, e3et ppgs4Ps\t 6t Tt, SURGE LI GHTNI NG PROTECTI ON DEVI CE FI ELD OF THE

IN\/EI\FI'I ON n relates generally to surge protec

pa!rtl cul az}m mm‘mmmﬂmmrot ectors for hardware receiving si Mﬂ mmmham al
cabl e. is well known to provide electronic dev surge
prot ectors, Ilg n| ng arrestors and bypaés circuitry to protect®¥B¥He device
fromsurges on the power input and signal input. Surge protectors,

|l ightning arrestors and pass circuitry are shown in Jones et al., US.
Pat ent No. 6,236, 551B1, @@EWH@N OBOTE(GHON BEVACE U. S. Patent No.
6, 115, 227, issued Septenber 5, 2000; Jones et al., U S. Patent No.

6, 061, 223, issued May 9, 2000; Knoedl, Jr. et al., U S Patent No.

5, 987, 335, i FRIONOMERIIEVENTION99; Zahlnan et al., U S. Patent No.

5,963, 413, issued Cctober 5, 1999; Joulie et al., U S. Patent No.

5, 875, 090, i ssued Febr Uhisy ipentiamorplaies regperally) o sopgce frotRefions 88131 pro ]

i ssued Nove i ssued
August 4, 13533’{10%?&# %W&r%%%ag%g?sen% hﬁ]iﬁiwaéy‘fgﬁ“’g’% Qﬁls%ﬁ%ﬁ%%%% 4, 1998:
Mansfield et al., U S. Patent No. 5,652, 690, |ssued July 29, 1997;

Shi rakawa et _al Pat ent No. 5,283,709, issued February 1, 1994;

| garashi, U. %Acﬂ{é{’%g . 4,644,441, issued February 17, 1987; Cine, U S
Pat ent No. 4, 486, 805, Qegfﬂmﬁ Aidel S| L{vffh B e,
4,447,848, issued May 851§lfgé€isll Bl oc f)ro ) .agétoennt '&\%ces , ) ‘%?‘5} t|essftse

Cct ober 11, lg8Ring Iﬁrmstotsemd bl;dp&s cﬁauleﬂytto INooteot tIBSde vk rom smlgesj oxDteqiwaver 19,
1982; Bltsch et al 303, issued EFebruary 2. 1982;
M ske, or . iope S e TRt S5 es PR R kay e 2 PP AR 5
Pat ent No. 35&% iQ32one's%$|d!3dUM3Pat’ént N%7623§‘5911§Prlssubﬁ§4a 001 NJones et
3,504,226, issued March 31, 19 US. Patent No. I,987,575, issued
January 8, 1@13§Sd?a@nna10aﬁ,sllé;22a| lssuewssptem@pehﬂme Jonesa0al5 T4S. l?ast@ué\bp

Cct ober 3, 1 nes 2 1")
Jones. et al 00812515l MR- 000 kBT o, 055 BeeRPNR 15 987388 sl
U.S. Patent Neverfibd2616, 21299(Zatﬂﬂﬁﬁ etZzZSUS(Paattlmt5963 113, H@suéﬂﬂ@ﬁomti?nts )
are a famly of patents ISSUIngq on the garent and conti nuations, thereof and

theref ore pr &%4% dovlicee! sth b -3y iPakeng Blgr .87 1020, sved Fpbruary 23, dA8% GirgrdnHert or
for coaxial plogsy 93‘5'8'39 888 C AR N'oVé‘mﬁéreﬂef%sarI@asﬂara & 41,1385 Wafedl I\‘Rﬂf’"ped

i nductive el ement desi to provide tni'ng protection while natching
i npedance of5t79@:,36hosmedg\dguste4 lVﬂ&;thmchlls SwatentNo.vin 7903 €lo ndsuefiAmgestd

noun ¢ o ut 1 11 5% MaodBIg & dnd SaBSERCYG - e KRB Ry F5 o 00% Srage
protection dgyicey, SOPétle'ﬂiteNé h532833376999§s95d 88brafiV 19941 REradRiN €8S Rak&i tNo.
Bl ock and M nich Such devi ces use i npedance matchi ng techniques so that the

| unped i nducﬁ,é%,éél,arsduadaﬁabnutaafndé,s 1887;t Rding,alh. S)ugatemnﬁ@ne‘h{r&ﬁ 80%d issued

char act er i st PEsEdanea aenitho O SRR PR has. UL BT 8 BIAse ot oo

However, sucty.Slepite@sNby @i408]63y, ilgsﬁécumtmttlllpl@spgﬂ@chaguﬂ Si Pgtent No.
cal i bration and t uni ng and often i ncorForate tinme intensive or conplicated

assenbl y t echApdsd, issyeipgtabenr itsgh vhe/ p Ss Eatent Noendildd0doipiedses
one or more ph 4, iotéﬂl“mkfeeé‘xt Ug9§ PlteftORB! @%%B%'B% tﬁ&&?‘fﬁa A) hgpt;ni ng
surge protection deVice i's provi ded that is sinple to nmanu acture an
assenbl e yet MeSaucldds.S| PeehtnN0og3,SUT,082, issnte Mayodh, 1971t Statsomailns.natent No.

et ving dedoRb2abnrighRbch §ly 1 L) ondreha: LOTh S fnsted iR,

includes an i gehng NI &' NBW. Plteft RBPAGIE,ENE Sasu@NOb&r3,q9psluct or
insulating material electrically insulating thé i nner conductor from the

outer conductor and an Jonehuattady Ui datent Wel §,236.0p1Bh{Jomes ‘Shliar Janes diu@'t,or

Component s ¢ Nat Tt Nl d0 26 eBnE: 2270 A fBhe Qe i i bR B4R n

surge prot ectgbnest-De3’ wtdbnle@tmgumte%n@%td@@s”j SieERndi iy OpateafSSsuaipdordthg! Ug
that is frictionally secured within the case. The inductor s solder|essly

connect ed t obamet frtheentivations ﬁﬁr@vﬁcﬂnﬂh@eﬁfﬁrerpreﬂﬁ@ldbt game Theelosyrger The
conduct or in

portion. Die ?&%g%ﬁhl%&%%fggg%gré¥§cgq%alflr§@ ndu ggeg%og#% ?ront
t he second conductlve portion. The dielectric material may be injection
nol ded to the first and second conductive portions of the inner conductor
or may be a separate dielectric portion configured to snap onto the
conductor portions. Illustratively, the dielectric portion partially
encapsul ates the first and second conductors to nechanically secure the
conductors together The dlelectrlc naterlal ~may be injection nol ded

v o o e



J -3.includes a first insulating material insulating the first conductive
portién fromthe outer conductor and a second insulating materi al

i rsul ating the second conductive portion fromthe outer conductor. To
reduce assenbly costs, the inner conductor may include an

i nduct or-receiving hole formed therein t& receive a portion of the inductor
therein to electrically and nmechanically couple the inductor to the inner
conductor. To facilitate solderless connection of the inductor to the inner
conduct or t hpiiahdhapedr indugtiven clamernt destgned gor plosidewhighiningh grotéqivar whiei n

For ce acti ng T o gy pracRe St il BRI oo Thin AP sCEREEbEp o FERNEHERM T e

cost of manudaidnuonAertéioeo Blatdiah impelahed of ihtmid@NLSt itieale® Wellkdowaase and
plug may each_ _be cast. A nethod of manufacturing such a surge protection
devi ce is préilizgdaductive apdheapgeitive plsmenisdn pdightnigg surge pptesliondayica e tune
insul ated i r CtO, i r jrnduct o

asserbl od. THE SoRC Yol BENCAGTPASEs TPk bl NARKE. Stor i

i nsul ati ng pimgedanceanatphiag téchnijuks k6 that alel igitd indundtarges and capdettamesplfed to
a signal carrying conponent of the signal receiving device and a second

i nsul ati ng p@Pt"F’{%ﬂ“%‘Eﬂm"é‘Smts&“Q SERLBNTY Of SifaRANNETIoL SN deksadogghye celubib| ed
to the inneryeongdGhacRlistddn i [ ohifmst Qiagduct ors
are capacitively coupﬂgﬁlgo oﬁgggﬁgﬁkébkq%ﬁgigggéﬂggJoﬁﬂggg?ﬁgggﬁgtor'is a
two conponentowavers seadndedtes typicatlli include mewltiplef partse requiring calitstatdero and s
configured to inclgdsﬁa.cavit% §ized ta receivq.ogﬁ of ng first and second
i nsul ati ng pOPHESHE OffRR MEOFPoLTe Ume IREAY G A CmRlisateg a5ttty tehiadeher
conponent of the outer conductor. One conponent of outer conductor is
configured tQUuRAMARYPOEINVENTION!t er conductor of the coaxial line. The

ot her conponent is co n’;‘flx%g{eg&t rilﬂfeﬁﬁor? 9(5{19%1‘? s bl 3¥ g{oﬁé’ B8 ff?lg(g\gi(rj@ G0 les

recei ving device. The Insulating portion o e 1 nsu i nner
conduct or i sor cambinatibrisntherebfie A dightningfsumespioectien deviee df proddednipprient s
of the outer ,copductor._ The inductor is coup]ed between the insulatgtﬁinner

