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Section 24—Wire, Cable,

And Assemblies (Except Magnet Wire)

Author Credif

This entire section was staff pre-
pared.

INTRODUCTION

Wires and cables are an extremely
complex subject. Thousands of pages
could be written (and have been writ-
ten). There ‘s no simple and easy way
to classify wires and cables—some
are described by form (such as flat),
some by general application (such as
power) or by specific application
{such as switchboard), some by type
of conductor {such as copper}, some
by type of insulation (such as var-
nished cambric), some by property
{such as high temperature}, some by
outer covering {such as steel ar-
mored), and some by voltage rating.
Understandably, all this makes it very
difficult to know where to begin and

where to end in any fundamental

discussion of wires and cables.

In order to simplify this situation.
this section has been prepared with
the intention of giving readers basic
knowledge on wires and cables—ter-
minology, selection considerations,
common calculations and size data,
construction materials (both metals
and insulations), ete. This type of in-
formation is designed to permit read-
ers to determine where their interests
lie so that they may consult manufac-
turers for specific recommendations.

TERMINOLOGY AND DEFINITIONS

The following definitions are a por-
tion of those approved by the Ameri-
can Standards Assoctation (ASA
C42.35 1957):

Cable—either a stranded conductor
with or without insulation and other
coverings tsingle-conductor cable},
or a combination of conductors insu-
lated from one another (multiple-
conductor cable).

Cable Core—the portion of an in-
sulated cable lying under the protec-

Figure 1. rarietv of polvethvlene protected wires and cables includes
(lejt to right) control cable. thermocouple wire. high voltage anode lead
wire. building wire. rural distribution wire, 600 v power cable, gas station
wire. GTO wire. power cable. shielded twin lead wire, shielded control
cable. and telephone cable (center ). Courtesy E. 1. du Pont de Nemours

& Co. Inc.
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tive covering or coverings.
Cable Core Binder—a wrapping®
tapes or cords around the severaldl
ductors of a multipie-conductor caliel
used to hold them together. (NQZHES
Cable core binder is usually supgded
mented by an outer covering oj b
jacket, or sheath.
Armored Cable—a cabie pro
with a wrapping of metal,
steel wires or tapes. primarily fosf}
purpose of mechanical protection
Cable Filler—the material useqs
multiple-conductor cables to ocCiE
the interstices formed by the a :
of the insulated conductors, :ji
forming a cable core of the *-_ el
shape (usually circular).
Cable Sheath—the protective covg
ing applied to cables. (Nore: Fes
power cables the sheath is usuclgly
lead.) ¥ '
Jacket—a rubber or svmhetxc Co
ering, sometimes fabric-reinforce
over the insulation, core or shcatb e
a cable. "
Semi-Conducting Jacket—a jacks
having a sufficiently low resistancesgil
that its outer surface can be keptl
substantially ground potential by
grounded conductor in contact with
at {requent intervals. 2
Concentric-Lay Cable—either: (&
A concentric-lay, conductor as defines
later, or (b) A multiple-conducia
cable composed of a central core S{
rounded by one or more layersig
helically laid insulated conductors3
Duplex Cable—a cable composl
of two insulated single conducl
cables twisted together. (NoTE: 1/8
assembled conductors may or may ™
have a common covering of bindiny
or protecting material.) X -
Lead Govered Cable (Le%
Sheathed Cablei—a cable provided®
with a sheath of lead for the purposd
of excluding moisture and atfordin
mechanical protection. i
Multiple-Conductor Cable—a com®
bination of two or more cenductoX
cabled together and insulated fret
one another and from sheath or arm?
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QLEAR MYLAR TAPE

BARE ANNEALED COPPER

PROTECTIVE COVERING OF OXKOSEAL

10-mil OXOSEAL (COLOR CODED)

20wl OXQLENE

Figure 2. general purpose control cable for all types of installations with
multiwall construction. Photo courtesy The Okonite Co.

where used. (NOTE: Special cables
are referred to as 3-conductor cable,
7-conductor cable, 50-conductor cable,
etc.)

Serving of a Cable—a wrapping
applied over the core of a cable before
the cable is leaded, or over the lead
if the cable is armored. (NoTE: We-
terials commonly used for serving are
jute or cotion. The serving is for
mechanical protection and not for
insulating purposes.)

Shielded Type Cable—a cable in
which each insulated conductor is en-
closed in u conducting envelope so
constructed that substantially every
point on the surface of the insulation
is at ground potential or at some pre-
deiermined potential with respect to
ground urnder normal operating con-
ditions.

Triplex Cable—a cable composed
of three insulated single-conductor
cables twisted together. (NoTE: The
assembled conductors may or may not
have a common covering of binding
or protecting material.)

Cunductor—a wire or combination
of wires not insulated from one an-
other. suitable for carrying electric
current.

Bare Conductor—a conductor not
covered with insulating material.

Concentric-Lay Conductor—a con-
ductor composed of a central core sur-
rounded by one or more lavers of
helically laid wires. (NoTE: /n the
most common type of concentric-lay
conductor, all wires are of the same
size and the central core is a single
wire. )} .

Copper-Covered Steel Wire—a wire
having a steel core to which is fused

ar’ outer shell of copper.

Cross-Sectional Area of a Conduc-
tor {Cross-Section of a Conductor)—
the sum of the cross-sectional area of
its component wires. that of each wire
being measured perpendicular to its
individual axis.

Plain Conductor—a conductor con-
sisting of one metal only.

Resistive Conductor-—a conductor
used primarily because it possesses
the property of high electric resist-
ance.

Rope-Lay Conductor or Cable—a
cable composed of a central core sur-
rounded by one or more layers of
helically laid groups of wires. {NoTE:
Tids kind of cable differs from a con-
centric-lay conductor in that the main
strands are themselves stranded. In
the most common type of rope-lay
conductor or cable, all wires are of
the same size and the central core is
a concentric-lay conductor.)

Solid Conductor—a conductor con-
sisting of a simple wire.

Stranded Conductor——a conductor
composed of a group of wires, or of
any combination of groups of wires.
{NOTE; The wires in a stranded con-
ductor are usually twisted or braided
together.)

Cord—a small, very flexible insu-
lated cable. (Note: There is no sharp
dividing line in respect to size between
a cord and e cable.)

Factor of Assurance of Wire or
Cable Insulation—the ratio of the
voltage at which completed lengths
are tested to that at which they are
used.

Taped Insulation — insulation of
helically wound tapes applied over a
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conductor or over an assembled growgie
of insulated conductors. ta} Whedl
successive convolutions of & type oveg
lie each other for a fraction of thd
tape width, the taped insulation g
lap wound. This is also called positivg
lap wound. (b} When a tape is ag
plied so that there is an open spac
between successive convolutions, thy
construction is known as open butt @
negative lap wound. {¢) When a tap8
is applied so that the space betwees
successive convolutions is too small g
meéasure with the unaided eve, it
closed butt taping.
Intercalated Tapes—two or mor
tapes. generally of different compos
tion. applied simultaneously in such
a manner that a portion of each tape
overlies a portion of the other tape. ¥
Strip Process Insulation — insulss
tion consisting of one or more strip
of unvulcanized thermosetting ma
terial folded around a conductor ands
vulcanized after application. E:
Thermal Resistance of a Cable
the resistance offered by the ins
tion and other coverings to the flow
heat from the conductor or condug
tors to the outer surface. (NOTE: 14
thermal resistance of the cabie i
equal to the difference of temperass
between the conductor or conductol
and the outside surjace of the cad
divided by rate of flow of heat DIE
duced thereby. It is preferably Qs
pressed by the number of degred
Centigrade per watt per foot of cubley
Lay—the lay of any helical eleroes
of a cable is the axial length of a 115
of the helix of that element. (NOZA
Among the helicel elements of a cais
mav be each strand in o conceniiy
lav cable, or each multiple conducks
in @ multiple-conductor cable.) {3
Direction of Lay—the lateral 8
tion in which the elements of 3 CAZN
run over the top of the cable a8 U
recede from an observer looking KR

the axis of the cable. ey A

Strand -— one of the wireH =
groups. of wires, of anv stranded.G8
ductor. 5

Twisted Pair—a cable cOmPeS
of two small insulated cond s <
twisted together without a COTEZ
covering. (NoTe: The two cond 2
of a twisted pair are usually suwo f
tiallv insulated, so that the cOTR
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o is a special case of a cord.
sre—a siender rod or filament of
Ercws metal. (NOTE: The definition
P icis the term to what would be
o inorily understood by the term
-7 wire. In the definition, the word
B der is used in the sense that the
.} is great in comparison with the
B cier. 1f @ wire is covered with
Poilation, it is properly called an

ot

B wire refers to the metal, never-
when the context shows tha!
> _swire Ls insulated, the term wire
be understood to include the in-

%, sion.)

sands of difierent metals, such as
frminum and steel or copper and
o] assembled and operated in
[ ﬂel.

