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Abstract: Before the invention of electricity human being
relied on fire for the luxuries of light, heat, and cooking.
But nowadays electricity becomes a basic need for the
human beings all over the world. Wind, water and sunlight,
fossils fuels and nuclear energy these are main sources of
electricity. We know very well that generation, transmission
and distribution these are the essential requirement in the
field of the electricity. As proverb, prevention is better than
cure, the incomparable care must be taken in every steps of
electricity and specially during the transmission and
distribution. And this cannot be possible without insulating
materials .If wires and cables are not insulated properly, it
can result in injuries, deaths, fires, and many other
problems. In this paper various insulating materials used
for wires and cables described in detail which may be
familiar to the end user.
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I. INTRODUCTION

Electricity — an indispensable requirement of life.

Electricity is one of the extreme technological innovations of
mankind. It has also become a part of modern life and one
cannot think of a world without it. Electricity has many uses
in our everyday routine . It is used for lighting rooms,
working fans and domestic appliances like using electric
stoves, A/C and more. All these provide comfort to people. In
industries, large machines are worked with the help of
electricity. Vital items like food, cloth, paper and many other
things are the product of electricity. (1- 30 ) It is well known
that every electric circuit, regardless of where it is or how
large or small it is, has four basic parts: an energy source (AC
or DC), a conductor (wire), an electrical load (device), and at
least one controller (switch). (32) In short, wire and cables
are an indispensable part of electricity. A wire is a cylindrical
and flexible strand or rod of metal. ( 33) The evidence of
wire has been found in archaeological sites dating back 5,000
years ago. Initially, wire was used in jewelry. Metal strips
would be pushed through holes in stone beads so the metal
would fold over into a tube shape. The first wire mills began
to pop up in England in the 1500s. As time passed and human
technology became more sophisticated, wire began to be used
for electrical purposes and to be made into wire ropes. (34)
Nine times out of ten, the terms wire and cable are used to
describe the same thing, but they are actually quite different.
Wire is a single electrical conductor, whereas a cable is a
group of wires swathed in sheathing. The term cable
originally referred to a nautical line of multiple ropes used to
anchor ships, and in an electrical context, cables (like wires)

are used to carry electrical currents. Whether indoors or
outdoors, proper wire and cable installation is of paramount
importance - ensuring a smooth electricity supply, as well as
passing electrical inspections. Each wire and cable needs to
be installed carefully, from the fuse box to the outlets,
fixtures and appliances. (35) Electricity is like a kitchen
knife. If you use it wisely, it can cut food and prepare
delicacies. If you use it unwisely, it can end up cutting your
finger. Electricity flows through anything that is a
“conductor.” Interestingly, humans are very good conductors
of electricity. Since electricity is a form of energy, a strong
current has the ability to seriously harm you. If the current is
strong enough, you can be fatally injured. Due to the strong
possibility of a fatal injury occurring, electric cables are
insulated. Another important reason why they are insulated is
to prevent energy from dissipating into the surroundings,
allowing it to be conserved.Cables and wires are insulated
using electrical insulators. The electrical insulators are non-
conducting materials that encircle the cables and provide a
buffer between the cable and anyone or anything that may
come in contact with it. (36-40) . If something is not wired
properly, it can result in injuries, deaths, fires, and many
other problems.

In order to avoid any damage there are various insulating
material different material used for the purpose of insulation
from the intervention of electricity. In this paper materials
used for coating of wires and cables described in detail. This
paper reviews the various insulating material which used in
electricity for the inception of it.

Il. CONSTRUCTION OF CABLE
The power cable mainly consists of three main components,
namely, conductor, dielectric, and sheath. The conductor in
the cable provides the conducting path for the current. The
insulation or dielectric withstands the service voltage and
isolates the conductor with other objects. The sheath does not
allow the moistures to enter and protects the cables from all
external influences like chemical or electrochemical attack,
fire, etc. The main components of electrical power cables are

explained below in details.
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Fig.1: Electrical Power Cable.

