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INTRODUCTION
1 Scope

1.1 These requirements cover electrical cables for boats. The cables are intended for use in marine
pleasure craft and consist of a single insulated conductor without a jacket or of two or more insulated
conductors with or without an overall nonmetallic jacket. Each boat cable is rated as follows: 600 V; 60°C
(140°F), 75°C (167°F), or 90°C (194°F) wet; and 60°C (140°F), 75°C (167°F), 90°C (194°F), or 105°C
(221°F) dry. Boat cable dry-rated 125°C (257°F) or 200°C (392°F) may be investigated. A boat cable so
marked has insulation (and jacket if a jacket is used) that is for use where exposed to oil at 60°C (140°F)
and lower temperatures. Boat cables employ stranded copper conductors that are 18 — 4/0 AWG for

multiple con

uctors and 16 — 4/0 AWG for single conductors

1.2 The am
|, Parts 183.4

2 Units of Measurement

2.1 In addit
stated in un
Equivalent
requirement
requirement

3 Referend

3.1 Anyun
interpreted a

CONSTRUC
4 Conduct

41 The co

for Testing amd Materials Standard Specification for Soft or Annealed Copper Wire, ASTM B

shall be 18
employ 16 of
coated with
conductors i

pacity of a boat cable shall be as stated in the US Coast Guard regulations, it
30 and 183.435 of the CFR.

ion to being stated in inch/pound units, each numerical requirement in this stg
its that make the requirement conveniently usable in(the metric system
although not necessarily exactly identical — resultsiare to be expected fro
in inch/pound or metric terms. Equipment calibrated/in metric units is to be
s applied in metric terms.

es

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
prs

nductors shall be\of stranded soft-annealed copper that complies with the Ame

p 33, Chapter

ndard is also
practical Sl).
m applying a
used when a

dard shall be

rican Society
B. Conductors
ble and shall

- 4/0 AWGThe 18 AWG size is limited to a jacketed multiple-conductor ca
more strands. All other conductor sizes shall employ 19 or more strands. Cond
in orzastin/lead alloy. An 18 or 16 AWG conductor shall comply with the req

the.Standard for leture Wire, UL 66. A 14 AWG or Iarger conductor shall co

ctors may be
uirements for
mply with the

requirementsforcoppe cables, UL 83.
5 Insulation
5.1 The insulation shall be any of the PVC insulation materials having a wet rating in the Standard for

Thermoplastic-Insulated Wires and Cables, UL 83. In addition, the insulation in a cable that is marked as
being oil-resistant shall comply with the requirements for 60°C (140°F) oil resistance in UL 83. The
average and minimum-at-any-point thicknesses shall comply with one of the constructions in Table 5.1 or
Table 5.2. Insulated conductors employing other insulation, wall thicknesses, or temperature ratings may
be investigated.
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Table 5.1
Insulation thicknesses — PVC without a nylon jacket
AWG Minimum average thickness Minimum thickness at any point

Conductor size mils mm mils mm

18-10 30 0.76 27 0.69

8 45 1.14 40 1.02

6-2 60 1.52 54 1.37

1-4/0 80 2.03 72 1.83

Table 5.2
Insulation thicknesses — PVC with a nylon jacket
Minimum thickness at any Minimum thickhess at any
Minimum average thickness point point of nylgn jacket
AWG

conductor sige mils mm mils mm mils mm
18-12 15 0.38 13 0.33 4 0.10
10 20 0.51 18 0,46 4 0.10
8 30 0.76 27 0:69 5 0.13
6 30 0.76 27 0.69 5 0.13
4,3,2 40 1.02 36 0.91 6 0.15
1-4/0 50 1.27 45 1.14 7 0.18

6 Grounding Conductor

6.1 A grourlding conductor, if provided, shall be bare or fully insulated and shall not be [smaller than
indicated in Table 6.1.

Table 6.1
Smallest size of grounding conductor
Size of largestteircuit conductor Minimum size of grounding condugtor

18 AWG 18 AWG
16 16
14 14
12 12
10-38 10
6-3 8
2-2/0 6
3/0, 4/0 3

7 Color Coding

7.1 Color coding of conductors is not specified, but boat cable that is also for use as a type of wire other
than boat cable shall comply with the color code requirements, if any, in the other category.
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8 Conductor Assembly

8.1 Conductors of different sizes may be used in the same cable. The length of lay of the cabled
conductors is not specified. The conductors in a 2-, 3-, or 4-conductor cable may be laid parallel to form a
flat cable. The use of fillers is optional. The cabled assembly may be enclosed in a braid, tape, or other
binder.