J
conduct or antiMPifelss Mapplaeyroard gisemble X’E}nlﬁwﬁlélﬁf dighining, surge neotectimywatler |
The second ipalidhs BohdpHehi BrAEmitha sighatyl ated inner conductor is inserted
into the cavity of the other conponent” of the outer conductor. The two
conponents of the out eFhecangeptotactarrfer a sigphladceaimimgaleyice lvenfigired tcwaeivet or
IS eIectricaLIX insul&ted.fnonr but]#pductiveg% &o%ﬁ]ed.toa t he. out er
conduct or. THEUA 8¢ HEAPSTHSSIO, {ing Mehifss 2B dPRFT CPBIUGIaYines ® GrRacitange; an
mat eri al SouterdcdtiatraniiaglldtihgamdtetiaPaetitiicyl ShsaRUAY it idnBe cohdustor FRyElUCt Or
to the second conductaor. The first insulating portion and the second

i nsul ati ng pBetquss spgugiar andnantindeciersinguptiyelie gowplinghihefinpeyt cepdyctor @véd
conductors. St t i ns t i e i ting
por i on_and TS oqpetor MisiddhBly, RS ooRBNAGY b tithned ARTARAERBGALAS Wl
first and semerdugleddegetier.s Toldid in mskenibdy ofreie lighthingasume proteetor,cthe dutk or
end and an outer conductar end, the provided insulated inner conductor

ncl udes an FHGHELHRAY B g?rmeﬂgr%ﬁeeswé aliig Eebt Befpaiarecustd w&gfnotﬁ@ er

| nduct or 1 nClydesRNiniRANCOLIIERSY (bl L1A WY EtubRE HBURE gL he
i nductor step includes the steps of"inserting the 1nner conductor end into
t he i nduct orcanduetoni ridichivher edndupier iimdudeat a dirst moadudtivdupdarton and 4 seend i ng
the outer conductor end into.the inductor-receiving hale.of the selected
component  of ARtk g Blee B mARHARpahES R e iR norin P RUBE  or
may be inseregend bomiuthie podidfi! Oriel @eRLYicNHatBRhIemAY beBjes@dit filokdbdConmenent
of the outer conductor sinultaneously with the insertion of the first

i nsul ating pbist aad seqondreondpefiveapastionsnak thec vmau eensducionta mae beaisenprase a
| ect ed : t . i L.
ol der L ese S lectidbeFROT AARMG:Lto inaf ot B, RRGE Ririol, WRElati{ ) pe

conduct or endielettrichgottivthu giadtialFR\entaBlilacks ahddefidst PAHd i eBorsD ddhdictbRsast i on

of the inner caonductor end_ into the inductor-receiving hole of the inner
conduct or st @fchanisaly serarohssendistass tagsthepe hle dislegirigrimateriglapast by wegtion

restorative | . N Of ¢t [ QF .
S Larly, Re el BBl SRR R o B TR hEBSorf SRS e
i nduct or recportiomg thdben an insulated inner conductor module. The insulating material



One conponent of the provided two conponent outer conductor nmay be a case
haviny a cavity therein and the other conponent of the provided two
canponent outer conductor may be a plug configured to be received in the
cavity of the case. The plug may be the sel ected conponent. The first and
second conductors of the insul ated inner3-conductor and/or the two component
of the outer conductor may be cast. By pressing the two conponents of the
outer conductor together, assenbly costs may be reduced. Assenbly costs may
be further  risdudesca Bystoinmlntieg satesia) nsvbsing) the firbecanduetive porsian dtam dhe

portion of the insulated inner conduct.or | .g -5.into,the cayity of. the

b her comporiii SRpib® bod Arekaff BUGHRE meeid i HeeeRB ebBliche s o
the outer c it R6m tAdbster Ed1@usief.0e protector conponents are configured to
gener ate nodul es and subassenblies facilitating assenbly by pressing

nodul es and subassenbl Tegedusgeassemblyrdeptsi dhenlinnesacendustosndandingindagas of
the inventi i . SKJ i

consi dor at | aRoorsBaFRT P RARER dn {SRRENEY buln b dd' B RGN
enbodi rr:snt s eiietﬂ'imllllgﬁaylﬂ mgechiticdiBsdouplecthe @riductar tqihegmwntcoﬁdr}mogn%rﬁabimatas
presently perceived. BRI EF SCRI PTI ON THE DRAW NGS The detail ed
description 8 IFMO&P?%}IOP&?E‘P%IHE‘BCtPhéO %dawmﬂ%mdham%@r mavislede Fig.
1l is a parti i . Lk ad: di At d G ¥

i ght ni ng. surent poloR¥ctPRaPRbind in heBALTRICEIHEMNCL: Rrdbasash e .,
di agr anmat i qhtpe x cosfargpivecidrdecactiag ¢o veurde ghreainductbt to the dnspeonductat. To
bandw dt h tragl?n‘iﬁéted vi.a a coaxi al, cable, the surge pratector includes an
i nner condudfOICeABRIERSE ChBRNHGeYTEy ﬂgeesuggedmeawauf@'e g?“‘@’&ﬁ&%l’?ﬁ“\?& !

mechani cal | y,)goHRY bcibe dise! ectric material to a protected side conductor,

i nner conductor nodule is disposed coaxially within a housing fornmed froma
bul k head connect or orA patipdaefcdnanudactering swshlasuigeerotgction ddviaslispravidsall | y

i nsul ates i nper cannector .nodul e from.housi,ng and an .i nducti ve ,coi l

| nducti vel y HEUBIASY FRBPrisSalieestel bRy nsdityed anter fndior, by of
the sur ge prindetér 41l seviee ifucfor Gvhith afd gssedbled. aTHREFBPRIGE liNRilatéEMmef t he
surge side conductor of Fi ? 1, Fig. 4 is a perspective view of the
protected sicadederineludes aiirstinsulating ppgionzoppled tha fisys cendustongoaligwrd the

i nductive cqll f . El - Fi | S i Vi e

i nductive cgdlel cogg{égg?%ggg ycaglg%lrge%(’tmé@ n? %t cﬁ”ﬁ%@g%&éé&?ﬁﬁ%ﬁ géc{)‘ﬁ%ﬁuc%cl)\érgefg? B‘Ei g.

%; Ei g. 7 i sin@;lquﬁ'{]gs;mﬁcbri Mp\l/ddgw,a secdrhl quiﬁ&oﬁonﬁlgareidns bk abupled wethe innat
roken away, of the inner cq ctor_nodqule of Fig, 1; Fig. 8 is a,,

perspect i ve “9BEYGtAf e sorepl e bthwgh%a?dldc%ﬁqﬁ%tcavdworﬁ a5 oppacitively

coupled to one another. The provided outer conductor is a two component outer

conductor. Each component of the outer conductor is configured to include a cavity
sized to receive one of the first and second insulating portions therein and is
configured to couple to the other component of the outer conductor. One component
of outer conductor is configured to be coupled to an outer conductor of the coaxial
line. The other component is configured to be coupled to a ground of the signal
receiving device. The first insulating portion of the insulated inner conductor is
inserted into the cavity of a selected one of the components of the outer conductor.
The inductor is coupled between the insulated inner conductor and the selected one of
the components of the outer conductor. The second insulating portion of the insulated
inner conductor is inserted into the cavity of the other component of the outer
conductor. The two components of the outer conductor are coupled whereby the inner
conductor is electrically insulated from, but inductively coupled to, the outer

conductor. The provided insulated inner conductor includes dielectric material



-6 Fig. 9 is a perspective view of a subassenbly of the surge protector of
Fig. 1 with parts of the insulative material and bul khead connector broken
away; Fig. 10 is a perspective view of the surge protector of Fig. 1 with
parts of the insulative material, case and bul khead connector broken away;
Fig. 11 is a diagrammatic view of a nold4for fabricating the inner
conductor nodule; Fig. 12 is a perspective view of an alternative snap-on
dielectric for mechanically and capacitively coupling surge side and

prot ected si Bhechanirally tapd sapauitively goypling the ﬁst\nogdmwr tohike saegndotendbepiect ri ¢