Www.ijtre.com

Copyright 2019.All rights reserved.

6119


https://www.powerthesaurus.org/everyday_routine/synonyms
https://www.dfliq.net/electrical-materials-products/electrical-wires-cables/

International Journal For Technological Research In Engineering

Volume 7, Issue 3, November-2019

Basic Component of cable

A. Conductor

Coppers and aluminum wires are used as a conductor
material in cables because of their high electrical
conductivity. Solid or number of bare wires made of either
copper or aluminum are used to make a power cable.

B. Insulation
The most commonly used dielectric in power cables is
impregnated paper, butyl rubber, polyvinyl chloride cable,
polyethylene, cross-linked polyethylene. Paper insulated
cables are mostly preferred because their current carrying
capacity is high, generally reliable and having a long life.
The dielectric compound used for the cable should have
following properties.

e The insulator must have high insulation resistance.

e It should have high dielectric strength so that it does

not allow the leakage current to pass through it.
e The material must have good mechanical strength.
e The dielectric material should be capable of
operating at high temperature.

o It should have low thermal resistance.

e It should have a low power factor.
The cables used for submarine and damp soil should use
synthetic dielectrics like polyvinyl chloride, polyethylene,
etc. These materials are comparatively lighter and have
nonmigratory dielectric. Also, such type of dielectric material
has good dielectric strength, low power loss, and low thermal
resistance.
C. Inner Sheath
It is used for protecting the cable from moistures which
would affect the insulation. Cable sheath is made up of lead
alloy, and these strengths withstand the internal pressures of
the pressurized cables. The material used for inner sheath
should be nonmagnetic material.
The aluminum sheath is also used in a power cable because it
is cheaper, smaller in weight and high mechanical strength
than the lead sheath. In oil-filled cables and telephone,
cables corrugated seamless aluminum sheath is used because
it has better-bending properties, reduced thickness, and lesser
weight.

D. Protective Covering

Lead sheath cables when directly laid down on the ground
are damaged by corrosion and electrolyte. For protecting the
cables against corrosion layers of fibrous material like paper,
hessian, etc., or polyvinyl chloride is used. Layers of fibrous
material spread with the waterproof compound to the outside
of the electrical cable are called serving.

E. Armouring:

Armouring is the process in which layers of galvanized steel
wires or two layers of metal tape are applied over sheath for
protecting it from mechanical damage.The steel wires are
normally used for armouring because it has high longitudinal
strength. Armouring is also used for earthing the cable. When
the fault occurs in the cable (due to insulation failure) the
fault current flows through the armour and get earthed.
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F. OverSheath

It gives the mechanical strength to the cables. It protects the
cable from overall damage like moisture, corrosion, dirt,
dust, etc. The thermosetting or thermoplastic material is used
for making over the sheath. (41)

I1l. ESSENTIAL PROPERTIES REQUIRED FOR THE
INSULATION MATERIAL OF THE CONDUCTORS
The most important part of any cable is the insulation of the
conductors. When choosing materials to insulate conductors
or cables, many factors should be taken into consideration.
These include electrical properties, mechanical properties,

chemical properties, thermal properties, and more.

A. Electric properties:

Dielectric strength : The dielectric strength of a material is a
measure of the electrical strength of an insulator. It is defined
as the maximum voltage required to produce a dielectric
breakdown through the material and is expressed in terms of
Volts per unit thickness. The higher the dielectric strength of
a material the better an electrical insulator it makes. IEC
60243 is a standard referred to for a method of testing
dielectric strength of a material. The test is conducted in
either air or oil and involves placing the test material
between two electrodes and increasing the voltage between
the electrodes until an electrical burn-through punctures the
sample or decomposition occurs. Usually the specimen is
between 0.8 and 3.2mm thick. Samples which are over 2mm
in thickness are usually tested in oil to prevent flash over
before breakdown.

