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FOREWOSD

1. This document supplements dap”artmental manuals, directives, military
standards, and so forth, and provides ,baslC information on shipboard cables. It
contains listings of shipboard cables.,.dsta cables, and supersession information,
and should provids valuable facts and guidance to personnel responsible for the
design, handling, installation, and maintenance of shipboard cable.

2. The “Cable Comparison Handbook- was firat published in 1946 to facilitate
utilization of electrical shipboard cable, snd to assist in the planning of cable
insta,llationa. A reprint was issued in 1948, and revised editio& were-printed
in 1953, 1956, 1960, 1964, 1975,,and 1977.. T%is 1988 edition contains
information on current cables. The information is based on currerit data, Section
304 of the General Specifications for Ships of the United States Navy, and
MIL-C-915, MIL-C-24640, and MIL-C-24643.

3. For many years most of the shipboard power and lighting cables for fixed
installation used silicone -glass insulation, polyvinyl chloride jacket, aluminum
armor,. m,d watertight co~tmtion. It was.determined that cables with all of
these features were not necessary for mamy applications, especially for

aPPlicatiO~ wifiin watertight compartments and rion-critical areas above the
watertightness level. Therefore, for applications within watertight compartments
and non-critical areas, a new family of non-watertight lover cost cables was
designed. This new fanily of cables is electrically and dimensionally
interchangeable with silicone -glasa insulated cables of equivalent size’s,and is
covered by MIL-C-915.

Additionally, cablea jacketed with polyvinyl chloride presented the dangers
of toxic fumes and dense, impenetrable smoke when undergoing combustion. These
hazards became increasingly evident when an electrical fire smoldered through the

)” Because of the overwhelming amountcable ways aboard the DDC 19 (USS ‘)11~ .
of smoke and fumes, firefighters were unable to effectively control the fire, and
a large amount of damage resulted. A new fsmily of low smoke, low toxic cable,
constricted with a polyolef in jacket vice polyvinyl chloride jacket, conforms to
rigid toxic and smoks indaxes and effectively reduces the hazards associated with
the pol~inyl chloride jacketed cables. I%e new 10V smoka”cable is covered by
MIL-c-24643.

A family of lightweight cables has also been introduced to aid in the
elimination of excessive weight from the fleet. Considering the substantial
amount of cable present on a ahip or submarine, a reduction in cable weight will
have a considerable impact on the overall load, thus improving performance and
increasing efficiency. This new fcmily of lightweight cables is constructed from
cross-linked polyalkene cnd mica polyimida insulation, and a cross-linked
polyolef in jacket. The lightweight cable is covered by FIIL-c-24640.

4. Cables are listed in this handbook by general classification according to

application and design. Electrical shipboard cables are under control of the
Defense Industrial Supply Center, and are covered in Navy Stock List of General
Stores, FSC 6145.
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1. SCOPE

1.1 w. This handbook is intended to aid supply and installing
activities in utilization of electric shiuboard cable, uarcicularlv in rhe

I
.

selection of alternate or substitute cables for use in lieu of specified types
and sizes which might not be immediately available. It is also intended to aid
in selecting currently available items for replacement of obsolete items. This
handbook does not cover shore-we cable, magnet wire, coaxial cables, or radio
frequency special cables used in connection with minesweeping and harbor defense.

,. 2. REFEMNCSD DOCUMSNTS

I

2.1 Government documents. .,,

2.1.1 Suecif ica;ions. Unless othe&ise specified, the following
specifications of the issue listed in that issue of the Department of Defense
Index of Specifications and Standards (DoDISS) specified
a part of this handbook to the extent specified herein.

SPECIMCATIONS

KILITAKY
KIL-,C-915 - Cable and Cord, Electrical,

General Specification for.

ii the solicitation form

for Shipboard Usa,

MIL-C-24640 ,-.Cable, Electrical, Lightweight, for Shipboard Use,
General Specification for.

KIL-C-24643 - Cable and Cord, Electrical, Low Smoke, for Shipboard
Use, General Specification for.

(Copies of specifications required by contractors in connection with
specific acquisition ftictions should be obtained from the contracting activity
or as directed by the contracting officer. )

2.2 Order of urecedenee. In the event of a conflict berveen the text of.
this handbook arid the references cited herein, the text of this handbook
take precedence.

3. DEFINITIONS

3.1 @DaCity. Ampacity is ,an electrical property denoting current
capacity.

shall

carrying

3.2 Circuit inte~. Circuit integrity indicates cable construction and
provides addsd protection that will allow that cable to function for a longer
period under fire conditions.

.4. GSNEWU DESCRIPTION OF DATA AND CMLE TYPES

4.1 General descrirition of date and cable tvr.es. General information
concerning cable types is specified in,4.1.1 through 4.1.8, below.

1
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4.1.1 Cabl~ ction. A list of cable types and construction
characteristics is provided in 5.1, 5.2, and 5.3. Cables listed are in
accordance with NIL-c-24643 (for 10V smoke cable) , MIL-C-24640 (for lightweight
cable) , and M3L-C-915 (for shipbosrd cables) . Cables are listed alphabetically
within application snd design characteristics. This listing provides a brief
description of the number of conductors and the type of insulation and jacketing
employed in construction.

4.1.2 Jdentifi cation informatio~. A list of conductor identification
methods smployed for various qpes of cables is provided in 5.~.

4.1.3 ~ sDecificatiOtis tables 1. 11. and
n. Tables I, II, +d III provide a listing of cables, available through
military specifications, according to general application. This list is intended
to aid in the selection of cables for different applications.

4.1.4 ~~. Table IV provides a list
of commercially-available cables according to general application.

4.1.5 $upersession data (table V)-. Table V lists cable types’
alphabetically tisiingNIL-C-915 cable designations. Cable types which were
covered by previous specifications are listed with the corresponding present
type.

‘4.1.6 my sical character sties and electr ical ratines of cables (tables VI.
v~>. Tables VI, VII, snd VIII contain information concerning physical
characteristics. tid electrical ratings at normal operating temperatures ~ Cables
must not be loaded in excess of these maximum ratings.

applicable to tables VI,

Additional explamtions
VII, and VIII are as follows:

(a) Cables are listed according to.military specification sheet,
functional category within that military specification sheet
(such as watertight snd non-watertight, flexing, and non-flexing,
power and lighting, communications and electronics ), and size and
type dasi~tion within each table.

(b) Rated voltages are not listed for cable types designed for voice
communication, analog or digital data transmission, or sending
circuits such as s“onsrsnd pyrometer. The applicability of these
types must be determined from additional circuit parameters such
ss signal waveform, frequency .sndpeak amplitude, signal
fidslity, pulse duration and recurrence frequency, atten~tion,
and frequency bandvidth.

(c) The notation Ind/Avg denotes that individual conductors can carry
the current listed under Ind, providsd the average of all
currents in the individual conductors does not exceed the value
listed undsr Avg.

(d) The measurement point for minimum radius of bend should be that
surface of the cable jacket which is on the innermost pnrtion of
the cable bend. Dimensions listed are approximately eight times
the overall diameter of the cable or cord. However, during
installation or operatinn, a dimension of approximately rwelve
times the cable overall diameter for conduit bends, sheaves, and
other tuned surfaces around which the cable or cord may be
pulled under tension should be used.

2
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(e) Unless otherwise indicated, all conductors are of the same size.
Unless othervise indicated, all conductors are soft, amealed
copper. For additional dsta covering conductor stranding and
conductor dimensions, see MIL-C-915, 141L-C-24640, and
KIL-C-2h6h3.

k.1.7 ~aci~ deratine factors (table IX1. Table IX lists ampacity
derating factors for ambient temperature above 50 degrees Gelsius (”C), (see
5.9).

4.1.8 Amuacitv ratirwi for deeauss inr cable. Table X lists the ampacity
ratings (w.ximum amperes per conductor) for dsgaussing cables.

,, 5. DETAILSD IU?QUI~S

5.1 Cable -es and construction characteristics (as sDecified in

NIL -C-24643) list. Cable types and construction characteristics (as specified in
IUL-C-24643) are as follows:

LSCVSF -

LSDCOP -

&DHOF -

LSDNW -

LSDWWA -

LSDPS -

Ii3DRW -

ISDRWA -

ISDSGA -

LSDSCU -

LSECM -

LSECILi -

LSFHOF -

400-Hertz (Hz) aircrsft seticing: three ethylene propylene rubber
insulated conductors snd one uninsulated conductor, overall
cross -linksd polyolefin jacket.

Double conductor, oil-resistant, portable cord > ethylene propylene
rubber or cross -linked polyethylene insulation, and cross -linked
polyolefin jackst.

Double conductor, heat .s.ndoil-resistant, flexible: ethylene propylene
rubber insulation, cross -linksd polyolefin jacket.

Double conductor: ethylene propylene rubber or cross -linked
polyethylene insulation. cross -linked polyolef in jacket, un@nored.
Double conductor: ethylene propylene rubber or cross- linked
polyethylene insulation, cross. linked polyolef in jacket, armored.

Double condustor, power: silicone rubber insulation, glass braid,
silicone rubber jacket, armored.

Double conductor: cross -li~d polyethylene insulation, cross-linked
polyolefin jackst, unarmored.
Double conductor: cross -linksd polyethylene insulation, cross-linked .
polyolef in jackst, armored.

Double conductor: silicone rubber and glass braid insulated, cross-
linked polyolef in jackst, armored.

Doubla conductor: silicone rubber and glass braid insulated, cross -
linked polyolef in jackst, unarmored.

Eight pairs shielded, and eight groups of seven conductors for each
group: cross-linked polyethylene insulation for the conductors of each
pair, braided shield sver each pair; ethylsne prcpylene. rubber or
cross-linked polyethylene insulation for the conductors of the groups
of seven; crosslinked polyolef in jacket, unarmored.

Eight pairs shielded, and eight groups of seven conductors for each
group: cross -linked polyethylene insulation for the conductors of each
pair, braidsd shield over each pair; ethylene propylene rubber or
cross-li&d polyethylene insulation for the conductors Of the grOuPs

of seven; cross-linked polyr.lefin jacket, armored.
Four conductors, heat and oil -resistant, flexible: ethylene propylene
rubber insulation, cross-linked polyolefin jacket.

3
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LSFNU - Four conductors: ethylene propylene rubber or cross-linked polyethylene
insulation, cross-linked polyolef in jacket, unarmored.

ISFNWA - Four conductors: ethylene propylene rubber or cross-linked polyethylene
insulation, cross -linked polyolef in jacket, armored.

IAWPs - Four conductors, power: silicone rubber. insulation, glass braid,
silicone rubber jacket, armored.

LSFSGA - Four conductors: silicons rubber and glass insulated, cross -linked
polyolef in jacket, armored.

LSFSGU - Four conductors: silicone rubber and glsss insulated, cross-linked
pnlynlef in jacket, unsrmored.

EMA - Multiple conductor: ethylene propylene rubber or cross-linked
polyethylene itiulation, cross-linked polyolef in jacket, srmored.

L+MCOS - Multiple conductor, oil-resistsnt, shieldad: ethylene propylene rubber

liN.fOu -

lS1.OY -

LSMHOF -

LSI’!MOP-

ma’iw -

IShNUA -

I_SMRI -

EMS -

ISMSA -

lsLscA -

Lsnscs -

LSMSCU -

Isnu -

IsiUs -

LSPBT14 -

or cross -linked polyethylene over.pairs, or over assembly, cross:linked ‘.
polyolef in jacket.
Multiple conductor, degauss ing: ethylene propylene” or cross-linked
polyethylene insulation, cross-linked polyolefin jacket, unarmored.
Multiple conductor, degaussing: ethylene propylene or cross-linked
polyethylene insulation, cross-linked polyolef in jacket, armored
betveen double- layer jacket.
Multiple conductor, heat snd oil-resistant, flexible: ethylene
propylene rubber or cross-linked polyethylene i~ulacion, cross-linked
polyolef i? jackst.
14ultiple conductor, microphone, oil-resistant, portable: ethylene
propylene rubber or,cross -linksd polyethylene insulation, cross-1 inked
polyolefin jacket.
Multiple conductor: ethylene propylene rubber or cross-linked
polyethylene insulation, cross -linked polyolef in jackat, unsrmored.
Multiple conductor: ethylene propylene rubber or cross-linked
polyethylene insulation, cross -linkad pnlyolaf in jacket, armored.
Multiple conductor: ethylene propylene rubber or cross-linked
polyethylene insulated, without fillers, no overall jacket.

Multiple conductor, shieldsd: ethylene propylene rubber or cross -linked
polyethylene insulation, overall braided shield, cross -linked
polyolefin jackst, unsrmored.

Multiple conductor, shielded: ethylene propylene rubber or cross- linked
polyethylene insulation, overall braidsd shield, cross- linked
polyolef in jacket, armored.

Multiple conductor: silicone rubbsr insulated-glass braided conductors,
cross-linked polyolefin jackst, armored.

Multiple conductor: silicone rubber insulated- glass braidsd conductors,
cross-linksd polyolefin jacket, double overall shieldsd.

Multiple conductor: silicone rubber insulated- glass braidsd conductors,
cross-linked polyolefin jackst, unsrmored.

Multiple conductor: ethylene propylene rubber or cross-1 inked
polyethylene insulation, cross -linked polyolef in jacket, unarmored.

Multiple conductor: ethylene propylene rubber or cross-linked
polyethylene insulation, cross -linked polyolef in jacket, double overall
shieldsd.
Pyrometer base multiple pairs: ethylene propylene rubber or cross,:
linked polyethylene insulation on one copper and one constantan
conductor, cross -linksd polyolefin jacket, armored.
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I JSTHOF -

LnNw -

lSTNWA -

lSrPNW -

ISTPWWA -

- LSTPS -

LSPB’RiU -

I.SPI .

ISSHOF -

USRW -

li?.SRWA -

ISSSP -

iSssGA -

ISSSGU -

LSTWA -

tiTCJW -

ISTC.IX -

liSTCFJi -

lSTCOP -

ISTCTA -

li3TCT0 -

IST(7TX -
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Pyrometer base multiple pairs: . ethylene propylene rubber or cross-
linked polyethylene insulation on one copper and one constantan
conduct6r, cross -linked polyolef in jacket, unarmored.
Position indicator: silicone rubber insulation, glass braid, shielded
pairs, siiicone rubber jackst, armored.
Single conductor, heat snd oil-resistsnt, flexible: ethylene propylene

rubber insulation, cross-linked polyolef in jacket.
Single conductor, radio: cross -linked polyethylene insulation, cross -
linked polyolef in jackst, u.ns~ored.
Single conductor, radio: cross -linksd polyethylene insulation, cross-
linked polyolef in jacket, armored.
Single conductor: ethylene propylene rubber or cross-linked
polyethylene insulation, cross -linked polyolef in jacket.
Single.conductor: silicone rubber snd glass tape insulated, cross-
linked polyolef in jacket, armored.

Single conductor: silicone rubber and glass tape insulated, cross-
linked polyolef in jacket, unsrmored.

Thermocouple, type J, single pair: one iron and one constantin
conductor, extrudsd silicone rubber insulated, glsss braided, cross-
linksd polyolef in jackst, armared.

Thermocouple, type J, s@gle pair: one iron and one constantan
conductor, extrudad silicone rubber insulated, glass braided, cross-
linked polyolef in jackst, unsrmored.

