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5 Radio Frequency Welding 
-

5.1 Process Description 

Radio frequency (RF) welding, also called high 
frequency welding, HF welding or dielectric welding, 
uses high frequency (normally 27.12 MHz) electro­
magnetic energy to generate heat in materials by virtue 
of their electrical properties; the material to be welded 
must be able to convert the alternating electric field 

into heat. Polar molecules in an electric field tend to 

orient in the field direction so that the positive ( or nega­

tive) end of the dipole aligns to the negative (or posi­
tive) charges in the electric field. This process is called 
dipole polarization. Nonpolar molecules in an electric 
field displace electron clouds to align with the field 
(electronic polarization), so that centers of positive and 
negative charges no longer coincide. Electronic polariza­
tion is instantaneous and does not result in heat genera­
tion. Dipolar polarization, however, is not instantaneous 
at the high frequencies used in RF welding; as the 
dipoles try to align with the rapidly alternating electric 
field, orientation becomes out-of-phase. The imperfect 
alignment causes internal molecular friction and results 
in the generation of heat. 

The delay between changes in electric field direc­
tion and changes in dipolar polarization is shown in 
Fig. 5 .1. An oscillating electric field E generates an 
oscillating current I within the polar material. At high 
frequencies, the two curves are out of phase by the 
phase angle 0; the loss angle is defined as 90 - 0 or 8. 
The amount of energy absorbed per cycle from the 
electric field is represented by the power factor and the 
dissipation factor; the power factor is defined as cos 0, 
and the dissipation factor or loss tangent is tan 8, a ratio 

of current dissipated into heat to current transmitted. 
The amount of dipole polarization is dependent on fre­
quency and temperature. At low frequencies, the power 
lost by the electric field is low due to dipole alignment 
with the electric field. At high frequencies, field rever­
sal is so rapid that dipole alignment becomes out of 
phase, and power losses increase. Eventually, a maxi­
mum in power loss is reached, so that further frequency 
increases result in decreased power loss. Dipole polar­
ization is low at low temperatures but increases with 
increasing temperature [ 1]. 

Typically, an RF welding machine has two platens­
an upper, moveable one and a lower, fixed one, also 
called a bed. The upper platen is connected to the RF 
generator, whilst the lower platen is connected to elec­
trical earth. Tooling, known as the electrode or welding 
rule, is attached to the upper or lower platen and defines 
the shape and dimensions of the weld. 

The parts to be welded are placed between the plat­
ens and a press then lowers the upper platen so that a 
preset amount of pressure is applied to the joint area. 
Once the parts are clamped, the RF energy is applied 
for a preset time, called the heating time. Once the 
heating time has elapsed, the electrodes continue to 
clamp the parts until the weld solidifies. This is called 
the hold or cooling time. The press then opens and 
releases the welded assembly. 

RF welding is normally only used for joining films 
and thin sheets. This is because a sufficiently strong 
electric field to produce material melting can only be 
achieved when the gap between the electrode and the 
opposing platen is less than around 1.5 mm (0.06 
inches). 
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Figure 5.1. Electrical representation 

of dipole polarization resulting in heat 

generation due to imperfect alignment. 
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GLOSSARY 

dielectric constant, superior chemical resistance, ver) 

high thermal stability, low friction coefficient, excellent 
antiadhesive properties, low flammability, and high 

weatherability. Impact resistance of PTFE is high, but 

permeability is also high whereas strength and creep 

resistance are relatively low. The very high melt viscos­

ity of PTFE restricts its processing to sinter molding 

and powder coating. Uses include coatings for coolcing 

utensils, chemical apparatus, electrical and nonstick 

items, bearings, containers. Also, PTFE spheres are 

used as fillers and PTFE oil is used as a lubricant in 

various plastics. Also called PTFE, TFE. 

polytetramethyleneadipamide-See nylon 46. 

polytetramethylene terephthalate-See polybuty­

lene terephthalate. 

polythiophenylene-See polyphenylene sulfide. 