Instrument test leads =~
Indicating scale

Wire Insulation
\ show resistance
’1l—|_\ j
[ ]
/ .
Conductor
(copper wire) \

Insulation tester

Fig.2 : A method of testing dielectric strength
The dielectric strength is then calculated by dividing the
breakdown voltage by the thickness of the sample.
Most plastics have good dielectric strengths in the order of
10 to 30kV/mm.
Examples:
Low Density Polyethylene LDPE = 27kV/mm
Polypropylene PP = 22kV/mm
Polyvinylchloride PVC = 14kV/mm (43)

Insulation resistance : Cable conductor is provided with an
insulation of suitable thickness to avoid the leakage of
current. The thickness of any cable depends on the purpose
of its design. The path of current leakage in such cable is
radial. The resistance or opposition offered by the insulation
to the flow of current is also radial throughout its length.

For a single core cable conductor of radius r1, internal sheath
radius r2, length | and insulation material resistivity p, the
perimeter of the conductor is 2mrl. The thickness of the
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insulation will be given as dr.

Rins = pdr/2mrl

When integrated, we will have:

Rins = p/2xl[loge r2 /r2 ]

Rins is inversely proportional to 1/1 contrary to R = pl. Where
p (rho) is a constant known as resistivity.
There are some cables that have more than one insulating
layers and more than one core. The main wire being at the
center, serve as the main conductor. The other core serves the
purpose of grounding and preventing the electromagnetic
waves and radiations from escaping from the cabled. It serve
as a shield. Cables under this category is the Coaxial cables.
Coaxial cable conducts electrical signal using an inner
conductor (the inner or main conductor could be any good
conductor but copper is mostly preferred because of it’s low
resistivity, the copper could also be plated) is contained in
mostly PVC case. Before the outer PVC case, there are two
or more other insulators with either aluminum foil or copper
strand between them. The cables are protected from external
environment by the outermost PVC case. While voltage is
passed through the inner conductor, the shield or case has
little or no voltage passing through it.

The advantage of coaxial design is that electric and magnetic
fields are confined to the dielectric with little leakage outside
the shield. Due to the level of insulation in the cables which
prevents outside electromagnetic fields and radiations from
penetrating into it, interference is avoided. Since conductors
with large diameter have less resistance, less electromagnetic
field will be leaked. The same goes for cables with more
insulation. Knowing that weaker signals are easily
interrupted by little interference, cables with more layers of
insulation are always good choice for conveying such signals.
(44)

Insulation power factors : Most failures of electrical power
equipment are the result of a breakdown in the insulation
system. To keep failures at a minimum, periodic maintenance
testing of the insulation is recommended to indicate whether
it is deteriorating, and how fast.

Power factor tests are used to measure dielectric losses,
which relate to the wetness, dryness or deterioration of
electrical insulation.

Power factor is defined as the cosine of the phase angle
between voltage and current. For an ideal insulation, the
phase angle is 90°. In practice no insulation is ideal, but
instead has a certain amount of loss, and the total current
leads the voltage by a phase angle less than 90°. ( 45)
Charging current : The charging current | of a single
conductor insulated power cable can be obtained from the
following formula: ECfl----=n2Where: | = microamperes per
1000 ft. f = Frequency, Hz C = Capacitance, picofarads per ft
E = Voltage, phase-to-ground, kV (46).

Arcresistance :The intent ofarc resistance testing is
to distinguish between solid electrical insulating materials. It
examines the specimen’s ability to resist an arc with high
voltage and low current exposed to the material’s insulating
surface. (47)

Tracking susceptibility :Tracking susceptibility is a function
of the properties of materials used in the fiber optic cable.
(48)
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B. Mechanical properties:

Toughness and flexibility:

Stiffening is loss of flexibility with age, this can effect
machines with moving parts. Wire and cable required
excellent physical properties in adverse chemical and
thermal environments allowing them to be used when more
flexibility and toughness are required. In this case long chain
polyamides that offer exceptional performance compared to
short chain polyamides including chemical resistance, low
moisture absorption, and low density. (49)

Cable flexibility testing is designed to determine whether the
materials in a flexible cable can withstand constant flexing
under electrical load. Put simply, it tests whether the cable
will maintain electrical continuity whilst flexing, which is an
essential requirement for flexible cable attached to
appliances where they are expected to flex many times
during their service lifetime (50).