Thermocouple, type J, multiple pairs: extruded silicone rubber
insulated, glass braid on one iron snd one constantan conductor for
each pair, silicone rubber jacket, armored.
Thermocouple, type K, multiple pairs: extruded silicone rubber
insulated, glass braid on one Chromel and one Alumel conductor for
each pair, silicone rubber jacket, aimored.

Three conductors, oil-resistsnt, portable: ethylene propylene rubber
or cross-linked polyethylene insulation, cross -linked polyolef in
jacket.

Thermocouple, type T, single pair: one copper snd one constantan
conductor, extrudsd eilicone rubber insulated, glsss braided, cross -
linked polyolef in jacket,. armored.

Thermocouple, type T, single pair: one copper snd one constantan
conductor, extruded silicone rubber insulated, glass braidsd, cross -
linked polyolef in jacket, unsrmored.

Thermocouple, we T, multiple pairs: extrudsd silicone rubber
inxulated, glssa braid on one copper and one cons tantan conductor for
each pair, cross-linked polyolefin jacket, armored.

Three conductors, heat and oil-resistant, flexible: ethylene propylene
rubber insulation, cross -linked polyolef in jacket.

Three conductors: ethylens propylene rubber or cross-linked
polyethylene insulation, crose -linked polyolef in jackst, unsrmored.
Three conductors: ethylene propylene rubber or cross-linked
Polyethylene insulation, cross -linked polyolaf in jacket, armored.
Tvisted pairs: ethylene propylene or cross- lfnked polyethylene
insulation, cross -linked polyolef in jackst, unsrmored.

Twisted pairs: ethylene propylene or cross-linked polyethylene
insulation, cross-linksd polyolef in jacket, armored.

Three conductors, power supply: silicone rubber insulation, glass
braid, silicone rubber jackst, armored.

5
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LSrRw

I ISTRWA

LSTSGA

ISTSGU

IS-TOP

LSTTRS

=TTRSA

LSTTSA

Lsmsu

LSISA

IA31SAU

tilsm

I LSISMU

MISMWA

LSISI’4WU

ISlsu

LSISUA

ISISWA

LSlswu

LS1S50MA

IS1S50MU
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lhree conductors, radio: cross -linked polyethylene insulation,
cross -linked .polyolefin jacket, unarmored.
Three conductors, radio: cross-linked polyethylene insulation,
cross- linksd polyolefin jacket, armored.
Three conductors: extrudsd silicone rubber -d glass insulation,
cross -linked polyolef in jackst, armored.
Three conductors: extrudsd silicone rubber and glass insulation,
cross -linkad polyolef in jackat, unarmored.
Twisted pairs, oil-resistant, portable: ethylene propylene rubber or
cross -linksd polyethylene insulation, cross-linked polyolef in
jackbt.
Wsted pairs, radio, shiel&d, flexible: cross -linked polyethylene
insulation, braided shield for each pair, cross -linked polyolef in
jacket, unarmored.
Twisted pairs, radio, shielded, flexible: cross -linked polyethylene
insulation, braided shield for each pair, cross-linked polyolef in
jacket, armored.

Tvisted pairs: extruded silicone rubber and polyamide special

P~Ose, cross-linked polyolef in jackst, armored.
‘TwisTedpairs: extru&’d silicone rubber and polyamide special

PurPOse, cross-linked polyolefin jacket, unarmored.
Single; shieldsd: cross -linked polyethylene insulation, braided
shield.on each conductor, cross -linkad poly.olefin jacket, armored.

Single, shieldsd: cross -linked polyethylene insulation, braided
shield on each conductor, cross-linked polyolef in jacket, unarmored.
Singles, shielded, qultiple conductor: cross-linked polyethylene
insulation, braided shield on each conductor, cross-linked
polyolef in jacket, armored.
Singles, shielded, multiple conductor: cross -linked polyethylene
insulation, braided shield on each conductor, cross-linked
polyolef in jacket, unsxmored.
Singles, shielded, multiple conductor: cross -linked polyethylene
insulation, braidsd shield over each conductor, cross-linked
polyolef in jackat, armored.
Singles, shielded, multiple conductor: cross-linked polyethylene
insulation, braidsd shield over each conductor, cross-linked
polyolef in jackst, unarmored.
Singles, shieldsd: cross -linked polyethylene insulated, braided
shield on each conductor, cross-linked polyolef in jacket, armored.
Singles, shieldsd: cross -linked polyethylene insulated, braided
shield on each conductor, cross-linked polyolefin jacket, unarmored.
Singles, shieldsd: cross -linked polyethylene insulation, braided
shield on each conductor, cross -linked polyolef in jacket, armored.

Singles, shieldsd: cross -linked polye@ylene insulation, braided
shield on each conductor, cross-linked polyolefin jacket, unarmored.
Singles, shieldsd, 50-ohuI,multiple conductor: cross-linked
polyethylene insulation, braided shield on each conductor, cross-
linked polyolef in jacket, armored.
Singles, shieldsd, 50-ohm, multiple conductor: cross-linked
polyethylene insulation, braided shield on each conductor, cross-
linksd polyolef in jacket, unarmored.

6
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lsls75nA -

IS1S75MU -

Isa -

.LS2AU -

LS2AUS -

LS2CS -

IS2SA -

IS2SJ -

1.S2SJA -

lS2ilJ -

LS2SUS -

L52SWA -

IS2SWAU -

152SWL-7 -

u2swlA-7 -

IS2SW0 -

L32SWUA -

IS2U -

LS2UA -

Ii32uw-42 -

E32UWA-42 -

U2UWS-42 -

HIL-HDBK-299(SH)
3 April 1989’

Singles, shielded, 51)-Ohm,multiple conductor: cross-linked
polyethylene insulation, braided shield on each conductor, cross-
linked polyolef in jacket, double overall shielded.

Singles, shielded, 75-ohm, multiple conductor: cross -linked
polyethylene insulation, braidsd shield over each”conductor, cross -
linked polyolef in jacket, armored.

Singles, shielded, 75-ohm, multiple conductor: cross-linked
polyethylene insulation, braided shield over each conductor, cross -
linked polyolef in jackst, unarmored.

Tvisted pairs, shielded: crose -linked polyethylene insulation,
overall br,aidcd shield, cross -linked polyolef in jacket, arqored.

Tvisted pairs, shieldsd: cross ~linked polyethylene insulation,
overall braided shield, cross -linked polyolef in jacket, unarmored.

Tvisted pairs, shielded: cross-linked polyethylene insulation,
overall braided shield, cross-linked polyolefin jacket, double
overall shielded.
Pairs, shielded: cross -linked polyethylene insulation, double
brai&d shield overall, cross -linked polyolef in jacket.
Pairs, shieldsd: cross. linked polyethylene insulation, bra~ded.

shield over each ‘pair, cross -linked.polyolef in jacket, armored.
Pairs, ahieldcd: ethylene propylene rubber or cross -linked
polyethylene insulation, overall braided shield, cross -linked
polyolef in jacket, unarmored.
Pairs, ahieldcd: ethylene propylene rubber or cross -linked
polyethylene insulation. overall braided shield. cross -linked
pol~ole~in jackct, .irmored.
Pairs, shielded: cross -linked polyethylene insulation,
ehield over each pair, cross-linked polyolef in jacket,
Pairs, shieldsd: cross -linked polyethylene insulation,
shield over each pair, cross -linked polyolef in jacket,
overill shielded.
Pairs, shielded: cross-linked polyethylene insulation,
shield over each pair, cross -linked polyolef in jacket,
Pairs, shielded: cross- linked polyethylene insulation,

shield over each pair, cross-linked polyolefin jacket,
Paira, shielded: c“ross-linked polyethylene insulation,
shield over each pair, cross -linked polyolefin jacket,

Pairs, shielded: cross -linked polyethylene insulation,
shield over each pair, cross-linked polyolefin jacket,

Paire, shielded: croae -linked polyethylene insulation,
shield over each pair, cross -linked polyolef in jacket,
Pairs. shielded: cross -linked uolvethvlene insulation.

braided
unarmored.
braided
double

braided
armored.
brai&d
unarmored. .
braided
unsrmored.
braided
armored.
braided
unarmored.
braided

shieid over each pair, cross- l~nk~d p~lyolef in jackct i armored.
Pairs: cross -linked polyethylene insulation, overall braided shield,
cross -linked polyolef in jacket, unarmored.
Pairs: cross -linked polyethylene insulation ,’overall braided shield,
cross-linked polyolefin jacket, armored.

Tvieted pairs: cross -linked polyethylene insulation, overall braided
shield, cross -linksd polyolefin jacket, unarmored.

Twisted pairs: cross -limed polyethylene. insulation, overall braided .
shield, cross -linked polyolef in jacket, armored.

Tvisted pairs: cross-linked polyethylene insulation, overall braided
shield, cross-linked polyole fin jacket, double overall shielded.

7
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LS2WA

lS2WAlJ

LS3SA

=3SF

LS3SJ

LS3SJA

U3SU

LS3SUS

IS3SWA

U3SWU

LS3SWUS

U3U

LS3UA

LS4NW8

lStJlJA8

ISSJ

=4SJA

u15KvTsGA -

LS5KVTSGU -

IS6SGA -

LS6SGU -

LS7PS -

U7SGA -

Pairs: cross -linked polyethylene insulation, ovsrall braided shield,
cross. linked polyolefin jacket, armorsd..;
Pairs: cross -linked polyethylene insulation, overall braided shield,
cross- linked polyoleffn jackst, uncnnored.

Triads, shieldsd: cross -linked polyethylene insulation, braided
shield over each triad, cross-linked polyolefin jacket, armored.

Triads, shielded, flexible: cross -linked polyethylene insulation,
braided shield over each triad, polyester tape over the assembled
triads, cross -linked polyolef in jacket.

Triads, shielded: ethylene propylene rubber or cross- linked
polyethylene insulation, overall braidsd shield, cross-linked

polyolef in jacket, unarmored.
Triads, shieldsd: ethylene propylene rubber .or cross- linksd
polyethylene insulation, overall braided shield, cross -linked
polyolefin jacket, armored.

Triads, shielded: cross -linked polyethyl.ine insulation, braided
shield over each triad, cross -linked polyolefin jacket, armored.

Triads, shielded: cross -linksd polyethylene insulation, braided
shield over eech triad, cross -linksd polyolef in jacket, double
overall shieldsd.

Triads, shieldscl: cross -linksd polyethylene i~ulation, braided
shield over each triad, cross -linksd polyolefin jacket, armored.

Triads, shielded: cross -linked polyethylene. insulation, braided
shield over each triad, cross -linksd polyolefin jacket, unsrmored.

Triads, ahieldsd: cross-linked polyethylene insulation, braided
shield over eech triad, cross -linksd polyolef in jacket, double
overall shielded.

Triads: cross -linked polyethylene insulation, marker braid on each
triad, cross -Linked polyolef in jacket, unarmored.

Triads: cross-linked polyethylene insulation, marker braid on each
triad, cross -linked polyolef in jacket, armored.

Four conductors: cross -linked polyethylene insulation or ethylene

propy~ene rubber, cross-linked polyolef in jacket, unarmored.
Four conductors: cross -linked polyethylene insulation or ethylene
propylene rubber, cross-linked polyolefin jacket, armored.
Four conductors, shielded: ethylene propylene rubber or cross-linked
polyethylene insulation, overall braided shield, cross -linked
polyolef in jacket, unarmored.
Four conductors, shielded: ethylene propylene rubber or cross -linked
polyethylene insulation, overall braidsd shield, cross-linked
uolvolef in iacket. armored.
5000~v01t, tiree conductors: silicons rubber and glass tape
insulation, cross -linksd polyolef in jacket, armored.

5000-volt, three conductors: silicone rubber and glass tape
insulation, cross -linked polyolef in jacket, unarmored.

Six conductors: silicone and glass insulation, cross -linked
polyolef in jacket, armored.
Six conductors: silicone and glass insulation, cross -linked
polyolef in jacket, unsrmored.

Saven conductors, power supply: silicone rubber insulation, glass
braid, silicone rubber jacket, armored.
Seven conductors: silicone rubber cnd class insulation. cross-linked
polyolef in jacket, armored.

..

8
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ES7SGU -

IS8WW6 -

IS8NWA6 -

5.2

141L-HDBK-299(SH)
3 April 1989

Seven conductors: silicone rubber and glass insulation, cross-linked
polyolef in jacket, unarmored.
Eight conductors: cross -linked polyethylene or ethylene propylene
rubber insulation, cross -linked polyolef in jacket, unarmored.

Eight conductors: cross -linked polyethylene or ethylene propylene
rubber insulation, cross -linked polyolef in jacket, armored.

Cable -es and construction character Sties (as snecified lx!
ML -C-24640) list. Cable types and construction characteristics (as specified in
MIL- C-24640) are as follows:

1“ FXWA

~’. ,KxcwHxcow

MXCWA

Hxo

Uxso

.Trx

m

Trx.s

TTXSA

lmso

‘mxw

DX

DXA

DXW

DXOW

DXWA

“h

FxA

Fxw

Fxow

Double conductor, power “supply: cross -linked polyalkene insulation,
crose-linked polyolefin jacket, unarmored.

Double conductor, power supply: cross-linked polyalkene insulation,
cross-linked polyolefin jacket, armored.

Two conductors: mica polyimide insulation, cross-linked polyolefin
jacket, unarmored.
Two conductors: mica polyimide insulation, cross-linked polyolef in
jacbt, overall shielded.

Two conductors: mica polyf.mide insulation, cross-linked polyolef in
jacket, arpored.
Four conductors, power supply: cross -linked polyalkene insulation,
cross -linked polyolef in fluoride jacket, unarmored.
Four conductors, “power supply: cross-linked polyalkene insulation,
cross -linked polyolef in flucyide jac~t, armored.

Four conductors: mica polyimide, insulation, cross-linked polyolef in
jackst, unarmmred.
Four conductors: mica polyimide insulation, cross -linked polyolef in
ja.ket, overall shielded.
Four conductors: mica polyim@ insulation, cross-1 inked polyolef in
jacket, armored.
Multi-conductor, control: mica polyimide insulation, cross-linked “”
polyolefin jacket, —ored.

Multi -conductor, control: mica polyimide insulation, cross-linked
polyolef in jacket, overall shielded.

Multi-conductor, control: mica polyimide insulation, cross-linked
polyolef in jacket, armored.

Multi-conductor, power supply: cross -linked polyalkene insulation,
cross -linked polyolef in jackst, overall shieldad.

Multi -conductor; cross -linksd polyalkene insulation, cross-linked
polyolef in jacket, overall shiel&d.

Multi-pair, twisted: cross-linked polyalkene insulation, cross -linked
polyolef in jacket, unarmored.

t’!ulti-pair, tvisted: cross -linked polyalkcns insulation, cross -linked
polyolef in jacket, armored.

Multi-pair, tdsted, shielded: cross -linked polyalkene insulation,
cross-linked polyolefin jacket, unarmored.

Multi-pair, tvisted, shielded: cross -linked polyalkene insulation,
cross -linked polyolef in jacket, armored.

Multi-pair, tvisted, shieldsd: cross-linked polyalkene insulation,
cross-linked polyolefin jackat, overall shielded.