03 of i he. sl i Shsulink Rt AR 3o M B RR BN hap Rl ©
i I'lustrated motedno fig: Bist ged fycohd condudtodeVSigilatly, tie fieninsalutifg pbidion, the

utilization with hardware 12 configured to receive signals within a
speci fi ed bafféandiinsulatingpertion apd thedigleetrig materiad may bejsyaultapeonsly moldeditp v el y

coaxi al cabl eﬁ-FEt%ths%zébgﬁrc%@%t&gr dware 12 includes a chassis 15 coupled to
I'Ted in }

ground 16. Those ski e art will recognize that while shown as
bei ng chassi s groundedThéandivaore nby imejudenan uidaera conistdpagndorandt drerouter

termnal, pig tail or conductor .coupled to ground. 1 o0 whi ch surge .
protection afkAdBgor ends gf praided siidied fnee F‘?ﬂ‘f"@éﬁ@‘é&%@f‘ilﬂ‘&‘cltfﬁ&geé‘”ﬁgusi ng
18, an | nne_rh&@ﬁﬁé‘ﬁél@&eﬁl@&ﬂ%&wgpoftﬁé SLRF et ﬁﬁldd%§%ﬁ¥du@ﬁ;r-%’éeix’cﬁg§ﬁolgz and

surge side insulating cyli nder 24 electrically insulating inner duct or
nmodul e 20 frand whersimthe i®uphimgi thenindnetoc stop ikdudeasdhe siepe by insettingi the inmemer

conductor nodule 20 to .housi ng,18. The .assenbl f oL nme . I nner, conduct or
modul e and i FSRSPT ﬁagd%’i aéaguc%f-r,eceﬂmgrﬁbol? 8¥él?er gH;uEae agm%glﬁllu‘éftoé(?n_ nner
conduct or NDhdérding khe loRfRrcoRIEHIC ERT 8 UL EndiibtdrketitiRg IbIP0PtRE tsecei de
conductor 28 and a surge side conductor 30 and dielectric material 32

ext endi ng betewpanept of detouter soaductesn dlie ortenepndnetos endyef Hiedadusserdmey &¢ 30
to mechanic ainlséc(ﬁtjégd{] glrt(? %Bé‘ﬂl({it}c\(ﬁlr}éceﬁﬁgg: l'golé) P RS ts%%&%h?ﬁocrﬁﬁd&gﬂfz be rtlé% Suapd

surge side con ustra , housrn S a hol I'ow case
34 and a bul kordaewdr canuleicoisly ovifll €S imsertidnagl fhet fifso dadultingt portion rofaghe out er
conductor to, be cqupled t %ro_und 16. An 7. Oring 37 is received in an
annul ar gr oolnsulatedmez Cﬁég‘éf’ Qo the savity of g sglegted ons fihe, gpmpensats lothfiect or
36 and case Ggef S QYt de weat herproofing. Conductors 28 and 30 are
generally simlar in construction differing in sonme dinensional aspects.
Prot ect ed si de conduct Oo f&flitatecsoldddessassenmtdy of thel ikduntado ¢mdinoemncoadudor, 3 8,

a shaft 40, retention rin a.first transjitioon 44.. a second transition
26, 2 thi ra DEAHETEPRIHRIAS g ob i BIuyr Y IR DG GG RioRAT Dggiertion

I [T ustrativethg inh@Bdhudisd &kndped tHRNEIEASNREEQINgHDIé of @i Mnby&mhdheBRkRp
connector configuration made fromBeryllium Titanium alloy commonly used

for coaxial easeseddpmmationtof ghrsbend porignite gendratn agastaratiye forpapdingdaseeplor .
Those skill ed . AV IZE.: t,th i i n . ction
e N A o e A
teachi ng of inag bdistkédbnd the ilbictrreddivigeheleal |y to Figs. 1, 2, 4, 6, 7, 9
and 10, and specifically to .
One component of the provided two component outer conductor may
be a case having a cavity therein and the other component of the provided two
component outer conductor may be a plug configured to be received in the cavity of
the case. The plug may be the selected component. The first and second conductors
of the insulated inner conductor and/or the two component of the outer conductor may
be cast.
By pressing the two components of the outer conductor together,
assembly costs may be reduced. Assembly costs may be further reduced by

simultaneously inserting the second insulating portion of the insulated inner conductor



Figs. 2 and 4, shaft 40 is electrically coupled to female bul k head end
connettor 3 8. Illustratively, shaft 40 has a uniformcylindrical
cross-section having a dianmeter 54 along its length 56 except in the area
of retention ring 42. Illustratively, retention ring 42 is a

radi al | y-ext endi ng annul ar ring peripheratly extending about surface 58 of
shaft 40. Illustratively, retention ring 42 has a triangular cross-section.
Shaft 40 and retention ring 42 are enbedded in protected side insulating
cyl i nder 22. int¢ thesraviy of gheyothé¢rreompenemicplithe evtenforidacion whileiconpling dedwabout
shaft 40 and retentior% [ ng 42 t.o formprotected side insulating cylinder
22. Retenti oﬂOIPP?{’(Snlfé) él?ed% P 8\1%{?% ng shaft 40 within insulating nateri al
during assenmbly and di Fhegeribl yurgd prote@dr WobipRatms alkd. configeledt foagsndraten 44
is coupled to shaft 40. First transition 44 has a cylindrical cross-section
havi ng a di amedales sandyr bpgsemblian EicHiteting aszenghly s bif tresoing THpedules fpdp i s
formed betwe f shaft 40 and surface 62 of first transition
44 whi ch i ncﬁbgg%ﬁgﬁggt@%gﬁe& extendi ng outwardly-facing wall 64,
illustratively perpendAdditionall dedtires landgadvadiaged ofixths inRerifonc ovildl Uisdicome28.
First transition 44 has a Iﬁn th 66. Second tr,(gegsltio coupl ed to

] ) 46 |
first transi fPR3EEIRAO thpse,skifled jip dhs arts upesh gopsidgration g ﬂaeaf?liowma etailedni cal

in shape. |1 higtipadd Yl YstrdOferh¥ddind lif§fhgQhe bEE nifE Wrdatr{iAP Bt i 46
forms appr ox{imatlgﬁ/ a 12%r%eger ee ang ee\;\n*%hﬂ?ﬁléqeit er nal \%gl? %lrgsur ace 62
of first tramyenti@mspteseSy pemieivedinsi ti on 46 has a | ongitudi nal |ength 70.
~g_Third transition 48 is coupled to second transition 46. Third
transition 48 is cylindrical having a dianeter 72 equal to the dianeter 74
of the base pRIBEDHEYTRIPFIONIOPTIHOORAWMNGSransition 48 has a | ength 76.
External wall 78 of third transition 48 forns gﬁyproxi mately a 210 degree
angl e with external wallhe e&taleds dessnigtion apastieulanty 4efer|tat thesacdompanyiingk
having a | en .80 . .a .diameter 82 greater than the dianmeter 72 of third
transition 4&a%§$%1§}'e 50 includes a radially-extending

outwardl y-facing wal | 8%, anslapadiabsdcyionl tagd gartigl diag@ttngdtici visvbé b Yo @64tNg
wall 86. Both the outwardly-facing wall 84 and the inwardly-facing wall 86
are per pendi Hghtaingt sungsngrotestionafeviss coypleds tgyrapthousing ef diardwargutshepmos.
Protected si j dgs .att -k hr . .

recei pt of aﬂ%ﬁ%ﬂ%@%@@ﬂ%ﬁg?%gnﬁ 5%%%‘%03 Egg:‘% tlht#lrguéétjs%rg c@g(l.l odifiwiéth

Il ustrati velrgmsndittedoarantodxial ocable, bt suife potdotornbdludes an mngt eothductor
external wall 78 of third transjtion 48 and extends, diapetrically through
third transi FGRICABV IR AeTIEH GidgeTROAHFPY, cwcmvgﬁv_ and I@e,cﬂgr}w?é,y ?9@3({;5?3 10,
and speci fi cajelettricOmbietifl toa cfod Si4E S6hdRbMe iaRRAEIRoBRolneiddRBoRd.
femal e cabl e end connector 138, a shaft 140, a retention ring 142, a first
transition ldepxialyswithinds heusirg formed ifn@n agbulkihead comnestoriasrplugignd a qabait e

150, and | ongj i nal ., axi 2. 01 ratijvel | £.cabl e end connect or
198 i o an N oS RipeRiE) BsrmBputt bslbles ek EptecteE RIS RO Hite A
Titani um al | ﬁiﬂu@t@s’é"ﬁlﬁﬂihdmﬁélyfd@ﬁﬁﬁ@&ﬁieﬁinodﬂlb|t@h@mig;Cati ons for mating with
an Ntype mal e connector, Those skilled in the art wl|l recognize that the
l'i ghtni ng surge prot ecFigon it sctionalyishgf the spregwrefeetion dewicg oy Figpdi opri at e
connector within the t Is | f [ ctrically
coupled to fenmnl e cabl gf’gggd?ggg{s]%%c{ﬁg?g%gg&ﬂﬁﬁﬁg% ?ggicé%(fué?)rg gféfqmo has a
uni form cylindrical crbigs4despespediaviviegy af the prosd¢oted sidelcaldactgr of Bigl Engt h
156 except in the area _of retention ripng 142. Illuystratively, retention
ring 142 is a radial | yFEodhyPHIPHHNEY ?ﬁtﬁﬁ“ﬁ‘é‘ﬁ‘ﬁ@iﬁﬂ(’@“éﬁﬁg-n}g about
surface 158 of shaft 1£{) glit h#éﬁs &ltiv¥ ey of BE R EdiNgblAdRsdiRSofhected |
triangul ar cross-section. Shaft 140 and retention ring 142 are” enbedded in
surge side i tsthk avigagideycbndubtor f4figl 15l ustratively, insulating material is

i njection nol ded about _shajt 140 and.retention.ring 142 to for.m surge side
| sul at i ng- oyl § nder 24Tt i BSRCHGE MBvaril pRE of fae SsuBli¥e ShEda

broken away, of the inner conductor module of Fig. 1;

Fig. 8 is a perspective sectional view of the bulk head connector of Fig.



