I 2143002 Met hod of manufacturing a waveguide filte nd
wavegui de' filter manufactured by nmeans of the nethod. The invention @t es
tp a method of manu- facturing a waveguide filter conprising two or
resonant cavities which are separated by a wall or walls in which or in
each of which an iris opening is formed. Such a nethod is knomérmrrmn
Pat ent Specification 1,264,634, Wth the known nethod the fil e
conprises a succession of resonant cavities, is constructed from separate
pl at eg, The phit@dre MtrdAaliag 4 el dsuiial cshest and- e subiiect ed
to.a nunber 10 of operations. Subsequently the plates are assenbl ed by
means of auxi I5%rSf nEHEHRC YR r‘ﬁ‘fi"ﬂ‘i/”b%l e a'flges .'&%ﬂé‘f‘%'— tuting the outer

wal |'s of the filter, after which the cavities are formed by nounting plates
in which a window is fornmed. Then the plates are interconnected by screwed
-or 15 welded joints, after which sonme finishing operations are perforned.

It is generally known that stringent requirenents are inposed on the
accuracy with which a wansguirthe ddiderrd Ba teduf Acd uti€thodus f afienu-

irregularities.j al |.s of the 20. reson jties and. dinens; |
errors may IezfcfL "{]tc‘fE Slg'ﬁésl\?gaﬁﬁ‘aﬁg‘%lo%erlJr%‘ge:xgs@%%pdg J?r%%lﬁ%e%'r“g ert'ﬁch? [ +%€$nant
oper ati on. TheaRpdure rettiedr d9e WA RS2 el rieut reall 5 uet vl Seobe wietgh and

tEe _exg_ct _ gi rr:aﬁs:iq{lsedﬁh'tm xflﬁﬁd}lﬂ_ae[ﬁ ﬁfﬂé‘t&f@njﬁég e pﬁ@éd{lsﬂdbby subj ecti ng
the individyal plates tq a pluraljty, o] erations, followe a

ti rre-consumyng assenbl yosﬁ‘}cdgeasé'}e%%dth%q‘g‘f%%a’c’km? hé‘?r‘ﬁfé ﬁ%ﬁ%‘?’éct uring
time is |ong &meqifiqmmdract X6 he Yostisith ette ghnowt metled othectibietrhe
invention to RAOMIE Gnpl S dT 60Kk d NEKXPEYS | Xbs SR DO £F 1 DROYT agLUring a

wavegui de filter of the construction described - I n the opening sentence.
According to tHRRITRAGHIDE TR BT HrOR R 3 nBthodf e FredXi? aBRBR T ng a
wavegui de fi | tfdctAOrgel ifddig) 4 Wietal sheet and are subjected to a number

0 of operations. Subsgquently 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 fdrmed.by mouﬁting plates in which a window is
formed. Then the plates are interponnected by screwed or

‘5-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 fhe
0 resonant cavities and dimensional errors may lead to
substantial power losses and may degrade the filter
. operation, '_

The known method, in which the réquired surface
'smoothness and the exact dimensions of the fesonant cavities
5 are obtained by subjecting the individual plates to a
plurality of operations, followed by a time-consuming
.assembly prdcess, has the drawback that the manufacturing
time is long and the mahufacturing 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 nore resonant cavities which are separated by a wall or walls in which
' ch of which an iris opening is forned wherei'n the wavegu ide fil.ter
cted fromtwo com plenmentary. box-1ike bodi es which each have an s
and an internal partition or partitions formng a portion or
“of said wall or walls, the box-1ike bodi es being placed agai nst

each ot her mﬁth their open sides facing one another, and each body being
manuf act ur ed ex- _trusion, enpl g_a box-1li n mhl -a slug
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the respectiygepaihi thoNyQLeRALLE k9% et ag BB%Q:@%@@ dos r}wntc%n} he die
with a force such that the sl’ug nateri al forced between t punch and

the die and th"aegafa‘s}’afc bikg| Bpeieg MlFLth gacH §aver agy m%meetaacy
and the sQacenbehueeﬁqnhpaﬁmlehoandrtbarduelahsle@&hlm@rhlwon%iﬁﬂnﬁﬁdy

st at ed, aCCUg?I@ith?QS' Q0§ 40f, REe FGSQE;&L@ GAL LI &S 138 @33R Al L a
correct operation of a wavequi def i Mdr eover, t e Socation, shape a