Multi-pair: mica polyfmide insulation, cross -linked polyolef in jacket,
unarmored.

.

9
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‘lTKOw

TTXWA

TK

TXA

TXW

TKow

TKWA

IXISo

Ix.sow

2XA0

2K0

2XOW

2KS

2KSA

2XS0

2XSAW

2KSAOW

2K5AWA

2XSX0

2KSW

2KSWA

3X5

3XSA

3KSW

3KSOW

KIL-HDBK-299(sH)
3 April 1989

Multi-pair: mica polyi.mide insulation, cross-linked polyolef in jacket,
overall shielded.

Multi -pair: mica polyimide insulation, cross-linked. polyolef in jacket,
armored.

Three conductor, power supply: cross -linked polyolef in insulation,
cross -linkad polyolefin jacket, unarmored.

lhree conductor, power supply: cross -linked polyolef in insulation,
cross -linksd polyolef in jackat, armored.

Three conductor, power: mica polyimida insulation; cross-linked
polyolef in jackst, unarmored.
Three conductor, power: mica polyimide insulation; cross-linked
polyolefin jackct, overall shiel~d.

Three conductor, power: mica polyimidc insulation; cross-linked
polyolef in jacket, armored.

Multi -conductor, shieldad: cross-linked polyalkene insulation, cross-
linked polyolef in j’ackst, overall shielded.

Multi-conductor, shielded: cross -linked polyalkene insulation, cross-
li@ccd polyolef in jacket, overall shielded.

Multi-pair, twisted: cross -linked polyalkene insulation, cross-linked
polyolef in jacket, overall shieldad.

Multi-pair, twisted: cross -linked polyalkene insulation, czoss -linked
polyolef in jackat, rwerall ihieldcd.

Multi -pair, tvisted: cross -linked polyalkene insulation, cross-linked
polyolef in jackst, overall shieldad.

Multi-pair, twisted, shielded: cross -linked polyalkene ikulation,
cross -linkad polyoleffn jackst, unsrmorkd.

Multi-pair, twisted, shieldad: cross-linked polyalkene insulation,
cross-linked polyolefin jacket, srmored.

Multi-pair, tiisted, shieldsd: cross -linked polyalksne insulation,
cross-linked polyolefin jackat, overall shielded.

Iiulti-pair, shieldad: cross -linked polyalkene insulation, cross-linked
polyolef in jackst, ~rmored.

Multi-pair, shieldad: cross -linked polyalkene ‘insulation, cross-linked
polyolef in jackct, overall shielded.

Multi-pair, shielded: cross -linked polyalkene insulation, cross-1 inked
polyolef in jacket, armored.

Multi-pair, twisted, shielded: cross -linked polyalkene insulation,
cross -linkad polyolefin jacket, overall shielded.

Multi -pair, shielded: cross -linked polyalkene insulation, cross-linked
polyolefin jackat, unarmored.

Multi-pair, shielded: cross -linkad polyalkene insulation, cross -linked
polyolef in jackct, overall shielded.

Multi -Dair. shielded: cross -linked nolvalkene insulation. cross-linked
polyoief ii jackct, armored.

Multi-triad, twisted, shieldsd:
cross-linked polyolefin jacket,

Multi- triad, tvisted, shielded:
cross -linked polyolef in jackst,

Multi -triad, tvistad, shielded:
cross -linked polyolef in jackct,

Multi- triad, twisted, shieldad:
cross-linked polyolefin jacket,

. .

cross -linked polyalkene insulation,
unarmored.
cross -linked polyalkene insulation,
armored.
cross -linked polyalkene insulation
unarmored.
cross -linked polyalkene insulation,
overall Shielded.

10
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3XSUA -

7XW -

7XWA -

5.3

Multi-triad, twisted, shielded: cross-linked
cross-linked polyolefin jacket, armored.

Seven conductors: mica polyimida insulation,
jacket, unarmored.
Seven conductors: mica polyimide insulation,
jacket, armored.

polyalkene insulation,

cross -linked polyolef in

cross -linked polyolef in

Cable tvnes and construction characteristics [as sr.ecified~

lUL -C-915) list. Cable types cnd construction characteristics (as specified in
141L-C:915) sre as follows:

CVSF

DLT

DSS

DSWS

FSS

Jb

MCSF-4

MSP

MSFu

nwF

S2S

THOF

TRF
TPOM-6

400 -Hr aircrsft servicing: three synthstic rubber insulated conductors
and one uninsulated conductor, overall polychloroprene jacket.

Divers lifeline and telephone: four rubber insulated conductors cabled
around ah insulated steel core, reinforced polychloroprene jacket
overall.

Double conductor, shielded: robber insulation, overall braidsd shield,
polychloroprene or chloroaulfomted polyethylene jacket.
Double conductor, shieldad: rubber insulation, overall ,braided shield,
polychloroprene jacket.
Four conductors, shielded: rubber insulated, overall braided shield,
po~ychloroprene or chlorosulfotited” polyethylene jacliet.

Jet aircraft servicing: four “ru6ber insulated conductors, two
conductors Navy size 250, tvo conductors Navy size 6, reinforced
polychloropiene jacket.

Multiple conductor ,“acoustic minesweeping, power: two American Wire
Gauge (AWG) 6 and tvo AWG 1 conductors, rubber insulation, reinforced
polychloroprerie jacket:

Multiple conductor: fifty-nine conductors, sixteen AWG 22 having
fluorocarbon insulation and a braided copper shield, eighteen AWG 20
hsving polyvinyl chloride insulation and a braided copper shield (nine
singles, one triad and khree paizs, each shielded) , twenty-five Navy
size 3 having polyvinyl insulation (eight pairs and three triads, each
shielded), polychloroprene. jadcet.

Multiple conductor: fifty-nine conductors; sf.xteenAWG 22 hiving
fluorocarbon insulation and a braidsd copper shield, eighteen AWG 20
having polpinyl chloride incubation and a braided. copper shield (nine
singles, one triad and three pairs, each shielded) , tventy -five Navy
size 3 having polyvinyl insulation (eight pairs and three triads, each
shielded) , polychloroprena jacket, watertight.

Multiple conductor: rubber or cross-linked polyethylene insulation,
arctic type neoprene jacket.

Tvo conductors, shieldsd: cross-linked polyethylene insulations,
braided shield, rubber insulation over shield, outer -braided shield;
reinforced rubber, insulatsd, arctic type polychloroprene jacket.

Three conductors, heat and oil resistant, flexible: synthetic rubber
insulation standard thermoplastic jacket on THOF-42, cnd
polychloroprene jacket on THOF-400 and THOF -500.
Single conductor, flexible: “ rubber insulation, polychloroprene jacket.
Telephone, porrsble, multiple conductor: copper- clad steel conductors,
polypropylene insulation, six pairs cabled, polyurethane jacket
applied in tvo layera.

11
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TRXP - Single conductor: polychloroprene
TSP - l%isted pairs: polyvinyl chloride

jacket, watertight, unarmored.
TSPA - Twisted pairs: polyvinyl chloric@

jacket, watertight, armored.
TSS - Three conductors. suecial uurr.ose.

jacket.
insulated, special thermoplastic

insulated, special thermoplastic

. shielded: rubber insulation, overall
braided shield, poiychlor~pr~ne or chlorosulfoncted polyethylene jacket,

lSWF -●Singles, shielded: polyethylene insulation, braided shield on each

2SWF -

5ss -

7ss -

5.

conductor, arctic -e polychloroprene jacket.
Pairs, shielded, watertight, flexible: polyethylene insulation, braided
shield over each pair, arctic -e polychloroprene .jacket.

Five conductors, shielded, sonar: rubber insulation, braided shield on
one conductor only, end a braidsd shield over the assembled five
conductors, polychloroprene jacket overall.
Seven conductors, shielded: rubber, insulation, overall braided shield,
polychloroprene or chlorosulfoncted polyethylene jacket.

4 ~dent ification information. Conductors and groups of conductors, such
as pairs and triads, are separately identified within a completed cable. The
identification codss should be as specified in 5.4.1 through 5.4.9, inclusive.

5.4.1 standa d de t~~ .code The conductor identification
code for standsrd cables should be as follows:

Color, conductor
or group no.

1.
2“
3
4
5

6
7
8’
9

10

11
12
13
14
15

16
17
18
19
20

Background First tracer
or base color’ Color

Black
White
Red
Green
Orsnge

Blue
White
Red
Green
Orsnge

Blue
Black
Red
Green
Blue

Black
White
Orange
Blue
Red

,..

. . .

.-.

.-.

.-.

.-.

. . .

Black
Black
Black
Black

Black
iihite
Uhite
White
White

Red
Red
Red
Red
Green

12

Second tracer
color

.-.

. . .

..-
-..
-..

-..
-..
---
---
-..

..-
---
. . .
-..
-..

---
. . .
. . .
---
..-



1’

Color, conductor
or group no.

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

36
37
38
39
40

41
42
43
44
45

46
47
48
49
50

51
52
53
S.i
55

56
57
58
59
60

MIL-HDBK-299 (SH)
3 April 1989

Background
or base color

Orange
Black
White
Red
Green

Orange
Blue
Black
White
Red

Green
Orange
Blue
Black
White

Orange
Uhita
Brovn
,Brovn
Brown

Brown
Brown
Brovn
Brown
White

Red
Green
Orange
Blue
Black

White
Red
Green
Orange
Blue

Black
White
Red
Green
Orange

First tracer
color

Green
White

Black
Black
Black

Black
Black
Red
Red
Black

Black
Black
White
White
Red

UMte
Red
.-..

Black
White

Red
Green
Orange
Blue
Black

White
Orange
Red
Red
Orange

Black
Orange
Red
Black
Black

Orange
Orange
Orange
Black
Green

Second tracer
color

. . .

Red
Red
White
white

White
White
Green
Green
Green

Orange
Green
Orange
Orange
Orange

Blue
Blue
.-.
...
...

---
..-
. . .
-..

Blue

Blue
Red
Blua
Orange
Red

Orange
Black
Blue
Blue
Orange

Green
Green
Green
Blue
Blue ..

13””



Color, conductor
or group no.

61
62
63
66
65

66
67
68
69
70

71
72
73
76
“75

76
77
78
79
80

81
82
83
84
85

86
87
88
89
90

91
92
93
94
95

96
97
98
99
100

MIL-HDBK-299(SH)
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Background
or base color

Blue
Black
White
Red
Green

Orange
Blue
Black
White
Red

Green
Orange
Blue
Black
Red

Green
Orange
Blue
Red
Green

Blue
Orange
Green
Black
White

Blue
Black
White
Red
Green

Blue
Black
white
Red
Green

orange
Yellow
Yellow
Yellow
Yellow

First tracer
color

Green
Red
Orange
Black
Orange

White
White
Green
Green

.Green

White
Red
Red
Orange
Orange

Red
White
White
White
White

Black
White
Red
Green
Green

Green
“Orange
Orange
Orange
Orange

OrAge
Blue
Blue
Blue
Blue

Blue
..-

Black
White
Red

Second tracer
color

Orange
Blue
Blue
Blue
Blua

Red
Red
Blue
Blue
Blue

Red
Black
Black
Blue
Bl”ue

Black
Green
Green
Orange
Orange

Green
..-
...
...
.-.

.-.

..-
---
-..
---

---
. . .
---
. . .
---

. . .

. . .

. . .

. . .

. . .
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Color, conductor
or group no.

101
102
103
104
105

106
107
108
109
110

111
112
113
114
115.

116
117
118
119
120

121
122
123
124
125

126
127

Background
or base color

Yellow
Yellow
Yellow
Black
White

Red
Green
Orange
Blue
Black

White
Green
Orange
Blue
Black

Red
Green
Orsnge
Blue
Black

White
Red
Or~e
Blus
Black

Uliite
Red

First tracer
color

Green
Orange
Blue
Yellow
Yellow

Yellow
Yellow
Yellow
Yellow
Yellow

Yellow
YeLlOw
Yellow
Yellow
Yellow

Yellow
Yellow
Yellow
Yellow
Yellow

Yellow
Yellow
Yellow
Yellow
Yellow

Yellow
Yellow

Second tracer
color

. . .

. . .

..-

.-.
-..

. . .

.-.
---
. . .

Red

Red
Red
Red
Red
White

White
White
Uhite
White
Green

Green
Green
Green
Green
Blue

Blue
Blue

5.4.2 ~eleuhone identification code (TSL~. The conductor identification
cods for telephone cables should be as follows:

Color or
conductor no. GQk

1 Black
2 White
3 Rsd
4 Green
5 Orsnge
6’ Blue

5.4.2.1 Conductor uairing. The
should be ss follows:

Color or
conductor no- GQl@i

7 Brovn
8 Gray
9 Yellow

10 Purple
11 Tsn
12 Pink

pairing of conductors for forming pairs

15
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Number 1 paired with numbers 2 through 12 for next eleven pairs.
Number 2 paired vi th numbers 3 through 12 for next ten pairs.
Number 3 paired with numbers 4 through 12 for next nine pairs.
Number 4 paired with numbers 5 through 12 for next eight pairs.
Number 5 paired with numbers 6 through 12 for next seven pairs.
Number 6 paired with numbers 7 through 12 for.next six pairs.
Number 7 paired with numbers 8 through 12 for next five pairs.
Number 8 paired with numbers 9 through 12 for next four pairs.
Number 9 paired with numbers 10 through 12 for next three pairs.
Number 10 paired with numbers 11 through 12 for next two pairs.
Number 11 paired with number 12.

5.4.3 S ec a de t~ code (SPL~. The special identification code ..
should be the same condtictor identification as specified in 5.6.2.

5.4.4 ~isted uair identif ication code. This code conxists of numbers in
sequence running from 1 through the number corresponding to the total quantity of
twisted pairs in the cable. Both conductors in each pair must be nwmbered the
same, &noting the sequence number of the pair. Distinction between the two
conductors is provided by different colored insulation. Conductors of a cable
with a single pair need not be nwmbered.

5.4.5 Nisted triad identification code. This code consists of numbers in
sequsnce running from 1 through the number corresponding to the total quanti~. of
twisted triads in the cable J Each of the three conductors muxt be numbered the
same, denoting the sequence number of the triad. Distinction betveen the three
conductors is provided by different colored insulation .“ Conductors of a cable
with a single triad need-not be numbered.

5.4.6 Lstter identif ication code (Lllll.
consists of the letters A, B, C, and D printed
white, red, and green ink,,respectively.

The letter identification code
in block type, and with black,

5.4.7 ~ethodx of auulvin~ identif ication.

5.4.7.1 Method l,. Identification ma’thod 1 consists of surface printing of
both number and color &signations. The legend should be printed in contrasting
color: preferably white ink on black or dark background or black ink on white or
light background. The legend is repeated at intenals not exceeding 3 inches.
Alternate legends shall be inverted; for example:

10 OWGE-BLiCK XW’Iff,-13W30 OT

The character type should be block or italic and have a
the diameter over which it is applied as follows:

height in accordance with
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I

Diameter rsnge Height of character
(in h)c finch. auuroximate >

o.o&5 to 0.070. 0.025
.070 to .095 1/32
.095 to .115 3/64
.115 to .200 1/16
.190 to .250 5/6k
.235 to .375 3/32
.330 and larger 1/8

5.4.7.2 !!ethod 2. Identification method 2 uses opaque white polyester
tapes which have been printed with both the number and color designation prior to
application. The legen’d should .be printed with black ink, and.be repeated at
intervals not exceeding 3 inches. ‘I’hecharacter type.should be block, and should
be approximately 3/32 -inch high.