_g_ retaining shaft 140 within insulating material during assenbly and

di sassenbly of surge protector 10. First transition 144 is coupled to shaft
140. First transition 144 has a cylindrical cross-section having a dianeter
160 greater than dianeter 154 of shaft 140. Thus, a step is fornmed between
surface 158 of shaft 140 and surface 1626of first transition 144 which

i ncludes a radially-extending outwardly-facing wall 164, illustratively
perpendi cul ar to the |ongitudinal axis 152 of conductor 28. First
transition |44 has a |Bigg?Hs apersp&siveview phasubaseambly of ithe swggprstectay ofi r st
transition 144. . i ; br |44 i to-conical in
shape. 111l us ! a% H}ngli%}t'é t% E{eh\églﬁ%ﬁéa}'tﬁ/gﬁ%\}\%ﬁl aﬁ@@h%gﬁé%ggéégrn%%@naﬁg?y’i on 146
forns approxi mately a RigD10&04 perspueghe visit of thbeurgy bedte@br ol Divithylattace
162 of first transitioon |44, Second transition 146 has a | ongitudi nal

|l ength 170. ofrihe isplative matesial, case and budkhspd gonngctop broken eWayisi ti on 146. Third
transition 148 is cylipdri I 9l e L Q) Is ter
174 of the base of secgldlgﬁgﬁ£?¥?§%n%%g%ggﬁ%?gaﬁiéwsﬁ#ﬁ%%ﬁ%%®gﬁggla engt h
176. Ext er natondattor hé8ulef third transition 148 fornms approxi mtely a 210
degree angle with exteﬁnal wal | 168 of secon trEnsition 146. Phgte %50 i's
a di sk having a | engt ht'i8gh2 dh@ RETHRestNg ¥iew) gban aliemnative puap-qmdielechiefos, | 72
of third traﬁlfééﬁahﬂ:ﬁll*ﬂlgd capaeiSively! Bk iﬁé&r%@ﬁhé’%pxﬁte‘&%q'sﬁie! coh t endi ng
outwardly-facing wall 184 and radi al |l y-exTendi ng circul ar i nwardly-facing
wal | 186. Both the outhigr th is-o plan migweflthe ap-candleletteiciofiliég. dRyarfdaci ng wal |

186 are perpendicul ar o lLongitudinal axis,1S2. of sur i uct or 30.
As shown, for exanpl e,ﬁlignli?—ilgg.se‘étl%? ViRY %‘thaé%@nes?%éﬁc(gﬁﬁ@gggroé ®and
surge side cgngumtdlesificare mounted wit hin housing 18 of surge protection

device 10 so that the longitudinal axis 52 of protected side conductor 28
is collinear with the |longitudinal axis 152 of surge side conductor 30 so

that inner c ﬁgﬁ&%@, 'ﬁ#ﬁ' al axis 92. Additionally,
inmardly-fac?gggggﬁ?s , §§88P5§F§?%§?%% Si g conductor 28 and surge side
conductor 30, respectiVkd yllusasted dighpling sukgé poorecivmhdetidect0 iy cénfifusddafoge or

gap 94. In a first il]Justrated epbodi pent. of inner conductor. nodul e 20,

di el ectric ngfflzafion vigh ¢ hardwans, 12 goonfigugede do | tegeivel| ienalt i Wighinat | spegified 186
of protecte I | C : Qi€ tiryel vy.
Dielectric dba%'ilgﬁdég? g@?@lh&gzagxaﬁg%l S gs?%luﬁggggt ggﬁg ‘\6\% %ga)gél, éd?’géé g}fllg
partial |y doWustratedhhatiywafeald ingludes b sh@4is 158ebupiedpto @rawntdelb. sThisseskilldddhor 28

and surge sigde conductor .30 espectivel toriqgidly coyp] e protected side
conduct or 26 AU B GiEF BhBiET roba bing chisftscebuifl b BReLEoREE  oc
si de conductdelud8 atBusS WadBr StHER t&RMHICHIR taid Qr BRI Soup e @rgﬁh&elea@ 94
bet ween protected side conductor 28 and surge side conductor 30 thus

preci sel y covhichspigagratptiondsxiseiaemwleds i nner conductor nodul e 20. The
rigid coupling al so ' [ radd. | h.of .Lheoi nner ndyct or
modul e 200 As shown, ToREERRAsR dalfEertd inofiaE 8 pilib e, AL Fnch SORRELET |
head connectmbdd6 2Dpprotdsedsidegindiflatig dylimtlec?d el surgeside insdlating bvitiekr a4

| ongi t udi nal axi,s 200, a, proxi mal _end ZQéH(selected for énw oses, of

i 11 ust rat i orelefidcasBrylginedangcopfuctergodde g &iom Bousing 18 and an didugior 26 ne

d bj ect : i .
"hc udes & gkl Segfhe fE: ulistoPlnclif 2648 hoBhg 18794 GORARK Rimsl,
When assenbl bxdimert ¢dondnctonmedule and irsubtingoglinderL2l o246 pesefidred 6r a4 insulated
| ongi tudi nal, axis 200 of case.34, |ongitudi nal axis.20 f bul k head,
co ngect or 3@“&?{&9"@?{8{’{ m(ﬁiﬂ zﬁx i Igngzg"é’flu?tﬂﬁ é‘POdBr?nZQJ d‘ﬂ‘gw?elf?t?d Br (Eecé?ﬁaé’fiﬁ
col linear. |ddndaétbADBVAIdYa sG@RCsids camthichi#! 30 BRAUIQAAE GhAErial 63 R kReBin

easily described as having external surfaces and internal surfaces de%ining
structure exbeswesmprotehisd shistoppductenifoant surgsdids corsluatoe 40 &bhmechanically and

| ongi tudi nal _axes 200, 206. teriorn walls of ,case, 34 include essentially
three regi oncsapﬁcllgyéﬁ1%fupgelé)r?§§?}|e@g“% fqug'll%%r 3§t g‘?ddesufﬁeaﬁlgf e?(gl%%ﬁ% #qar st
region 21 2 iBlubtagivielyp hoagh@n8 intkudés hewillow hke 33agmdaa bulk Reld Ene@yst 861 OF
wal | 218 concentric about [ongitudinal axis 200 of case 34. First region
exterior wal Press19 siag fihfpgsthes foifora anputerr copductorio b cquplpdda gasungdr tor Anal |
218 extends distally fromtip or proximl end wall 222 to a ring-shaped
radi al | y-extendi ng wall 224 extendi ng between first and second region
exterior walls 218 and 226, respectively. External threads 228 are provided
on first region exterior wall 218 for receipt of internal threads of a
connector. First region exterior wall 218 has a length 229. Thus, case 34
i ncludes a threaded surge port 230 configured to receive a connector.
Second region 214 has a cylindrical exterior wall 226 concentric about




t he I ongi tudi nal axis 200 of case 34. Second region exterior wall 226 has
an outside dianeter 232 greater than outside dianmeter 220 of tip region
exterior wall 218. Second region exterior wall 226 extends distally from
ri ng- shaped radi al | y- ext endi ng -11 wall 224 to a second ring-shaped

radi al |l y-extending wall 234. Second regi'Zm exterior wall 226 has a length
236. Second ring-shaped radially-extending wall 234 extends between second
region exterior wall 226 and third region exterior wall 23 8. Third region
21 6 has a cyPrig 3T i reesived inom gpaular 2avedn bulk haad capargtortIfetol engage bathnal
axi s 200 of ' ' er | an outside di aneter
240 greater ﬁlﬂgﬁe%f%onné?gppig%ﬂiofa@%gé%onéﬂoglggwgéﬁkhg@ g?ﬂ@ wal | 226. Third
region exterior wall 288nducteends ahd O0nasegamerhllyisirgilatiapenstruatomdiffermgtiandi ng
wall 234 to distal] end wall 242 of case 34. Third r,eqi on exterior _wall 238
has a | engt hsoaedimensigagl agpeep| Protepted side sendiigioy 28 jacludesgptemale bulkiged 246
and proxi mal 2 0 I LS fachli t j i on
of conponentesrﬁpo? mxgﬁg%??étaoéhat 2?’2% Eet{aﬁtﬁdrﬁflﬁa/aﬁ’) aZQgét (#e#lgl{rtl@rsl Agte’f% rg‘ict%;lzl
general |y frusisiticnodh, @ghird oaesi@aB48 anpletetS0; endaloagitudioal gixisusll. nAlustaatively? 00