20 di nensi onglafeghas thﬁtoﬁaﬁﬁlP§ﬂaﬁdWPFPstb§éﬁlﬂ@e@rseﬁeﬁlﬁ@§HHERMEEh the

caviti'es areagbbhbsl anMV tAchheoo®t Bed ngCmahdirae cu@eln® v R¥PAldOR A
wavegui de filter can be, constructed fromtw extruded bodies whjch are

formed by meARBS5P2aCBRARKBRA2dPE 5T 1FEr 1 15cdth ¥PECh FefididneT M4 ien
particul all y£as inpminanrhehabdauisnglahedexanusaomumm@c&&&dﬁuh&ﬁcns in
the punch arEmLigLFddEBQHE%ﬁEYt%kht}xQenﬁ' Ug Ea‘h%” al s1The hoxildde hpdies
t hus manuf act ured have a snooth I nterior that i s not necéssary to
subj ect the FRPeFoslipgceé tBearPSRPSHLNE @ﬁéﬁ&ﬁﬂ@ﬁ oth@3Fdith itdnstrs e
formed in thpufitnt Seang {E!ﬁsivbhO&ﬁdopﬁ:ﬁGI geky waRth af &€oFiceersudie vrRaiviad

di mensi ons dyrjng L fot The filter |s f.or.ped acing fhe two
ext ruded Fodlég aﬁ%?%g eac%a %5rdwggﬁ VERE] th nChdesgyégﬁng 5%e 5§other
and with theipaet feiénsipri Gﬁesbed\? &bi @néd Wiheh Stll<i>et Par tSlotens dmp idte 1y
other body. Jhe PRb'sPhcBabbswBEnakh@NdnRAr bind Ahe WalMat WaldsOlpataily,

havi n niri ni n r ni.n n
aving a S opening,Q ggeadygztgtgd, accurate d1men31ons of the

resonant cavities are essentlal for a correct operation

of a waveguide filter. Moreover, the location, shape. and
m dimensions of the wall or walls and iris openlng or openings
between the cavities are cr1t1cal With the method according
to the invention a waveguide filter can be constructed from
two extrudeq bodies which are formed by means of a punch
and die of %éry accurate dimensions; It is then pérticularly
25 importaﬁt that during the extrusion process the slots in
the punch are filled completely with the slug material.

The boi-like bodies thus ménufacfured have a
smooth interior, so that it is not necessary to subject the
inner surfaces to a finishingIOPeration. The partitiohs
30 formed in the slots are positiohed précisely and are given
the required dimensioné during their formation., The filter
is formed by placing the two extruded bodies against each
other with their open sides facing one anoﬁher and with the
partitions in one body aligned with the partitions in the
3 other body. The paircnfpairs.of aligned partifions form a
wall or walls hoving.an irié ooening or openings and

separating the simultaneously formed resonant cavities.



separating the sinmultaneously fornmed resonant cavities. For the bgx-Ilike

bodi es sl'ugs of material ‘having both satisfactory electrical proper and
satisfactory extrusion properties nmay be used, preferably, alumni
d#ﬂn1n|un}alloys copper and zinc. 5 The method in accordance

with the invention is suitable for nanufagturing wavegui de filters of
various dinensions and for various uses. It is thus possible to manufacture

band-pass filters, '0“*p§§§ bLLUBER - @Qﬂehbgﬁﬁega§iupk|%%r%at£91aﬁ having

An adyant age of the method in accordance with the ifvention s t
sinpl e, requirBsthedrEpefarrons angcyrarad @ﬁ@@ﬁréﬁesréﬁdiﬁ?tﬂépﬁéﬂﬁﬁwble

wavegui de fil tQRSruMDBQO}:SQl’)pLHﬂQeB’Bnufvaﬁ'E.UhLHg,t PR He$abl et alsiliaim,| ar ge
quantities of filters cale nanufactureddp unit tinme. 15 In a

preferred version or Hie*hefhdd FRPREEoFHANEE™Ni'th the i nvention the punch

has a conti’nuous fl ange ﬁhﬁchewbndlns ogteoirdenchewdité When inlve nFdeeh ilvas