‘5.4.7.3 Nethod 3.. I&ntification method 3 uses solid colors or solid base
colors with tracers, as required. The base color may be either the color of the
insulation. or the color of”a coating applied to the insulation. The tracers
should be approximately 1/32-inch,tide ink stripes of the required COlOr and

should be applied helically with 1-1/2 plus or minus 1/4-inch lay. If tvo tracers
are required, the second tracer must be half the width of the first tracer.

5.k.7.h Method h. Identification method 4 uses colored braids. Tracers
should consist of the required colors applied by three adjscent carriers. Where

two tracers are required, they must be applied with reverse lay.

5.6.7.5 Method 5.. Identification method 5 uses the printed letter on the
outermost insulating tape or the printed letter on a polyester binder tape over
the insulating tapes. The letters should be”approximately 3/16-inch high and
have been printed at intervals not exceeding 3 inches prior to the application of
the tape to the conductor. If the insulating tapes are vhite, no printing is
required on the B (white) conductor.

5.4.7.6 Method 6. Identification method 6 consists of numerals printed in
ink on the conductor insulation. For conductors having a jacket directly over
the insulation, the “numerals may be printed in ink on the jacket, at the
manufacturer’s option. Uhita ink gmst be used for a red or black background;
black ink must be used for a white background. Numeral width should be
proportional to the conductor 1s outside diameter (od) as follows:

Diameter range Height of character
(in h)c finch. auDroximate 1

17

0.045 to 0.095 0.025
.096 to .120 3/64
.121 to .175 1/16
.176 to- .330 3/32
.331 and larger 1/8



I

IUL-HOBK-299(SH)
3 APril 1989

Numeral height should be two snd one-half to three times numeral width. Each

numeric legend should be underlined. Tvo -digit legends must have the bottom
numeral underlined. Legends should be alternately inverted (see 5.6.7.1) snd be
repeated at.intervals not greater than 1-1/2 inches.

5.4.8 ~anufacturer rs identification taue. Host cab’les and cords contain a
continuous, thin, moisture -resistant marksr tape, not less than I/lO-inch wids.
Unless orhe=ise approved by the Naval Sea Systems Comsnd (NAVSSA), the marker
tape must be placed ,directly under the cable, cord binder tape, Or jacket. fie
tape should be printed to show the following information at inten-als not greater
,gha.n1 foot: nsme and location of manufacturer, year of manufacture,
specification number (such as “kIL-C-24643) , snd progressive serial number. The
serial number is not necessarily a.footage msrker. A serial number must not be
repeated by a msnufacrurer in eny.one year for sny one type and size of.cable or
cord.,

5.&.9 Year of manufacture. In order to facilitate storage and issue of
cable on a first in, first out bssis, cable reels, COilS, ~d containers shipped
by manufacturers must be msrksd to show the year of manufacture. Msrkings
consist of a strip.approximately 2-inches tide and colored as follovs for the
particular year of manufacture. These markings are repeated at 5-year intervals,
as follows :

Year of manufacture

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Identifvinr CO1OX

Blue
White
Red
Green
Orsnge
Blue
White
Red
Green
Orsnge
Blue
White
Red
Green
Orange
Blus
White
Red

.
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TA8LS I.’ k!IL-C-24643 cable auulication data. ~

application

eneral usage:
For all portions of power, lighting, interior communication
weapons control and electronics systems, except where
circuit parameters (such as audio or radio frequsncy, lov-
level microphone, smchro. scale volta~e. and other tvues
of signals)- require-’special types of cibie. Types LSfi,
LS3U, IS.DNW,LST’lik7,LSFNW, ISMNW, ESHOF, LSDHOF, LSTHOF,
ISFHOF, LMHOF, MDCOP, LSTCOP, snd 13MCOS should be used
only for runs that are either totally within one compart -
ment, or tot’allywithin tvo contiguous comparuuents.
However, these q-pe csbles must not -be used vhere a water-
tight deck or watertight bulkhead below flooding water level
II (iWL-11) is penetrated. Type SG cable should be used fo]
comections between the ship service generators and their
respective switchboards snd betveen sections of the ship
service svitchbosrds.

High voltage - 60 ilz:.
For 3000- and 5000-volt, three-phase power applications.

I Casu.sltypower.

400-Hz power:
For 400-H2 service for static frequency chsnger cables, bus
ties, and feeders where csble of lover impedsnce is
required to reduce voltage drop.

Audio and telephona:
For audio, telephone, call bell, announcing, and alarm
systems. Msy also be used for other interior communication
snd weapons control systams, provided smpere rating of the
cable snd voltage drop for the system are not exceeded.
Types ISTFNW and LST’TOP should be used only for runs that
are either totally within one compartment, or totally
within tvo contiguous compartments. However, this type
cable should not be used where a watertight deck or water-
tight bulkhead below FQL-11 is penetrated.

See footnotes at end of table.

Cable type 2,/

Non-
flexin
servic

MDNW
LSTNW
lJ3FNw
EwNw
Lssscu
LSDSCU
LSTSCU
LSFSCU
LS6SCU
LS7SCU
ExScu
LSHU
LS3U

LS5KVT
Scu

LS6SCU

LSTPNU
Isrl’su

Repeated
flexing
service

LSSHOF
tiDHOF
LSTHOF
IiWHOF
LSMHOF
LSDCOP
LSTCOP
LSMCOS

LSTHOF-4:

LSTTOP
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TABLS 1. 141L-C-24643 cable am lication data. ~ - Continued

pplication

adio

adio frequency:.
For application up to 2 megahertz (KHz).
Maximum total copper operating temperature must not exceed
75*C.

,egaussing

. ..-

‘hermocouple and Dyromecer temperature range:
me TC’&, 125 t~-
Type TCJX, 150 to
Type TCXR, 260 to

260”C ‘.
540” C
870”C

:hielded circuits:
For combat systems, interior communications, lighting, and
power circuits, vhere shielding of 400 Hz (that is,
symhro, pulse, scale voltage) signals, or other signals
is required. Where a watertight clackor bulkhead below
FWL-11 is to be penetrated, types LSISMWU, LS2SWAU,
LSISWU, LS2SWU, LS2UW, LS2WAU, or LS3SWU should be used.

Cable type U

Non-
flexing
service

L5SRW
LSDRW
15TRW

lssscu
MDSGU
ISTSGU
LSFSCU
LS6SGU
LS14DU
I.SKDY
LSMSCU

LSTC17i
ISTCJX
LSTCKX
ESTCJU
lSTCTU
LSPBTMU

I.SISAU
LSLSHU
MISMUW
L31swu
Lslsu
LS1S50MI
LS1S75MI
IS2AU
IS2SJ
U2SWAU
M2SWU

:epeated
Iexing
:ervice

SrrRs

STTRS

See footnotes at end of table.
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I

TABL2 1. MIL-C-24643 cable auulication dsta. ~ - Continued

Cable type ~

NOn - Repeated
flexing flexing

~pplication service semrice

;hieldsd circuits (continusd) LS2SU
IS52UU
LS2WAU
LS2U
E33SJ
LS3SU
LS3SWU
LS4SJ
LSKS

[icrophone circuits LS14COS
Ild’lMoP

$/ The ordsr of listing of cables. for general applications dsta has no
significant mesning for their usage.

~ Many cablea are manufactured in variations of”armored, unarmored, snd
unsrmored with overall shielded” (see 5.1) . Armored cable is required to be
used on all nuclear ships for propulsion plant and reactor compartments and
is desirable in all other aress unless technically prohibited. The We Of

armored cable on non-nuclesr ships is optionsl and to be determined by the
overhsul shipyard, except armored cables shsll not be installed in weather
locations d~- to EMC co~idsrations.

TABLE II. HIL -C-24640 cable auulication dsta. J/

Csbla type ~

NOrt- Repeated
flexing flexing

Application service service

:eneral usage: Dx
For all portions of paver, lighting, interior communication, TX
weapons control, snd electronics systems, except where Fx
circuit parameters (such ss, audio or radio frequency, low- DXW

level micrOphOne. sYchrO, scale vOltage, and other types of TKw
signsls ) require special types of cable. Types DX, Tx, FX FKW
and MXO should be used only for runs that are either totally m
within one compartment, or totally within tvo contiguous KKc
cOmparQnents. However, these types of cable should not be MScw
used vhere a watertight deck or watertight bulkhead below
PUL-II is penetrated.

See footnotes at end of table,

. . . . . .. .. . . .
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TAILS II. JIIL-C-24640 cable aml ication data. ~ - Continued

I

Cable type ~

Non-. Repeated
flexing flexing

pplication service service

udio and telephone:
For audio, telephone,, call bell, announcing snd alarm T-TX
systems. Ksy also be used for other interior communication m
cnd weapons control systems, providsd smpere rating of the
cable and voltage drop for the system are not exceeded.
Type T1’X should be tied only for - that are either
totally within one compartment, or totally within tvo
contiguous comparunents. However,, this type of cable should
not be used ,where a watertight deck or watertight bulkhead
below lWL-11 is penetrated.

adio frequency:
For applications UP to ~0 ~: TTxs
maximum total copper operating temperature must not exceed

75” C.

hielded circuits:
For combat systems, interior communications, lighting, and 2XA0
power circuits vhere shielding of 400-Hz (synchro, pulse, IX31So
scale voltage, and so forth) signcls or other signals is 23S
required. Types 3X.SOW, 2XSAW, 2RBW, 2XOW, and 3XSW must ‘be ~o
used where a watertight deck or bulkhead below FWL-II is 3X5
to be penetrated. 2X0

2XS0
IXSow
2XSAW
2XSW
2ROW
3XSW

N The order of listing of cables for general applications data hcs ‘no
significcnt mecning for their usage.

~ Many cables are manufactured in variations of armored, unarmored, and
unc~ored with overall shielding (see 5.2) . Armored cable is required to be
used on all nuclear ships for propulsion plant and reactor compartments and
is desirable in all other areas unless technically prohibited. The use of
armored cable on non-nuclesr ships is optional and to be determined by the
overhaul shipyard, except armored cables shall not be installed in weather
locations due to E14Cconsiderations.
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TAEL.E III. MIL-C-915 cable auulication data. ~

Cable type ~

NOn- Repeated
flexing flexing

application service sewice

utboard submersible:
For .hydrophones, transducers, outboard dial telephones, 14SPW 14sP

retractable sntenqae snd sfmilar.equipment. Types m, TSPA TSP
lSWF, snd 2SWF are for hydrophores, transducers, and lPR-A20E 5s5
telephone lines in the weather. ~es lPR-A20E, lPR.-16, lPR-16 525

7PR-16, 3PR-16, lQ-16, ITR-16,’and 7SPR-16S are only for
SUbm=ine outboard use.

7PR-16 DSS
2SPR-16 FSS
3PR-16 TSS
lQ-16 nwF
ITR-16 DSWS
7sPR-16S MCSF

lSWF
2SWF
TPUM

‘elding electrode circuit TRF”
TPXF

here -to-ship power THOF-400
2TIOF-500

iver’s line and telephone DLT
00-R2 aircraft servicing CVSF-4
C aircraft servicing .,. JAS-250

~ The ordar of listing of cables for,general application data has no :ignificanc
meaning for their usage.

M Many cables are manufactured in variations. of armored, unarmored, snd
=rmored with overall shielding (see 5.3) .

TARLR IV. Commercial cable auolication dsta. JJ

Cable rype-
Application repeated flexing

service

Cords for portable tools snd equipment: Un&rvriters approvec

I
For power supply to electric typewriters, office S, SO, ST, SJ, SJO,
mschines, electric drills, sanders, portable extension SJT
lights, and similar equipment. Safety ground conductors
must be green.

~ The order of listing of cables for general application data haa no significant
meaning for their usage.
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Previ0ut3or present type,
and applicable HIL-C-915 Present,type, and applicable Obsolete type, and detail
specification sheet number specification sheet number specification number

3U/A..................../53 lS3U/A.............HIL-C-24643/37 3U.........UIL-C-24145/13
4NW8/A................../16 LS4NW8/A...........UIL-C-24643/55 None
4sJ/A.................../60 LS4SJ/A............HIL-C-24643}43 FBSP......nli-c-915/2
4SJ/A.................../60 LS&SJ/A............HIL-C-246h3/43 ; 4SJ.......141L-C-24145/20
5KvTsGU/A.............../36 LS5KVTSCU/A........MIL-C-24643/22 5KVT5GA...141L-C-2194/11
5ss,..................../74 5ss................UIL-C-915/74 None
6sGu/A................../33 LS6SCU/A,..........llIL-C-24643/19 6SOA......HIL-c-219b/6
7PS...................../40 LS7PS..............U1L-C-24643/26
7SCU/A

‘7PS.......UIL-C-23206/3
................../36 LS7SCU/A...........HIL-C-2h6h3/20

7ss
7SCA.......H~L-C-2194/9

...................../8 7ss................UIL-C-915/S NorIe
SW6/A .................../75 W7NU6/A. ;.........k31L-C-24643/54 Norm

N
u

TABLE V. $uDerse@aion datq. - Continued
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5.5 prief exnlanation of cable ratines and charatter istics tables.

5.5.1 First five columns. Each cable is identified by the Military
specification and specification sheet number in the left hand column, followed by
the type designation, conductor size (AWG or MM) , number of conductors, and
conductor cross sectional area (circular roils).

5.5.2 Overall diameter. The noverall diameter” is the overall measurement
of the finished csble, and should be the determining dimension in selecting the
proper dsck or bulkhead stuffing tube size, or multi-cable tram it,inserts. This
diameter is alao the determining dimension for stuffing ~es for equipment.

5.5.3 J&ted v ta e ac01 e . am itv. and minimum radius of bend. Electrical
characteristics are given under columns headed “Rated voltage” .md 8Ampaci~”m .
“Minimum radius of bend” , which is approximately eight times the overall
diameter, is also given. Cables must not be used in excess of these ratings.

5.5.4 Conducto~ catio . The letters in the conductor
identif ica,tioncolumn represent the identification, and the number represents the
method of a“pplying the identification. For example, STD-1 means standard
identification applied by method 1, which is printing of the number. and color
designation on the outer surface of the insulation or jacket of each conductor.
TEL-3 means telephone identification applied by method 3, vhich is colored
insulation on each conductor. The abbreviations used are as follows:

STII - Standard identification code
TSL - Telephone identification code
SPL - Special identification code
LTK - Latter identification code

5.6 Cable classification (uIL-C-246k31. Cables specified in MIL-C-24643
are listed in table VI un&r tha following general classifications:

-(a) Watertight (with circuit integri,~) , ,non-flexing senice:

(i) Power and lighting.
(2) Control.
(3) Electronic, cohnunication, and

(b) Watertight, non-flexing semice:

(1) Power and lighting.
(2) Electronic, communication, and

instrumentation.

instrumentation.

(c) Non-watertight (vitb circuit integrity), non-flexing se~ice:

(1) Electronic, communication, and instrumentation.
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(d) Non-watertight, non-flexing service:

(1) Power and lighting.
(2) Control.
(3) Electronic, communication, and instrumentation.