9 Shield(s)

9.1 A shield is not required but is acceptable over an individual insulated conductor, over one or several
groups of conductors, or over the entire cable assembly, in a cable with a nonmetallic jacket only. Several
shields may be usedina gi\/nn cable-

10 Nonmetallic Jacket (Optional)

10.1 A jacKet of any PVC jacketing material (60°C or 140°F oil-resistant PVC fifi the cable|is marked as
being oil-res|stant) mentioned in the Standard for Flexible Cords and Cables; UL 62, may|be employed
over the flat pr cabled conductor assembly in a multiple-conductor cable. Single-conductor dable shall not
be jacketed. |If the conductor insulation is rated for 60°C (140°F) or 757C\(167°F), the jackef shall be of a
material having a rating of at least 60°C (140°F). If the conductor insufation is rated for 90°¢ (194°F) or a
higher tempgrature, the jacket may be of a material having a temperature rating 15°C or 27F lower than
the dry temperature rating of the conductor insulation. The thicknesses of the jacket shall] comply with
Table 10.1.

Table 101
Minimum thicknesses of jacket

Calculated|diameter of assembly
under cable jacket or calculated
length of ma'lor axis of flat assembly

nder jacket Minimum average thickness Minimum thickness at any point
inches mm mils mm mils mm
0-0.700 0-17.78 30 0.76 24 0.61
0.701 - 1.500 17.79-38.10 45 1.14 36 0.91
1.501 —2.500 38.11%63.50 60 1.52 48 1.22
2.501 and larger 63:51and larger 80 2.03 64 1.63
PERFORMA1NCE

11 Physical Properties of Insulation and Jacket

11.1 The physical properties of the insulation and jacket taken from finished cable and tested as
described in Sections 400 — 480 of the Reference Standard for Electrical Wires, Cables, and Flexible
Cords, UL 1581, shall make unaged and aged specimens perform in accordance with the Standard for
Thermoplastic-Insulated Wires and Cables, UL 83, for the insulation, and in accordance with the Standard
for Flexible Cords and Cables, UL 62, for the jacket.

12 Conductor Corrosion

12.1  Conductors shall not show any evidence of pitting or corrosion after being tested in accordance with
Conductor Corrosion — General, Section 500 of the Reference Standard for Electrical Wires, Cables, and
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Flexible Cords, UL 1581. Bare copper conductors without a metal covering are required to be tested. One
specimen is to be conditioned with the conductor in place, in an air oven mentioned in 11.1.

12.2 A specimen not showing any evidence of pitting or corrosion compounds in a close visual
examination with normal or corrected vision without magnification is determined to be in compliance.

Normal discoloration not induced by the insulation is to be disregarded.

12.3 Specimens of wire that do not comply with the conductor corrosion test are required to use tinning
or other protective metal coating.

13 Heat-Shock Test

13.1 Neithef the insulation nor the jacket shall crack or check as a result of being wound 'orto a mandrel
and then heated in air as indicated in 13.2.

13.2 Specimens of finished cable and of the insulated conductors taken from ‘finished cable are to be
wound tightly| with adjacent turns touching, onto metal mandrels. The size of the’'mandrels apnd number of
turns wound are to be as indicated in Table 13.1 for the test of the individual'conductors. For the test of the
complete cabje, a mandrel five times the measured overall diameter of the.complete cable or|the length of
the minor axis of a flat cable shall be used. The cable is to be wrappedfor not less than 18Q° around the
mandrel. The| ends of each specimen are to be secured to the mandrels and the assembliep placed in a
full-draft circulating-air oven operating at a temperature of 121.0,4N0°C (249.8 £1.8°F) for ong hour.