& uck Tape—tape of heavy cotton
P ic, such as duck or drill. which
2y be impregnated with an asphalt.
T her or svnthetic compound.

¥ illed Tape—fabric tape which has
B+ thoroughlv filled with a rubber
Fgynthetic compound. but not neces-
rily finished on either side with this
: ’pound.

ngle-Faced Tape — fabric tape
hed on one side with a rubber or
hetic compound.

B Double-Faced Tape — fabric tape
mished on both sides with a rubber
mthetic compound.

sim Tape—filied tape coated on
“or both sides with a thin film of
Bwcured Tubber or synthetic com.
Mornd 10 produce a coating suitable
Rt ~ulcanization.
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-impregnated, paper-insulated ca-
Fusually lead covered, in which no
vision is made for control of in-
pressure variations.

ressure  Cable — an  oil-impreg-
ted, paper-insulated cable in which
smtive gauge pressure is maintained
cthe insulation under all operating
e ditions.

WSelf.Contained Pressure Cable—a
essure cable in which the container
the pressure medium is an imper-
flexible metal sheath, reinforced
ecessary, which is factory-assem-
with the cable core.
id-Filled Cable—a self-contained
Qessure cable in which the pressure

- ted wire; while primarily the

W omposite Conductor—two or more .

id-Type, Paper-Insulated Cable

medium is low viscosity oil having
access to the insulation.

Gas-Filled Cable—a self-contained
pressure cable in which the pressure
medium is an inert gas having access
to the insulation.

Pipe Cable—a pressure cable in
which the container for the pressure
medium is a loose fitting rigid metal
pipe.

Oil-Filled Pipe Cable—a pipe cable
in which the pressure medium is oil
having access to the insulation.

Gas-Filled Pipe Cable—a pipe cable
in which the pressure medium is an
inert gas having access to the insula-
tion.

SELECTION CONSIDERAYIONS

As is true with any electrical insu-
lating material or insulated compo-
nent, the selection of wires and cabies
should be based on how satisfactorily
the construction materials used meet
the conditions or requirements of use.
Since wires and cables are used to
conduct electricity, selection of con-

ducting metals in the proper size’

should be one of the first considera-
tions.

Because of the great variety of uses.
wires and cables are probably sub.
jected to a wider range of operating
conditions than any other electrical
component. If one visualizes the
mvyriad of uses outside. underground.
submersed in water, and inside elec-
trical/electronic equipment, missiles,
stee! mills. mines, chemical plams,
etc.. the availability of so many dif-
ferent types of wire and cable can
readily be understood. Requirements
of the application will determine the
particular characteristics required.
The discussion that follows offers sug-
gestions as to factors that should be
considered but it is recommended that
readers analyze their own specific
uses to make sure that all require.
ments are evaluated. Wires and cables
can be custom-engineered 10 meet
nearly any conditions.

From a physical standpoint. tensile
sirength and elongation should be
considered for any wire subjected 10
tension or puliing during assembly
and application or operation. Abra-
sion resistance is a factor during
some assembly operations and for
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Figure 3, conductors aglow with
corona, Corona. a discharge of elec-
tricity, is emitted in this case because
the three single conductors are ar-
ranged for a transmission of 460.000
volts. but are being energized ot a new
world high of approximately_750.000
volts. Conductors coming into the
transmission tower from the upper
right are without corona because they
are bundled in groups of jour—the
proper arrangement for transmissions
oi this size. Photo courtesy General

Electric Co.

Figure 4. contour cable developed to
replace bulkier round wiring in mis-
siles. Flat metal strip conductors em.-
bedded in plastic ribbor save almost
half the weight of conventional cable.
Photo courtesy Hughes Aircrajt Co.

cabies that might be pulled over the
ground or which might rub against
tree limbs. Cold flow of insulation can
be important where the wire will be
exposed to continuous pressure at par-
ticular points. Flexibility and britie-
ness are considerations from the
standpoint of facilitating handling
and service life if the wire is to be
bent during use. Adhesion of the
different materials of construction,
hardness, residience, and tear, im-
pact, shear, fatigue, and compressive
strengths must also be evaluated for
many uses. Expansion and contrac.
tion of the different materials of con-
struction relative to each other and to
the whole are factors. Resistance to
motsture and porosity are vital for
many jobs.

Some of the electrical character-
istics that must be considered include
conductivity or insulation resistance,
surface and volume resistivity, dielec-
tric constant, dielectric strength, arc
and track resistance, power factor,
impulse strength, corona level, dielec-
tric loss, capacitance, and inductarce.

Thermal properties of wire insulat-
ing and conducting materials include
the temperatures at which the mate-
rials soften. melt, vaporize. and freeze.
Others are thermal resistance, co-
eficient of thermal expansion, resist-
ance to heat shock, specific heat, ther-
mal aging, low temperature fexibility,
and thermal conductivity. Thermal
properties are very important in mis-
sile work. in equipment which is re-
designed to fit smaller, more compact
packages. and in areas where wires
and cables are subjected to excessive
temperatures during service.

Among the other characteristies
which should be mentioned are Aom-
mability, chemical siobility, and re-
sistance to acids, alkolies, fuels. oils.
chemicals. solvents, radiation. weath-
ering, sunlight, ozone, salt spray, and
corrosion.

ELECTRICAL CALCULATIONS

The following information from
“The Rome Cable Manual of Tech.-
nical Information,” copyright, 1957,
Rome Cable Corp., is published
through the courtesy of the Rome
Cable Division of the Aluminum Ce.
of America. Rome. N.Y.
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insuiation Resistoace of Cables

In general there are two possiil
leakage paths, one through the Lge
of the material and the other:
the surface. i

Volume insulation resistance of
electrics is dependent upon the vola
resistivity, usuaily expressed in.y8
ohm—cm. The d-¢ insulation re
ance @ 60°F in ohms of 2 singleg
ductor cable of length L is 3}

k D
R=grle7 ;
Where k = specific resistance,
cm X

d = diameter of conducta

D = ouside dismeter offié
sulated conductor

L = length of cable in -

If the unit of cable is taken as N
feet, the formula becomes

R=K logm—g"

where R = megohms—1000 ft 3
K = constant for insulatiog
In this case X is known as the
sulation resistance constant and’J
substituting this value in the abok
formula, the insulation resistance’ =
be determined for any insulated e
ductor. Resistance measurements s8
greatly affected by temperature’ ¢
for this reason are usually correchil
to 60°F by use of temperature coell
cients previously obtained for the pl
ticular insulation under test. Thel
temperature coefficients are listedpl
most specifications for the insulaD
under consideration. 3
Surface resistivity is the resh
between two opposite edges of 2
face which is usually 1 cm square
surface resistivity is affected b
conduction power of a thin filu
moisture, sometimes mingled ; ¥4
dust or foreign matter, on the su
of the insulating material. The suf
resistivity is often a thousand Xy
greater at low humidity than at
humidity. '

Capacitance of Cable

The electrostatic capacitance 0%
length of insulated wire to groun .

i . . (K
expressed in microfarads per 1004
—Is

C = 0.00736¢
logw -—T

- . :."
where ¢ = dielectric constant ('

“



cifie inductive capacity)
oi the insulating material
¢ [ — outsicde diameter of the
1 insulation

d = diameter of the conductor

dieiectric constant is a specific

of an insulating material

reek ev mbol 13 and 1s a\co re-
s SIC (specific inductive

ion held. At most commerc1a]
and frequencies used in
distribution, the capacitance
are negligible. At relativelv
oltages the current due to ca-
nce may reach sufficient vaiue
ﬁect the circuit. and insulation for
s applications is designed for mod-
_ Jow dielectric’ constant. In

ce of the wire determines the
um length of line over which

% gt insulations are designed with low
%nc copsiant in the communica-

'-mm! Stress In Cabie lnsuiation

Strength
. dielectric strength of a cable
on is the electrical stress re-
i d to puncture an insulating wall
%’n thickness. This property is
ecd in terms of volts per mil
. The dielectric strength of
ing materials is influenced by
v‘lu!c of rise of the applied voltage
ﬁxe total length of time the voltage
qnphed A dlow rate of rise usually
5. use the material to puncture at
%‘ voltage than will a rapid rate’
Tme. Similarly a material may with-
1: relatively high voltage for a
fume, but will fail at a lower
2 of longer duration. For this

3, the standard method emploved
he cable industry consists of two

tests. One is a short-time test whereby
a voltage stress of 200 J'/M is applied
for a period of five minutes followed
by a voltage time of 500 F'/Sec. until
breakdown occurs. The other is a
long-time test whereby 200 F'/M ic
applied for five minutes followed by
20% voltage increases at five minute
intervals.