(e) Non-watertight, flexing service:

(1) Power and lighting.
(2) Control.
(3) Electronic, communication, and instrumentation.

I
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.w3
393
m
1339
2811
4-$31

RI’M
.16J
291
1210

E

0037
.143
s]
.769
M
131s
m
3L93
3X6

Smed
kdtlge,
.
mw

@a

Nl,c- oductnr
e Awa
a MU4

AIUC4
euh WC

Ak.km

n

m
Mkol

m
.-

Ilmr. dbmd
mh

“(MU5)

9.0
..

u643n

1464Y3

Nt4311

WSF. 4 J
3

16
14
u
9
14
7
s

z
4m

3
1
—
a
z
1

;
a
2
a
2
3

T
4
4
4
4
4

mm
33SS0

asao
4110
S330
9M
14.om
33910

S4.no
Lnm
N3s03

m
4.110
9.00
4Z11O
61.X4
137.ml

m
~m
61X4
tm.tm
mmrn
3J2.701
3mco3
691.COI
813.703

L3DHOQ- 3
M73HOF. 4
L$OHOR’ S
ls33HoIa 9
WDHOP. 14
LSOH09- 13
BHOP. 30
15DHOP. 83
WHOP-
KDHOF- %

UFHOP- 3
ISF360R 4
lsF160K 9
l.sFlioB 41
lsFno9. a
ISFHOB 133

Sm
600
fm
a
ml
@n

%
m
ml

603
m
mo
ml

.&’
a
rm
ml
603
600
6m
ml
602
ml

33”
S3
41
30.
m
en
co
169
333
4n

7
33
36
w
93
163

m
BS
162
m
323
391
603
65s
m3

19
3s
33
3a
.Jo

21
n
37
u
34
n

:2
7s7
m

21

2

:
n

:2
334
363

16
al
34
n
S3
MO
—

:
L33
363

17
33
31
34
46

11.0
17n
aln

4n
43
5s
11.0
no
16~

-

:
34
73
30
143

16
14
9
41
to
133

N6w3 WOF-
KSHOB
L53HOF.
KSHOP-
LSSHO?.
L3SHOR
LS3HOF.
lssnoP.
LS3NOF.

3
33
to
330
3m
no
3m
693
803

1
1
1
1
1
I
I
I
1

M
3J
so
7JI
S.o
83
113
nfl
13s

363
W6
363
m
6s4
m

MM?/l1 lssw MO 330

16
14
12
9
14

3mmo

254fJ
4,110
6330
9.043
14J3m

I.lm

0.430
.mo
330
m
,7s0

L7a7

om4
.136
.179
ml
.366

66

3.5
4,0
4.7
5,0
60

mo

ml
ml
ml
m
6m

1
—
3
3
3
3
3

17
33
31
34
46

303a64
3m-%36
m3a43
3034m6
a73&67

L931ioF- 3
ls3noQ. 4
K3HOP- 6
l.slnoF- 9
Lsr360P. 14

Sm kaleacsatcudd lb!.



I
1“

TABLE Vl(c)(l). ~
. .

u-MILG Chbbw
L?ulgulkn

14s4Y3 ls31ioP- n
Is3nos u
L9r340K
l.snioF. E
LsrHoP- 4m
Isr330s 3m
EJHOB an

SmImmc$uuad C4ubla.
Ln
N

Tkukmr Numtcz
ZCAWO dcon-
W MLn4 duclom

loram

1 3
1

: 3
lm 3
400 3
m 3
mo 3

Amsd
cdl

Cmduaof
(MUdl

aa.910
4L11O
uxtm
3321m
4135m
3m.ml
fOmxo

abk
mu’dl
dbmcter
nub

(Imhci)

am
1.330
1s20
7.240
m
3,100
Iuo

__14_Gob RduI COR :
-w ‘Wbd w
parn

(hdla)
‘(--

MM 7B SID-3Y
SW 10.0 SIDJy
z4m 13s sl’03y
m 18,0 STO.3Y
43m ‘?ln SllX3y
7313 may
7.9SI % S3D.3J’

600
ml
al
ml
bm
6m
ml

em

arc
mbkm

m
93
197
m
m
ml
ml tl

WC4LTCWC
Ideal -km Ambbat

u ‘m 44
34 93 06
IB3 197 Im
m4--
36$ m.! 36$

3! 0273
E... -

Ns74
614SQ1

m3.06m
mMhb9
m3-w4
mz.mm
mom
Zm.lom



nL.c-

L96iHoF. 7
lSdHOF- 10
LSM401L 14
ISUK4P. 19
IS.4HOR 14
MMHo& w
ISIHOP- 37
UMHOF. 44
L9dHOPJ 61

.3dJmx
m AWO
w NW

16
16
16
16
16
16
16
16
16

. .

TABL@ Vl (e)(2). ~
.,

—

Iumbe,
*con.
Iklclm
1&l@

—

7
10
14
19
24
Y1
37
44
61

Amsd
C&b

mdvdot
(MC64)

Ma9
m
L760

2s0
U80
U49
Uwl
Mm

-- Continued

Cdie

mu
(Indw)

Osm
,s6$
.63s
.m
.7)s
al!
.9X
mlo
1.173

4Xbb
=W
PIn
*P
(It@

aM4
.w.4
m
w
AS7
341
.674
.m
1.1X

4n
4s
5.9
53

.:
7s
6.0
9s

‘mn

R
SID.1
Sm.1
SnM
SnM
Slnl
Snbl
SI’o-l

I Ampdiy,es
A

T
&or6

~w ~
Ambiuu

WV

,@l

z lvl
ml lVJ
m 11~
too Ivl
al U17
Km Ills

.tio 1U4
C4W IV3

la

Suc
Luwlu

9/6 u

916
9/6
9/6
916
9/6
914
9n
9n

L
400

WC
&km

,~u

lln
Iln
U/l
WI
II/l
lul
1114
lln

k--b6141.61

1=
mbkal

916u
Z03-SS4

:: m-1’m
9B Im.n93
9/6 ana’wl
9/6
914 201x193
9n XOJ399
9n 2m.m4



TABLE W (e)(3)..~
. .

. . .~ -Continued

Amsuhy,CsdCcm6uctor1
#4Jn

WC
AnsJklu

*
—

WC
UTM@.1

-G

Wc
mbkm

r
WC
mbkat-L

Number Au d
daa. each
bin” Cmduam
lacabla (MC7A)

21 1AM

NsN
6143.01

Cable
Ovcmu
dhmdcr
mu.

(incba)

LQm

abb
=m
pet11
VP=
(lb)

0.618

ml
MO
J3n

RJdLu
d bed
mh
w)

C73R
ID

Rud
Vdts’e,

(%’6
103-?A91==t===- 10 SSD-3

srLP-3
SID-s
Sm.s

-,

-.

p-
m
WI
Ml
V-Is

Sn
-
6

-,

T
4n
2n

4%

m
-

s

m’-
03
Y1

42s

203.9337
3oxrn6
WMn7

14643n umcxPP. 1
LSOCOP. Is
L5moP- 1

al
18
Is

18
18
m
30
In t

a LOm
a Mm
a 1AM

1 lmo
4 L&m
5 1.020
6 lmo
7 Mm

O,no
X3
330

.660
310
3s0
Am
s%

$
X64X4 LsMms a

lS6Pm3’ 4
msm$ 5
156PCIJS.6
wms 7

34643M lmAbsoP. s

34643n IS3CQP. 2

a4643naLS3’SOP. 3
s

E 10
lssTOP. Is

Z4S4Y13Lslllt# 2
4

IS3’37S6
Ls3T3m.8
Lm’3Rs- 10
IsPslm. 12
LS17’RS 16

.130

.167
,091
.lm
.337

-
0s9

.s67

.11s
AM
m
2.53

.333

.381
M
A74
s]
All
.m

7m-s3a6
m3xns
303-34M
303-7A3E
ml.zm

SPL3
6PM
SPL-3
SPL-3
SPL-S

ssq.3

Srs3.s

TEsA

17?3A3

S3u.1
SPD.1
Sm.1
S3D.2
SrD-1
m-l
SI’D.3

ml
Sm
m
ml
sol

m

~

-.

4,0
so
s-$
SJ

Lo
1.1
M
1.7.
10
3.0
3.3

maw

30M3S3

34

18

m
m
m
m

+-+=

Jm

36s

A.30
ml
.701
A30

.s80

.740

.sm
,s93
lmo
I,lm
1.190

‘-.

T6 1.030
to mm
m Lom
30 Lom

43
4n
4n
4/03

-.

S14
SIY
Sn
sn

—

T
4 lmo
8 lam
12 10.23

1.022
: Lmu
34 Lam
32 Lom

n
30
m
30
20
30
m

T
4 l.mu
8 lam
12 l.om

mu
: Lmo
34 Lom
33 Unl

lAn7PsA-
LssTnM-
L9sTnsA-
lsr3nsA-
LsrnLsA-
Isn7ssA.
isnlssA-

2
4
6
8
10
12
16

w
20
m
m
30
30
m

0.730
.’ml
ml
ID60
I.wl
1,1s0
1140

397
.394
,4’m
321
3S7
.s0s
.764

45
5,0
S5
6.S
7n
7,0
75

S3D.a
S173.1
sm.2
SSD.1
S30.2
.s3n.2
SID.2

34643n3 ...

-.
-’ .M3.6473

L
LY ~a; k sm.30rm4; nurmfmcfmi

w 6143.01



MIL-HDBK-299.(SH)
3 April 1989

5.7 Cable classification (MIL-C-246401. Cables specified in MIL-C-246L0
are listed in table VII under the following general classifications:

(a)

(b)

(c)

watertight (with circuit integrity), non-flexing se-ice:

(1) power.
(2) control.
(3) electronic, communication, and instrumentation.

Watertight, non-flexing si~ice:

.(1) electronic, communication, and instrumentation.

Non-watertight, non-flexing service:

(1) power.
(z) electronic, comqmicatiOn and instrumentation.

55 ,,
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5.8 Cable classification (MIL-C-915). Cables specified in MIL-C-915 are
listed in table VIII under the following general classifications:

(a) Watertight, flexing service:

(1) power.
(2) control.
(3) electronic, communication and instrumentation.

(b) Non-watertight, flexing service:

(1) power and lighting.
(2) electronic, co-ication, and instrumentation.

(c) Non-watertight, non-flexing se~ice:

(1) electronic, communication, and instrumentation.

.(d) Watertight, non-flexing service:

(1) electronic, comunmication, snd instrumentation..

I

I
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5.9 Anmacitv rating. To obtain the ampacity rating for an ambient
temperature of either 60 or 70”c, first determine the ampacity rating for 40”c
ambient from tables VI, VII, or VIII. Then multiply that value by the applicable
derating factor shown in table IX. Cables listed in this table should not be
used in ambient temperatures above 70-C. Cables nnt listed in this table should
not be used in ambient temperatures above 60”c. The +mpacity derating factor
&es not change for those cables listed with armored variants.

TABLS Ix. ~ deratirrzfactnrs fo bient temperatures above SO-C.

Ambient temperature

(“c)

Cable type 60 70

UDHOF 0.78 0.67
LSD~ .78 .67
DX
LSDSCU .80 .69
DWX
DsS .63 ..... ..

FRw .78 ,67
LSFSCU .80 .69
Fxw
FSS . .63 ..

LW4Du .72 .-
ISMHOF .80 .69
LSMNW .78 .67 “
U3mscu .80 .69
nxcw

LSSHOF .78 .67

LSTHOF .78 .67
LSWW .78 .67
TsF .63 ..
TSXF .63 --
U3TSCU .80 .69
Txw
TSS .63 .-

L$5KVTSCU .80 .69
LS6SCU .80 .69
LS7SGU .80 .69
7XW
7ss .63 .-.

72
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TASLS X. Amnacities of deraus3inE cables.

(Maximum amperes for each conductor, at 40 and 50”C ambient temperatures)

30r4 5t07 1 cable in conduit
1 cable 2 cables cables cables of 8 or more

Cable in air in air in air in air cables in air
type

and size 40” 50” 60“ 50” &o” 50” .40”. 50” .40” 50”

LSDSGU/A-16 66 61 60 56 55 51 49 b6 46 43
23 86 79 79 73 72 67 64 60,.. 61 56
50 139 128 128 119. 117 109 lofl 97 98 90

75 185 “171 170 159 156 146 139 130 132 122
100 219 201 202 187 184 171 164 153 155 143
200 339 312 312 290 285 265 254 237 241 222

LsTsGu/A-9 43 40 39 36 34 30 29 27 27 26
14 56 52 51 48 47 44 42 39 40 37
23 76 70 70 65 64. ““59 57 53 54 50
50 121 111 111 103 102 94 91 84 86
75 163

79
150 150 140 137 128 122 114 116 106

100 191 176. 176, 164 160 150 143 134 136 125

150 259 238 238 221 218 202 194 181 184 169
200 298 275 27’4 256 250 234 224 209 212 195
300 383 352 352 32ci 322 296 287 264 276 .253
400 478 4.40 440 405 401 370 358 330 344 317

LSFsGu/A-9 43 40 41 38. 38 36 36 34 34 32
23 76 70 72 67 68 ‘“”’63 64 60 61 56
50 121 112 115 107 109 101 103 95 97
75 163

90
151 154 144 146 136 138 129 130 , 121

100 191 178 182 169 172 160 162 151 153
150 258

142
240 245 228 232 216 220 204 207 192

200 298 277 283 263 268 249 253 235 238 221

s6sGu/A-loo 163 153 150 140 136 127 122 114 116 108
125 192 173 175 163 160 147 144 133 136 125
150 225 204 207 190 188 173 169 156 160 147
200 250 243 235 222 219 202 188 182 177 172

LMDU-6 15 14 14 13 14 12 13 12 12 11
14 25 22 24 21 22 20 21 19 20 18
23 34 30 32 28 30 27 29 25 27 24
40 49 43 66 41 44 39 41 37 39 36
60 65 59 62 57 58 54 55 52 51 50

73
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TAME X. Aumac tie 0~ cables. - Continued

(Mc.ximumamperes for each conductor, at 40 and 50”C ambient temperatures)

30r4 5t07 1 cable in conduit
1 cable 2 cables cables

Cable
cables of 8 or more

in air in air in air in air cables in air
me

snd size 40” so” 40” 50” 40” 50” &o” 50” 40” 50”

L314DY-6 15 lk 14 13 14 12 13 12 12 il
14 25 22 24 21’ 22 20 21 19 20 18
23 34 30 32 28 30 27 29 25 27 26
40 49 43 k6 41 44 39 .41 37 39
60 65 59 62 57 58

36
54 55

52.
51 50

SUSCU/A/S-7 98 8.5 7.5 8 7 7,5 7 7 6.5
10 9 8 8.5 7.5 8 7 7.5 7 7 6.5
16 9 8 8.5 7.5 8 7 7.5 7 7 6.6
19 9’ 8 8.5 7.5 87 7.5 7 7 6.6
24 9 8 8.5 7.5 8 7 7.5 7 7 6.5

30 98 8.5 7.5 87 7 7 6.’5’
37 9 8 “8.5 7.5 8 7 7.5 .7 7 6.5
44 5.5 5 5.0 4.5 .5 4.5 4.5 4 .4.5 k.O i

6. NOTES

6.1 Sub ect te~ sting.

Ampacity
Cable, degaussing
Cable, flexing service
Cable, non=flexing sen-ice
CO&s, identification
Conductor, multiple
Insulation
Jacket, armored
Jacket, unarmored
Non-watertight
Shield, braidsd
Watertight

Preparing activity:
Navy - SH
(Project 6145-N328)
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APPENDIK

ELECTRICAL CABLE VOLTAGE DROP CALCUUTIONS FOR POWSR AND LIGHTING SYSTEMS

10. SCOPE

10.1 -. This appendix is intendsd for uxs ss a guide in determining
voltage drops for csbles used in alternating current (at) snd direct current (dc)
pover, lighting, interior communication, weapons control and electronic systems.

