
l                   2143002 Method of manufacturing a waveguide filter and
waveguide filter manufactured by means of the method. The invention relates
to a method of manu- facturing a waveguide filter comprising two or more
resonant cavities which are separated by a wall or walls in which or in
each of which an iris opening is formed. Such a method is known from German
Patent Specification 1,264,634. With the known method the filter, which
comprises a succession of resonant cavities, is constructed from separate
plates. The plates are manu- factured from a metal sheet and are subjected
to a number 10 of operations. Subsequently the plates are assembled by
means of auxiliary members, a plurality of plates consti- tuting the outer
walls of the filter, after which the cavities are formed by mounting plates
in which a window is formed. Then the plates are interconnected by screwed
or 15 welded joints, after which some finishing operations are performed.
It is generally known that stringent requirements are imposed on the
accuracy with which a waveguide filter is manufactured. Surface
irregularities in the walls of the 20 resonant cavities and dimensional
errors may lead to substantial power losses and may degrade the filter
operation. The known method, in which the required surface smoothness and
the exact dimensions of the resonant cavities 25 are obtained by subjecting
the individual plates to a plurality of operations, followed by a
time-consuming assembly process, has the drawback that the manufacturing
time is long and the manufacturing costs are high. It is an object of the
invention to provide a 30 simple and inexpensive method of manufacturing a
waveguide filter of the construction described - in the opening sentence.
According to the invention there is provided a method of manufacturing a
waveguide filter comprising two  



or more resonant cavities which are separated by a wall or walls in which
or in each of which an iris opening is formed wherein the wavegu ide filter
is constructed from two com- plementary. box-like bodies which each have an
open side and an internal partition or partitions forming a portion or
portions of said wall or walls, the box-like bodies being placed against
each other with their open sides facing one another, and each body being
manufactured by impact ex- trusion employing a box-like die in which a slug
of material 10 for forming the body is placed, and a punch which has
smaller dimensions than the die and has a slot or slots for the forming of
the respective partition or partitions, the punch being driven into the die
with a force such that the slug material is forced between the punch and
the die and into said slot or slots to fill the slot or slots completely
and the space between the punch and the die at least partly. As already
stated, accurate dimensions of the resonant cavities are essential for a
correct operation of a waveguide filter. Moreover, the location, shape and
20 dimensions of the wall or walls and iris opening or openings between the
cavities are critical. With the method according to the invention a
waveguide filter can be constructed from two extruded bodies which are
formed by means of a punch and die of very accurate dimensions. It is then
particularly 25 important that during the extrusion process the slots in
the punch are filled completely with the slug material. The box-like bodies
thus manufactured have a smooth interior, so that it is not necessary to
subject the inner surfaces to a finishing operation. The partitions 30
formed in the slots are positioned precisely and are given the required
dimensions during their formation. The filter is formed by placing the two
extruded bodies against each other with their open sides facing one another
and with the partitions in one body aligned with the partitions in the
other body. The pair or pairs of aligned partitions form a wall or walls
having an iris opening or openings and 



separating the simultaneously formed resonant cavities.    For the box-like
bodies slugs of material having both satisfactory electrical properties and
satisfactory extrusion properties may be used, preferably, aluminium,
aluminium-alloys, copper and zinc. 5             The method in accordance
with the invention is suitable for manufacturing waveguide filters of
various dimensions and for various uses. It is thus possible to manufacture
band-pass filters, low-pass filters and high- pass filters. 10
An advantage of the method in accordance with the invention is that it is
simple, requires few operations and yields cheap and readily reproducible
waveguide filters. Moreover, the manufacturing time is short, so that large
quantities of filters can be manufactured per unit time. 15            In a
preferred version of the method in accordance with the invention the punch
has a continuous flange which remains outside the die when the punch has
been driven into the die,and during the impact extrusion the slug material
is displaced sufficiently to fill com- 20 pletely the space between the
punch and die. This results in any excess slug material being situated on
the outside of the extruded bodies, so that this material can be removed by
a simple mechanical operation such as milling. This has the advantage that
all internal dimensions, 25 including the length, width and height of the
box-like bodies are established during the extrusion process. The bottom of
the or each slot in the punch may have a convex or V-shaped profile such
that the slot is deeper at its ends than at the centre. Any impurities on
30 the surface of the slug and any lubricants, such as zinc stereate, will
then flow outwardly along the bottom of the slot towards the space between
the punch and die. As a result of this, the partition formed in the slot
will have a very smooth edge. 