Maximum and Minimum Stress

The stress at any point in an homo-
geneous cable insulation may be cal-
culated by the following formula:

S, = £

- 300 T ]0010 f},)

where 5 = Stress in volts per mil at a
point in the insulation r
mils from the axis

E = Voltage across the insula-
tion in volts
d = Diameter of conductor
D = Diameter over insulation
r = Distance of point from the
axis in mils
According to the formula the maxi-
mum stress occurs at the surface of
the conductor and the minimum stress
at the outer surface of the insulation.
By difierentiation, it can be shown
that the maximum stress (at the con-
ductor surface where r = d/2) has its
lowest value when

"Q: = 2.718
d

Electrical Losses In Cable insulation

Dielectric loss ic the time rate at
which the electric energy is trans
formed into heat in a dielectric when
it is subjected to a charging feld
(ASA).

The operating temperature of anv
cable depends upon the rate of heat
generation in it and upon the rate at
which the heat is dissipated. The heat
is generated by the J*R loss in the
conductor and an energy loss in the
insulation. This latter loss is called
dielectric loss.

The dielectric loss in any cable
equale the product of the specific in-
ductive capacity of the insulation, the
power factor of the insulation and a
constant which takes care of the geo-
metric dimensions of the cable, volt-
age stress, etc. It varies approximately
with the square of the voltage.

The power factor of a dielectric ma-
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19 WIRE
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Published through the courtesy of Rome Cable Division of Aluminum
Co. of America, Rome, N. Y., from “The Rome Cable Manual of Tech-
nical Information,” copvright 1957, Rome Cable Corp.

terial in an a-c field is the ratio of the
power loss in the material to the prod-
uct of the applied voltage and result.
ant current. Expressed vectorally, the
voltage will lag the current by an
angle ©. less than the theoretical 90
degree. The power factor is the cosine
of this angle and is often expressed in
percent.  Communication engineers
frequently used the terms “imperfec-
tion angle” or “dissipation factor” ¢
for the complement of the phase angle
©. Hence. for an insulation with low
power tactor (less than .10) the power
factor 1s equal to the tangent of the
imperfection angle .

Power factor is an important prop-
erty in wire and cable insulations as it
represents a power loss. In commer-
cial power cables. this loss does not

o

bhecome serious until it reaches a vaiue
of 3% or more~—at which point the
dielectric losses may cause excessive
insulation heating for safe operation.
particularly at potentials over 7300
volts. In communication cables, the
power factor plavs an important role
as the actual power loss can repre-
sent an appreciable portion of the total
energy in the circuit. Power factor is
usually increased with increased
water absorption. temperature, age
and voltage. Most specifications for
wire insulations state the maximum
initial power factor or the maximum
power factor after prolonged im-
mersion jn water.

The dielectric loss factor is the
product of the power factor and the
dielectric constant.
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indactance of Coble

The inductance of a circuit cong
ing of parallel conductors may begs
culsted by the approximate formy

L = (0.1404 iogwg-— 0.015)
where L = henries per 1000 fee
conductor g
a = radius of conductor @
b = spacing between centerig
conductors ;
@ and b must be expressed in.
same units. )
The total inductance of a two-wl
transmission circuit per 1000 feel®s
circuit is twice the above value M
formula applies to both cable circo#
and open wire lines. 3
The inductance of muitiple-condad

&

tor cable depends principally upon 8
thickness of the conductor insulatif
The belt or jacket affects it om
slightlv. ‘ -
The formula as it stands ma

used for the approximate inductangl
of two-conductor concentric or cosxi
cable if b is taken to be the Dk
radius of the outer conductor. ANS
resulting value of inductance will.X

that for 1000 feet of cable.

WIRE AND CABLE CONSTRUCTI ok

&

Wire constructions are complex:J
varied. Cables mav be jacketed, o8
sulated. and shielded with manyg
ferent lavers of many different &
rials applied in many different
and sequences—and the same Dal
true for the individual conducke
within the cables. Thus, it can b
that it would be impossible to 1%
the constructions possible. Each’E
rial used is designed to contitey
something to the finished producths
properties of some materialsiy
themselves to specific applicah
with related requirements. Othely
terials are more universal i
applications. :

Conductor materials may
or stranded. The metals may be
alloys, plated. or clad. Primary,
tion and jacketing materials 1
served varps, braids, tapes,
lap. felt. impregnants or coatingie
extrusions. Some conslructio. -;
clude both inner and outer 185
braids, extrusions. ete. Shiel
generally braided or wraPPed: 8

!



STRUCTION MATERIALS
3 ‘ddiﬁor 1o their use as conduc {Extracted from Tables Prepered by Driver-Harris Company!
.ﬁ i - -
metale are used for shielding, ' t i t :
= 1 A ! : | MINIMUM
pr, and support n cables. In the { RESISTIVITY : COEF. | eENSILE '
= £ Jerd. it is used as a waterproof : OF | APPROX..STRENGTH' SPECI-
Tl MATERIAL | ‘ | LINEAR : MELT- | Ly 8. 1n.- FIC
er. jacket. | Ohbms : Tempers- . EXFPAN- ING ¢ 20c i GRAV.
rnductor metals are selected not fimi.foot). twre | SION ! PDO;Ng wsFy ¢ ITY
) ) .. ; i Coeffcrent | | ‘ '
n the basis of their conductivity : : ; !
.+ hea: resistance, breaking | [Per Deg Ci Per Dex €
X R . it 800 | +.00002 | .0000133 © 3400 130.000 a.108
eth worLab‘lllt}, coefficient of ex g0 | .00007 | .0000185 | 1480 90.600 5.
n, and other factors all enter 675 | 00015 | 000013 | 1350 95.000 8.247
. . R 650§ 00011 | 600017 1400 100.000 3.412
=the consxograu?n of what con 600 | 00036 & 0000158 ' 1380 ¥0.000 7.950
P .r metals should be selected for $90 | .000125 .0000361 | 1395 80,000 8.55
jcular applications. Copper. of {570 | 00055 i .000015 | 1480 75.000 8.15
is the most common conductor, | 494 ¢ 00135 . 000001 . 1425 70.000 8.08
. : Stainless Type 304.| 438 L .00094 ! 000020 . 1390 . 100,000 7.93
other metals are being used in 142 Alloy . .. ...... | %20 | ooz | .o0000s3 i 1425 70000 811
”using amounts and the same Advance®. . ... .. P29+ i x.00002 { 0000149 i 1210 - 60,000 89
* H H i x )
{or the various allovs and TherloT B ] 0038 | 000006 . 30 . 7S.000  8.36
true for 3 | , g ; :
plated. or clad metals. Manganin 290 : %.000015" .0000187 ‘ 1020 © 40000 - 8192
hieldi ] 146 Alioy {275 L0032 | .000008 | 1425 | 70.000 817
etals for shielding may serve a 152 Alloy 260 .0036 | _00DOO®S 1 1425 70000 . B.247
rof purposes. In coaxial cables, Duranickel®=, . . io260 i -001 00004 1435 . 90,000 @ 875
R binats ith th Midohm*. . ....... . 180 | 00018 : 0000175 - 1100 | 50,000 | 8.
shielding in combination wi € 33Aloy .........1 162 [ .0024 | .0000145 | 1420 | 75000 : B.60
ﬂnctor and insulation determines ' : ; : ! i
= - . . K FRN 1 P | H .
electrical characteristics with the iiﬁ - 325 P go00idz 4 Mas | 70000 B2
3 - i 00001 | 1425 | 70000 . 846
atching of impedance to re- Magno® ; ; : . : i
.:’f m < ) p' ) (Gr. D**Nickel) © 305 | .0036 ' .0000143 ! 1435 | 60,000 | 8.750
duce” power loss of signals or rf Permanicke!®® ! 100 : 003 } .o0001¢ | 1450 ' 90000 : B.7S
& - In power cables shielding pre- 95 Alloy. ... {90 0 00045 | 0000175 | 1100 ; 35000 89
w e discha hy providing Gr. E**Nickel...... 8 | .0045 | .0000146 | 1435 |  60.000 | 8.813
wets surface discharges hy providing A : i . ; |
< setributior. Shields Gr. A™Nicke). .. .. L 60 . .0050 : .000015 - 1450 | 60000 ! B.9
g?.stress d;stnbl;lllﬂ)r.. Shielding also Lohm*............ ' e 0008  .000015 | nio . so000 | B9
restricts the electrical field of the con- High Brasy.. ... ... i 50 . .0016 . .0000202 - 936 . 55000 . 8.53
—— \ . . : . : :
jetor to the insulation and prevents 99 Alloy. ......... .48 o060 000015 | 1450 . 50000 89
o — ) Low Brass 40 0017 ¢ 0000191 | 1000 ' 47,000 - 86
externs] interference. 30 Alloy .. 30 .0015 . .000017S . 1100  30.000 8%
Fletale which are used for armor Commercial Bronze 25 002¢ | 000084 . 1040 : 37000 . &1
A . ¢
:’mde many difierent types ol ph'\'S‘ *Registered Trade Mark of Driver-Harns Co.
aml protection. Properties of tvpical #*Registered Trade Mark of The international Nickel C ¥, lnc.