20. RSFSRENCED oocunsNTs

20.1 Government documents.

This paragraph is not applicable to this appendix.

20.2 Qther uublications. The following documents form a part of this
handbook to the extent specified herein. Unless othervise specified, the issues
of the documents,yhich are DoD adopted shall be those listed in the issue of the
DoDISS specified in the solicitation. The issues of documents which have not
been adopted shall be those in effect on the date of the cited DoDISS.

AMERICAN SOCIETY FOR TESTINGAND MATERIALS (ASTM)
B8 - Standard Specification for Concentric-Lay-StrandedCopper

Conductors, Hard, Hedium-Hard, or Soft.
B “258- Stsndard Specification for Standard Nominal Dismeters and

Cross-SectionalAreas of AWG Sizes of Solid Round Wires
Used as Electrical Conductors.

(Application for copies should be addressed to the American Society for
Testing snd Materiala, 1916 Rsce Street, Philadelphia, PA 19103.)

(Nongovernment standsrds are generally available for reference from
libraries. They are also distributed among nongovernment stan&r&’ bodies and
using Fedsral agencies.)

30. DEFINITIONS

30.1 Svmbols and”abbreviations. Selected symbols and abbreviations used in
this appendix are as follows:

E-

v-
L-

cmil -

E is the symbol for sending end or bus (normally switchboard)
voltage. It is li”ne-to-neutral rated voltage for thres-phase ac
systems (line-to-line rated voltage divided by the squsre root of
3), snd three-wire & systemx, and line-to-line rated voltage for dc
snd eingle phase alternating current systems.

V is che abbreviation for receiver or load voltage.
L is the abbreviation for the length, in feet, of a single conductor
in circuits hsving equsl conductor lengths in all legs of the
circuit.
Cmil is th& abbreviation for the
a single leg of the circuit.
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pf
8

9

a
a

.$.
P
D%”

DF

I

- Pf is the abbreviation for power factor of the load.
- The symbol .9represents the angle betveen the load voltage vector and

the load current vector.
- The symbol @ represents the angle betveen the resistance vector and

the impedance vector for a cable (cable impedance angle).
- The symbol a represents the valus of 6 subtracted from 9(a - .9- 6).
- The s%bol a also represents the temperature coefficient of

Iavg -

ILL -

K-

u-

u~ -

u-

Uu -

R-

x-

z-

z-

resistance at measured temperature.
The symbol 6 represents dansity.
The symbol p represents resistivity.
The symbol DZ represents the total voltage.drop expressed as a
percent of the rated voltage E.

The abbreviation DF represents the drop factor, which is used in
sblified equations for calculating voltage drops.
The abbreviation I represents the current, in amperes, flowing in one
leg of the circuit.
The abbreviation Iavg represents the average of current, in amperes,
flowing in the outsids conductors of a three-wire dc circuit,.
assuming a 25 percent current unbalance.
The abbreviation IU represents the difference between two line
currents in a three-phase circuit.

The abbreviation K represents the apparent power, in volt-amperes’,
for one phase of a circuit (K - V x I).

The abbreviation U represents the resistive power, in watts, for one
leg of a circuit (W - V x I x COS8).

The abbreviation WU represents the net of resistive power in two
legs of a circuit.

The abbreviation U represents the reactive povar, in vars, for one
leg of a circuit (U -.V x I x sinO).

The abbreviation U~ represents”the net of reactive power in MO legs
of a circuit.

The abbreviation R rapresents the total cable resistance, @ ohms,
for each leg of a circuit.

The abbreviation X represents the total cable reactance, in ohms, for
each leg of a circuit.
The abbreviation Z represents the total cable impedance, in ohms, for
each leg of a circuit (equal to the square root of the sum of the
cable resistance for each leg squared and cable reactance for each
leg squared).

The abbreviation z represents the impedance, in ohms, for each leg of
a circuit for 1 foot of cable.

&o. GSNSRAL DESCRIPTION OF EQUATIONS AND CALCUUTIONS

60.1 General description of voltage dron eauations. Tables XI and XII
contain equations for calculating voltage drops in ac and dc circuits,
resDectivelv. Table XI (for ac circuits) contains detailed methods for
calculating voltage
calculating voltage
methbds involve the
XIII, XIV, XV, XVI,

drops for all setiici types, and simplified methods for
drops for power and lighting se=ices. ‘I%esimplified
use of a drop factor (DF) which shall be selected from tables
XVII, and XVIII, as applicable. These drop factors were
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calculated using the impedance characteristic of type LSTSGA and LS6SGA cablea
in accordance with MIL-C-246&3. Althoud calculations are baaed ,uDonfull
coverage aluminum-armored cablea (armored cables represent worst caae impedance
valuas) they may be used for equivalent size unarmored cables. The tabulated
drop factors for qpe ISTS~ cable,may be used for other cable q’pes with similar
impedance characteristics, including lightveigbt cablea in accordance with
MIL-C-24660. For any nonsi.milarcables, drop factors may be calculated by using
the impedance characteristics of the cable in the appropriate equation .containe.d
herein vhich &rive from the”s.fmplifiedmethod specified in 50.1 for power
systems, 50.2 for lighting aysteme (I and IU method), and 50.3 for lighting
systems (watts and vara method).

TABLS XI. Voltage drou aauations for ac circuits.

Type of
service Detailed method equation Simplified method equation

Lighting service only:

D% -

()

2(1OO)L ~ coao
ingle pheae, E DZ - 2Lx IxDF
all types of (from table XVII)
service OR

DZ -4LXWXDF”
(from table XVIII)

Lighting aenice only:

hree-phase,
.()

~X - @OO)L & CO.Sa
DZ-LXIUXDF

all service (from type XVII)
types except OR
power DX - LX2WLLXDF

(from table XVIII)

hree-phaae, Dx

[ ‘z a’

- 100
L(cos

() ]

+&& 2& DZ - L x I x DF (from
power service EE 2 table XIII, XIV, or
(see note) XV as appropriate)

NOTE: 2his equation may be used on power systems through 4160 volts.

77



MIL-HDBK-299(SH)
APPENDIK
3 April 1989

I

I

TABLE XII. v~s

-e of service Equstion

vo-wire,
all service types

D% -
ps x IX2LX1 00

except power cmilx E

2400XIXL where RSS - 12, which is
cmil x E. the resistivi~ of copper

,. at an assumed operating
temperature of 45”C

Lo-wire,
power se~ice

D%.- ‘s ‘~i; fEx 100

2600x IxL where RSS - 13, which is
cmil x E the resistivity of copper

at ~ assumed operating,
temperature of 65-C

hree-wire,
lighting service

D% -
RES x .(1avv + O.25 Iave) x Lxl 00

cmil x E

1500 x Iave x L vhere RES - 12, which is,-
cmil x E the resistivi~ of copper

at an assumed operating
temperature of 45”C .

‘hree-wire,
power service DZ _ ‘s x (Iavr + O.25 Iavp) x Lxl 00

cmil x E

.1625X Iav!zx L where RSS - 13, vhich is
cmilx E the resistivity of copper

at an aasumed operating
temperature of 65”G
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ble 450-volt.three-ghase.60-Hz vower sW&tllM.uTASL2 XIII.

Cable characteristics

ize. Area Ohms par 1000 factI/

Drop factor values at pow, factors(COS t) below 2/

0.5(

08.9

68.7

27.7

22.1

14.2

6.1

4.1

3.4

2.4

2.2

1.7

I.&

—

0.3(

—

5.3

‘3.8

:1.6

.7.3

,1.1

4.7

3:2

2,7

2.0

1.7

1.5

1.3
—

0.60

-

23.6

77.9

31.3

25.0

16.0

6.8

4.5

3.7

2.6

2.2

1.8

1.5

—

0.40

—

5.7

0.4

4.3

9.5

2.5

5.4

3.7

3.1

2.2

1;9

1.6

1..4
—

Ar@s LI
:degreea) 1.0 0.95

79.6

12.9

b4.9

35.7

22.5

9.2

5.9

4.8

‘3.1

2.5

1.9”

1.4

I Clrdl
z

0.9( 0.85 0.8[ 0.7’

T3 2,580

4 It,llo

~~9 10,380

4.872 0.043 ,.872

,.059

,.211

1.961

.605

.243

,155

.lzfl

.080

;066

.050

,Ofbo

0.51

.77

1.61

2.03

3.03

6.39

9.63

12.09

18.12

22.42

30.33

38.89

87.5

17.7

46.6

37.0

23.2

9.3

5.9

4.7

3.0

2.4

1.7

1.2

,71.4

,07.8

63.0

34.2

21.6

8.9

5.8

4.7

3.1

2,5

1.9

1.5

63.2

02,7

41.0

32.6

20.7

8.5

5.6

4.5

3.0

2.5

1.9

1.5

,55.1

97.7

39.0

31.1

19.8

8.2

5.6

4.4

2.9

2.5

1.9

1.5

39.’3

87.7

35.1

28.0

17:9

7.5

5.0

h.1

2.8

2.3

1.8

1.5

3.058 .041

1.211 .034

14 13,0900.960
I

.034

.604 .032

.241 .027

.153 .026

.121 .026

,076 .025

23 20,820

50 52,620

75 83,690

100 105,600

150 167,800

200 211,600 .061 .025

I300 300,000 ,063
I

,025

*
.0311 .025

See IJO.1 for unarmore$5cable and other cable types.
Multiply valuesby 10 for drop factrms.
Derivationsof R, X, and Z shallbe as spec~fied k 50.4.
Conductorresistanceat 65”C.
Based upon full coveragealuminum-arioredcables.



TABLEXIV. w fact~. 450-vti three-Ohaae.@JO-HZ DQMIUxMU. u

Cable characteristics Drop factorvalues at power factora (cm 0) below u

,Iza Area ohms per 1000 feet y AnfJep
cmil (degrees) 1.0 0.95 0.90 0.85 O.BO 0.70 0.60 0.50 O.ko 0.30

R~ x~ z

3 2,5804.872 0.286 4.8,81 3.36 187.6 182.2 175.1 167.6 160.1 144.9 129.8 115.2 101.6 89.9

4 4,110 3.058 .274 3.071 5.12 117.8 11s.4’111.3 106.9 102.4 93.2 83.9 74.9 66.2 58.5

9 10,3801.211 .229 1.232 10.71 46.7 47,1 46.0 4fA.6 &3.1 39.9 36.5 33.0 29.6 26.3

14 13,0900.960 .221 0.985 12.96 37.1 37.8 37,i 36.1 35.0 32.6 30.0 27.3 24.6 22.0

23 20,820 ,604 .211 .640 19.26 23.4 ‘24.6 24.5 24.1 23.6 22.3 20.9 19.3 17.7 16.0

50 52,620 .241 .181 .302 36,88 9.5 11.1 11.4 11.6 11.6 11.5 11.2 10.8 10.3 9.7

75 2.3,690 .153 .173 .231 48.48 6.3 7.8 8.3 8.6 8.7 8.9 8.9 8.7 8.5 B.2

100 105,600 .129 .176 .218 53.83 5.4 7.0 1.5 7.8 8.1 8.3 8.4 8.3 8.2 B.O

150 167,800 .083 ..168 .iB8 63.63 3.9 5.3 5.9 6.2 6.5 6.9 7.1 7.2 7.2 7,1

200 211,600 .069 ,168 .182 67.65 3.6 4.9 5.4 5.8 6,1 6.5 6.8 6.9 7.0 7.0

300 300,000 .061 .173 .183 70.55 3.3 4.7 5.3 5.7 6.0 6.5 6.8 7.0 “7.0 7.1

400 413,600 .073 .166 .181 66.31 3.5 4.9 5.5 5.9 6.2 6.6 6.8 6.9 7.0 6.9

3,/Sea 40.1 for unarmored.cable and other cable types.
~ f4ultiplyvaluesby 10-’ for drop factors. -‘,
w Derivationsof R, X, and Z shallbe as specifiedin 50.4.
~ Conductor reaLstance at 65-C.
w Based upon full coveragealuminum-armoredcables.
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TASLSXV. PKOD fac~e. 450-v~. 400-HZ~.u .

Cable characteristics

-H+
iza Area ~ Ohms per 1000 feet~

cmil
R~ X~

100 211,2000.064 0.088

125 266,200 .052 .086

150 335,600 .062 .084

200 423,200 .035 .084

z

.109

.101

.094

,091

Angle p
degrees]

53.83

58.83

63.64

67.65

Drop factor values at power Pactors(COS 4) belowU

1.0

2.7

2.3

1.9

1.7T
0.95 0.90

3.5 3.8

3,0 3,3

2.7 2.9

2.4 .2.7 t

0.85 0.8(

3.9 4.0

3.5 3.6

3.1 3.3

2.9 3.1

0.70

-

4.2

3.8

3.4

3.3

0.6(

i.2

3.9

3.6

3.6

0.50

4.2

3.9

3.6

3.5

O.&(

&.1

3.8

3.6

3.5
—

0.3C

—
4.0

3.8

3.6

3.5
—

U See 40.1 for unarmoredcable and other cable typee.
~ Multiplyvaluesby 10-5 for drop factors.
V For type 6SC cable at 400 Hz, two physicallyopposite conductors ace connected in parallel for eech phase..
4/ Derivationsof R. X. and Z shallbe as euecifiedin $0.4.
~ Conductorreeistanc~at 65”c.
W Based upon full coveragealuminum-armoredcables.



TARLS XVI. G e St c~ or communications,

I yeauons control and electronicsvstems. ~

m
N

60 HZ 400.Hz

Ohms pet 1000 feet ~ Ohms per 1000 feet ~

Size Area Angle fJ ‘ Angle f3
cmil R~ x~ z (degrees) R~ Xy z (degrees)

3 2,580 4.546 0.043 4.546 0.54 4.546 0.287. 4.555 3.61.
.

4 4,110 2.853 .041 2.853 ,82 2.853 .274 2.866 5.49

9 10,380 1.130 .034 1.131 1.72 1.130 .229 1.153 11.46

14 13,090 0.896 .034 0.897 2.17 0.896 .224 0.924 14.04

23 20,820 .562 .032 .563 3.26 .563 .211 .601 20.56

50 52,620 .,525 .027 .zzi 6.84 .225 .181 .289 38.81

75 83,690 .1.43 .026 .145 10.30 .143 ,173 .224 50.42

100 105,600 .113 .026 .116 12.96 .120 .176 .213 55.71

150 167,800 .071. ,025 ,075 19.40 .677 ;168 .185 65.38

200 211,600 .057 .025 .062 23.68 .064 .168 .180 69.15

300 300,000 .041, .026 .049 32.38 .059 .,173 .183 71.17

400 .413,600 .028 .025 .038 41.76 .068 .166 .179 67.72

~ See 40.1 for unarmored cable and other cable types.
~ Derivationsof R, X, and Z as specified in 50.4.
~ C.nductor resistance at 45-C,
~ Eased upon full coverage aluminum-armoredcables.