havi ng a maxj.mum j nsi de, di aret er 250, at proximal . end 202. Fi.rst bore 248
ext ends di ot PIAE B et SR oo s 103m Bals COUpRTAopraRiaHg made
ri ng- shaped ﬁbﬁpw@hﬁunz%a&lhﬁﬂ'aﬁsﬂfoir{n%m; hRed itk &\?Aéx'ial ﬁc%glebyppp?icgﬁﬁsg%o%54

suitable for receiving conponents” of a connector. At the step wa

first bore 2m8tingwithtag Nrtyrermate corgiedior.dThosstskilled 36 thearcyill redognizd theethond
bore 258 congentric about. |ongitudinal axis 200 has an inside dianeter 260
Cess than t nUaHR e suRke R eeEdc i, D maBke Brotied i 3 hebrapa coMFott: o
258 extends dithinahé yeathiagopihewctsyref aci ng step wal | 252 for a length 26l.
A cylindrical third bore 262 concentric about |ongitudi nal axis 200 has a
di aneter 264 greater tRafgrmingguicratlytte Figewd, 8f 4. doAcndolle and specifigatly thor e

petween Ui Hebor a4 TR EPEMEANE nafla « St BpBIPREE AR onlr¥¥. 266"
has a | engt hllRig@ativaly; shafodOilesla unifarmatydindries airvdsngcetion RBavid@ aclimaetet 54 C

about 1 ongitudi nal axis 200 has a diangter 274 greater than the di aneter
264 of thi r cAlgEe Bs pgth ﬁi@ica@ IRt Eep! Biention Tnddd) dlusmHEe IGICAHOBERS wal |
276 is sligh reahel. : Q%I , ' di ter
378 of sur oo Loy A BHLAY-ck¥iding MnBAP ) SERpRaGP dkinaliy A SR COREE O e
i nsul ati ng csHaftrd(erIlRgtrativiehi, metentioml ring#2 hasceiriangglabooss-&¢Aon.RShafk 40 apéd

i nsul ator sea | 1. 28Q extends, radially between third. hor |, 266. and

| houl at or - T oRP inARaTe e Pedisd I pitsrled 50¢ PElaitl fiinglh 2 iy’

ext ends di st mkhidtihg Aiitdrial @ HRAGA nd18ad Mok sBARH0 Wadl IretdBforaAfg Baso ok NGt h
282. A ring-shape -12 cavity end wal|l 284 extends radially between

i nsul at or - r epiotegtedgsiée insulghing cylisdeind?. c Retenijomsing 4dapids 2ggetapjng alnit 48|
oty . ; ) T Bt
585 has an i iupifdiladi GR8G80NENG (ARt ROHGRIT or RE pfdor it Y PO

di aneter 274 of i nsul aFest-tresition 44 idoswlal’th skafvi0y Kiest aransition 286hexhends

distally from _(]:"gv,ity end wall 284. Cavity bore wal| 286 has a | ength 292.
The distal efMingricalappssysepiorohaying aianetr 6Q grratsr thamiamster gyefgshatt 40.
frusto-coni C’@flus‘f\@!s{eg%?fbrﬁ)éa %Q&‘e@ﬂ s%@acg'S%t(ﬁ'lshQ‘Pﬁﬁ alRble 882 of Hr&ttaRbitiR! |
294 of frusto-conical countersink has a mninuminterior dianeter adlj acent
cavity bore #hlwhieluiaklutles taheadialyrettendi®® Outwardbvfacingbontl 64 lilldB6tieeld a

maxi mum i nternal di aneter adjacent di.stgl bore wall_ 296 equal.to, the

di anet er 2981’?5?"‘&%?%?% tot}h? i"‘iﬁiﬁ“ﬁméb%’fls é?s‘{fb °n§‘b‘i1%r é&u ?’“ b@afé*ktt"é‘n‘&‘g rﬁﬁﬁ tally
fromthe cou&h?hsmnk wall 294 in cavity bore 288 to radially extending
distal end wall 242 of case 34. Distal bore wall 296 has a |l ength 302. A
frusto-coni cal count er Sedonil tyaasitiogo isscdupledel@ first tiansidon 4l Bhudtrativelyi, st al
bore wall 29 n xtends freom.interi.or |l &0 _end . 242 of 4.
Counter si nic AR uBSHEE 6 I RMAPOEHURR shibe, A FReY e tend i B o
head connect @k s3€oridtrnsithd 46 FerirsCippedkiihiely303 201 degR®angfe WA 1BE fekind] O
Figs. 1-2 and 8-10, and particularly to Fig. 8, exterior walls of bulk head
connect or 36WpHer suéace 3 whirg trapsition 44.c §eend tpgtionds haha langitbdiprlleastbxt end
bet ween distg@ end wall 310 and proxinmal end or cavity end wall 312. The
first region 306 is the tip region. First region 306 has a cylindrical
exterior wall 314 concentric about |ongitudinal axis 206 of bul k head
connector 36. First region exterior wall 314 has an outside dianeter 316.
First region exterior wall 314 extends proximally fromtip or distal end
wal | 310 to a ring-shaped radially-extending wall 318 extendi ng between
first region wall 314 and second region outer wall 321. External threads
322 are provided on first region exterior wall 314 for receipt of internal

o o e o o " v -




-13 has an outside diameter 331 greater than the outside dianeter 316 of
tip region exterior wall 314. Qutside dianeter 331 of outer exterior wall
321 is slightly less than, or substantially equal to, inside dianmeter 298
of distal bore wall 296 of case 34. Quter exterior wall 321 has a length
333 approximately equal to | ength 302 of8-di stal bore wall 296. Thus, when
bul k head connector 36 is inserted into case 34, outer exterior wall 321
frictionally engages distal bore wall 296. Inner exterior wal| 320 has an
out si de di aneter 330 |'Byyl tansitiondASisgeupied tesecond gansgtion .o Thisd transidon wal |
321 and sli Iy i ter
290 of cavi ?{/E or iu?ér?clai H%g%gg eﬁﬁ'&é} endl%lhj F‘ithﬁea%h%%ﬁmaéfore l%%é ?fsese?h@cg?t ed
into case 34rankitioad6eeXThiddi tﬁinsiﬁah|4831%@ afléngeh 76N Bkteynat vaHldrSsofaBied tyanditisre wal |
286. Conbi ned, exterior, walls 320, 321 and annul ar. grogve 332 of second
regi on 308 e foRas appreximaigly ¢ 210 slesrer e leryvaipeerteraal well 08 of secnnd Hgnwiken 318
to cavity engg wall 312. Annul ar groove 332 is formed in second region

bet ween exterior walls 320, 321 for receipt of Oring 37. Illustratively,
annul ar groove 332 is Rlateii0iisneliskietvingeniength}0 andtaatiameter8l pred@t ttmndhe nner

of annal ar glianeer 33:5% SoRbraRdian e Shos Hate Shandiides 4 caimbosrtesing >
counter si nkodf@hﬂdlyz%n%f waRS® 3 %tﬁ&lr;byhkndlﬁg%&oapWé}mﬁﬁcrn rvarr ! ed

into case 34. Wien bul K head connector” 36 is inserted into cas 4,
ri ng- shaped Bettithd m}mesdlyerf@nmgwaalm @dgh¢ mwWardisHacing wadli 8t are perpstndraullar 242

of case 34. Ri.ng-shaped.radi al endi n 318 of bul k head connect or
36 incl udes '§ l%&“('f‘ﬂi“%f‘”ﬁ? %9@‘) g@&;& c&’nﬁﬁa?nn}es face thereof concentric
about | ongi tudi nal axiproRfed@idetiohfudiemt @eROELiP4ttadRmett thfoubRhore3ae 336
surrounds tip region 314. I|llustratively, at tip of protected port 328,

inner wal | Jgeripif adfirst e coadectorgnd moorb?O plindustend. cBlystsatively, 3Bachment
(201 used 11© 4high MR s 1" riBR 8 hh MefRlio SRR SALP€br RifPHRRGIA 4 BT © 1
nner wal | nes a |rs anérs rus oconrca ore concentric

about | ongi texdendakhametﬁcaﬂ@&hxbagh ﬂ@rdatrmkiormm i nsi de di aneter 342 adj acent
distal end wall 310. First bore wall 338 extends _proximally frog]d'stal end
wal | 310 of prot ected %#Prﬂqgogeaﬁraaﬁttwgm $-abitnd> ?laﬁgslﬁaﬁ%sl?@@ [FalNae 343

di spl aced f r}qg\% ﬁuﬁ Psubde ﬁ??@%@c&?%%ﬁél&&&' £1 efxﬁle ERAS LN BGnkeRfBPqRgN S Of

a connector. e ste wa , first bor 338 has Its m ni nfum
i nsi de di anedheft 1:405&1 retenttb:ﬁ g 143, ndiist thnsiteo i, o eorBliiBanstivnel##tr a¢hiabout