—— . —— ———

HIGH TEMPERATURE WIRE AND CABLE

Markel FLEXLEAD is the superior high temperature igad wire with
insulation of extruded Tefion™ or Siiicone Rubber over stranded con-
ductors of siiver-ptated copper wire. Specify FLEXLEAD for applications
requiring excellent electrical, chemical and thermail characteristics.

TEFLON TYPE E 600 vo!t reting: spart tested a¢ 3000 volts.
Conforms 1o MIL-W-16878C, Type £. specifications.

TEFLON TYPE EE 100D volt rzting: spark teste¢ a* 400G volts.
Conforms to MIL-W-16878C, Type EL, specitications.

Write ar call for same ¥zy

mailing of a#ditronat esta. prices,
ang samples to your specifications. L FRA N K .

FLEXLEAD Tehion wnsulated wire is avaitahk? in the ten stendard RETHA
colors, with up tc tnree spiral stripes for additionai color coding.
Sizes from #30 through #1Z are stocked for immediate delivery. INSULATING TUBINGS AND LEAD WIRE

Norristown, Po.

*Du Pont Trademark Bkoadwoy 2-8940

i —

frint ID/£ B4 on Render Service Card
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metals are shown in the tables on
pages 313, 314, and 315. These are
published through the courtesy of the
Rome Cable Division of the Alumi-
num Co. of America, from *“The
Rome Cable Manual of Technical In-
formation,” copyright. 1957, Rome

Cable Corp., Rome, N.Y.
lnsulation and Jacketing Matericis

Quite naturally, the primary in-
sulazion on a wire or cable is used for
insulation purposes. In those cases
where the primary insulation is the
only covering. it may also be consid-
ered to be fulfilling jacketing func-
tions. Jacketing provides protection
against moisture, solvents, acids. alka-
lies, fungus, chemicals. heat, radia-
tion, and physical abuse such as abra-
sion and cutting. Jacketing also holds
cable elements together and prevents
contact between shielding and ground.

The method of applving the in-
sulation or jacketing materiai wil
influence end properties. Application
methods include braiding, extruding,
taping, and dip coating. Different
forms of the same material mav be
applied by different methods with dif-

ferent properties resuiting.

Nearly all of the materials used for
primary insulation and jacketing have
been described in other sections and
readers should refer to sections 6. T,
8.9, 12, 15, 16, 17, 18, 20. and 21
for additional details. In some cases,
information on magnet wires in sec-
tion 23 would also apply. It also
should be remembered that fibrous
materials are often coated or impreg-
nated. Highlights of important in-
sulating and jacketing materials will
be briefly mentioned in the discus-
sion that follows with references to the
sections in which additional general
data may be found-since many of
these materials are specially com-
pounded for wires and cables, readers
should consult the manufacturers for
specific data.

dcrylic—available in fibrous form
for varn servings and braids. Acrylic
coating and impregnant also available
{mostly for other uses). Other svan.
thetic fibers find greater use for wire
and cable insulation than the acrylics.
In general, acrvlics offer desirable
physical and electrical properties and
good resistance to most chemicals and

weathering. For special purposed
sulation, acrvlic elastomers cand
used—they provide excellent ooy
resistance and good aging proper
but chemical resistance is spotty—iu
section 16. L
Anodic Films—most of the pu
licity and possible potential for anodg
film insulation (aluminum oxide coslie
ing on aluminum conductor} is g
centrated in the magnet wire appl
cation area but some other wire apg
cations have been suggested. The cg
ing is thin. space-saving. inorgangie
and resistant to extreme temperatiuig
(3600°F melting point}. Althou .
anodic film insulated conductors i
be bent and processed without rupts
ing the film. flexibility is limited rei
tive to other insulations. )
Asbestos—fibrous asbestos wire &
cable insulation is used in the fors
of varn servings. felts. lap, roving
and braid. Asbestos reinforcedsg
combined with other materials alsc 3%
used. Where space is important, S8
bestos papers and purified
papers may be used. Commonly, felteds
asbestos insulated wires and cabig
are available with all-asbestos insu g

gaDestONN

Properties of Metals of 26°C 5
; { Temper- ; ' S
? } Specific ; | ature | Thermal| Thermal | .. 1
| Heat, | Resis- Resis- Coef. ! Cond., | Coef. e 1 K
; : Cal/ |Melting| tivity, tivity, | of Resis- | Cal-Cm/ | of Linear |  Tensie !
: Specific | Gram- | Point | Microbm-  Obms l tivity, | Sec-°C | Expansion @ Strengthagi
Metal "Gravitv' °C | °C Cm (mil. foot); per °C ! Cm? /°C . Lbs./Sq. 18
ALUMINUM e, 251 Q204 5 660 | 2.828 17.00 | 00446 | 052 [ 3 x 10+ 24,0008
BRASS ] ,f ! ; f )
Commercial Bronze : ! | i ! i
(90 Cu—10%% Zn}........  8.80 | 0.092 | 1045 | 4.66 28.03 | 00145 | 045 | 18x10°
Low Brass ; | ' 4
(80 Cu—20% Zni...... 867 | 0.092 } 995 | 5.95 3578 | .00114 | 0.34 | 19 x 10-¢
High Brass } g ; i § | ;
(70 Cu—30% Znio. 833 1 0.092 | 930§ 6.90 4150 © 00098 | 0.26 | 20x 10
COPPER P ; ; i !
Annealed Wire ! ‘ ! i K
{100 CondYummnrccrrnennes | 8.89 | 0.0921 | 1083 | 17241 1037 | .00393 © 0.92 | 17 x 10+ 36.000-4000
Hard Drawn Wire » ; E ! i B
(975 Condjueer . 889 | i P o 1.7683 10.63 | .00383 | ... U eeeeseeenaes | 50.000-70,085]
GOLD.__ 19.30 | 0.031 { 1063 | . 2.42 1455 ¢+ L0034 071 (142x1 ] .o2TNE
IRON ... T.86 | 0.107 1535 ! 10 60.14 | 0050 ! 016 [ 1LTx1 ¢
LEAD. ... 11.3 ! 0.031 o7 | 22 13231 | 0030 | 0083 | 28x10%:
MOLYBDENUM ... 102 0061 | 2625 | 5.7 34.28 1 0033 | 035 | 5x10¢!
NICKEL............ .89 0105 ! 1452 | 7.3 4691 1 006 1 014 | 13x10¢]
PLATINUM i, 20450 0,032 1 197 [10.60 63.75 | .00300 = 017 ; 89x 0°¢;
SILVER .. 103 ¢ 0036 960 | 1.63 980 - 0038 § 101 | 18x10%|
STEEL (Mild}.oooooooo . 7.8 1 0107 | 1300- | 12 7217 f 005 0 0d1 l 9 x 106 |
! 1875 | i : ] =
TN ooss | =32 s 6916 | 0042 | 015 | o1x10e| 40005008
TUNGSTEN.. L0032 | 3410 | 3552 33.20 | 0045 | 048 | 4x10¢| 4900003
ZINC.ovvmreevernrrn 10092 ! 419 | s 36.08 ‘ 00347 | 0oz 1 agx 0| 7.000-30.008%
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BARE SOLID COPPER WIRE
Size*, Digmeter®, Area®, Weight*, Breaking Strength and Rcs;smnc_c"
. wWN W N
| CROSS SECTIONAL AREA  NOMINAL HARD DRA i MEDIUM HARD DRAWN ANNEALED »
JAMETER ° WEIGKT  pinimum | R 56 Mimmun | Manmum | 205 5 BIREND L RN D
Dl nches . Circula Square Low M g, | Brokmg enstonce’ p S TOR g::;:ha | Rewstonce Breanng | Revstan
Mils Inches ; . t- stf;“ H " e - Onhms Lbs. | Onms
; ! S . MFu . M Ft
0.0G10 1.00 .785X10-¢ - 0.00303 | e
0.0011 ! 1.21 950X10-1 | 0.00366 | i
0.0012 : 1.44 1.13X10~ 0.00436 ' P
0.0014 1.96 1.54X10-¢ - 0.00593 | ;
0.0016 . 2.56 | 2.03X10-¢ 0.00775 ;
0.0018 : 3.2 2.54X10-0 0.00981 | ; R
0.0020 ' 400 ; 3.14X)0- | 0.0121 @ ..... T 27.6X)0° 1 ... ..., - 268X107 - ...... C25.9X10°
0.0022 ! 484 ;.  3.80X10-¢ 0.0147 ... | 21.4X10°
0.0025 6.25 4.91X10-+ ! 00180 | ...... | | 16.6X 101
©.0028 7.84 6.16X10 0.0237 i : . 13.2X)00
0.003} 9.61 7.55X10-¢ 0.0201 | : 10.8X10°
0.6035 12.2 9.62X10-¢ 0.0371 ! : . 847
0.0040 i 16.0 12.6X10~+ 0.0484 ¢ ... i : - 648
0.0045 : 20.2 15.9X10-¢ 0.0613 | ...... Cs3¢ L. . 812
0.0050 . 25.0 19.6X10-+ 0.0757 . 415
0.0056 31.4 24.6X30-¢ ¢ 0.0949 P 331
0.0063 t 39.7 $31.2X10- | 0.120 | 261
0.0071 50.4 39.6X10-¢ 1 0.153 1213 i 2066
©.0080 640 | 50.3X10-¢ 0.194 i 168 i 162
0.008% 79.2 62,2X30-¢ 0.240 1135 ; 1131
0.0100 it 100 78.5X10-¢ 6.303 j 107 . 104
0.0113 | 128 106X 10-¢ 0.387 1 84.0 i 8.2
0.0126 ! 159 125X10- 0.48) | ! 6.6 i 65.3
0.0)42 ! 202 158X10-+ 0.610 d , 532 S 51.4
0.0159 : 253 199X10-¢ 0.765 i {424 [P { 410
0.0179 | 320 252X10-+ 0.970 : | 338 oo | 32.4
©.0201 404 317X10-¢ 1.22 i 26.6 .. ©28.7
0.0226 511 401X10-+ 1.55 i 210 ' 15,4 203
0.0253 640 503X10-4 1.94 ' 168 . 19.4 16.2
0.0285 i 812 638X10~ 2.46 io13.2 : 24.6 12.8
0.0320 ] 1.020 804X 10-¢ 3.10 10.5 i 31.0 101
0.0359 i 1,290 P LIX10-? 3.90 I 832 39.0 8.05
0.0403 ; 1,620 I 128X10-: 4.92 i 661 | 49.1 639
0.0453 ) 2.050 I 181X10-3 6.21 i o823 62.0 $.08
0.0508 | 2,580 2,03X10-3 .81 416 ! 73.0 4.02
0.0571 | 3.260 2.56X10-1 9.87 . H 3.29 i 98.6 3.8
0.0641 4,110 3.23X10-3- 12.4 X i 261 1 124 2.52
0.072¢ ! 5.180 4.07X10-? 18.7 K ! 2.07 | 157 2.00
0.0808 i 6.530 5.13X10-3 19.8 io1es i I 1es 1 197 1.59
0.0907 8,230 6.46X10? 24.9 o131 ! 130 ’ 249 1.26
0.1019 ! 10.380 8.155X10- 31.43 Y1.039 1033, 3140 9988
0.1144 13.090 0.01028 39.62 ! 8241 ! 8199 @ 3803 7925
0.1285 {16510 0.01297 49,98 i 6532 6498 | 4798 6281
0.1443 20,820 i 0.01635 63.03 H 5180 ! 5153 | 605.1 4981
0.1620 26,240 : 0.02061 79.44 } 4110 | 4088 | 7626 3952
0.181% 33,090 i 0.02599 |  100.2 3260 | 3243 9615 3134
0.2043 41,740 i 0.0327¢ | 1263 2584 - 2571 ¢ 1213 .2485
0.2294 52,620 i 0.04133 159.3 ] 2050 2039 | 1529 H 1971
0.2576 66.360 : 0.05212 200.9 ' 1625 | 2617 | 1928 f 1563
©.2893 L B3.690 § 0.06573 253.3 ! 1289 1 3024 I 3484 : 1282 | 2432 H 1239
0.324¢ 105,600 i 0.08291 319.5 i 1022 7 3731 4311 ; 1016 | 2985 : 09825
0.3648 133,100 : 0.1045 402.8 i .0BO21 ;: 4599 5330 i 07980 3763 i 07793
0.4G9¢ 167.800 0.1318 507.8 i 06362 5666 6588 063301 4744 : 06182
0.460¢ 211.600 0.1662 | 6405 i 05045 ;6980 8143 05019 | 5983 i 04901

