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DESCRIPTION 

The present invention concerns a device for heating parts made of one or more microwave 
absorbing plastics _containing microwave absorbing additives, having a microwave generator that 
generates microwaves of a certain wavelength, having an antenna to which the microwaves are 
aimed, having at least one free end, and having a device for shielding surrounding the antenna. In 
addition, this invention concerns. a method of heating parts made of a microwave absorbing 
plastic. 

Microwaves are understood to be electromagnetic radiation in a frequency range of 
approximately 300 MHz to 300 GHz generated with the help of microwave generators. 
Microwaves are sent from a microwave generator through a hollow conductor or coaxial cable to 
their site of use where they are output via an antenna, for example, which projects by at least one 
quarter of the wavelength into a shielded chamber. In this chamber, the microwaves interact with 
the parts to be l:teated. 

For heating partS by means of microwaves, in principle two different devices are differentiated: 

With one device, the microwaves are radiated into a chamber whose dimensions are much larger 
than the wavelength. The microwaves are reflected on the walls of the chamber and are 
superimposed to form a complex field distribution (multimode). However; microwaves C8.l1D.Ot be 
concentrated spatially in such a chamber, so defined heating of certain sections of a part is not 
possible. The chamber has the function of determining the field distribution and protecting the 
operator of the device from microwaves. 

With the other device, the microwaves are radiated into a chamber whose dimensions correspond 
approximately to the wavelength, so that a defined field distribution (monomode) develops 
within the chamber. However, with such a chamber, defined spatial heating of parts can be 
achieved only to a limited extent, because this field distribution is not homogeneous in space. 
Thus, the chamber here has the function of defining the field distribution and again protecting the 
operator from.microwaves. 

With these devices from the related art, the parts can thus be heated only as a whole or in 
nonhomogeneous sections, although that is neither desirable nor necessary for most applications. 
Furthermore, implementation of an opening necessary for introduction of the parts into the 
shielded chamber is complicated with these devices, because such openings in that location are 
feasible only by means of doors or microwave absorbers. 

Against this background, the object of the present invention is to design a device for heating 
parts of microwave absorbing plastics in such a way as to allow spatially limited but nevertheless 
homogeneous heating of the parts. Furthermore, an opening for the parts to be introduced is to be 
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created in a simple manner with this device. In addition. a method of heating parts made of a 
microwave absorbing plastic is to be provided. 

With the device according to this invention. this object is achieved by a device for heating parts 
made of microwave absorbing plastics having the features of Claim l. 

Since the device for shielding is designed in a tube shape, with the device having an inside 
diameter smaller than half the wavelength and projecting beyond the free end of the antenna, the 
antenna can emit practically no microwaves into the free space. With these dimensions, there is 
exponential damping of the microwaves. Therefore, almost all the electromagnetic energy is 
concentrated in the narrow zone between the free end of the antenna and the device for shielding, 
so a very strong electromagnetic field prevails in this zone. As a result, a spatially limited or 
precisely defined heating of the parts takes place within the zone, but there is no heating of the 
parts outside the zone. · 

Since the device for.shielding has an opening in the end face, this forms an opening through 
which the parts to be heated can be inserted into the zone between the free end of the antenna 
and the device. This opening need not be closed while the parts are being heated,.because in this 
way practically no microwaves can be radiated into the free space. This offers the possibility of 
inserting only a section of the part into the zone between the device and the antenna and thus 
heating only that section, while the remainder of the part, which may project out of the opening, 
is not being heated. 

To prevent microwaves from propagating in the free space, the device for shielding should 
project beyond the free end of the antenna by at least one quarter of the wavelength.ofthe 
microwaves generated by the microwave generator. With this feature, emission of microwaves 
into the space is reliably suppressed. However, if the device projects beyond the free end of the 
antenna by only a small extent, emission of the microwaves is no longer suppressed so reliably. 
However, effective heating of the parts is possible in both cases. 