| t udi nal t han .t h
oL e i amdraRIRRg I8y PR TSt gt g ED iSRG e a s Satlk Fihus
proxi mal 1y fdoameqst 188 M Yn NRGyPROfeiabd cw@{écto%%nhgﬁraaoﬁ egle NrSR4Berllium

cylindrical insulator-receiving bore 356 concentric about |ongitudinal axis

206 has a diHifrsiwn aep cgmeenbr usedalor coaxiali cabist appliedtions doharatieg witb4m Nt nsi de

di aneter 35 S [-r b r I t han,

O B e e SR e R 3o SHACHL P e

i nsul ating cptbieotien devicé d40i may ddel ji@vfdede\lvil)lﬁ aaly dppaipeiatee dormeder iwithih ah¢ ng

cylinder 22 within tor-recel ving bore 356. Ri ng-shaped insul ator seat
sofdhadig

wal | 364 ext!gHddn OpEfween second bore wall 352 and
insulator-receiving b e 4 REh1PRLE 3 eﬁtﬁnds
proxinmally a length 38%& ron(1j %ﬁsﬁgagﬁﬂ%%&%pﬁés% afegéa\{segabtl ?C ééec

ri ng- shaped tlastrativebnehafial 40 b2 uiifomg- qyﬂnadnchl «:mss-rsgctmmmawrmlgla diarﬁetexﬂ%ds

radi ally bet en.i suI -receivin bore and c d |on ex .erior
vall . A% sh e R AR he red i Setf Rty B 128y MR rhB AL a0 rray
be forned tonﬂgmdwﬁ% @&qllwekﬁénalﬂwﬂmr ﬁﬁ@b&?ﬁﬂeﬂﬁl eamuhfgrdbrsu@erﬁﬁegusm
retention features 365 to aid in retalnlngégrotecte side insulatin

cylinder 22 athdhesi HOduHhuﬁgata/sb/em@blytloxﬂln@-l dped tuangular woss-seelion. 3$gafts
concentric 46 |tud|nal

di al..d
oot tudi nay Phnd JRRhGSH R 18X Fe Bbeadie B BRE el RLOREE Sihdf 2B,

paral | el to Miasgitivedi, MduladineSmaefal B ihfectiBsl Mdide ghout akaft M4erwldvretehn&12
extending into bul k head connector 36. Inductor-receiving hole 368 has a

di anet er 374 Adxpnigral suregyside insulgting (cylindary24yr diatentionhepg tife dfadet er
376 of wire used to forminductor 26. Inductor-receiving hole 368 has a
depth 378 sufficient to receive a substantial portion of second end
non-coi |l ed portion 380 of inductor 26 therein. During assenbly of surge
protection device 10, a staking operation is perforned to secure second end
non-coi l ed portion 380 of inductor 26 in inductorreceiving hole 368. Thus,

i nductor 26 is coupled to ground 16 through a sol derl ess connection to
housing 18. Surge side insulating cylinder 24 has a |length 380
approxrnately equal to length 282 of |nsulator recervrng bore 272.
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cylinder 24 is received in insulator-receiving bore 272 and seated agai nst

i nsul ‘ator seat wall 280, inner ring-shaped surface 384 of surge side
imsulating cylinder is flush with cavity end wall 284. Simlarly, when
protected side insulating cylinder 22 is received in insulator-receiving
bore 360 and seated against insulator se&t wall 364, inner ring-shaped
surface 386 of protected side insulating cylinder 22 is flush with cavity
end wal |l 312. Illustratively, inductor 26 is fornmed froma length of wire
or other corfd@iing ehafhtldd jvathin |insnlagingr ma@riphduning essgmbly end disagssmblic0br end
portion 90,:@ S8e0 g on bul k head connector end portion 386 and a coi
portion 390.565iH %'¥Ti%n 390 includes a nunber of turns sufficient to

provi de the necessary Fifsu@hsitios 144 iPEaphid tp shafie40NFidst Gahdifidrel44 hacali t
for the desired bandw dth of operatign. First or conductor endsgorti on 90

i ncl udes a fayhindrieal czesstsectinsy having aghamefer,dfe) guepterathan sliagectem 454 of shafht
portion 396.14l | rat.Lyel { kaht I 98
slightly gr e1<'§"tb er ,aaﬂﬁt%%gs fégp%d (E)‘?%Vte %ﬁeg‘ﬁga%gtlﬁggr E]%xaﬁﬂh{(}[g%r}d_rhﬁz%lg? \h/%g% ﬁf)s e 88
in third trarmsitioan1448 whichr dichcleedh Fadiallgexwndihgr ot8ardlyfarshg awall el 64,

second strai.ght portion 39 as a Jength 400 sljghfly greater than qgne half
of the | engtlﬁu%fatﬁvmueelaﬁnq?@ﬂ@i {a hee ionedudipe) ﬁXtShil% ofr %@P?tpbr?%éls Fgrst
protected siy c} § {yese skilled in the art will recognize that
when insertegﬁ?ﬁﬁpngﬁ%?o?%%gggpgfng aperture 88, the straight shaft of the
hole 88 wi || strai ght eSecohe triomsitior8 946 ssocvempledtto dirstatransigionaltddr dllustoatively,
urging the inductor 26 I . three points of cqptact., (at .t he wall |l e 88
2 acent eackeuBk oo Mok dh-edieaned sapgn b fiatine: el SeiBa! will A6E e
protected sigeheQRINE tr@isitich 146 osmPhsprb&iaftdly aabd %E%ﬁ‘eé 8ffgle WHHEHRE eRidrnal
reduci ng manuf acturing and assenbly ‘costs. In a preferred enbodi nent of a
met hod for mEallpreuriace d§2af firahisanssiondlid: oPeqend magsiion 146 hdsietlongitu@abnd 30
are providege&% g?@mm for exanple in Figs. 3 and 4, with at | east one such
conductor 287 %Iuding an inductor-receiving hole 88 extending laterally

t her et hrough. As showThifdnraaxicioR! B8 i chiysled Jo SRohddtmbidioni $44r OYhigdd

havi ng an end 90 configured to nmechanically and electrically couple the
i nduct or 26 trapsitiondiddtis cybmdrigsb Ravipg acHemelor 1 &2 gaval dol the,digsieterdg4 ofthe hown,
for exanpl e, L f i y ISl ed, 88 of
t he connectJ¥k§§£g#ﬁ8§gm§§ﬁ??gé&ig%Pﬁéh§g¥ﬁaﬁﬁF4gg§§8%$§ghkhg?&gpgﬁ%%éh
i nduct or 26 178 dflthind tramdithch 48 foems gpproximately @ 10hiegreondgletwith &8emal wallt 0 an

i njection no] di rqcess,. S i nductor 26 preferably will not be inserted
in inductor “&fggmgﬁgéVvﬂﬁﬁnﬁgge 88 until after injection nolding is

conpl eted to reduce nopigeCiBBRS §¥iskthavihBe IBﬁ@Milgé%&Q@%ﬁétél_f 8234r6athl @gRd i N
cavities a nold 500, such as that shown in Fig. 11, of an injection nolding

appar at us sdhe Hiamegirdf72 of gord tr@Bitionel 48e Jhius,adate i 58 insdudes alradially-extesding

g 184 07 bRl 51 03 EAMPE b SRR RCRE DA Y. | 5,
does not engB@h thee cutwirdBefaeingoutaNar IB4y shacihrg iwahidlBacid asl] B8¥endre t he

peri pheral edge of such wall 84, 184 so that jnjected dielectric materi al
can nol d ar digaREngicytas taslpngitadingl axisnS2< sirge sidoapdusforr ki ng circul ar wall's
86, 186, the outer edg H%H& ri gl

out wardl y-faci ng ci rcuiggﬁﬁo\?\g}’ I]ﬂzlﬁ : 1%3§F?F%d?g]ngéta’rP@gegnge?es?éea#&gg?tofl\%%n
conduct ors 2f\d sifpeaside qondoaadr 3(hare heoumdddyithih Abesdnd 08 of @ ge pratamidndevics 28,