_in .combination with z thermo-
nc (for switchboard work). The
thestos  felt 1s impregnated with

nd or a flame, heat. and moisture
ing compound. Suitable for low-

lient heat resistance, non-flammabil-
v, flexibility, and resistance to most
mical conditions. It is used for
er cable, rheostat wire. apparatus

Buna N is also known as nitrile
ber. Specific properties depend on

*+Caiculated per ASTM B258-51T.
Published through the courtesy of Rome Cable Division of Aluminum Co. of America. Rome, N. Y., jrom “The Rome
Lable Manual of Technical Information.” copyright 1957, Rome Cable Corp.

the actual composition but generally,
Buna N rubber offers excellent resist-
ance to oils and solvents. Ozone resist-
ance is good and is determined some-
what by the blend uwsed. Buna N
rubbers are the result of the copoly-
merization of acrvlonitrile and buta-
diene. See section 16.

Buna § is a stvrene-butadiene
copolymer synthetic rubber character-
ized by good electrical properties and
moisture resistance. Ozone resistance,
physical properties. and chemical re-
sistance are generally improved by
blending with other materials. In this
respect. it should be mentioned that
both the svnthetic and natural rub-
bers are not used “straight™ but are
blended with each other and other

products in order to improve proper-
ties. Thus, this discussion runs the
risk of over-generalization—wire and
cable producers should be consulied
{or specific information. See section
16.

Butyl Rubber—a polymer of iso-
butvlene with small amounts of iso-
prene. this ic an increasingly popular
insulation and jacketing material,
When properly compounded, butyl
rubber is characterized by excelient
resistance to oxidation and aging. ex-
ceptional ozone resistance. and very
good electrical properties. Resistance
to moisture, phvsical abuse, and
chemicals is also good. Applications
include low and high voltage power
cables, apparatus and equipment
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leads. control cables, and various
other cables. See section 16.

Cellulose  Acetate — available in
varn form for wire servings and
braids as well as in Alm form for
taped insulation. These materials are
characterized by very good electrical
properties per unit thickness. They
are non-corrosive with moderate to
good resistance to chemicals. The film
has been used for lead wire insulation.
Moisture resistance is good. See sec-
tions § and 18.

Ceramic—ceramic insulations are
available in the form of fbrous
alumina-silica varns for servings and
braids and also in the form of coat-
ings. Heat and radiation resistances
are excellent. Manuvfacturers should
be consulted in regard to flm flexi-
bility and uses. Ceramic beads are
another form used to provide phvsical
separation. See sections 8 and 21,
Also see mineral insulation below.

Cotton—cotton is used for servings
and braids. Flexibility and strength
are good. Treatments are required to
provide chemical and fungus resist
ance. Heat resistance is limited. See
section §.

Fluoroelastomers—a  number - of
these materials are available and some
are suggested for use as wire insula-
tions in critical applications where
high costs are justified. Properties of
the different types varv but generally,
they all are characterized by excel-
lent heat and chemical resistance. Five
types are described in section 16.

Fluorinated ethylene propylene—
FEP is similar to poivtetrafluoro-
ethvlene (described later) but has a
melting point about 50°C lower and
slightly different physical properties.
It is more easily processed than PTFE.
Heat resistance and chemical inert-
ness are outstanding. This material
will likelvy be wused in increasing
amounts where requirements are se-
vere. See section 15.

Gases—because of the complex con.
struction and handling problems in-
volved, gas filled cables are used only
where necessarv. See section 6.

Glass—glass fibers are used in varn
servings and braids. High tensile
strength, non-flammability, flexibility,
and resistance to moisture and high
temperatures are characteristics of

glass fibers. Dielectric properties and
protection against abrasion depend on
other materials or treatments. See sec-
tion 8.

Mica—mica is used as an insula-
tion wrap in wires and cables to a
very limited degree. See section 20.

Mireral Insulation—mineral in-
sulated (MI) cable and thermocouple
wire consists of one or more conduc-
tors surrounded by magnesium oxide
insulation and enclosed in 2 liquid-
and gas-tight metallic sheathing. Be.
cause the construction is completely
inorganic, the cable is very heat re-
sistant and inert to most conditions.
See section 21.

Natural Rubber—rubber byv itself
is lacking in many properties required
of wire and cable insulating and jack-
eting materials. However, by proper
compounding and mixing with other
products. it can be converted to a ma-
terial with excellent phvsical proper-
ties, good electrical properties, and
fair to moderate ozone resistance and
chernical resistance. See section 16.