been driven intgithg1di eoanelaqukhegut:aﬁal Km%tau%%r u&u%rtsh%fslvla&ﬂm{serl al
i s displaced sgff|0|entl com 20 pletely the S%ﬁ € bet ween 't he
el

punch and di e. ?ﬂ?§”F8§ﬁIF§8|ﬁ°5n a€%88§s“§Fﬁg ﬁﬁtéﬁlé 0§ *&irFat’® on
t he outside ofmahexextnndedabddpess faltkats,t Doy -paiser ifdll tears aod éeneted by
a sinple nechagbggllgggggglon such as mlling. This has the advantage that
all intern dimensions, 25 including the length, width and hei ght of the
box- i ke bdli es are estaBPi H¥ARARERNG Tt KEeeRerhedofnpRECOTSanTive Width dieof

~'the or each sl ghveAtiba munehar&aytha%esam@Q@\;ehqnu‘z‘e%haﬁad ope@fa ti el Glhd

~that the slot [s dgener gl LLs ¢0d310a0. 8 LG GON' 1o/ demunldles, on
- 30 the surface” 5f ARd ARy T abr i CRACS, Such X$VFENCCSt eredtd,” wil |
t hen flom1outmﬁpdﬁyvarangheheabGEﬁeﬁuGﬂnghé19bou5t@W@wasIﬂ%r@EHCéQQQWEen

the punch and q{lsntéalasresuktil%rghban b€ mBAklralcitR 0 R U o REaR Ot

wi il have qsvery smoot h %ngg preferred version of the method in
accordance with the invention the punch has a continuous
flange which remains outrside the die when thé 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,

35 jncluding 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 aldng the bottom of the
slot towards the space between the punch and die. As a
result of this; the partition formed inthe slot will have
a very smooth edge. '

B The invention also provides to a waveguide filter

manufactured By means of the method according to the

invention.



35 . The invention al so provides to a waveguide filter

manfitadt ured by means of the method according to thé invention. 4 An -
exapf 2 of the method according to the invention will now be described i n. st
nore detail with reference to the acconmpanying drawi ngs, in whi'ch Fig. 1 iS5

a schematic |ongitudinal sectional view# not to 5 scale, of a dieand a
side view of a punch which cooperates with the die, Fig. 2 is a sectional
view of the punch and diée taken on the Iline Il-11 in Fig. 1, Fig. 3 is a,

| ongi t udi nal sect PR EFETRACQf dthegmaidrd |qcrerdige to Sbelyinketiractidted by L@éct

extrusi on Wit fow be qusaeibeanth indee Uie€atNeNEh irBidvegbe th Gl adeonphdying i S a
sectional vi egxéa%fintsheigowqxcgaken on the line IV-IVin Fig. 3, Fig. 5is a
| ongi t udi nal sectT fm’al view of a wavegui de 15 filter constructed from
two extruded bodi Bsg-minid ac¢chendtig iongihedipahctecahenadi eleghowt ko Figs. 1
-and 2, and-Figeal8,isr @ sRCLAPNRALI e¥edb st hGuN@Y eBLInIEJekb&s t aken on the
line VI-Vi |n\F|hg. 5...In Figs. 1 and 2 the reference nuneral 1 designates a
die. 20 The*Hifet™® @fprises an open-topped box-1ike housing 3 in which a
slug 5 of 99.5% AFig.s2plsa@eskctboqrineirw/ of sthar pueyeshdt dic @apar ahe With the
die 1, the pug@lzngwt\ﬂ.ﬂgiﬁnﬁlgl.e{, di mensions than the die so that when the
punch has been driven_into the die a space exists between the punch and the
bott om and si de wAtg-s3c¥s 2olongifdigplk sectipngheviev RE 8 ®x-Like punch 7-whi ch
faces theg di ebodyOrinuthotured Ibyalidpdetr sldtus acw Dt tiMplsctdlaneawd sl ot 11 has
a V-shaped or conyex prqfil els#y ,that the slot.is deeper at its ends 15
and 17 than a etﬁe. cen?_regig. he “punch 7 has a continuous flange 21 which
projects over at Feast jpastscotiesrd vigyerfedgedBy taksh wathe diinehe side
wal |'s 23 of thei¢i é, Figphe) the punch is in the die. _ -
Fig. 5 is a lonmgitudinal sectional view of a waveguide
15 filter comstructed 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 whic@
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. 1In 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 1l such that the yield point of the slug material