Ifis expedient for the zone between the free end of the antenna and the device for shielding to be 
designed with dimensions that depend on the dimensions of the parts to be heated. Essentially, 
the electromagnetic field will be more pronounced, the narrower the zone or the smaller the 
distance between the free end of the antenna and the device for shielding. With such a strong 
electromagnetic field, a high energy density and thus optimum utilization of the energy input are 
achieved. However it is important for the parts to be inserted into the zone without contact in 
order to avoid. soiling of the device in particular when the parts are heated to temperatures above 
the melting point In addition, the longer the zone, the larger may be the spatially limited or 
precisely defined section of the part which is heated. 

The zone between the free end of the antenna and the tubular device for shielding is 
advantageously designed to be especially narrow in one area in order to be able to heat the parts 
introduced into the zone in a spatially limited or precisely defined manner precisely in this area. 
This permits good handling of parts for the first time in welding, shaping or crosslinking sine~ 
the parts remain cool outside the precisely defined area. Furthermore, the microwave energy 
applied can also be utilized with an extremely high efficiency. 



It is especially advantageous that the parts introduced into the zone can be heated within the 
narrow area in accordance with the respective requirements, so that suitable heating of the parts 
can be implemented, depending on whether welding, shaping or crosslinking is to be performed. 

If a dielectric is provided between the antenna and the device for shielding, it may serve for 
optimum positioning of the parts to be heated because the dielectric determines the extent to 
which the parts can be introduced into the device. Furthermore, such a dielectric represents a 
cold contact surface for the parts to be heated, which can prevent an excessive welding bead on 
the inside in welding- tubular parts, for example. 

In a preferred first embodiment of this inventio~ the free end of the antenna is conical in shape. 
The electromagnetic field that develops in the zone between the free end of the antenna and the 
device for shielding is designed to be the strongest here in the narrowest area of the zone, so this 
zone is especially suitable for welding parts. To do so, two parts that are to be welded together 
may be introduced at one end into the zone between the free end of the antenna and the device 
for shielding, heated there and then welded together. In a refinement of this embodiment, the 
device for welding tubular parts may have an antenna with two free ends to heat the end faces of 
the two tubes to be welded together simultaneously to a temperature above the melting point. 
The two ftee ends of the antenna should point in opposite directions. 

According to a second embodiment of this invention, the free end of the antenna is designed in a 
mandrel shape. The mandrel-shaped end of the antenna serves to widen tubular parts which are 
pushed onto the free end of the antenna and are heated to a temperature above the deformation 
_temperature within the zone between the free end of the antenna and the dcmce for shielding. 

In another embodiment of this invention, the free ~d of the antenna is designed in a rod shape. 
The parts may be inserted into the zone between the ftee end of the antenna and the d~vice, 
heated to a temperature above the deformation point and thus permanently shaped. 

All the embodiments wherein the free end of the antenna has a rotationally symmetrical design 
and is arranged coaxially with ~e device for shielding have a radial electromagnetic field 
distribution and thus accomplish· ·a homogeneous heating of the parts introduced into the zone 
between the free end of the antenna and the device. However, if the free end of the antenna is not 
rotationally symmetrical in design but instead has a hook shape or a triangular cross section or if 
it is not arranged coaxially with the deVice for shielding, then the electromagnetic field 
distribution is· not radial and there is no homogeneous heating of the parts introduced into the 
zone between· the free end of the antenna and the device. However, these embodiments can be 
used for crosslinking the parts at certain locations or along certain lines~ 

With the method according to this invention, this object is achieved by using the device 
according to this invention for heating parts made of a microwave absorbing plastic. 

The parts can be heated to a temperature above the melting point and then welded together in the 
zone between the free end of the antenna and the device for shielding, or they can be heated to a 
temperature above the plastic deformation temperature and permanently shaped or heated to a 



temperature above the crosslinking temper~ture and crosslinked. Crosslinking takes place 
through thermal decompositiort of an agent that forms free radicals. 

The present invention will now be explained in greater detail with reference to the following 
figures, which show: 

Figure l 

Figure 2 

Figure 3 

Figure4 

Figure 5 

a schematic diagram of the device according to this invention with a microwave 
generator, a hollow conductor, an induction device, an antenna and a device for 
shielding; 

a first prefer.red embodiment of the antenna and the device for shielding for the 
purpose of welding tubular parts; 

a second embodiment of the antenna and the shielding device for widening 
tubular parts; 

a third embodiment of the antenna and the shielding device for shaping elongated 
parts having a circular cross section; and · 

a fourth embodiment. of the antenna and the shielding device for crosslinking 
tubular parts. 