Yeoprene — chemically, this
thetic rubber is known as polychioro-
prene. Its first use as a cable jacketing
material was reported in 1933. Its
application over lead sheathed and
rubber insulated cables has grown
rapidly since that time. Although the
electrical properties of neoprene are
inferior to many other insulations,
they are adequate for low voltage
work. The physical properties of
neoprene are similar in some respects
to natural rubber but it is consider-
ably better from the standpoint of
resistance to oil, ozone. heat, weather,
sunlight, and aging. It does not sup-
port combustion and resists abrasion
and cutting. It is used for a wide
variety of wire and cable jacketing
applications. See section 16.

syn-

Nylon—nylon is available in three
forms for wires and cables: as a varn
for wire serving and braid; as an
extrusion material (primarily for
jackets) ; and a coating. For conduc-
tors of any but a small size, the elec-
trical properties and hygroscopic
properties of nylon limit its use to
jacketing rather than primary insula-
tion. Nvlon extrusions are character-
ized by toughness and excellent oil
resistance. See section 13.
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Qils—cable oils and constructog
are discussed in section 7. -

Paper —the Natioral Electria
Code permits the use of paper inmgs
lated cable with a lead sheath
underground service conductors. Thed
properties of unimpregnated krmd
paper are covered in section 9. QN
impregnated paper has lmproved o
trical and moisture resistance proped
ties. Paper is also used as a cabli
filler.

-

Polvester—this is supplied in” thel
form of varns for servings and braidgs
and film for wire wraps. Generallg
the polvesters are characterized hy o
excellent balance of strength, elecir
cal. and thermal properties. Thepg
contribute to considerable space s
ings in communication and othefS
wires and cables. See sections 8 sl
18. <.

Polvethylene—a variety of tvpa --‘{
polvethviene are used in wires andy
cables in verv large amounts. Polyd
ethvlene has excellent electrical pro
erties for wire and cable msulan
plus superior abrasion and --'.‘
resistance. These properties in conrg
bination with moisture resistanceyss
light weight, low brittle point, and
durability have helped make polfid
ethvlene the large volume plastic thal
it is todav. Polyethylene is used %
an insulation or jacketing matenyd
for hook-up wire, coaxial cable, con3
munication cable, line wire, lead win8
high voltage cable, etc. Conventions
polvethvlene has two limitations—%
supports combustion and it is no
flexible as some products. In ca%d
where stiffness is a problem, PVCi2
often used. Flame retardant types. 3
poivethvlene are available and &
similar in most properties to con =
tional polyethvlene although the sef)
ice temperature js more conservat1
Irradiated polyvethvlene can also ‘B8
supplied—the radiation converts pO }
ethvlene from a thermoplastic to &4
infusible plastic which cannot 8
melted. Properties are quite simi
to the conventional polvethylene <8
cept that some improvement in hea
resistance and slight changes in oth8
properties are reported. There b
been quite a bit of investigation
tive 10 the use of foamed polvethylend
in coaxial cables—reports on actusd




‘plications continue to grow in num-

ter. High density poivethvlene re-
B ortediv ofiers properties similar to
B ventional polvethvlene with some
Brmprovement in weathering. process-
Ing, and physical toughness. See sec-
HHon 13.

& Polypropylene—a member of the
e family as polvethvlene, polv-
SO opviene is the newer of the two. It
M. the lightest of all plastics and is
B milar to polvethvlene but offers even

B etter heat resistance, tensile strength.
BHrasion resistance. and lower dielec-
vic constant. For high frequency
bevork. a specially purified grade is re-
B uired. Investigations are under wayv
or the use of ioam. See section 13.

Polvtetrafiuoroethylene—this is the
ost thermally stable and chemically
B sistant of all carbonaceous insulat-
BSng compounds. It is unafiected by
sunlight. moisture, and practically all
hemicals. Temperature range is —90
5 +250°C and electrical properties
zre very constant over the tempera-
pre range and a wide range of fre-
P auencies. Insulation mav be applied
by extrusion or taping and in case
fwhere another material is used. by
Fdispersion coating. See section 15.
Polvtrifiucrochloroethvlene — this
~material approaches PTFE in many
properties but is characterized by
somewhal Jower heat resistance. See
section 13.
Evtex- Poivvinyl chloride—PVC is widely
secnsed for primary wire insulation or
acketing on communication wires,
beontrol cables, bell wire, building
¢, hook-up wire, fxture wire,
ppliance cords, power cables, light-

g cables, motor leads, etc. Many
cluding grades for high tempera.
es, low temnperatures, flame resist-
nce, deformation resistance, etc.
Dielectric strength is excellent and
.Exibilit}' is very good. Some formu-
dations may have limitations when
goonsidering toughness, moisture re-
Rstance, and resistance to chemicals.

X However, by proper compounding,
atbese properties can  generally be

most versatile of the lower cost, con-
prentional temperature wire insula-
bons. See section 15.

magnetic core

inner conductor
winding

Figure 3. construction of a delay cable suggested jor applications where

extreme fidelity of signal transmission is imporian:. Photo courtesy

Columbia T echnical Corp. '

Ravon—this is a synthetic used for
varn serving and braid applications
generallv in the same applications
where cotton can be used. See sec-
tion §&.

Silico—silica fibers produced from
melted quartz ofier properties similar
to fiber glass but even higher heat
resistance 1above 2000°F ). Thev offer
possibilities as varn servings. See sec-
tion 8.

Silicone rubber — silicone rubber
extrusions offer retention of good
electrical properties. resilience, and
flexibility after long-time heat aging
at class H temperatures and higher.
Excellent ozone resistance, Jow tem-
perature fiexibility, long life, low
moisture absorption, weather resist-
ance. radiation resistance. and corona
resistance are other characteristics.
Resistance to some oils. solvents. and
strong acids i¢ relativelvy poor. Air-
craft wires. nuclear cable, lighting
wire, power cable, control cable, ship-
board cable. heat and cold appliance
wires, lead wires, etc.. are uses. See
section 16.

Silk—used very little today as yarn
serving and braid. See section 8.

Farnished Cambric—tape wraps of
varnished cambric for insulation of
wires and cable offer properties that
lie between those of rubber and im-
pregnated paper. This applies to di-
electric strength, flexibibity, resistance
to motsture and heat. and handling
cable connections and terminations.
It provides greater moisture resistance
than paper and higher voltage ratings
than rubber. In dryv locations, it mav
be used without a lead sheath. It can
be used for low and moderate voltage
cables. See section 12.

dielectric

PYC jacket

outer conductors

PRODUCERS OF PRODUCTS
COVERED IN THiS SECTION

Code Product

Listed According to Insuviction and Jocketiag
Materiols Used

Al Acrylic
Bt Asbestos
cr Buna N
ol Buna S
Er . Butvi rubbe-
£ Celivlose acetate
G! Ceramic
Hi Chiorosulionatec poivetnyiene
I Cotron
3t Fiuoroelastomers
Ki Fivorinatec ethviene propylene
Lt Foamec oielectric
[ Bes filec
Ni Gress five-
Ci Irraciatec poiyetnyiens
F, Mice
1 Miners! {moanesium oxice | insulated
R Naturai ruboe-
$i Neoprene
™ Nyior
Ui O:t fusec
v Fope-
Wi Foivester finer
X Foivesrer fitm
Y4 Foivethyiene
2. Fotyoropviene
Al Foivierrafiyoroetnyiene
B2 Potvisiiiuoroenioroeinyiens
c2 Foivvinyicriotiae
D2 Duart five-
E2 Rsvon
F2 Siiicone rubber
G2 Sitk
H2 Varnished cambriz

Listed According to Application, Feaction,
Type, or Form

A3 Aerial

B3 Aircradt ang missiie

C3 Ahoy

o Apparatus

€3 Appiience

£3 Armorec i
&3 Avtomotive -
3 bare

13 Butlding

J3 Cabie verminstions

K2 Ciac

13 Cosxia!

M2 Coitec

Ni Communicetior

[o}] Contro’

p3 Corc sets

[eX] Direct puris!

£3 fiectronic

$3 Fixtere

T3 narnesses anc assemblies
U3 Heatine

V3 Higk temperature

W3 Higr voltage

X3 Hoor-up

Y3 ignition

Z3 Leac covered

Ad Lighting

B< Line

C4 Machine too!
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D4 Mining

(33 Mmotor jesd

~ Muiti-conductor

o4 Pierec, cisc, and costed
H4é Power

t4 #adio end television

J4 Resistance

K4 Ribbon

L4 Service entrance

M< Shieioec

N4 Shioooarg

4 Sigoal

P4 Sucmarine

(o8] Switenboard

R4 Teiepnone

S+ Thermoecoupie

T4 Tinsei

U4 Unoerground

NOTE: Symbefs in porentheses foliowing company

nome ore cooes corresoonding with aoove fisting
wnien indicote products produced by compony
concerned. Only compony names ore iisted here—
1ee jection 1 for addrasses. Boid face type indi-
CTres gcvertisers—see acvertisers' listing ot back
of ook fer page aumpers of advertisements.