,.,’
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TABLE XVII. Prnf accore ~ for LSTSGA cable. lzo-volt. three-vhase or sin~le-c.hatie.
6;-Hz liuhtine svstems (usinE I and lLL1. 2/

Drop”factor values ~ at power factor angle O (singlq-phase)of angle u ~ (three-phase).

(Angles in degrees below)

ize -70 -65 -60 -55” -50 -45 -40 -30 -20 -10 0 10 20 30

3 130.7 160.5 109.2 216.4 242.0 265.7 287.4 32k.1 351.0 367.1 312.2 365.9 348.5 320.5

4 83.1 101.8 119.8 136.8 152.8 167.6 181.2 204.0 220.7 230.7 233.6 229.5 218.4 200.6

9 34.3 41.7 “48.7 55.4 61.7 67..i 72.7 81:5 87.9 91.6 92.5 90.6 K6.O 78.7

lb 27.7 33.5 39,1 44’.4 49.3 53.8 58.0 64.9 69.9 72.7 73.4 71,8 68.0 62.1

23 18.3 21.9 25.3 2K.6 31.7 34.5 37.0 fbl.3 44.2 45.9 46.1 i5.o 42.4 38.6

50 8.4 9.8 11.2 12.4 13.6 14.5 15.6 17.1 18.1 18.5 18.4 <17.8 16.’5 1,4.8

75 6.0 6.9 7,.7 8.5 9.2 9.8 ‘1O.4 11.2 11.7 11.9 11.7 11.1 10.3 9.0

100 5.2 5.9 6.5 7.1 7.6 8.1 g.5 9.1 9.5 9.5 9.3 8.8 8.0 6.9

150 4.0 4.4 4.7 5.1 5.4 5.6 5.8 6.1 6.2 6.1 5.8 5.4 4.8 4.0

200 3.6 3.9 4.1 4.4 4.6 4.8 4.9 5.1 5.1 4.9 4.6 4.2 3.6 3.0

300 3.2 3.3 3.5 3.6 3.8 3.8 3:9 3.9 3.8 3.6 “’3.3 2.8 2.3 1.7

400 2.8 2.9 3.0 3.1 3.1 3.1 3.1 3.1 2.9 2.7 2.4 2.0 1.5 1.0
L

~ 45*C ambient.
~ See 40.1 for unarmored cable, and other cable types.
~ Multiply values by 10“5 for drop factors. Cable characteristicsat 60 Hz in table XVI were used

calcul~ting the drop factors.
~ See ,50.2for definitionof angle a. Negative angle indicates current lags

(lagging load); positive angle indicates current leads referencedvoltage
behind referenced voltage
(laading,load).

‘!



TABLE XVIII. Pr D fa tOrc s ~ for LSTSGA cable. 12O-volt. three-pha

600-Hz

se or sfnele-uhase

n~ 8Vsterns [using watts and vars1. 2/.

I Drop factor valuea ~ at power factor angle # (single-phaae) of angle o ~ (three-phase)

;ize -70 -65

3 166.1 165.2

.!!105.7 104.8

9 43.6 42.9

14 35.2 24.5

23 23.2 22.5

50 10.7 10.1

75 7.7 7.1

100 6.7 6.1

150 5.1 4.5

200 4.5 4.0

300 4.0 3,4

400 3.5 3.0

-60

.64.5

,Oh.2

42.4

34.0

22.0

9.7

6.7

5.7

4.1

3.6

3.1

2.6

.55

164.0

103.7

42.0

33.6

21.7

9.4

6.4

5.4

3.8

3.3

2.8

2.3

Q

-50 -45

63.7 i63.4

03.4 103,1

41.7 41.5

33,3 33.1

21.4 21.2

9.2 9.0

6.2 6.0

5.2 5.0

3.6 3.5

3.1 2.9

2.5 2.4

2.1 1.9

,leain degr(

-40 -30

.63.1 162.7

02.8 102.4

.41.3 40.9

32.9 32.6

21.0 20.7

8:8 8.6

5.9 5.6

4.8 4.6

3.3 3.1

2.8 2.5

2.2 2.0

1.8 1.5

below)

-20 -10

62.4 162.1

02.1 101.8

40.7 40.4

32.3 32.1

20.5 20.3

8.4 8.2

5.4 5.3

4.4 4.2

2.9 2.7

2.3 2.2

1,.8 1.6

1.4 1.2

0. 10

.61.8 161.5

.01.6 101.3

40.2 40.0

31.9 31.7

20.1 19.8

8.0 7.8

5.1 4.9

fi.o ‘3.9

2.5 2.4

2.0 1.9

1.4 1.3

1.0 0.9

20

61.3

01.0

39.8

31.5

19.6

7.7

4.7

3.7

2.2

1.7

1.1

0.7

30

160.9.

100.7

39.5

31.2

19.4

7.4

4.5

3.5

2.0

1.5

0.9

0,5

M 45°C ambient
~ See 40.1 for unarmored cable and other cable types.

3/ Multic.lvvalue in table bv 10-7 for droD factor. The drOD factora in this table are eaual to the drOD
fact~r~ in table XVII di~i.dedby 2 x V.x coa#, where V -“115 volts.

~ See 50.2 for definition of angla a. Negativa angle indicates current lags behind referenced voltage
(lagging load) ; positive angle indicatea current leada referencedvoltage (leading load).

,’ ,.
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,:
40.2 nree-nh ase line currents for sin=le-uhase loads. IrIordsr to

determine the line currents for a three-phsse fceder serving single-phase“loads.
(such as lighting circuits), phase currents shall be combined vectorially. .This
msy be accomplished in the following msnner, with reference to the following
diagram.

= indi.ates the total of single-phcse load for ea.h phase.

I ?n, YBC,,and ~u are currents in’each phase.

~A, ?B, and TC are currents in each line.
. . .

V~, VBC, and Vw are phsse voltages.

1. Ihe bar over the V and I indicate they are vectors. V and I without tbe bars
indicate scalars (msgnituds only).

Total phase currents ‘~, ~BC, and ~CA shall be calculated by summing.
vectorial~ .thgcurrents for the loads in.each respective phase. The phase
voltages V-, VBC, and VW shall be derived by the following:

I

If the power factor angles of the currents in AB, BC, and CA phases are 6’AB,6BC,
and OW, referencing the phase currents with the respective voltages, then:

B5
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The line currents IA, IB, snd IC ?hsll”then be calculated using the following
equati0n5:

:~ -7~-Y~.

;B - YBC - Yu

Tc - & - ?B~

Note thst if all three-Dhase currents are eaual to ma$cnitude
(Iw
then

- IBC - 1~) , and are 1!20electrical dcgree~ out of p~ase from each other,
IA- IB - IC -WI~ (where I- - IBc - 1~) . This simplified method ,of

calculating the current msv be used to estimate its value onlv if there is a,
SMS1l imbalance betveen the three-phase currents.

.

40.3 L“ tin~. For lighting
systems, watts (W snd w~) and vars (U snd UU) can be used instead of amperes
(I and 1~) in voltage drop equstions to avoid the necessity of calculating all
phase snd line currents. This is sn advantage when watt and var values of
cannected loads are known. They represent the resistive (real) snd reactive
(i.maginsry)components of volt-ampere vectors, ~d may be added vectOriallY. ..

For single-phase circuits, watts (W) cnd vars (U) shall be the sums of the
connected load valuss.

For three-phase circuits, volt-ampere (K) vectors may be handled in the same
manner ss the current (I) vectars. The same subscript notation is applicable,
snd is used herein. Equations msy also be written to express scalar values af W,
h’~, U, snd U~ in terms of phase watts snd vars. Care shall be exercised in
using these equations, because some signs are different for inductive and
capacitive loads. The equations below are for inductive loads (see 50.3 for
derivations).

WA = WM + 0.5 W~ - 0.866 U~

WB - WBC + 0.5 WM - 0.866 Um

WC - kt~ + 0.5 WBC - 0.866 UBC

UA - U~ + 0.5 U~ + 0.866 W~

UB - UBC + 0.5 U~ + 0.866 W~

UC - Ua + 0.5 UBC + 0.866 WBC

86
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1.’

I

Where total.load on each of the three phases is capacitive, the signs of the
last terms in the equations listed above shsll be reversed. Similar sets of
equations may be vritten for combinations of inductive and capacitive loads.

For checking current carving capacity of conductors, only the largest phase
volt-amperes (K) value shall be considered. General equations ,sballbe as
follows:

nLL-cos-lf~)ortai-l~~)

Note: ~ is a positive angle if U~ is ppsitive: aLL is numerically
greater thsn 90 degrees if W= is negative.

50. DsTAID DESmIFTIONS OF @ATIONS ‘km CALCUMTIONS (DERIVATIONS)

50.1 Power svstens - deriVatiOn of drOD factors (DF>. This section
contains the derivation of the equations used to calculate drop factors for
voltage drop calculations in power systems. Tables XIII and XIV contain drop
factors for type LSTSGA cable which were calculated by using the derived
equation: Similarly, the drop factors shovn in table XV for type IS6SGA cable ..
were calculated by also using this equation. Ibis equation may be used to
calculate drop factors for other eypes of cables, if the cable impedance
characters tics are known.

Voltage relations for voltage drop calculations may be indicated in a vector .
diagram as follows: _-

..
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From the diagram:

E2 - (V + 12 COS CI)2+ (IZ Sin a)2 (equation 1)

From equation 1:

v-
-1’-+~ ‘ (equstion 2)

Voltage drop is given by the equation:

D-(Y)lOO-(1-:)100
Substituting for V in equation 3 from equation 2:

(equation 3)

-’++=-m=’] ‘eqwti0n4) ~

m sin2a may be expressed (approximately)
binomial series expansion which are:

[() ]

1=2
1-2E sin2a

Substituting into equation 4:

by the first tvo terms of its

(equation 5)

--
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L2c
100(2) Cosa

A- E

l-hen,

, L X A - IOO(Z)’COSU z
E ,since z-L,

snd let

B- -’

Then,

L2XB-9

Equstion 5 msy then.be revritten as follows:

D% - IX LX A+(IXL)2B

Lst drop factor (DF) be defined as follows:

DF-A+(Ix LxB)

(equation 6)

(equstion 7)

l?henequation 6 msy be vritten as follows:

DZ -Ix LxDF, (equation 8)

Since 2E2>>E, &>B, for ti>B, equation 8 becomss d# s I x L x A, vhere d# -
sssumed voltage drop.

Therefore,

Substituting this value into equstion 7 as follows:

L

12k?s!z
,snd DF - E

(equation 9)
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Substituting into equation 8 as follows:

D% . I.L. w[oo +@,-’j]
—

Therefore, drop factors shown in tables XIII, XIV, snd XV are calculated from
eWtiOn 9 by using the appropriate cable $.mpedencecharacteristics and load
power factors. The assumed voltage drop (~% ) equals 10 for the drop factors
generated in these tables. The percentage voltage drop (D%) for a given load
condition and length of cable may be calculated by multiplying the appropriate
drop factor value as shown in (tables XIII, XIV, and XV) by the length of cable.

50.2 Lichtine svseema - derivation of dror.factors (DFI. This section
contains,the derivation of the equations used to calculate voltage drop
calculations in lighting systems. Table XVII contains drop factors for type
L5TSGA cable which were calculated using the derived equation. This equation msy
be used to,calculate drop factors for other cables, if the cable characteristics
are lmown. The circuit.for a three-phase lighting system may be represented as
follows:

Voltage loop equations may be vritteu for loops BAabB, CBbcC, and ACCSA as
follows:

-l?~ + ZLIA + Vab “-ZLIB - 0

-EBC + ZLIB + Vbc - ZLIC _ O

-~ + ZLIC + Vca - ZLIA _ O

where ZL - impedance, in ohms for each phase of both cable and load.

The above loop equations may be rewritten’as follows:

E~-V~- (IA - IB) ZL

EBC - Vbc - (IB - Ic) ZL

%A-vca - (Ic - IA) ZL

..
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For the first equation in the above set of three, a vector diagram may be
drawn as follows:

\

t

0 ‘.
‘.
\

(“IA-IB) ‘

Since angie e is very small,

Cos(c+a)scosa.

and Vab s Vab cosa

Therefore, from the vector diagram,

Vab ~, EN - (IA-IB)ZL COSIY (equation 1)

The general quation for voltage drops is given by:

., .~),oo .(.),OO (equation2,

For phaae AS specifically, equation 1 may be vritten aa

.( )VA

DZ-1 - Em 100

Substituting in equecion 3 from equation 1 for V*,

( )

(lA - IB) ZL cos
D% -l-l+ x 100

Em

Since # - u + B.

(equation 3)

..
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Therefore,

“D’ -(lA-*::’”) 100,’

(equation 4)

Eq&tion 4 may be generalized by letting IL represent the difference in line
currents (IA-IB, IB-IC or IC-IA), and E represent the line-to-line rated source
voltage (Em i EBC, or E&) .

Equation 4 may then be irrittenas folloys:
,,.

02 -I~x

~

Since ZL - L

o% - Im

Let drop factor

SQs.t
ZLX E x 100

equation 5 may

m
XL XZLXEX

(equation 5)

be rewritten as follows: .

100 (equation 6)

(DF),be defined as follows:

u
DF - ZLX E x 100 (equation 7)

Substituting eqqation 7 into equation 6,

DZ - I~x LxDF (equation 8)

Therefore, drop factors in table XVII are calculated from equation 7 by u ing
appropriate cable impe~ce characteristics and load power factora. The entries
of table XVII are prapared for a given power factor using the relationship
e - a + # from the vector diagram in 50.2.

50.3 ~L actors usi load watts
and vars. I?hissection contains the derivation of the equations used to
calculate voltage drop in lighting systems by the load watts and vars method.
Table KVIII contains drop factora for type 15TSW cable vhich were calculated
using the &rived equationa. The equations may be used to calculate drop factors
for other cable types, if the cable characteristics are Imown. The following
vector diagram is used in derivation of the equations:

.

. .

--
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“m

&

‘CA

%

VA8
‘JAa

1.48
1~~~

/ >TA7[QN,.
“EC

power (real and imaginary) for each phase, may be
current by phase voltage. For example, for phase

found by
As,

In rectangular form, KAB. - VM (l+jO) x 1~ (COSOW + jsinOAg)

Since vMIMc05e0 -

V@~sinfl~ -

Equation 1 may be.vritten as follows:

W~, and

UAB,

KM . w#@ + jupJ
.

KBC and ~ may be referenced to the same axis as Km; for inductive loads,
their vector values shall be as follows:

KBC cos (-120” - #BC) and

@ co, (120” - o~)

Using the trigonometric identity as follows:
..

c08(e1 - e2) - COS01COS62 + sin91sinfJ2
.’. .