30 are received in central .cavit, 02 having.an inside_dia er 50 reater
than the out ] ¥eha Gdvsidsal u35200 5105@@9%@% cor@emr_ﬂggs gﬂ&ﬁ?ﬁ'@r iefe
i nside di anghgginpihl akist 12 &ﬁ%&é@éid@%&ﬁ&tﬁétcﬁ% {N@aPHinst EsndicRTBi&InS82) 182

of the plates 50, 150 of the conductor 28, 30 creates a space permtting a
web 110 of diagladlongitudingd tassisi 20, Bdditiondlly, fimwardly-fagingrwallse$te dBbiaf preteeted al 32
is injected i.nto the ceptral caviiy 502 ap fillin rtion 112 of

el entri o miderriees IR ah Tl fidntodfiol 0 Rmes vl ArE A5RRPD 585 e o
plates 50, I1xfer KR Histdiie VFtRPD4. OnYh tiaet iNadttayedPshBSEmeREoOitner coiukor 96,
196 of plates 50, 150 and lips 114 project radially-inwardly along the

out war dl y- f aopdje v dislegigic magrigh32plidt gap S betpsen imyydly-faring| veallsi 86, dRe art
w Il recogni d e r M & Si e

i nner conduc FB%%%S%gﬁég%gﬁéﬁaéﬁgﬁ%gwﬁggg%fgﬁﬁﬁgﬁgﬁﬁde%@g%ﬁ%%_fhéé&ﬁL
[l'lustratively, nold 500 includes a plurality of cavities concentrically
formed about the |ongitudinal axis 506 of nold 500. Mold 500 is forned to
have cavities 508, 511, 513 identically conformng to the external walls of
first 44, 144, second 46, 146, and third 48, 148 transitions, respectively,
of each conductor. Inmedi ately adjacent the outwardly-facing walls 64, 164
of the first transition 44, 144, nold 500 is forned to include cavities
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-18 Illustratively, bulk head connector end 388 of inductor 26 is staked

wi t hi‘'n i nductorreceiving hole 368 in bul k head connector. Conductor end 90
of inductor 26 is swaged to protected side conductor 28 by insertion of
conductor end 90 of inductor 26 into inductorreceiving hole 88. Because
conductor end 90 of inductor 26 is bent;10insertion of conductor end 90 into
i nductor-receiving hole 88 causes inductor 26 to be swaged to protected

si de conductor 28 and maintain solid electrical contact with conductor 28.

Oring 27 i smptgdalr32extends arapnd gxternal wadly 8635306 and patiallyrdeyen woverdlrtferinge.
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y inserting female conpectqor 13 8 through insul ator-receiving bore 272,
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cavity 305 case 34 until radially-extendin |, 318 of, bul k hea

connent or - 3ehea g carplElpodSpias i oveiry [ teaiahe e HugEt modt i dn
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286 and distal bore wall 296, respectively, elec;rlca1l couples case 34 to
bul k head cotenaedter3@drmdaongingnl&n Ilbutremvednmaﬁﬁ:%m.cluﬂma’ti;ggitncbaaltaxcsrﬂ,OOO ring

37 is conpressed. bet I nner. frustoconi cal. | 1. 294 of case 34 and the
floor of anruP R 0Be et (PR PREaH of iHiate T 38 R ign 42 AL%nd
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stack assenbly. Bul k head connector 36 1s held on an appropriate pallet or
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protection device 10. |Jllustratively, those portions, of conductors 28, 30
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other than efqasi Grisrs eginngneondugtop madulentf pre gollinear. | [ipstratygly.eqase
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t he appropriate connectqr js c I to the conductor 28, 30. However, it
is within th ogﬁ‘g‘ﬁéonc%‘mgw&i ‘Hieggp@szg)ge for connectors 38, 138 to be
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Il1lTustratively, case 34 and bul khead connector 36 are cast %ron1brass and
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bet ween pl ates 50, 150 of conductors 28, 30, respectively. Gap frlling
portion 512 legvaadonnestosr 596 exceedi ng di aneters 82, 182 of plates 50,

150 of conductors 28, 30, respectively. s 510, exten ngi.tudinal ly from
t he peripheral edges o 6083% ref%??r} #ir%ﬁapsoq' %yl\{glﬁngeiifx t %év aﬂaj\;g cgﬁ&ingré? e0u¥
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conductors 28, 30. Lips 514 proj ect nadialké inwardly fromwebs 510. Lips
514 have a r{iAgelsh2gddemsniar dhasewtsidggdigmatsr welll o5 1ip, regipnagieniolr Wkl 418518

and a tapere - P i it es ! r.eq:0ef | RY gap
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back-engaging walls 516 of |ips 514. Annular walls 518 define opening into
cavities 522. Tapered walls 520 facilitate insertion of plates 50, 150 of

conductors 28, 30 into cavities 522. Wiile specific enbodi nents of surge
protection devices 10 and




met hods for manufacturing and assenbling surge protection devices have been
descri bed, those skilled in the art wll recognize that other arrangenents
of conponents and steps are within the teaching of the disclosure. -20
CLAIMS: 1. A surge protector for a signal receiving device configured to
receive signals via a coaxial line haviiy a signal carrying inner wire and
a grounded outer conductor, the surge protector conprising: an inner
conductor exhibiting a capacitance, said inner conductor being configured
for att achrewall 224 thesccambrngmhaped tadially-ovendig Wall 434 Secandtregion sHetior or

e ho- cont 1 guiikaZs B S PSRl fas, SRk isehehed B RiondlRov AL 234 SSRET .
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outer conductor; an inductor inductively coupling, the inner conductor and
outer conductor. 2. ThEhigbtsgian D6 kasa eylindpisel, exteriarivalb g3 & corcsattiscabout i s

formed from : inhe i Al i | ug
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devi ce of claim4 wherei e i nner conductor inclyudes an exterior face
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wall 222 of tip are radiused to facilitate the insertion of components of a connector
therein. Inner wall 246 defines a first generally frusto-conical bore 248 concentric
about longitudinal axis 200 having a maximum inside diameter 250 at proximal end
202. First bore 248 extends distally from proximal end wall 222 to an outwardly-
facing ring-shaped step wall 252 displaced from the tip wall 222 by a depth 254
suitable for receiving components of a connector. At the step wall 252, first bore 248
has its minimum inside diameter 256.

A cylindrical second bore 258 concentric about longitudinal axis 200
has an inside diameter 260 less than the minimum inside diameter 256 of first bore
248. Second bore 258 extends distally from outwardly-facing step wall 252 for a
length 261. A cylindrical third bore 262 concentric about longitudinal axis 200 has a
diameter 264 greater than the diameter 260 of second bore 258. Third bore 262
extends inwardly from second bore 258. A ring-shaped wall 265 extends between
third bore wall 266 and second bore wall 268. Third bore wall 266 has a length 270.

A cylindrical insulator-receiving bore 272 concentric about
longitudinal axis 200 has a diameter 274 greater than the diameter 264 of third bore
262. Inside diameter 274 of insulator-receiving bore wall 276 is slightly greater than,
or approximately equal to, outside diameter 278 of surge side insulating cylinder 24
facilitating receipt of surge side insulating cylinder 24 within insulator-receiving bore
272. Ring-shaped insulator seat wall 280 extends radially between third bore wall
266 and insulator-receiving bore wall 276, Insulator-receiving bore wall 276 extends

distally from ring-shaped insulator seat wall 280 and has a length 282. A ring-shaped



6. The device of claim1l wherein the inductor is solderlessly connected to
t he outer conductor. -21 7. The device of claim1l wherein the inner
conductor includes a first conductive portion and a second conductive
portion and dielectric material separating the first conductive portion
fromthe second conductive portion. 8. TRe device of claim?7 wherein the
dielectric material is injection nolded. 9. The device of claim8 wherein
the dielectric material is injection nolded sinultaneously to the first and
second conduVityengdoyall 38 extends rpﬁwllaéaﬁtW@enoms'da@rﬂWIWi;@rﬁriwzelh876 and
dielectric Wﬁ&ﬁgbékfﬁﬁiﬁgéuly encapsul ates the first and second conductive
portions to mechanically Secure the conductor portions together and fix the

di spl acenent between tOglimitdlcdvitybop® Wall8s. is Ldncehtc Sguit ¢ehgdudipbBats 7
wherein the dlelectrlc material js conflgured to snap onto the conductive
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portion fro e outer conductor a second insulating mat
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i nductor, shell and plug are configured to generate nodul es and

sub- assenbl i ipterion didmetert ddpapent samitly| bore wall equal to the diameter 290 of cavity bore
wall 286 and a maximum internal diameter adjacent distal bore wall 296 equal to the
diameter 298 of distal bore wall 296. Distal bore wall 296 extends distally from the
countersink wall 294 in cavity bore 288 to radially extending distal end wall 242 of
case 34. Distal bore wall 296 has a length 302. A frusto-conical counter sink wall
304 is formed in the distal end of distal bore wall 296 and extends from interior wall
to end wall 242 of case 34. Counter sink wall 294 and counter sink 304 facilitate
insertion of bulk head connector 36 into the interior cavity 305 of case 34.

Referring to Figs. 1-2 and 8-10, and particularly to Fig. 8, exterior
walls of bulk head connector 36 include essentially two regions 306, 308 which
combined extend between distal end wall 310 and proximal end or cavity end wall
312. The first region 306 is the tip region. First region 306 has a cylindrical exterior
wall 314 concentric about longitudinal axis 206 of bulk head connector 36. First
region exterior wall 314 has an outside diameter 316. First region exterior wall 314
extends proximally from tip or distal end wall 310 to a ring-shaped radially-extending
wall 318 extending between first region wall 314 and second region outer wall 321.
External threads 322 are provided on first region exterior wall 314 for receipt of
internal threads of a connector and threads of a hex nut 324 used to secure surge
protection device 10 to chassis 15 of hardware 12. First region exterior wall 314 has a
length 326. Thus, bulk head connector 36 includes a threaded protected port 328
configured to receive a connector.