Producers and Codes

Advanced Dynamics, Inc. (S, B3, F3, U3, M4,
54}

Alphs W.re Corp Subszdxery of toral Electronics
Ceorp. (DI, SI YU, A2, Q2, B2, A3, 83,
N3, O3, R3, T3, v3, W3, X3, 73, R4, H4, 14 M4,
O+ y4)

Aluminum Co. of America, Rome Cabie Co., Div.
{El, 11, Ti, Y1, C2, EZ, F2, G2, A3, B3, D3,
€3 F3 GB 13. N3. 03, ©3. R3, S3, T3 V3, W3,
X3. 23, A4 thry P4, H4, 14, L&, M4, O4, P4, Q4.
Us4:

Amerace Cerp., Gavitt Wire and Cabie Co., Oiv,
(S, i, . NI RE T Y, C2, B2, D3, B3 NS,
C3. R’SBTJVBX?MI(K«&«O&H)

American Enka Corp., Wnli:am Brand-Rex Div, (I},
Ki, L: NYOSIT), A2, C2, B2, F2, A3, B3,
D3, E3. L3 thru O3 034 R3. §3. T3, V3 W3 X3,
C4, B4 & H4 14 K4, M4 thry R4)

American Stanaard Wire & Cable Co. (B!, DI,
£ 1 G111 NI, O Ri, SI,TI, WU XL, Y,
Z' A2 82, C2, B2, F2, H2, B3, C3, 03 E3 &3,
13, L2, N3, C3, O3, R3. S3, U3 they Y3, A4 they
14 K4 ¢nry S4 U4

AMERICAN SUPER-TEMPERATURE WIRES. INC.,
SUBSIDIARY OF HAVEG INDUSTRIES (K1,
N1, P1, A2, €2, F2, B3, L3, R3, ¥3, X3, Y3,
4, M4, 54)

ANACONDA WIRE & CABLE CO. {Al theu &Y,
HI thru O, 83, T, UY, VI, XY, YT, ZT, A2,
82, €2, E2, F2, G2, H2, A3, 83, D3, E3, F3,
G3. i3, L3, N3, 03, Q3. R3, 53, V3, thry
Z3, A4 thru P4, H4, 14, J4, L4 thru S4, U4}

The Ansorio Wire sno Caore Co. (T YI, C2)

Apoietor Machine Co., Doven Div. (U3, ¥3, C4)

Belden Manc."uc'urmg Co (Br I El, FI. ™1,
gl Ly Ni T, 71, A2 C2,
£2, F2. A3, 33, 03 E3 G3. J3 L3 thry R3. T3,
Vi, W3 X3, Y3, B4, R4, H4 14, M4 R4 T4)

Birnoecn Kaoio Co., fne. (0, NI, SI, Ti, AZ, B2,
C2, F2, B3 D3 {3 thru R3. T3, V3 W3 X3,
Y3, B4, E4, B4 M4 14 M4, N4 O4, Q4. R4)

The Boroen Co., The Boraen Chemical Co., Div.
{C2. A3 B3 N3 RY)

Boston insuiated Wire & Ceble Co. (Ct, DI,
Er o dr, g1 ki, LiC NI, O1 PYORESITH,
Wi X, Y 20, A2, C2 D2, E2, F2, B3 thru
B3, K3, L3 N3, O3. ©3, R3, 53, U3 thry Y3,
A4, C4 B4, F4, G4, 14, J4, M4 thry Q4 S4, U4)

Cavle Desgns Ing, (Ci. DI, Ei, H!I, Ji, §i,
A2, C2. F2, B3 D3, L3 thru P3, R3, T3, V3,
X3 B4 thry K4, M4, N4, O4, R4, 54)

Ceromasesl, Inc. {J3)

Cerro Corp.. Rockbestos Wire & Cable Co., Div.
(Bl FI, ), &i. NI, OI, PY, RI. SI, TI, WI,
XYY, 2). A2 thru F2, M2, BI thru G3, K3,
L3 N3 C3. R3 thry 23, A4, C4 thry 14, M4
they 4 54)

Chester Cabie Corp. (i, LI, Ni, TI, YI, A2,
C2, A3, B3 D3, E3 F3 (3, M3 N3 03 Q3
R3, S3. V3. W3 X3 Y3 A4 toru F4, H4, 14,
L4 M4, R4 O4 Q4 R4 54 U4

Cicoil Corp. (F2, T3, F4)

Coieman Cavle & Wire Co. (8!, C! DI £t
I, Li, NYORISH T X1 Y, A2, BZ, ""
€2, F2. H2, A3, D3 E3 F3 &3 L3, N3 tnre T3
Y3, W3 X3, Y3 A4 thru Fa, H4, 14, M4, N4,
Ot D4, Ra UM

COMPONENTS FOR RESEARCH, INC, (J43)

M. R. Conner Blecrrical insvistion fnc. (i, M4)

Continental Copper & Steel inaustries, Inc., Hat-
fieid Wire & Cable Div. (D1 EBI, §3. YI, Ci.
F2, A3, B3, D3, B3, F3, G3, 13, L3, N3, Q3. R3,
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.53, U3 thriwad, Ad they R4, K4, 14, L4 thru R4,
T4, U4)

Continental Sensing, lnc. {Q!, A3, 83, L3, U3,
Y3, S4)

Disiectric Materials Co. (FI, I, LI, Ni, Ol,
TI, Wi, YI, A2, 82 C2. €2, f2, A3, 83 03
B), &3, 13, 13, M3, N3, O3 Q3 R3, 83, T3,
Y3, W3, X3, Y3, A4 thru F4, H4, i4, M4, O4. Q4}

Hectricable, inc. (T1, YI, €2, B3, N3, Q3 R3,
W3, X3, i4, M4, R4)

The Electric Autolite Co. (Al thru G, 11, NI, OI,
Pl, RI, SI, T, VI thra 2! A2, B2 C2, E2, F2,
G2, B3--D37 B3, F3. G3. K3 thry O3, R3, T3, V3,
W3, X3, Y3, C4, B4, R4, G4, 14, 44, K4, M4, O4,
4, 54

Electronics Accessories, inc. (B3, D3, F3, 13, L3,
N3, Q3 R3, T3, ¥3, W3, 3. Y3, FM, H4
14, M4, P4)

Essex Wire Corp., Paranite Wire & Cable Div.
(CI, DI, EI, W1, 1, LI, NI_RI_ St T1, ¥Y) tary
21, C2, B2, F2, G2, A3, 83, D3, B3, F3, B3,
13, K3, M3, thru 23, A4 thru J4, (4 thry R4,
T4, U4}

GENERAL CABLE CORP. (81, D1, EI, F1, HI,
11. M1, R1, @1 ¢ere Y1, A2, €2, B2, F2,
H2, A3, B3, €3, E3, F3, 63, i3, L3 thre
S3, U3 thru Z3, A¢ thrw R4, H4, 14, L4
thra D4)

General Eioctic Co., Wire & Cabie Dept. (Bl
Bl N, NI O3, SILTI Y A2 G2, B2, F2,
H2, A3, B3 D3, B. £3, G3. 13, L3, N3, O3, Q3,
R3, S3, U3, V3, W3 X3, Z3, A4 thry R4, Hs,
4, L4 thry R4, Us)

General Motars Corp,, Packard Blectric Div. (A,
Cl. OI, Ei, Hi thro LI, NI, RI, SI. T, Wi,
X, Y1, 2), Az, B2, 2, B2, F2, G2, H2, B3,
D3, £3, G3. £3. N3 thru Y3, Cé, D4, &4, F4,
R4 thry M4, O4, P4, Q4. S4. T4)

Giasstronics, Inc, (NI, B3, D3, E3, N3, Q3 R3,

T3, U3 VI w3
W. L. GORE & ASSOCIATES, INC. (A2, B3,
3. N3, 93, R3, T3, ¥3, w3, X3 Y3,
R4, K4, M4)
Gremar Mig, Co,, lne. (A2, C2, L3}
Harco Laborstories, Inc. (B, Ni, Qi TI, A2,

83, T3, V3. R4 S4)

HAYEG {NDUSTRIES,
{F2)

Hudson Wire Co., Cassooolis Div, {83, D3 H3,
L3, R3, V3, X3, G4, 14 K4 04 Q4 R4 T4
Hudson Wire Co., Ossining Div. (83 D3 H3,
L3, R3, V3, K3, G4, 14, K4, O4, O4, R4 T4}
Huason Wire Co., Winsted Div. (83 D3 H3 L3,

RI, V3, X3, G4, 14 K4 04 O4, R4 T4)