Tensile, elongation and crushing strengths: Tensile testing,
also known as pull testing, is a standard test method where a
sample is placed in grips and subjected to controlled tension
until it fails. This provides valuable information about
materials including ultimate tensile strength, yield strength,
elongation and reduction in area. A compression test
determines behaviour of materials under crushing loads. The
specimen is compressed and deformation at various loads is
recorded. Compressive stress and strain are calculated and
plotted as a stress-strain diagram which is used to determine
elastic limit, proportional limit, yield point, yield strength
and, for some materials, compressive strength. (51)
Resistance to abrasion or moisture : Ability of a wire, cable
or material to resist surface wear should be taken into
account while manufacturing of wire and cables.
(52)Moisture ingress can cause significant problems
including short circuit and corrosion of the copper
conductors. ( 53)

Brittleness :A material is brittle if, when subjected to stress,
it breaks with little elastic deformation and without
significant plastic deformation. (54) Plasticizers are always
added to wire & cable insulation and jacket compounds to
increase flexibility and decrease brittleness. (55) . If material
Brittle with age it get stiffens and cracks form leading to
shorts

C. Chemical properties:

Moisture absorption : One of the oldest enemies of wire and
cable is moisture. When moisture successfully attacks an
electric cable, the system design can be seriously affected.
By penetrating into the insulation or into interstices, moisture
can impair the electrical characteristics of capacitance, power
factor, insulation resistance and dielectric strength.
Occasionally, because of moisture, a cable will shortcircuit
to ground, accompanied by a shower of molten copper, soot,
and irate personnel. (56)

Resistance to oil, gas, acids and alkalies :

Electrical apparatus consisting of coils of insulated wire is
usually finished off with an insulating varnish. The varnish is
used for the resistance to oil, gas, acids and alkalies: (57)
Stability when exposed to sunlight, ozone, or flames :
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Additives are used to impart special properties required for
the end use of the product, for example, flame retardancy or
resistance to weathering by the sun or by microbes. Flame
retardancy is a common requirement for wire and cable
formulations.  Additives such as Antimony Trioxide
(ATO) are effective flame retardants. Plasticizers used such
as phosphoric esters (i.e. TBP, TOF) can also impart flame
retardant properties. UV-absorbers may be added for
exterior use applications to prevent weathering by the sun.
Carbon Black is effective at protection against light, but only
if you are making a black or dark colored compound. For
brightly colored or transparent compounds, UV-Absorbers
based on Benzotriazole or Benzophenone can be used.
Biocides are added to protect PVC compounds from
degradation by fungus and microorganisms. OBPA (10',10'-
Oxybisphenoazine) is frequently used for this purpose and
can be purchased already dissolved in plasticizer. (55)
Example Formulation

Below is an example of a very basic starting point for

a PVC wire coating formulation:(55)

Formulation PHR
PVC 100
ESO 5
Ca/Zn or Ba/Zn 5
Stabilizer

Plasticizers (DOP,

DINP, DIDF(>) 20-50
Calcium Carbonate ~ [40- 75
Titanium Dioxide 3
Antimony Trioxide (3
Antioxidant 1

D. Thermal properties:

Expansion and contraction :

All materials expand and contract due to temperature
changes. (58)

Softening and flow temperature:

The temperature rating of a wire or cable is generally the
maximum safe temperature that the wire can carry full-load
power without the cable insulation melting, oxidizing, or
self-igniting. A full-load wire does heat up due to the metallic
resistance of the wire. The table below illustrates the
maximum absolute temperature that different insulation types
can withstand.(59)

Compatibility with operating, ambient, or
overload and short circuit conditions :

When choosing materials to insulate conductors or cables
many factors should be taken in to account such as
thecompatibility with operating, ambient, or emergency
overload and short circuit conditions .(60)

emergency

IV. VARIOUS TYPES OF CABLE AND WIRE
INSULATION MATERIALS
Insulation is a nonconductive material, or a material resistant
to the flow of electric current. It is often called a dielectric in
radio frequency cables. Insulation resists electrical leakage,
prevents the wire’s current from coming into contact with
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other conductors and preserves the material integrity of the
wire by protecting against environmental threats such as
water and heat. The safety and effectiveness of the wire
depend on its insulation.