35 is exceeded with the result that the material begins to flow,



extryusion, exerts a high’pressure on the slug 5 in the die 1 such th e

Ka?ld poi nt of the slug material 35 i s exceeded with the result th e
erial begins to flow, 5 noving upwards into the slots 11 and into the

space between the punch 7 and the die 1. sThe 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 conpletely. Due to the V-shaped or 5 convex profile of

t he ‘Qg;[ tons 13 ®évimgeunsiands iffo thefglows ofl amd drtalthe sPare hetersstre 19

towardsS the endshe puaén 712n@Eh§an sl Otheliauﬁ& 9btsaupAda Sikot bt add) f
contami nants in t terial or 0 nants ori gi nating from
the surface of th §n€°d’°8 sugh iRy B c? ggfe\ﬁé?ﬁ fq ggﬁst“ﬁé ‘bec?ts?o‘fﬂ 6# each
slot. 10 Thehexdess 13| arg Asltledi cimpidtals. b@twvetenthﬁé! §lagadge@r2l of the

punch 7 and the.sifds yRleise 22 &fe Lmomelslomwﬁ%ts ha ,out@bdleof the die
3. Figs. 3 and 4 shq Wa box-1ik en- manuf act ur ed by the

has bee
met hod descri beBa%ﬁfb%]e r?‘ﬁethﬁo‘tﬁ?tﬁ% %oﬁ‘ﬁﬁrg’es‘hﬁends 1 apdil ok §8F%i on 27
and side walls 2%tant isasbwaineperowhaerargi centihindnosirin e masdriphytiti ons
33 are forned i ts, d t partitions
33 are identica { 'ﬁ#olgé o%l'a%-mg éf&ﬁpgif@?%gngg&,{‘%?%??{cﬁ b per edge 35
of each partiti &t 33ugid:| atpaPevesd wuksdedlons &bh éonpﬁéqucb 51I°F| the 20
condi tion jghownThd eki&ss. sﬁsgaﬂdt&ihhﬁflbﬁﬁ)be&&eﬁt tid fcafgm BS oEheheexcess sl ug

material around_it pper he t.h ken I| earing the
ref erence numer Bf" %79 #‘ﬁ %esgag g r?:fte ?{e L %%watr &8 2H f"?el y on the
outer sides of phehsidie dal I s 29 of the body 25 and can be renoved by a

sinple 25 mechapi £l oamar@tgheo §t9949-memoh&lmmdhfhssobaaem al
requirements are i nposed on the outer dlnen5|ons of the bodg?ZS t hy

mechani cal operﬁ?’?‘ﬁﬁcﬂﬁ'ﬁddﬁ' Ghe MeRRas 463 TP eor@Bowk t r et do é§m9’5“§?e used
for constriecti ng teew @gutiba £7 lshérsidernwdlle 29 esd his aemaopdncupdert he net hod

in accordance Wil 30, pouf NBedAUEYdrOPeBalPCOU U5eddd 1L enkSs1bRE MRY Wi th

f our

“I'n operation the punch 7, in accordance with the known principles of i%act

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-sBaped or concave profile. 'In the
20 condition shown in Figs. 3 and 4 the body 25 still carries the
excess slug materiai 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 mechamical
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-)\ 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.



hal f-[err] resonators which are spaced by K inverters wth an i nductjve
iris_opening. For this purpose a part of the bottom'porti on 27 and the side
wal 29 is renoved from each of the extruded bodies 25, so that one of twi
par ons 33 of each body 35 functions as a side wall at one end of '
t he\bddy and the body has only four cavities 39. The part to be renoved is
indi cated by the brokemulel RavéguitieFifg1tdr in Gcberdsamaguiith fidder in

accor dance WI 4 h the i nventl onfactqmug %ct ureﬂ% ty,r 9:' aci Ny he tvvo ,b.odl es - 25