Table 13.4
Mandrel diameters and number of turns

Mandrel diameter
Size of cpnductor inches millimeters Number of turns

18, 1§ AWG 0.094 2 4
1@ 0:131 3 4
1P 0.148 4 4
1P 0.168 4 4
0.228 6 4
4 0.646 16 4
4 0.744 19 4
0.802 20 4
y 0.866 22 4
1 1.016 26 4

1/0 1.098 28 180-degree U bend

2/0 1.190 30 180-degree U bend

3/0 1.294 33 180-degree U bend

4/0 1.410 36 180-degree U bend

14 Flexibility Test

14.1 Within 16 — 96 hours after oven treatment under the conditions described in 11.1, the insulation
shall not show any cracks on its inside or outside surfaces when a specimen of finished cable at room
temperature is wound onto a mandrel using the method described in 16.2 and 16.2. The mandrel diameter
shall be as specified in Table 16.1.
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15 Deformation Test

15.1

Neither the insulation nor the jacket from finished cable shall decrease more than 50 percent in

thickness while at a temperature of 121.0 £1.0°C (249.8 +1.8°F) under the pressure indicated in Table
15.1. The test is to be conducted as described under Deformation Test, Section 560 of the Reference
Standard for Electrical Wires, Cables, and Flexible Cords, UL 1581.

Table 15.1
Specimen loading

Load exerted on specimen by presser foot?
Sizle of specimen Grams force Newtons
18, 16 AWG 400 3192
14-8 500 4.90
6—1 750 7.36
1/0 —4/0 1000 9.81
able jackets 2000 19.61
@ The specified load is not the weight to be added to the spindle of the dead-weight dial micrometer but rather the tqtal of the
weight added gnd the weight of the spindle. Since the weight of the spindle varies from one dial micrometer to another, specifying
the exact weigpt to be added to the spindle to achieve the specified load on the spécimen is impractical in all cases|except for an
individual instriment.

16 Cold-Bénd Test

16.1 Neithg

wound onto @ mandrel as indicated in 16.2 and 16:3.

16.2 Specimens of finished cable and of the insulated conductors taken from finished cg
to a temperature of —25.0.£2.0°C (—13.0 +3.6°F) for 4 hours. While at the low
d conductor is to be wound tightly, with adjacent turns touching, onto a metal n

cooled in air
each insulate
diameter ind
be tightly wg
bend is to b
complete ca
measured le

16.3 The
The winding

r the insulation nor the jacket shall cragk or check as a result of being cooled i

cated in Table 16.1. Inthe case of a 3/0 AWG or smaller conductor, four adjace
e made around the mandrel for not less than 180°. The mandrel diameter
ngth of the'minor axis of a flat cable.

andrels are to be cooled in the chamber with the specimens and for the same |
s.to'be done at low temperature in the chamber if possible; if not, immediately

und around the mandrel. In the case of a 4/0 AWG conductor and the complg

N air and then

ble are to be
temperature,
handrel of the
ht turns are to
te cable, a U
used for the

ble is to be five'times the measured overall diameter of a round cable or fijve times the

ength of time.
Lipon removal

and at the r

+ £ L b 4 1 N s e Jarls £ - (] I
dl€ Ul dUOUL & SCLUINUS PeT WM. TTIC asSSTITIVNCS O SPCUITITCITS driu 1Tiariar

els are to be

removed from the cold chamber and the specimens are to be examined for cracks and checks. Checks
are cracks in the inside surface of the insulation or jacket. Checks can show as circumferential

depressions

in the outer surface of the insulation or jacket.
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Table 16.1
Mandrel diameter
Diameter

Size of conductor inches mm

18, 16 AWG 0.250 6

14 0.313 8

12 0.375 9

10 0.563 14

8 0.688 17

4 1.375 35

3 1.458 37

2 1.563 40

1 2.688 68

1/0 2.875 73

2/0 3.000 76

3/0 3.250 83

4/0 3.500 89

17 Vertical Flame Test (Insulated Conductors)

17.1 A vertigal specimen of the insulated conductors removed from the finished cable shal| comply with
the Vertical Flame Test and FT1 Tests, Section 060 of the Reference Standard for Ele¢trical Wires,
Cables, and Klexible Cords, UL 1581.

18 Cable Flame Test (Completed Cable)

18.1 A vertigcal specimen of the finished cable shall comply with the Cable Flame Test, Segtion 1061 of
the Referenc¢ Standard for Electrical Wires, Cables, and Flexible Cords, UL 1581.