There are generally three types of insulation materials
namely plastic insulation types, Rubber insulation types and
Fluoropolymer insulation types. (61)

Following is a list of insulation materials .

E. Plastic Insulation Types: In this category, plastic is used
as insulating material.

Polyvinyl Chloride (PVC) (61-70)
A PVC jacket is a relatively inexpensive and easy-to-use
material with the potential to be used in diverse applications.
The maximum temperature range is minus 55 degrees
Celsius to 105 degrees Celsius and is resistant to flame,
moisture and abrasion. It also holds up against gasoline,
ozone, acids and solvents.1 It can also be used for medical-
and food-related purposes as it is odorless, tasteless and
nontoxic. PVC jackets can be used in heavy- and thin-wall
applications. PVVC should not be used when flexibility and an
extended flex life are required at low temperatures. When
used in retractile cord applications, it also shows below-
average flexibility. PVC jackets display high attenuation and
capacitance loss, meaning that power is lost when used in an
electrical system.

Semi-Rigid Polyvinyl Chloride (SR-PVC)
A hard semi-flexible polyvinyl chloride compound with low
plasticizer content.(71) This is mainly used as a primary
insulation and is very abrasion resistant. (For 30-16 gauge, a
10-mil. wall meets UL style 1061, 80 degrees Celsius, 300
volts.) Semi-rigid PVC is also resistant to heat, water,
acid and alkali as well as flame-retardant. (61)

Plenum Polyvinyl Chloride (Plenum PVC)
Plenum PVC is suitable for use in building spaces behind
dropped ceilings or raised floors left open to allow for air
circulation. Standard PVC is considered a nonplenum
insulation option because it does not exhibit the qualities
necessary for safe usage in plenum areas. To be plenum-
rated, the insulation must meet more-stringent fire safety
regulations.  Plenum cable is used between floors in a
building. It has a special flame-retardant coating. (61, 72-80)
Polyethylene (PE)
This compound is used most in coaxial and low-capacitance
cables because of its exemplary electric qualities. Many
times, it is used in these applications because it is affordable
and can be foamed to reduce the dielectric constant to 1.50,
making it an attractive option for cables requiring high-speed
transmission. Polyethylene can also be cross-linked to
produce high resistance to cracking, cut-through, soldering,
and solvents. Polyethylene can be used in temperatures
ranging from negative 65 degrees Celsius to 80
degrees Celsius. All densities of polyethylene are stiff,
hard and inflexible. The material is also flammable.
Additives can be used to make it flame-retardant, but this
will sacrifice the dielectric constant and increase power loss.
(61, 81-86)

Polypropylene (PP)
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Polypropylene (PP) is in many aspects similar
to polyethylene in both physical and electrical characteristics,
but with improved thermal properties. Polypropylene is
reasonably economical and can also be foamed to improve its
electrical properties. Polypropylene is susceptible to
degradation from exposure to heat and UV radiation and is
therefore not recommended for outdoor applications where
exposure to sunlight is likely. Use of polypropylene as an
insulation material for thin walls is typical within the wire
and cable industry with an alternative material used as the
final jacket.