Figure 1 shows the entire device. Microwave generator I of this device generates microwaves at 
a frequency of 2.25 ·a Hz· and a wavelength of approximately 120 mm in the present case. The 
microwaves go from the microwave generator l over a hollow conductor 2 to a device for 
coupling 3 and finally over this device for coupling 3 to an antenna 4. A tubular device 6 made 
of metal for shielding is provided so that the antenna 4 cannot emit any microwaves into the free 
space. This device 6 has an inside diameter of approximately 40 mm (so it is smaller than half 
the wavelength) and· it projects by at least 30 mm (i.e., a quarter of the wavelength) beyond the 
free end S of the .antenna 4. The tubular device 6 also has an opening 7 at the end. Parts 8 which 
are to be heated are made of a microwave absorbing plastic such as a polyamide [nylon], 
polyvinyl chloride or polyvinylidine fluoride; these parts are introduced through opening 7 into 
the zone 9 between the free end 5 of the antenna 4 and the device 6 for shielding. The zone 9 is 
advantageously designed with dimensions that depend on the size of the parts 8 to be heated or 
that depend on the size of the areas of those parts 8 which are to be heated. However, parts made 
of other materials, in particular materials that conduct electricity, should not be introduced into 
this device because they could allow microwaves to escape from the device. 

For welding two tubular parts 8, 8', the antenna 4 should be arranged coaxially in the tubular 
device 6 for shielding, as shown in Figure 2, and it should have two ends 5, 5' that widen in a 
conical shape. Therefore, the two zones 9, 9' are especially narrow in a ring-shaped area between 
the free ends 5, 5' of the antenna 4 and the de\tice 6 for shielding. Especially high 
electromagnetic field strengths are produced in these areas, and therefore heating of parts 8, 8' 
inserted into that area is especially great. The sections of the parts 8, 8' that are outside of the 
zone 9, however, are not heated. After the tubular parts 8, 8' are heated to a temperature above 
the melting point on an end face, the parts 8, 8' are removed from the device, the part of the 



device shown here is pivoted away and the tubular parts· 8. 8' are welded together by pressing 
their molten end faces together. In order for the tubular parts 8. 8' to be optimally positionable in 
the device, a conically shaped dielectric medium 10, 10' is provided at the free ends 5, 5' of the 
antenna 4, its shape coordinated with the dimensions of the parts 8, 8' which are to be heated. 
The dielectrics 10, 10' also serve to cool the insides of the tubular parts 8, 8' to prevent a weld 
bead facing inward from being formed in welding. To widen the tubular parts 8, the antenna 4 
should also be arranged: coaxially with the shield 6 in the tubular device and should have a 
mandrel-shaped end 5 which has rotational symmetry,.as illustrated in Figure 3. With this 
embodiment, the zone 9 betWeen the free end 5 of the antenna 4 and the device for shielding 6 is 
especially narrow in a ring-shaped area, so especially high electromagnetic field strengths prevail 
in this area, heating the mechanically widened part 8 which has been inserted into zone 9 to a 
temperature above the temperature of plastic.deformation, thus bringing about a permanent 
.shaping. 

.. 
For shaping the parts 8, the antenna 4 has a rotationally symmetrical rod-shaped end 5, as 
illustrated in Figure 4, so the elongated part 8 having a circular cross section to be deformed is 
inserted into the zone 9 between the free end 5 of the antenna 4 and the device for shielding 6 
and is permanently shaped into a ring-shaped part 8 by heating it to a temperature above the 
temperature of plastic deformation. In this embodiment, the dielectric I 0 is provided between the 
antenna 4 and the device 6, serving as a contact surface or to receive part 8 there. 

