cut from the
immersed part of the 9-foot (2.7-m) sample, and 1 inch (25 mm) of the insulation is to be removed from
each end. This specimen is then to be centered lengthwise in a length of rigid metal conduit so that

approximatel
electrical con
subjected to {
the insulation

14 Conduc

14.1 Onlyb
insulated con
for Wire and

for the same
insulation ma

15 Surface

A

15.1 After 3
withstanding
potential as
approximatel

reduced to ze

15.2 Compl
complies with

nections to one end of the conductor(s) and to the metal conduit, the sa;L

he test potential for 4 hours. During this test, any breakdown of the insulation
is unacceptable.

or Corrosion Test

are copper conductors without a metal coating are requiredobe tested. One sp
Huctor is to be tested to, and meet the requirements of Copper corrosion test in
Cable Test Methods, UL 2556. The specimen is to be-conditioned with the condy
time and temperature as described in the physical properties requirements fo
erial.

Leakage Test

finished wire is immersed in watér for 30 minutes, the insulation shall bg
or 1 minute without smoking, flaming, or flashover the application of a 48 — 62
of 1000 V. Starting near zero,-the applied potential is to be increased af
500 V/s until the required.test value is reached. After 1 minute, the applied pot
ro.

ance of wire with therequirements in 15.1 is to be determined by using a voltag
12.3.

15.3 Aleng
for 30 minute
and then twag

h of the wire\is to be immersed, except at the ends, in tap water at 24.0 £+3.0°C
. Afterremoval from the water, surface moisture is to be wiped off with a cle
bands*of 18 AWG bare, solid wire are to be wrapped tightly around the s

S
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16 VW-1 Flame Test (Required)

16.1

¢ to be made

The sample shall not convey flame along its length and shall not convey flame to combustible

materials in its vicinity when the wire is subjected to the FV-2/VW-1 test in the Standard for Wire and Cable
Test Methods, UL 2556. The sample length shall be at least 18 inches (450 mm).

16.2 Where any specimen shows more than 25 percent of the indicator flag burned away or charred after
any of the five applications of the flame, the wire is judged to be capable of conveying flame along its
length. Where any specimen emits flaming or glowing particles that at any time ignite the cotton, or
continues to flame longer than 60 seconds after any application of the flame, the wire is judged capable of
conveying flame to combustible materials in the vicinity.
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17 Vertical-Tray Flame Test on Wire Optionally Marked "-VTR"

17.1 The construction of a cable is changed (and therefore the flame test is to be repeated) where
different materials and/or different amounts of the same materials are introduced that affect the flame
characteristics of the cable.

17.2 Wire of a given construction that is surface marked or designated with the suffix "-VTR" shall not
exhibit char that reaches the upper end of any specimen [a maximum of 8 feet 0 inches (244 cm)] when
sets of cable specimens as described in 17.3 are separately installed in a vertical ladder type of cable tray
and are subjected to 20 minutes of flame as described under UL Flame Exposure (smoke measurements
are not applicable) in the Vertical-Tray Fire-Propagation and Smoke-Release Test for Electrical and
Optical-Fiber Cables, Ul 1685

17.3 Typicdlly, the test specimens of this cable are two sets each of the smallesf and largest
constructiong of cable that the manufacturer intends to produce in the construction, A tested|size does not
comply when the damage to the insulation and/or the overall cable jacket reaches/the upger end of the
individual cable length.

18 FT4/IEHE 1202 Flame Test on Wire Optionally Marked "FT4"

18.1 Finishped wire that is surface marked or designated by a with.thie suffix "-FT4" shall not[exhibit a char
length in exgess of 4 feet 11 inches (1.5 m) when each of the sets of specimens as detafled in 17.3 is
tested as described under FT4/IEEE 1202 Type of Flame\Exposure (smoke measurements are not
applicable) in the Standard for Vertical-Tray Fire-Propagation and Smoke-Release Test for Electrical and
Optical-Fiberl Cables, UL 1685.

19 Sunlight Resistance

19.1  Specimens shall retain 80 percent of the'unaged tensile and elongation values after the insulation is
subjected to|the described in the Conditioning of specimens, Weather (sunlight) resistange test in the
Standard for|Wire and Cable Test Methods, UL 2556 for a 720 hour exposure.