Performance of Polypropylene (PP) for Wire and

Cable Insulation and Jacketing

Temperature Range -40°C to 80°C
Flame Resistance Poor
Chemical Resistance Fair
Durability Fair
Flexibility Poor
UV Resistance Poor

Polyethylene is suitable for both wire insulation and final
cable jacketing. (61, 87-93)

Polyurethane(PUR)

Polyurethane is known for its extreme toughness,
flexibility and flex life, even in low temperatures. It also has
excellent ratings for chemical, water and abrasion resistance.
This material works well in retractile cord applications and
can be a good option for salt-spray and low-temperature
military purposes. Polyurethane is a flammable material. The
flame-retardant version sacrifices strength and surface finish.
Polyurethane’s main disadvantage though, is its poor
electrical properties, making it suitable for jackets only. (61,
94-98)

Chlorinated Polyethylene (CPE) CPE displays very good
heat, oil and weather resistance. Many times, CPE serves as a
lower-cost, more environmentally friendly alternative to
CSPE. lts reliable performance when exposed to fire also
makes it a favorable alternative to PVC insulation.
Chlorinated polyethylene is commonly found in power and
control cables as well as industrial power plant applications.
Generally used in very harsh environments. It is lightweight,
very rigid, and has a mildly rough surface texture and a low
coefficient of friction. It is low-cost relative to the level of
oil, moisture, chemical and UV resistance provided. (61, 99-
101)

Nylon

Nylon is usually extruded over softer insulation compounds.
It serves as a tough jacket, exhibiting strong abrasion, cut-
through and chemical resistance, especially in thin-wall

ISSN (Online): 2347 - 4718

applications. It is also extremely flexible. One disadvantage
of nylon is its absorption of moisture. This degrades some of
its electrical properties. (61, 103)

F. Rubber Insulation Types : In this category, rubber is used
as insulating material .

Thermoplastic  Rubber (TPR)

In many applications, TPR is used to replace true thermoset
rubber. It has improved colorability, higher processing
speeds and a wider usable temperature range. It also displays
excellent heat, weather and age resistance without curing.
TPR is not cut-through resistant but can be wused in
applications where other properties of rubber are preferred.
(61, 104 -106)

Neoprene (Polychloroprene)

This is a synthetic thermoset rubber that must be vulcanized
to obtain its desired qualities. It exhibits supreme abrasion,
cut-through, oil and solvent resistance. Neoprene is also
known for its long service life and wide ranges of
temperature and usability. It is remarkably flame retardant
and self-extinguishing. Military products often incorporate
neoprene. This material is especially desirable for hand-held
cordsets. (61, 107-109)

Styrene Butadiene Rubber (SBR)

This is a thermoset compound with qualities similar to
neoprene. It has a temperature range of minus 55
degrees Celsius to 90 degrees Celsius. SBR is primarily used
in Mil-C-55668 cables. (61, 110-113)

Silicone

This material is extremely heat-resistant and flame-retardant
and can be used in temperatures up to 180 degrees Celsius. It
is moderately abrasion-resistant. Silicone is also extremely
flexible. Benefits include a long storage life and good
bonding properties necessary in many electrical applications.
(61, 114-116)

Fiberglass

Fiberglass is the most widely used glass insulation. It can be
used continuously in temperatures up to 482 degrees Celsius.
This material is resistant to moisture and chemicals but only
fairly abrasion-resistant. Its common applications include
heat treating, glass and ceramic Kilns, foundries and
extensive applications in aluminum processing. (61,117-121)
Ethylene Propylene Rubber (EPR) EPR is known for its
excellent thermal characteristics and electrical properties,
allowing a smaller cross-sectional area for the same load-
carrying capacity of other cables. It is commonly used in
high-voltage cables. The flexibility of this material also
makes it appropriate for temporary installations and
applications in the mining industry. These rubbers are also
valuable for their heat, oxidation, weathering, water, acid,
alcohol and alkali resistance. EPR can be used in the
temperature range of minus 50 degrees Celsiusto 160
degrees Celsius. EPR is not as tear resistant as other
insulation options. It is also relatively soft and may require
more care during installation to avoid damage. (61, 122-
125)