agai nst each ot Rer W't A ocherT pen - si des aC|h one anoqn s’ shed

Figs. 5 and 8saimsdr gecht @tihaen T‘“Iltté?t éhsl;;osqpteurbmwSofBR hf@ct:wcg bm,ﬁ es ?3

relative to gachieeenst fg@lo%gqnofw 18aCh Phadches v |angid udi nalesideval | s
29 of eac? body .i.s step form oul dgr 41. tThe wavegui de f||ter 43
t hus manuf acP3Péd*es §és 1Su s ﬁg‘ﬁt Eav it S i ArHt © Yiardfted

by wall's 47 ealc;la_ odr mhbyzft Wirea | civpn b nikk tpatitriatll orisd e3 37l sven <Wh|etsdrr:1an
i ris opening,4d.J§fqQh @%‘i&edﬂ’c% wveoWw de Juiildsr uRy iR R!é’é’ééi@f’dé’“é

out put port. The met ho in accordance with the jnvention can be use |n the:
manuf acture df & hipsy BGGde ofTesy SPRE U rﬁj’“ﬁ'"orree Bnans L § DUt
r esonant cavmme& athe sl&'@:hhl&deloﬁ bl @1l su tealdre formatrisf atdird Nened

wavegui defilters of a rent t far ex |l & i ters, whose resonant
cavities are separté'toela % %%ltr‘l\r(}eerr )e(“r%slc} ith “a rarg) °£C|rf| e L§9 ri% ofgenl ncg 20
25 30 35 Chal MBveguide tlltArnmahfodPeofprrmﬁeatt\wqmgara QUBRYUIiRIELL i | t er

conprising two or mor eTh%S%a:WoQia\&Jnt 'a%%d&‘lia@fbearw%.tiﬂptﬁ{@tﬁﬂrentlon can

be used in the manufacture of a waveguide filter tvpe 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
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by a wall or walls in which or in each of which an iris opening is med;
" wher.ei n‘the wavegui de fiiter is con- structed fromtwo conpl enent
:.box-11ike bodi es which each have an open side and an internal partition or
‘drtitions formng a port om or portions of said wall
box-1i ke ‘bodi es being pl aced agai nst each other with thejr n sides
facing one anot her, and each body being 10 manuf actured ﬁgﬂgm on
enploylng a box-like die in which a slug of materi al; 1or ﬂﬂ"ﬂﬂﬂb

i S plaped and a punch which has smal |l er dinensions than thé dfe Bnc® has a
slot"or slots for the form ng 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 &lag#s:or slots conpletely and the space between the punch
and the die at |east partly. 2. A nmethod as clainmed in Caim1l
wherein the punch 20 ha I pgous._f c MBLNS 4QukS the die
when t he puncﬁ has beenédglggﬁélﬁ%om?ﬁukgggﬁrlng mhe%geﬁuaurlngisﬁe I mpact
extrusi on t hec¥npXifbeertad ¢35 @wespl neednantFrrishebywhachi hrecsaphrepsky

‘the space between 4e1pypchadnd thewdien 86 3n each ofAvHREROEnAsrgkai ned
in Claim1l or 2, wherein_the gotton1of the or each slot..in the punch has a

convex or ? SPRPRL S HF i FRTBedn YRAFSFRetaf o¥avEsEdpef L14RT| £§ 8RBS t han
at the centrestducred fromk tedhodmplemanuvhzagt bokRikewhvdgasdehficht each30

SUbSta“t'a"yhééeh£ﬁ6$9eﬁe§£&éb%ﬂ?méﬁhi£€£ ﬁ&ﬂcga}@ £hs 389°§E§gxkﬁgns :
drawi ng. 5 wavegu ter manufactured By ch almed in
any of the pr%%%ﬂ?%@ EJ%?H@ on or portions of said wall or wal s,

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 emploving 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 slbts for the forming of the respective
partition or partitions, the punch being driven into the

18 die with a fofce 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 rémains 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 beitween the punch
and the die,

2 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 deeber at its ends
than at the centre.'

4. A method of manﬁfacturing'a waveguide filter,
30'sub_stantially as herein described with reference to the

accompanying drawing.

-

5. A waveguide filter manufactured by the method

claimed in any of the preceding Claims. .