20 Cold B¢nd

20.1 The wjre shall not crack' when tested in accordance with Cold bend test in the Standard for Wire and
Cable Test Methods, UL"2556 at minus 25 £3°C (minus 13 £5°F) and using the mandrel diafneters shown
in Table 20.1|. The sample shall be wrapped around the mandrel in close turns as indicated jn Table 20.1.
For parallel ¢onstructions, the minor diameter shall be used to determine the mandrel sizg. For parallel
constructiong where the major diameter is greater than 0.625 inches (15.88 mm), the diamefer of mandrel
used shall b¢ twice the minor diameter of the wire and the wire shall k ) 1in a U-bend around the
mandrel.

Table 20.1
Mandrel diameter inches (mm)
Diameter of wire Diameter of mandrel
inches (mm) inches (mm) Number of turns around mandrel

0-0.125 (0-3.12) 0.250 (6.35) 6
0.126 — 0.250 (3.20 — 6.35) 0500 (12.70) 6
0.251-0.375 (6.38 — 9.53) 0.750 (19.05) 6
0.376 — 0.500 (9.55 — 12.70) 1.000 (25.40) 6
0.501 — 0.625 (12.73 — 15.88) 1.250 (31.75) 6
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21 U-Bend
21.1

21.1.1

Test

General

surface when a specimen of the wire is prepared and tested as described in 21.2 — 21.4.

21.2 Appar

21.2.1

21.3 Specimen

21.31 A sp

diameter of 4

shall be used

21.4 Proces

21.4.1 The
touching the
following the

the specimen conductor(s) and the plate. The voltage applied shall be 0.1 kV per mil

millimeter) of
21.5 Exami

2151 The

or tracking of
rejection. If th
on each of t
break down o

22

22.1
circuit condud
the cable is |
22.2 - 2210
narrow faces

Impact 1

Wire marked "-EX* as indicated in 26.1 shall be capable of withstanding without con

atus

A smooth, flat metal plate, approximately square in shape, is required.

Finished wire shall not break down electrically and shall not crack, erode, or track on its outside

times the outside diameter of the specimen. For parallel constructions, the m
to determine the mandrel size.

Hure
specimen shall be positioned over the horizontally supported plate, the bend o

plate, the legs of the "U" being vertical. After notdess than 30 or more thar
bending of the specimen, an ac voltage shall be applied and maintained for 6 hq

hation

vire is acceptable if there is no electrical breakdown and there is no visible crac
e specimen breaks down_or shows cracking, erosion, or tracking, the test is tg
I show cracking, erosion, or tracking. Visual examination is to be made with the
[est for Wire Optionally Marked "-EX"

tors, the energy of a free-falling, flat-faced weight that impacts the cable at the g

hid over a steel rod. The test shall be conducted and the results evaluated as
Flat cable shall be capable of withstanding the impact when tested with th

hominal insulation thickness, or the rated voltage of the wire, whichever is greatgr.

ecimen of the wire or wire shall be bent, in the form of a "U", aroundca-mandrel having a

nor diameter

f the "U" just

45 minutes
urs between
(3.9 kV per

ing, erosion,

the outside surface. A changein color or glossiness or other appearance is not cause for

be repeated

0 additional specimens( The wire is not acceptable if any of the two additional specimens

inaided eye.

tact between
oint at which
described in
e broad and

aidover the Tod (ffatwise and edgewise USing Separate SPecimens).

22.2 The performance of a two conductor cable is to be tested on a finished cable containing two circuit
conductors that are of identical size and shall be taken as representative of the performance of all other
cables of the same construction containing the same or a larger number of conductors of the same or of a

larger size.

22.3 A solid rectangular block of steel 4-3/4 inch (121 mm) long by 3 inch (76 mm) wide by 5 inch
(127 mm) high, with its upper face 4-3/4 by 3 inch (121 by 76 mm) horizontal, is to be secured to a
concrete floor, the building framework, or another solid support. A solid steel rod 3/4 inch (19 mm) in
diameter and 4-3/4 inch (or 121 mm) long is to be bolted or otherwise secured to the upper face of the
stationary block with the longitudinal axis of the rod in the same vertical plane as the longitudinal axis of
the stationary block.
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