polyurethane-A large class of polymers, the back­

bone of which consists of repeating units containing 

urethane group. PUs are usually prepared by interfa­

cial polycondensation of polyisocyanates with poly­

ols. The latter may be based on polyesters or polyethers 

or both. The most important members of this class are 

urethane rubbers, nonelastomeric thermoplastic PUs, 

urethane thermoplastic elastomers , and thermoset 

urethane resins. PUs may be rigid or soft and flexible, 

cellular or solid and offer a wide range of properties 

depending on composition and molecular structure. In 

general they have high abrasion resistance, good reten­

tion of properties at low temperatures, and good foam­

ability, but poor heat resistance, weatherability, and 

resistance to solvents. PUs are flammable and are 

made with toxic substances (isocyanates). Nonelasto­

meric thermoplastic PUs are not chemically cross­

linked and are processed by injection molding and 

extrusion. Thermoset PUs can be cured at moderate 

and ambient temperatures and give foams with good 

heat insulating properties. They are processed mainly 

by reaction injection molding, various foam tech­

niques, casting, and coating. PUs are used in load 

bearing rollers and wheels, acoustic damping materi­

als, sporting goods, seals and gaskets, rigid and flexi­

ble foams for heat insulation and other uses, potting, 

and encapsulation. Also called PU, urethane polymer. 

See also nonelastomeric thermoplastic polyurethane, 

nonelastomeric thermosetting polyurethane, urethane 

thermoplastic elastomer. 

polyurethane adhesive-One- or two-part adhesives 

that cure by a polymerization reaction to form temper­

ature resistant bonds that are both rigid and flexible. 
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polyurethane thermoplastic rubber-See urethane 

thermoplastic elastomer. 

polyurethane TPE-See urethane thermoplastic 

elastomer. 

polyvinyl chloride-A thermoplastic prepared by 

free-radical polymerization of vinyl chloride in disper­
sion (emulsion), bulk, or suspension processes. A small 

amount of comonomer is sometimes added to enhance 

adhesion or other properties. Unmodified PVC is rigid 

and requires plasticizers to make it more flexible. The 

main end forms of PVC are rigid and flexible. The flex­

ible form is often made from plastisols, suspensions of 

PVC in liquid plasticizers. PVC can be chlorinated to 

increase its heat deflection temperature and tensile 
strength and to reduce flammability and smoke genera­

tion. PVC is dimensionally stable, largely nonflamma­

ble, and resistant to weathering, but has limited thermal 

stability, high density, and is attacked by many sol­

vents. Processed by injection molding, calandering, 

extrnsion, powder coating, blow molding, extrusion 

coating, and film techniques. Used very widely as 

films, fabric coatings, wire coatings, toys, bottles, and 

pipes. Also called PVC. See also unplasticized polyvi­

nyl chloride. 

polyvinyl dichloride-See polyvinylidene chloride. 

polyvinyl fluoride-A highly crystalline material with 

high toughness, high flexibility, outstanding weather­

ing resistance, and good abrasion resistance. Commer­

cially available only as a film. Useful properties are 

maintained over a temperature range of -94 °F (-70°C) 

to 230°F (110°C). Used for packaging, glazing, and 

electrical applications. Also called PVF. 

polyvinylidene chloride-A stereoregular, thermo­

plastic polymer derived by the polymerization of 

vinylidene chloride or copolymerization of vinylidene 

chloride with lesser amounts of other unsaturated com­

pounds. This polymer is resistant to abrasion and 

chemical attack, impermeable to flavor, and possesses 

low vapor transmission properties. Uses include pack­

aging for food, insecticide-impregnated multiwall 

paper bags, pipes for chemical processing equipment, 

seat covers, upholstery, fibers, bristles, and latex coat­

ings. Also called polyvinyl dichloride, PVDC. 

polyvinylidene fluoride-Thermoplastic prepared from 

vinylidene fluoride. It has substantially higher strength, 

wear resistance, and creep resistance than other fluoropo­

lymers but relatively high dielectric constant and loss 

factor. PVDF is nonflammable, resists most solvents, and 

has excellent weatherability. Its service temperature limit 
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