19 VW-1 Flame Test

19.1 To be Eligible'to be durably marked “VW-1" on the surface of the wire or cable, finjshed single-
conductor wires and cables specimens shall separately comply with the Horizontal-Specimen/FT2 Flame
Test, Section| 1100 of the Reference Standard for Electrical Wires, Cables, and Flexible Cords, UL 1581

and with the VW=11(Verticat-Specimen) Ftame Test, Sectiom 1080 of UL 1581

19.2 As a result of the VW-1 test, if any specimen shows more than 25 percent of the indicator flag
burned away or charred (soot that can be removed with a cloth or the fingers and brown scorching are to
be ignored) after any of the five applications of flame, the wire or cable is to be judged capable of
conveying flame along its length. Where any specimen emits flaming or glowing particles or flaming drops
at any time that ignite the cotton on the burner, wedge, or testing surface (flameless charring of the cotton
is to be ignored), or continues to flame longer than 60 s after any application of the gas flame, the wire or
cable is to be judged capable of conveying flame to combustible materials in its vicinity.

20 Capacitance and Relative Permittivity Test

20.1 The insulation on the individual conductors shall be such that the capacitance and relative
permittivity of the insulation, when specimens are tested in accordance with the Capacitance and Relative
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1

Permittivity Test, Section 1020 of the Reference Standard for Electrical Wires, Cables, and Flexible Cords,

UL 1581, comply with each of the following:

a) The relative permittivity (dielectric constant) determined after 24 hours shall not

be more than

8.00 for 60°C wet rated conductors, and 10.00 for 75°C and 90°C wet rated conductors.

b) For all conductors, the capacitance determined after immersion for 14 days shal
than 10.0 percent higher than the capacitance after the 24 hours immersion.

c) For all conductors, the capacitance determined after the 14 days immersion shal
than 5.0 percent higher than the capacitance determined after immersion for 7 days.

| not be more

| not be more

21 Dielectri

21.1 The insulation on the conductors in full-length coils or reels of finished cable shall'w
second appl|cation of the 48 — 62 Hertz essentially sinusoidal potential indicated ‘in

thstand a 60-

Taﬂgle 21.1. The
equipment apd the method of test are to be as indicated in Dielectric Voltage-Withstand Test of Coils and

Reels in Wafer, Section 820 of the Reference Standard for Electrical Wires, €ables, and F
UL 1581, buf|the cable is not to be immersed in water.

21.2 For roptine production testing at the factory, 15-second rather than 60-second applica

used, or a splark test may be substituted for the dielectric voltage-withstand test between con

spark test is pised, the insulated conductors are to be spark tested at the voltage specified in |
single conductors before being assembled into the cable, oras twisted groups immediate

cabled and hefore being assembled into the cable. The equipment and the method of spark
be as indic

ed in Spark Test — Method, Section 900.'cf the Reference Standard for Ele

exible Cords,

tions may be
ductors. If the
[able 21.1, as
ly after being
testing are to
ctrical Wires,

Cables, and Flexible Cords, UL 1581.
Table 21.1
Dielectric voltage-withstand and spark-test potentials
Dielectric voltage-withstand test
Sizk of conductor potential Spark-test potential
8-10 AWG 1500 volts 7,500 volts

8-2 2000 10,000

1-4/0 2500 10,000
22 Insulatipn Resistance Test at 15°C
22.1 The insufation shall result in the finished cable having an insulation resistance of not less than the

number of megohms, based on 1000 conductor feet, or not less than the number of megohm

s, based on a

conductor kilometer, indicated in Table 22.1 when the cable is tested under the following conditions. The

cable shall be immersed in tap water at 15°C for not less than 6 hours, following which it shal

| be tested for

insulation resistance while still immersed. This test is to be conducted immediately following the dielectric

voltage-withstand test. The coil or coils shall be earth-grounded and completely discharged p

revious to the

measurement of insulation resistance. The equipment and the method of test are to be as indicated in
Insulation-Resistance Test in Water, Section 920 of the Reference Standard for Electrical Wires, Cables,

and Flexible Cords, UL 1581.
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Table 22.1
Minimum insulation resistance in megohms at 15°C
Based on 1000 conductor feet Based on a conductor kilometer
Construction Construction
75 or 90°C 75 or 90°C
75 or 90°C PVC with 75 or 90°C PVC with
AWG 60°C PVC PVC nylon AWG 60°C PVC PVC nylon
conductor Table 5.1 Table 5.1 Table 5.2 conductor Table 5.1 Table 5.1 Table 5.2
18 195 785 970 18 60 240 300
16 170 680 815 16 55 210 250
14 449 570 665 44 45 475 205
12 120 485 560 12 40 150Q 175
10 100 405 580 10 35 125 180
8 105 415 595 8 35 130 185
6 105 435 495 6 35 135 155
4 90 360 505 4 30 15 155
3 80 325 465 3 25 110 145
2 75 295 415 2 25 90 130
1 85 340 455 1 30 105 140
1/0 75 310 415 1/0 25 95 130
2/0 70 280 370 2/0 25 85 115
3/0 60 250 330 3/0 20 80 105
4/0 55 225 300 4/0 20 70 95
23 Insulation Resistance Test at Elevated Temperature
23.1 The ingulation on the individual.cenductors of boat cable shall result in the finished cable having an