Induction Heating Corp., Subsidiary o Hathaway
tnstruments, tne. (U3

INSO ELECTRONIC PRODUCTS INC., WIRE
AND CABLE DIV. (A2, L3, R3, ¥3)

The international Siiver Co., Times Wire and
Ceoble Div. {Cy, DI, Bi, K1, L), NI, OI,
RI, SI, TIT A2, C2_ E2 F2 A3, B3, D3
F3L3N30303R3T3V3X3F464]4
K4, M4, N4 O4 P4, U4)

Kaiser Aiuminum & Chemicoi Corp.. Electrical
Congucter Div, (Cl, DI, EI, HI I, NI, RI,
S{, T X4, Y, C2, B2, F2, A3, B3, F3, 13, 13,
N3, O3, Q3, R3, W3, Z3, A4 thru F4 H4 L4 thry
R4, U4

The Kanthel Corp. {C3. V3. 54)

The Lewiz Enqgineering Co., Wire & Cable Div.
{81, ©I, TH, Yi, A2, C2, F2. B3, L3, U3, V3, W3,
R4, J4, S4Y

L. FRANK MARKEL & SONS (K1, N1, T1, W1,
Az, ¥1, B3, D3, €3, L3, M3, O3, RI, 53, U3,
Y3, W3, Y3, £4, F4, 14, M4, O4, Q4, R4, 54}

Methoade Wig, Corp. (X1

Microdot, Inc. (LI, SI, 71, 83, L3, 72
V3, H, M4y

Miles Hivolt Lid. (83, R3. W3)

Molecy-Wire Coro. {C3}

MOXNESS PRODUCTS, INC.. SUBSIDIARY OF
PLASTICS CORP. OF AMERICA INC, (F2,
13}

THE OKONITE <CO.,
CABLE DIV. {V1, H2)

Pacific Aytomation Producsts. fac, (Si, YI A3 B3
D3, F3. 13, K3 thru X3, A4, 84 D4 F4 K4 4
K4, M4 thry R4, U4)

The Pen-Mac-Nye Co.,
(N3)

Permaluster Inc. £V3)

Phaio Plastics Corp. {F( 1 LU TL YI Zi CI°

Phelps Dodge Cooper Procuers Corp., Hapirshaw
Cable & Wire Div, (B1) thru FL HL 11 K{ they P4,
Ri thru VI, X1, Y1, Z) AZ C2 thre H2, A3
they G313, L3, N3, O3 Q3 R3 83, T3, V3
thew Z3, A4 thru 14, L4 thry R4, U4:

Phiiadelohis Insulated Wire Co. (FI. KI, Y!
A2, C2, 83, B3, G3, L3, M3, N3, 03 R3 $3
T3, V3, W3, X3, Y3, A4 CA thru 14, M4, Q4
Q4. R4, $4)

Physicat Science Corp., Affiliate Packard Bell

iNC,, TAUNTON DIV,

A2, C2,

KENNECOTT WIRE &

Faige Engineering Diy.

{nsuladon Directory/Encvelopedia Issue. Mav, 1951

Electronies (Gi, 82, Vi, X
Radiation Appiications Inc. (A2, A3, B3, R3S
Radix Wire Co. (BI, Fi, 11, NI, YI, £2y

£3, F3, @3, 13, O3, Q3 thry V3, X3, Y33

C4, B4, P4 14 J& M4 Q4 R4 S& U4 4
Ravcted Tubes, Inc. {Li, CI, 83, C3, 03y

G3, L3, N3, O3, R3, T3, V3. X3, &, 4,
Revers Corp. of Amenca Ncmunc Matrer O3

Gecrronic Div, (B1, HI. 11, Nl T, X

C2.83. L3 O3 R3 T3, V3 )G f-( 14 K4, M4 §
RONTHOR REISS conr., SYNTHEYIC 0

UCTS DIY. (F2, T3, ¥3, W3) 4

FADV

ONE SOURCE ;
FOR SILICONE RUBBER PRODUCTS

Sheats ¢ Moided Parts * Gaskety * 4
Slesving * Extrusions * Tapes ®
See our gavertisement Section 17 3

RONSIL PRODUCTS DIVISION ¥
RONTHOR REISS CORPORATION

Littie Fails. New Jersey

e e b 4 3 s

—————
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The Mitton Ross Co. (P3, R3, T3} .
Sanaers Associares, inc., Fiexprint Products Dl
(AL FL S L NI oL T XE, YL, ZI, A2, R
Q, F2, 83 D3 B3 63 13, N3, O3, R3, TN
U3, V3, W3, X3, C4, F4, 14, K4, M4, O4, M
Ot R4} 3 -

Saxton Products Inc. (Y1 A2 €2, A3, 83 W
£3, L3, O3, R, V3, W3 X3 G4 )4, Q4, RY)

Secon Metais Corp. {Gi, C3, R3, V3, Z3, GA
J4, K4, S4)

Service Cabie & Wire, Inc. (DI, PI, SI, A2, A
L3, N3 O3, R3. V3 W3, X3, X4, O4, R4

W_ S, Shampen & Co. (A2, 82)

The Sherwin Wililams Co. Eiectrical lnsylatie
Div. (8.0, € G thry K. M, Q. R, S, U thro Y}

Simpiex Wire & Cabie Co. Hitemp Wires Cod
Div. {$i, Yi, 2, A2, 83, D3, F3 3. R3, T
Vi, X3t .

Spectra-Strio Wire & Cable Corp. (L3 thry P23
R3, T3, V3, W3 X3, Cé R4, 14, K&, R4) b

Standarc Wira and Cable Co. {81 thru Z|, AB
thro K2, A thru W3 X3, Y3, 23, A4 thry U4}

Suflex Corp. (N1, C2. F2) - &

Superior Cable Corp, {T1, Y1, A2, C2, A3, B3,
L3, N3, O3, Q3, R3, V3, M4, 14 M4, P4 O
R4 U4

Surprenant Mig. Co, (i1, J!, KI, . QI Sf
Ti, Wi, X, YL A2 B2, C2) E-l F2 ‘A3
B3, K3 thry O3, Q3 they Y3, 84, C«, E4
K4, M4 thry 154

Sweolow inc., Youngstown Div. (B3, M3 03,
V3, Wi 14 Q43

Sy!veme Eiectric Products,
V3, G4

Teasolite lnsulsted Wire Co.. Inc. (SI, Ti, A2, 823
C2, A2, 83, B3, F3 L3, R3, T3, ¥3, W3, G,
F4, H4, J4, K4, M4, N4 34 T4 U4) -

Teveo lasulated Wire (RPN TR 4 R o 3
B3, E3, F3, G3, L3, N3, 03 853 V3, wi Xg
Y3, A%, C4, £, 14, M4, B4) 3

Thermal Wire of America (A2) -4

Thermatics, lnc. (11, Ti, Y1, A2, 82, C2. B2, Al
B3, £3, F3, &3, 13, L3, N3 O3, R3, 83, T3, Vi
W3, X3, C4, B4, 4, 14, ML Q4)

Thermax Wire Corp, (A2, 83 C3, D3, L3, N3, U3
R3, T3, V3, X3, M, M4, S¢} F
Thor Ceramics, inc. {Y3) .
Topoer Mig. Co., Inc., Electronic Systems Dive .

(A2)

Uniteg Sfafe: Steet Corp.. American Steel & Vf
Div, {81, CI. D!, Ei, Nt O!, Rl thry YI, G&
F2, H2, A3, D3, F3~ 13, K3 fhru 03, Q3, U3,

W3, Z3, A4 thry M4, H4 14 they R4, U4}

Vernay Laborstories, Inc. (Ci, DI, El, H(, J
RI, SI, F2, A3, B3, D3, £3 G3. N3, Q3, R
U3, V3, X3, Y3, A4, 14, J4 R4 S4) :

Warren Wire Co. (BI, G!, KI, Ti, A2 C2, B3
€3, G3, L3, N3, O3, R3, 13, v3 w3 X3,

F4, G4, M4, S4}

g

inc,, Parts D:v.‘ (

Wirecraft Products Ine. (NI, OI Ti, A2 L3, .
V3, X3, C4, F4, K4, M4) 5

W:rekreh ine. (NI, TI_ Y1 C2 F2. C3 B3, :
i3 N3, Q3 thry V3, xa A4, C4, E4, F4, 3
M4 T4, U4)

World Wide Wire, inc. (A2)

The Zipoertubing Co. (B!, K!, . c2 FZ'
B3, G3. N3, 03 03 K3 . V3) -

TO BOND FLUOROCARBONS
all vou need is
ACTON FLUOROETCH
SOLUTION
and most any conventional adhesive
See advertisement in section 15 #
ACTON LABORATORIES
1180 Ravmond Bounlevard. Newark 2. N.J.
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