For crosslinking tubular parts 8, the antenna 4 should have a hook-shaped design on its free end 
5, as illustrated in Figure 5. Th:us, the zone 9 between the free end 5 of the antenna 4 and the 
device for shielding 6 is especially narrow in the area of the bent and tapered end 5, so this point­
shaped area is suitable for crosslinking stationary parts 8 in certain areas and moving parts 8 
along certain lines. It would also be conceivable for the hook-shaped antenna to be rotated about 
its longitudinal axis, so that stationary parts could be crosslinked along a circular path. A rod­
shaped antenna arranged coaxially in the device for shielding and having a non-circular cross 
section or an antenna not arranged coaxially in the device for shielding would also be suitable for 
crosslinking parts. 

In all these embodiments, the shape of the free end of the antenna and the diameter of the device 
for shielding determine the extent of the zone. If the antenna and the device for shielding are a 
small distance apart, this results in a narrow zone, while a great distance results in a wide zone. 
Furthermore, a free end of the antenna with a soft contour leads to a long zone, whereas a free 
end of the ant~a ~th a sharp contour leads to a short zone. 
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DEVICE AND METHOD OF HEATING COMPONENTS 
MADE OF MICROWAVE ABSORBING PLASTIC 

------- -

PATENT CLAIMS 

···- ··---------·· -···--. -- --· - - --

l. Device for heating parts made of a microwave absorbing plastic, having 

• a microwave generator which generates microwaves of a certain 
wavelength, 

• an antenna to which the microwaves are sent, having at least one free end, 
and 

• a device for shielding which surrounds the antenna, 

characterized ili that the device for shielding (6) is designed with a tubular shape, said 
device ( 6) having an inside diameter smaller than half the wavelength, projecting beyond 
the :free end (5) of the antenna (4) and having an opening (7) in·the end face. 

2. Device according.to Claim l, characterized in that the tubular device for shielding (6) 
projects beyond the :free end (5) of the antenna (4) by at least one quarter of the 
wavelength. 

3. Device according to Claim 1 or 2, characterized in that the zone (9) between the free erid 
(5). of the antenna (4) and the device for shielding (6) is designed with dimensions in 
accordance with the dimensions of the.parts (8) to be heated. 

4. Device according to one of Claims I through 3, characterized in that the zone (9) is 
designed to be especially narrow between the free end of the antenna (4) and the tubular 
device for shielding (6) in a certain area in order to heat the parts (8) introduced into this 
zone (9) in a spatially limited or precisely defined area. 

5. Device according to Claim 4, characterized in that the parts (8) introduced into the zone 
(9) c~ be h~ated within the narrow area in accordance with the respective requirements. 

6. Device according to one of Claims 1 through S, characterized in that a dielectric (10) is 
provided between the antenna (4) and the device for shielding (6). 

7. Device according to one of Claims 1through6, characterized in that the free end (5) of 
the antenna { 4) is designed in a c~nical shape. 

8. Device according to one of Claims 1through6, characterized in that the free end (S) of 
the antenna (4) is designed in the shape of a mandrel. 
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9. Device according to one of Claims l through 6, characterized in that the free end (5) o:f 
the antenna is designed in a rod shape. · 

10. Device according to one of Claims l through 6, characterized in that the free end (5) of 
the antenna ( 4) is designed in a hook shape. 

11. Device according to one of Claims 1 through 10, characterized in that the free end (5) of 
the antenna ( 4) and the tubular device for shielding ( 6) are arranged coaxially with one 
another. 

12. Method of heating parts made of a microwave absorbing plastic by using a device 
according to one of Claims 1 through U. 

· 13. Method according to Claim 12, characterized in that the parts (8, 8') are heated to a 
temperature above the melting point and are welded together in the zone (9, 9') between 
the free end (5, 5') of the antenna (4) and the device for shielding (6). 

14. Method according to Claim 12,.characterized.in that the parts (8) are heated to a 
temperature above the temperature of plastic deformation and undergo permanent 
deformation in the zone (9) between the free end (5) of the antenna (4) and the device for 
shielding ( 6). · · 

15. Method according. to Claim 12, characterized in the parts (8) are heated to a temperature 
above the crosslinking· temperature and are crosslinked in the zone (9) between the free 
end (5) of the antenna and the device for shielding (6). 
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