insulation res
75°C (167°F)
less than the
conductor Kilg
The period of]
of the period
based on a

resistance is
kilometer but

stance in tap water at 56°C (122°F) or 60°C (140°F), for insulation rated 60°(
for insulation rated 7#5°C wet, and at 90°C (194°F) for insulation rated 90°C w
number of megohms based on 1000 conductor feet, or the number of megohm
meter, specified in Table 23.1, at any time during immersion under the followin
immersion shall be 12 weeks or more if the insulation resistance throughout the
is highefi\than 10 megohms based on 1000 conductor feet or is higher than
conductor kilometer. The period of immersion shall be 24 — 36 weeks if t
ess. than 10 megohms based on 1000 conductor feet or 3 megohms based on

b wet, and at
bt, that is not
5 based on a
g conditions.
last 6 weeks
3 megohms
he insulation
a conductor

more than the value indicated in Table 23.1. An essentially sinusoidal rms pofential of 600

volts at 48 — 62 Hertz shall be applied to the insulation at all times other than while readings of insulation
resistance are being taken. See also 23.3 covering the maximum acceptable rate of decrease of the
insulation resistance.

23.2 The values in Table 23.1 apply only to the construction with insulations of the materials and in the
thickness indicated in Table 5.1 and Table 5.2. For other thicknesses of the same materials, and for other
materials in any thickness, the insulation-resistance values are to be calculated by means of whichever of
the following formulas is applicable.

60°C PVC Table 5.1:

DIA

IRspoc = Kisor % 6.63 x 107 < log, e
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75 or 90°C PVC Table 5.1:
IRosec = Kysoe < 6.63 % 107 x log,g I;JIA
75 or 90°C PVC with nylon Table 5.2:
IRosec = Kyso < 174 % 10% x log,g %IA
in which:
IR at| 50°C (122°F) or 75°C (167°F) is the insulation resistance in megohms, based on 1000

condyctor feet at 50°C (122°F), 60°C (140°F), or 75°C (167°F),

K is the constant for the insulation material at 15°C in megohms based,0n> 1000 c
6.63x110~* is the multiplier necessary for reducing K at 15°C to the value’ it would

(122°

multinlier necessary for reducing K at 15°C to the value it would_have at 75°C (16

90°C

DIA ig the diameter over the insulation in inches,

diais

60°C PVC Tgble 5.1:

750r90°CP

750r90°CP

), 60°C (140°F), or 75°C (167°F) for 60, 75, or 90°C PVC Table 5.1; 1.7

PV C with nylon Table 5.2.

the diameter of the metal conductor in inches.

IRsgoc = Kysee <202 % 107 » log,, [(?hlA
VC Table 5.1:

IRises = Kysop % 2.02 % 10 % log,, [shlA
\VC with nylonJable 5.2:

IRq50c = Kisoe = 5.30 < 107 % logy, I;JIA

bnductor feet;

have at 50°C
Ux107 is the
V¥ °F) for 75 or

in which:

IR at 50°C (122°F) or 75°C (167°F) is the insulation resistance in megohms based on a conductor
kilometer at 50°C (122°F), 60°C (140°F), or 75°C (167°F),

K is the constant for the insulation material at 15°C in megohms based on 1000 conductor feet;
2.02x10~* is the multiplier necessary for reducing K at 15°C in megohms based on 1000 conductor
feet to the value it would have at 50°C (122°F), 60°C (140°F), or 75°C (167°F) for 60, 75, or 90°C
PVC Table 5.1; 5.30x107° is the multiplier necessary for reducing K at 15°C in megohms based on
1000 conductor feet to the value it would have at 75°C (167°F) based on a conductor kilometer for

75 or

90°C PVC with nylon Table 5.2.

DIA is the diameter over the insulation in millimeters, and

diais

the diameter of the metal conductor in millimeters.
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