Rubber

Rubber insulation generally refers to both natural rubber and
SBR compounds, each available in a variety of formulas for
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use in a wide range of applications. Because formulas vary,
so do temperature ranges and some other basic
characteristics. While this type of insulation has poor oil and
ozone resistance, it exhibits good low-temperature flexibility,
good water and alcohol resistance, good electrical
properties and excellent abrasion resistance. (61, 126-128 )
Chlorosulfonated Polyethylene (CSPE): Chlorosulfonated
polyethylene is a family of chlorinated elastomers. The
materials is made by reacting polyethylene with chlorine and
sulfur dioxide to yield chlorosul-fonated polyethylene. The
reaction changes the thermoplastic polyethylene into a
synthetic elastomer that can be compounded and vulcanised.
CSPE works well as low-voltage insulation. It is known for
its ability to perform through a wide temperature range as
well as for its resistance to chemicals and UV rays. This
insulation material can be found in appliance wire, lead wire,
coil leads, transformer leadsand motor lead wire.
Chlorosulfonated polyethylene is sometimes referred to as
Hypalon, a registered trademark of Dupont. (61,129-136 )
Ethylene Propylene Diene Monomer (EPDM)
This synthetic rubber insulation displays outstanding heat,
ozone, weather and abrasion resistance. EPDM also exhibits
excellent electrical properties. Further benefits include
excellent flexibility at both high and low temperatures, from
minus 55 degrees Celsius to 150 degrees Celsius as well as
good dielectric strength. EPDM replaces silicone rubber in
some applications. (61, 137-143)

G. Fluoropolymer Insulation Types: In this category,
Fluoropolymer is used as insulating material.
Perfluoroalkoxy Polymer- Chemical Compound (PFA)
Perfluoroalkoxy, also referred to as PFA, is a fluoropolymer.
PFA can be rated up to 260°C, thus making it an excellent
choice for high temperature applications. Along with
excellent temperature ratings, PFA has outstanding resistance
to chemicals. A typical use of PFA insulated wire is as a
thermocouple wire, but it can be found in various military
and aerospace environments. (61, 144-151 )

Common Types of PFA Wire or Cable
Military Industry

Aerospace Industry

Oil and Gas Industry

OEM Appliance Wiring

Polytetrafluoroethylene  (PTFE)

Polytetrafluoroethylene or PTFE is a particularly versatile
ivory-white and opaque plastic fluoropolymer; it is made by
the free-radical polymerisation of many tetrafluoroethene
molecules, and is suitable for a wide range of applications in
industries as diverse as aerospace, the food and drink
industry, pharmaceuticals and telecoms. PTFE is a
thermoplastic material that can be used across a wide
temperature range of minus 73 degrees Celsiusto 204
degrees Celsius. It is extremely flexible as well as resistant
to water, oil, chemicals and heat. The mechanical properties
of PTFE are low compared with other plastics. (61, 152-160)
Fluorinated Ethylene Propylene (FEP)
Fluorinated ethylene propylene (FEP) is very similar to
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polytetrafluoroethylene (PTFE) in its chemical inertness,
dielectric characteristics, coefficient of friction, and high-
heat resistance. FEP also sports high stress-crack resistance.
This material is widely used due to its processing
characteristics and wide range of applications. It is also
highly flame-resistant. Improved data transmission can also
be achieved when FEP is foamed. Pricing and processing are
also being improved. FEP is commonly used in plenum cable
and military applications. (61, 161-170)

ETFE (ethylene tetrafluoroethylene) and ECTFE (Halar®
or ethylene chlorotrifluoroethylene).
These materials are stronger and more flexible than PFA or
FEP and can become thermoset through irradiation.
Foaming ECTFE and ETFE improves data transmission and
reduces weight. ETFE and ECTFE lack many of the
electrical advantages of FEP ECTFE (ethylene
chlorotrifluoroethylene) was designed to provide chemical
resistance in heavy duty corrosion applications. It is a
partially ~fluorinated polymer (a fluoropolymer), semi-
crystalline and can be processed in the melt. Chemically it is
a copolymer of ethylene and chlorotrifluoroethylene. It is
marketed under the brand name Halar ECTFE by Solvay
Specialty Polymers,[1] a subsidiary of Solvay. (61, 171-180
).