35            The invention also provides to a waveguide filter
manufactured by means of the method according to the invention.    4 An
example of the method according to the invention will now be described in
more detail with reference to the accompanying drawings, in which Fig. 1 is
a schematic longitudinal sectional view, not to 5  scale, of a die and a
side view of a punch which cooperates with the die, Fig. 2 is a sectional
view of the punch and die taken on the line II-II in Fig. 1, Fig. 3 is a
longitudinal sectional view of a box-like 10    body manufactured by impact
extrusion with the punch and the die shown in Figs. I and 2, Fig. 4 is a
sectional view of the body taken on the line IV-IV in Fig. 3, Fig. 5 is a
longitudinal sectional view of a waveguide 15    filter constructed from
two extruded bodies manufactured with the punch and die shown in Figs. 1
and 2, and Fig. 6 is a sectional view of the waveguide filter taken on the
line VI-VI in Fig. 5. In Figs. 1 and 2 the reference numeral 1 designates a
die. 20   The die 1 comprises an open-topped box-like housing 3 in which a
slug 5 of 99.5% Al is placed. A punch 7 is arranged to cooperate with the
die 1, the punch 7 having smaller dimensions than the die so that when the
punch has been driven into the die a space exists between the punch and the
bottom and side walls of 25   the die.  In the side 9 of the punch 7 which
faces the die, four slots 11 are formed. The bottom 13 of each slot 11 has
a V-shaped or convex profile such that the slot is deeper at its ends 15
and 17 than at the centre 19. The punch 7 has a continuous flange 21 which
projects over at least part of the upper edge 30   of each of the side
walls 23 of the die 1 when the punch is in the die.                    - 



In operation the punch 7, in accordance with the known principles of impact
extrusion, exerts a high pressure on the slug 5 in the die 1 such that the
yield point of the slug material 35   is exceeded with the result that the
material begins to flow,    5 moving upwards into the slots 11 and into the
space between the punch 7 and the die 1. The punch 7 is driven into the die
1 with a force such that the material flow does not cease until the slots
11 are filled completely. Due to the V-shaped or 5      convex profile of
the bottoms 13 of the slots 11, a flow of material from the centre 19
towards the ends 15 and 17 of each slot 11 is obtained, so that any
contaminants in the material, for example, contaminants originating from
the surface of the slug 5, are moved outwards along the bottom of each
slot. 10     The excess slug material flows between the flange 21 of the
punch 7 and the side walls 23 of the die 1 towards the outside of the die
3. Figs. 3 and 4 show a box-like body 25 which has been manufactured by the
method described above. The body 25 comprises 15     a bottom portion 27
and side walls 29 and has an open upper side 31. Four internal partitions
33 are formed in the slots 11. The shape and dimensions of the partitions
33 are identical to those of the slots 11. Consequently, the upper edge 35
of each partition 33 will have a V-shaped or concave profile. In the 20
condition shown in Figs. 3 and 4 the body 25 still carries the excess slug
material around its upper edge, as indicated by the broken line bearing the
reference numeral 37. This excess slug material is situated entirely on the
outer sides of the side walls 29 of the body 25 and can be removed by a
simple 25     mechanical operation such as milling.  If no special
requirements are imposed on the outer dimensions of the body 25 the
mechanical operation may be dispensed with. Two extruded bodies 25 are used
for constructing a waveguide filter. In the present example of the method
in accordance with 30     the invention a waveguide filter is formed with
four 



half-[err] resonators which are spaced by K inverters with an inductive
iris opening. For this purpose a part of the bottom portion 27 and the side
walls 29 is removed from each of the extruded bodies 25, so that one of the
partitions 33 of each body 35     functions as a side wall at one end of
the body and the body has only four cavities 39.  The part to be removed is
indicated by the broken line 40 in Fig. 3.    6 The waveguide filter in
accordance with the invention is manufactured by placing the two bodies 25
against each other with cheir open sides 31 facing one another, as shown in
Figs. 5 and 6. In order to facilitate 5 positioning of the two bodies 23
relative to each ocher the edge of each of.the two longitudinal side walls
29 of each body is stepped to form a shoulder 41. The waveguide filter 43
thus manufactured comprises four resonant cavities 45 which are separated
by walls 47 each formed by two aligned 10 partitions 33 between which an
iris opening 49 is formed. The waveguide filter may be provided with an
output port. The method in accordance with the invention can be used in the
manufacture of a waveguide filter type having more or less than four
resonant cavities. The method is also 15 suitable for manufacturing
waveguide filters of a different type, for example filters whose resonant
cavities are separated by J-inverters  with a capacitive iris opening. 20
25 30 35    CLAIMS: 1 .       A method of manufacturing a waveguide filter
comprising two or more resonantcavities which are separated 



by a wall or walls in which or in each of which an iris opening is formed,
wherein the waveguide filter is con- structed from two complementary
box-like bodies which each have an open side and an internal partition or
partitions forming a port on or portions of said wall or walls, the
box-like bodies being placed against each other with their open sides
facing one another, and each body being 10 manufactured by impact extrusion
employing a box-like die in which a slug of material for forming the body
is placed, and a punch which has smaller dimensions than the die and has a
slot or slots for the forming of the respective partition or partitions,
the punch being driven into the die with a force such that the slug
material is forced between the punch .and the die and into said slot or
slots to fill the slot or slots completely and the space between the punch
and the die at least partly. 2.        A method as claimed in Claim 1,
wherein the punch 20 has a continuous flange which remains outside the die
when the punch has been driven into the die, and wherein during the impact
extrusion the slug material is displaced sufficiently to fill completely
the space between the punch and the die. 25 3         A method as claimed
in Claim 1 or 2, wherein the bottom of the or each slot in the punch has a
convex or V-shaped profile such that the slot is deeper  at its ends than
at the centre. 4.        A method of manufacturing a waveguide filter, 30
substantially as herein described with reference to the accompanying
drawing. 5 .       A waveguide filter manufactured by the method claimed in
any of the preceding Claims..    