.-
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These terms can be written ss follows:

KBCICOS (-12f)”)cos (#BC).+ Sin (-120”) sin (OBC)

~[cos 120” c0sr3~ + sin 120” sin # Bc]

since sin(-120”) - ;0.866 snd COS(-120”) - -0.5

sin 120” - 0.866 snd COS 120” - -0.5

equation becomes KBC (-0.5 COSOP,C - 0.866 sin#BC) snd

KCA (’-0.5”cOs@CA + 0.866 s!nd~)

As indicated above, these tvo quantities can be rewritten as follows:

-0.5WBc - 0.866UBC and

-- -0.5VCA + 0.866UCA

Since line A vole-smperes is the difference between phase AS volt-smperes
phase CA volt-smperes, then:

Substituting for l?~ and UW,

VA - KM COSt?~ - ~ COS (120”- #~)

V* -wAg- (-0.5 WCA + 0.666 UCA)

WA . w~ + 0.5WCA - 0.866 UCA (equation 2)

siMihrly fOr WB,

WB-WBC-tlU.

- KBC (-0.5 COS8BC - 0.866 Sin@BC) - w~

-ti~ - 0.5WBc - 0.866 UBC (equstion 3)

Since ‘IJ(AB) - ‘A - WB

94 ,,
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Substituting from equations 2 and 3,

%L(AB) - 2w/@ + 0.5 (WBC + Wm) + 0.866 (UBC - UW)

and 2w~(Ag) - 4w~ + wB~ + WW + 1.73 (UBC - UM)

By an analysis similar to tb”t shown above, the equation for 2 UU(AB) msy
be found.

Equations for WU(BC), WLL(CA), ULL(BC) and U~(CA) “maybe fO~d by
referring the K vectors to the same sxis of VBC for WLL(BC) and ULL(BC), and VCA
for WU(W) and ULL(W) . Equs%ions for capacitive loads, or mixed inductive and

I capacitive 10a&, may also be &rived by assigning the proper sign to each phase
~gle (negative for inductive and positive for capacitive) in determining values
of cosine and sine (~ 120” ~ 0). It shouLd be noted that if these equations are
divided by load voltage, V, similar expressions involving resistive and reactive.—
‘c-orients of current will result. In-some casks, use of these equations may be
more convenient than the vector rotation method when currents are used in
calculations.

The general voltage.drop equ.atiorifor lighting systems as derived in 50.2 is

.Dz - Iux LxDF (equation 4)

Since W~ - Iu (V) (cosa ), subs~ituting 2W~ - 21~’ (V) (cosa ) into
equation 4 will give

LX2WLLXDF
D% - (equation 5)

1.

I
2(v) Cosa

I LX a new drop factor (DF’) be &fined as follows:

DF
DF’ - 2(V) COSa

Therefore,

D% - LX2WLLXDF’
..

The three-phase voltage drop equation (equation
=gle, in accOrkCe with the following derivation:

I
5) may be revritten, without

95
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I

AS shovn in 50.2,

Cos (a + 81
DF - Z~X E x 100,

where # - a+fl

Substituting for DF in equation 5,

I L x Wu x ZL (COSQ cosfl~ sinn sir@) x 100

I
DX - E(V) COSQ

Using a trigonometric identity,

100 x L x W~ x ZL (cosa cos~ ~ sinm si@)

02 - E(V) COSa
.

100 x L X Ku X (R COSU f X Sinm)

E(V)

100 x L X (RW~ ~ X’U~)

120 x 115

DZ - 725 (L) (RW~ ~ XU~) x 10-5, vhere R and X are cable co~t~ts =
shown in table XIV. Plus is used in the above equation for inductive loads, and
minus is used for capacitive loa&. In order to calculate the percentage voltage
drop, entries in table XVIII may be used vitb the value of power specified and
length of the cable.

50..4 ge vat 0 0 es stanceri i n f r i and reactance values for cables. This
section contains the derivation of.valuss for cable resistance and reactance used
in tables KIII, XIV, KV, and XVI. The cables identified in this dmcument have
conductor.diameters of stamdsrd AWG, rather than Navy siZes. Navy sizes are
close to equivalent AWG sizes. However, the differences are enough to affeet
cable impedsnce values.

The i,&al method of determining resistance and reactance valuas for
particular cable types is by test measurements. In the absence of.test data,
however, these values may be derived mathematically.

50.4.1 Ca cu at 0 0~ or cab eS. The method used herein
for calculating the resistance of electrical cables is based upon the one
specified.in ASTM B 258 snd ASTM B 8. This gensral method may be used to
calculate with reasonable accuracy the resistance,of sny cable with concentric-
lay-strandsd conductors. lhe overall approach is as follows:

96
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(1) Calculate & resistance at 20”C for solid conductors using
ASTM B 258.

(2) Adjwt for concentric-lay-strandedconductors using ASTM B 8.
(3) Adjust for ac resistance by’multiplying by the ac/dc resistance

ratio at the &sired frsquency (60 or 400 Hz).
(4) Adjust to temperature for which cable service is &signed. As

specified in ASTM B 258,“& ,resistanceat 20°C in ohms per 1000
feet is given by:

()R& - % 105.35

where p (resistivity) is 875.20 ohm-pounds per mile squared, and
is 6 (dsnaity) 8.89 grams per centimeter cubed. Therefore,

R& - 10.371.47
d2

where d is the diameter of.the conductor in mfls. Therefore. the
folloving chart for tj@e’5G-“equivalentsolid.conductors shali be
generated.

~ (ohms per 1000 ft) at
Desienation Qia. (mils~ 20”C

SG-3 50.8 4.018
SG-4 64.1 2.522
SG-9 101.9 0.999
SG-14 114.4 “’” .792
SG-23 144.3 .498
SG-50 229.4 .197
SG-75 289.3 .124
SG-1OO 324.9 .098
SG-150 409.6 .062
SG-200 460.0 .049
SG-300 547.7 .035
SG-400 643.1 .025

This data for solid conductors must be adju.stedfor concentric.lay-stranded
SG conductors. Because of the lay in stranded conductors, the resistance for
each unit length of a strandsd conductor is slightly greatsr titanthat for an
equivalent diameter solid conductor. ASTM B 8 provides a precise mathematical
method for &riving the multiplying factor (k, in percent) that is used to modify
& resistance of a solid conductor for ,- equivalent concentric-lay-stranded ..
conductor. A lay factor (mind) is @termined for each wire in a concentric-
lay-strandsd conductor from ‘..-

“nd - ~

.,.

,-
..,
_-
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where n equals the length of lay/diameter of helical path of wire. The lay
factor m for the complete strandsd conductor is the numerical average of the lay
factors (mind) for each of the individual wires in the conductor. Finally, the
increment factor k is calculated from

K- 100 (m-1)

K is the percentage valus increase in resistance of a solid conductor for an
equivalent concentric-lay-stranded conductor. In lieu of performing many
calculations based upon &tailed conductor geometry,.which.would be required by
the above method, the folloving n6minal increment factors may be used:

Number of strands Jncrement factor (nercent~

7 3:
19 4
37 5
61 5
91 5

127 5

Therefore, concentric-lay-stranding of a solid conductor results in a
nominal increase in electrical resistance from 3‘to 5 percent, depending upon the
number of strands in a conductor. The.above chart for dc resistance of solid

I conductors msy be used to generate ,achsrt for concentric.lay-stranded conductors
by applying the above increment factors.

~ (ohms per 1000 ft)
Desienation flumberof stran& at 20”C

SG-3 7 4.139
SG-.4 7 2.598
SG-9 7 1.029
SG-14 7 0.816

were

SG-23 7
SG-50 19
SG-75 37
SG-1OO 61
SG-150 61
SG-200 61
SG-300 91
SG-400 127

The ‘folloving ac/dt resistsnce ratios were calculated
adjusted to 65”C, since the ac resistance values were

;513
.205
.130
.103
.065
.052
.037
.026

(dc resistance values
at that temperature).

..
Desireation Ac/dc ratio at 60 Hz Ac/dc ratio at LOO Hz

-...
SG-3 1.00 1.00
SG-4 1.00

..
1.00

SG-9 1.00 1.00 -.
SG-14 1.00 1.00
SG-23 1.00 1.00

--
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Desireation

SG-50
SG-75
SG-1OO
SG-150
SG-200
SG-300
SG-400

Ac/dc ratio at 60 Hz

1.00
1.00
1.00
1.00
1.00
1.00
1.00

Acldc ratio at 400 HZ

1.00
1.00
1.06
1.09
1.14
1.43
2.35

Therefore, the above chart for & resistance of concentric-lay-st!randad
conductors msy be used to generate a chart of ac resistances, 60 and 400 w
20”C, by multiplication of the appropriate ac~dc resistance ratio.

Ac resistance, 60 Hz Ac resistance, 400 Hz
Desisnation (ohms r.er1000 ft)- (ohms per 1000 ft)

SG-3 4.139 4.139
SG-4 2.598 2.598
SG-9 1.029
SG-14

1.029
0.816 0.816

SG-23 .513
SG-50 .205.
SG-75 .130
SG-1OO .103
SG-150 .665
SG-200 .052
SG-300 .037
SG-400 .026

Finally, ac resistances must be adjusted for the design
service. Resistance values at a selectad temperature may be
measured resistance values at snother temperature by

I Rt _ Rto [1 + a (t-to)]

Where:

For

For
iS 65”c.

The,.

at

.513

.205

.130

.109

.071

.059

.053

.061

temperature of cable
calculated from

Rt - required resistance.
Rto - messked resistance.

t - temperature at which resistance is required.

to - temperature at which resistance was measured.
a - temperature coefficient of resistance at measured temperature.

to - 20”C, a - 0.00393 per l“c, and to - 25”C, a - 0.00385 per l-C.

tables XIII (60 Hz) and XIV (400 Hz), the applicable temperature value .-
l’herefore,resistances in tha above chart must be multiplied by . -.

1 + 0.00393 (65-20) - 1.177 ,. ..

following data results:

_-

99



KIL-HOBK-299(SH)
APPENOIX
3 April 1989

Ac resistance, 60 Hz
Designation (ohms Der 1000 ft1

SG-3 4.872
SG-4 3.058
SG-9 1.211
SG-14 0.96
SG-23 .604
SG-50 .241
SG-75 .153
SG-1OO .121
SG-150 .076
SG-200 .061
SG-300 .063
SG-400 .031

Ac resistance, 400 Hz
(ohms uer 1000 ft)

4.872
3.058
1.211
0.96
.606
.241
.153
.129
.083
.069
.061
.073

These are the resistance values shown in tables XIII (60 Hz) and XIV (400
L).

For table XVI, the applicable temperature value is 45”C. Therefore,
resistances at 20”c must be multiplied by

1 + 0.00393 (45-20) _ 1.098

The following &ta resul’ts:

Designation

SG-3
SG-4
SG-9
SG-14
SG-23
SG-50
SG-75
SG-1OO
SG-150
SG-200
SG-300
SG-400

‘Ac resistance, 60 Hz
~1 000 ft

4.~56
2.853 “
1.130
0.896,
.562
.225
.143
.113
.071
.057
.041
.029

Ac resistance, 400 Hz
(ohms uer 1000 ft)

4.456
2.853
1.130
0.896
.563 “
.225
.143
.120
.077
.064
.059
.068

These are the resiscance values shovn in table XVI.

For type 6SG cable shown in cable xv, two conductors are connected in
parallel for each phase of a three-phsse circuit. Therefore. the resistance for ..
each phase is one-half of the aC resist=ce (at

required &sign temperature of 65-C. Resulting
400 Hz) calculated“earlierat the -
values are as follows:,

..
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pesicnation

6sG-1OO
6SG-125
6sG-150
.6sG-200 ~~

Ac resistance, 400 Hz
~ 000 t

0.064
0.052
0.042
0.035

50.4.2 Calculation”of reactance values for cables. Calculation of cable
reactcnces is much more complicated than the “calculation”of cable resistances.’
The principal rsason for this is that cable reactance are not only dependent
won the geometry of the conductors in the cable; but also on the cable.’s ..
externcl environment (for exxmple, conducting armor mxterial and proximity to
surrounding steel). The folloving inductance (reactance‘dividedby the quanti~
of tvo times the frequency times m) values are for Navy size cables.

I

Pe i=ns ation

SG-3
SG-k
SG-9
SG-14
SG-23 .,
SG-50
SG-75
SG-1OO
SG-150
SG-200
SG-300

Inducta.nce
mill ihenries ner 1000 ft~

0.109
.104
.098
.085
.080
.074
.072
.072
.069
.069
.069

I SG-400 .066

In terms of the .magni~e of impedance for a cable, these values of’
inductance are relatively in.significant in comparison to resistance, except for’
large size cables at 400 Hz. Conxequsntly, in the absence of reactance data,
reasonsblv accurate voltage drous can be calculated on the basis of resistance-.
alone for cables with relatively insignificant inductance. In Or&r to quantify
the effect on reactxnce in converting from Navy sizes to AWG sizes, the ratio of
the change in the ratio of the distsnce betveen the center of conductors snd the
conduccor diameter.for each size is used sx a multiplying factor to determine a
new inductance value. While this method may not be precise, it does provide (on
an order of magnitu& bssis) a reaxonsble inductancevalue for AWG sizes based
upon the data for Navy sizes. Conductor dicmetersare derived from MIL-C-9,15for
old ratio snd N3L-C-24643 for new ratio. New inductancevalues are as follows:

I New inductance
Desivnatiorl ~ New ratio Jmillihenries uer 1 )-000 ft

I

SG-3 2.17 2.26 0.113
SG-4 1.88 . 1.97 .109

I
SG-9 1.73 1.61 .091
SG-lk 1.92 2.02 .089
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Desienation

SG-23
SG-50
SG-75
SG-100
SG-150
SG-200
SG-300
SG-600

Old ratio New ratio

I
From these adjusted

I be calculated to produce

1.81
1.31
1.28
1.25
1.22
1.23
1.19
1.16

Desienatioq
. .

SG-3
SG-h
SG-9
SG-14
SG-23
SG-50
SG-75
SG-100
SG-150
SG-200
SG-300
SG-400

1.89
1.28
1.22
1.21
1.19
1.20
1.19
1.16

new inductance values,
the following data:

Ac resistance, 60.Hz
(ohms ner 1000 ft~

o.o&3
.041
.034
.034
.032
.027
.026
.026
.025
.025
.025
.025

New inductance

.083

.073

.068

.069

.067

.067

.069

.066

reactance at 60 and 400 Hz may

Ac resistance, 400 Hz
(ohms ner 1000 ft)

0.286
.274
.229
.221
.211
.181
.173 .,
.176
.168
.168
.173
.166

Since tvo conductors are connected in parallel for each phase, the reactance

per phase is one-half of reactance at 400 ,Hz. The reactance values used for 6SG
cable are as follows:

,“ Ac resistance, 400 Hz
.g&&r@& (ohms ber 1000 ft)

6SG-1OO 0.088
6SG-125 .086
6SG-150 .08h
6SG-200 .084

Finally, impedance values are calculated by taking the square root of the
sum of the resistance squared and reactance squared.

. .

,-
--
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LSFPS ....................
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LSKDY. ...................
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28
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3
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31
31
31
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56
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45
34
34
34
45
45
40
.!+0
41
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37
37
51
31
32
35
35
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