Polyvinylidene  Fluoride (PVDF)

PVDF is a tough, stable fluoropolymer with distinct
engineering advantages. Discovered in 1969 by Dr Heijji
Kawai, PVDF has a good performance to cost ratio. PVDF
is flexible, lightweightand thermally stable as well as
resistant to chemicals, heat, weather, abrasion and fire. It is
also a relatively low-cost insulation option. This insulation is
used in a wide range of industries and applications. It is often
found in cables meeting the UL standard 910 Plenum Cable
Flame Test, deeming the cables suitable for use in a
building’s space for air circulation, typically behind dropped
ceilings or raised floors. PVDF is also commonly called
Kynar, a registered trademark of Arkema Inc. (61, 181- 195)
Thermoplastic Elastomers (TPE)

Thermoplastic elastomers consist of a mix of polymers,
typically a plastic and rubber, to combine the benefits of
each material into one insulating product. TPE can be
molded, extruded and reused similar to a plastic while
maintaining the flexibility and stretch of rubber. TPE is
commonly used in applications where conventional
elastomers are unable to provide the necessary range of
physical properties. They are found increasingly in
automotive applications and household appliances.
Disadvantages of TPE include poor chemical and heat
resistance, low thermal stability and higher cost than other
types of insulation. (61, 196-202)

V. POPULAR INSULATION TYPES

Thermoplastic and Thermosetting these are the two types of
popular insulations. (203)
THERMOPLASTIC: A material which will soften, flow, or
distort when subjected to sufficient heat and pressure. These
compounds are heated and extruded over conductor.
Likewise, the insulation on the finished product can be re-
melted or soften if exposed to heat.
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Thermoplastics having following characteristics:
Easy to manufacture

Normally less expensive

No cure required

Will melt when subjected to heat

Can be extruded in very thin walls

THERMOSETTING: A material which will not soften, flow,
or distort when subjected to heat and pressure. Once extruded
over conductor, these compounds will not re-melt, however,
they can be burnt or deteriorate due to heat.
Thermosetting having following characteristics:

e  Will harden and age when overheated
Forgiving when exposed to overloads
Better low temperature properties
Higher temperature potential
Usually more expensive
Requires a cure process when extruded
Not extruded smaller than 22 AWG in CV
processes. Irradiated products can be extruded in
smaller sizes.

Thermoplastic Thermoset

P | poyurethane | GPE | eopane] EpR | GE

Oxldation Excellent Excellent Excellent Good Excellent | Excellent

LESNEDRES

ﬂ Heat Resistance G Good Excellent Good Excellent | Excellent

Low-Temperature N Good Excellent | Falrto Good | Guod W0 | Fair
& % Flexipiiity Good Excellent

Good to Good Excellent Good Excellent | Excellent

. Weather/Sun
- Excellent

* Resistance

&ADras!on Falrto Outstanding bicellentto | Good to Good Good to
" Reslstance Good Uutstanding | Excellent Excellent

Flame

2 - Excellent Poor Excelient Good Poor Good
Reslstance g v

m Falrto Poor to Gond Outstanding |  Fxcellent G000 10 | Good to
Reslistance Good Excellent | Fxcellent

Underground Poor to Good Excellentto | Good t0

£ xcel CH
3 Burial Good Outstanding |  Excellent | EXeelient | Excellent

Fig 3: Comparison of few Thermoplastic and Thermoset
insulating material. (204)

VI. CONCLUSION

Wires and cables play a vital role in electrical energy
consumption, transmission and distribution system. To
conduct all this processes smoothly and without any risk,
different types of insulation cover (coating) is necessary. All
cable jackets are not created equal and one has to choose the
jacket material that is best suited for their installation
environment. In other words, there are different materials are
available for the insulation of wire and cables and the
manufacture utilize these material as per necessity
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