The exterior walls 320, 321 of second region 308 are concentric about
the longitudinal axis 206 of bulk head connector 36. Annular groove is disposed

between inner exterior wall 320 and outer exterior wall 321. Outer exterior wall 321



15. The device of claim 14 wherein assenbly is acconplished by pressing
nodul 'es and subassenblies together. 16. The device of claim7 wherein the
conductive portions are cast. -22 17. The device of claim2 wherein the
shell is cast. 18. The device of claim2 wherein the plug is cast. 19. A
met hod of manufacturing a surge protectildn device for a signal receiving
device configured to receive signals via a coaxial |line having a signha
carrying i nner conductor and a grounded outer conductor, the nethod
conpri si ng thas an eptsidsf diameteyi IBingreater ithauthet edtsidandiametendd 6t ofr tinavging a
first insulatin
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between outer exterior wall 321 and inner exterior wall 320 of second region 308 so
that the proximal side wall 334 of annular groove 332 is adjacent the proximal end of
frusto-conical counter sink wall 294 of case 34 when bulk head connector 36 is
inserted into case 34.

When bulk head connector 36 is inserted into case 34, ring-shaped
radially-extending wall 318 is flush with distal end wall 242 of case 34. Ring-shaped
radially-extending wall 318 of bulk head connector 36 includes a circular groove 336
formed in the face thereof concentric about longitudinal axis 206 of bulk head
connector 36. Circular groove 336 surrounds tip region 314.

[Mustratively, at tip of protected port 328, inner wall 338 and distal end
wall 310 of bulk head connector 36 are radiused to facilitate the insertion of
components of a connector therein. Inner wall 338 defines a first generally frusto-
conical bore 340 concentric about longitudinal axis 206 having a maximum inside
diameter 342 adjacent distal end wall 310. First bore wall 338 extends proximally
from distal end wall 310 of protected port to an outwardly-facing ring-
shaped step wall 343 displaced from the tip by a depth 344 suitable for receiving
components of a connector. At the step wall 343, first bore wall 338 has its minimum

inside diameter 346.



-23 21. The nethod of claim 20 wherein the step of providing the insul ated
i nner conductor includes the step of sinmultaneously nolding the first

i nsul ating portion and the second insulating portionto the first and
second conductors. 22. The nethod of claim 21 wherein the step of providing
the insulated inner conductor includes tde step of simultaneously nolding
the first insulating portion, the second insulating portion and the
dielectric material to the first and second conductors. 23. The nethod of

claim 19 wherein the pAowiligddcal seeanddrore A48 wareentric abané longitndinak axis énd and
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si mul taneous'?rg;)E %Eﬁte%ﬁ f(ﬂtogtsﬁe &IF&%QF;? V\ﬁgl‘ el n ti%éflﬁﬁlgraﬁgo g{d:??grgeend
of the provi fieditatinguetapt oﬁ'qmbtede:d sidebimst] athag Cylmaleaaﬁwmﬁm&aisulatdre'ecmwegtl ng
t he i nner condu r .end |nt i nduct o cej vin ep caus
def or mat i on PATe gtﬁg ?ﬁSlEﬂ?F %S@%ﬂ?’i@é‘??ﬁee@%%ﬂ&ﬁw% 65’?‘ C%{@?ﬁq{ﬁ to
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further conprising the step of staking the outer conductor end of th

i nduct or i ntproxineallynalUengsh -363cEpmi riggsldped insulator 3gat walk Mtﬂqodnmhaﬂeél m 24

wher ei n one co r oi de
case having s veirﬁ/ 312? n l}ﬁilvl}aﬁ%éjgf‘m e rr%%ﬁg% exienfl% (H%P gtéwcf eﬁwo
conponent Ouﬁﬁﬁlatb@-@ébéﬁhﬁ)%]bbfé voalParddsec O teglonasktdrior b@llr chséshbﬁd) fon ekzhﬂple avity
of the case. 28. The od of claim 27 wherein the 8 is the sel ect ed

i
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conponent oupm@tected side insulating cylinder 22 therein during assembly.
Ring-shaped cavity end wall 312 is concentric about longitudinal axis
206. At a radial distance 366 from longitudinal axis 206, an inductor-receiving hole
368 having an axis 370 parallel to longitudinal axis 206 is formed through cavity end
wall 312 extending into bulk head connector 36. Inductor-receiving hole 368 has a
diameter 374 approximately equal to or slightly greater than the diameter 376 of wire
used to form inductor 26. Inductor-receiving hole 368 has a depth 378 sufficient to
receive a substantial portion of second end non-coiled portion 380 of inductor 26
therein. During assembly of surge protection device 10, a staking operation is
performed to secure second end non-coiled portion 380 of inductor 26 in inductor-
receiving hole 368. Thus, inductor 26 is coupled to ground 16 through a solderless
connection to housing 18.
Surge side insulating cylinder 24 has a length 380 approximately equal
to length 282 of insulator-receiving bore 272. Similarly, protected side insulating
cylinder 22 has a length 382 approximately equal to length 363 of insulator-receiving

bore 360. Thus, in the assembled surge protector 10, when surge side insulating



conductor step includes the step of casting the two conponents. 31. The

nmet hod of claim 19 wherein the coupling the two conponents of the outer
conductor step includes the step of pressing the other conponent onto the
sel ected conponent. 32. The method of claim 31 wherein the inserting the
second insulating portion of the insul atléd i nner conductor into the cavity
of the other conponent of the outer conductor step and the coupling the two
components of the outer conductor step are perforned sinultaneously. 33.
The net hod ofylisfen 24 #aregpizediim insylatorrrsesivingporh @72 rpnd rseated @gainglr ingwator nt o
the inductor-r h W hol e of | I lnn C t O 1 # med
o or 1o nePhagh EpfniafialinabOE IR o3 B8 syl Has PRI PP I U g
hol e of the witheetigdesdmalmSal Simildils, owhes rprotectdd Gider inblafimy 6yladet RDES
conduct or subassenbly. 34. The method of claim33 wherein follow ng form ng
an i nner corf@eRiYet insipsulaarenelving bpre 36{band, seated agpingh dnsulatar sqah f\aflaiddng
portion of t:he. insy | r i . cavit. fyma; one
of the conpolﬁg%ljt IEE%%&#)E@ Sgﬁ%%rwégﬁgﬂlﬁ%ﬁeds{]g% ngsp]%uﬁ e Iylhﬁgée}r%z?ﬁ;ﬁésﬁg&lgﬁt er
conduct or enghvitpend wah 3ildduct or -recei ving hol e of the sel ected conponent of
the outer conductor step are performed to form a subassenbly. .
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390 includes a number of turns sufficient to provide the necessary inductance to

properly tune the L-C filter circuit for the desired bandwidth of operation. First or
conductor end portion 90 includes a first straight portion 392, a bend 394 and a
second straight portion 396. Illustratively, first straight portion 392 has a length 398
slightly greater than one half of the length of inductor-receiving hole 88 in third
transition 48 of protected side conductor 28. Illustratively, second straight portion
396 has a length 400 slightly greater than one half of the length of inductor-receiving
hole 88 in third transition 48 of protected side conductor 28. Those skilled in the art
will recognize that when inserted in inductor-receiving aperture 88, the straight shaft
of the hole 88 will straighten the bend 394 somewhat creating lateral forces urging the
inductor 26 into three points of contact (at the wall of hole 88 adjacent each opening
of hole 88 and near longitudinal axis 52) with the protected side conductor 28. This
provides a solder-free connection reducing manufacturing and assembly costs.

In a preferred embodiment of a method for manufacturing an inner
conductor module 20, conductors 28 and 30 are provided as shown for example in
Figs. 3 and 4, with at least one such conductor 28 including an inductor-receiving hole
88 extending laterally therethrough. As shown, for example, in Fig. 5, an inductor is
provided having an end 90 configured to mechanically and electrically couple the
inductor 26 to conductor 28 when the end 90 is placed in hole 88.

As shown, for example, in Fig. 6, end 90 of the inductor 26 is inserted
in hole 88 of the connector 28. Those skilled in the art will recognize that although
inductor 26 is illustrated as being coupled to the conductor 28 prior to an injection

molding process, such inductor 26 preferably will not be inserted in inductor-
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10MM 10MM  material 32. When conductors 28, 30 are placed in the mold, plates 50, 150 of

conductors 28, 30 are received in central cavity 502 having an inside diameter 504
greater than the outside diameter 82, 182 of plates 50, 150. This difference in inside
diameter 504 of the central cavity and the outside diameter 82, 182 of the plates 50,
150 of the conductor 28, 30 creates a space permitting a web 110 of dielectric material
32 to be formed. When dielectric material 32 is injected into the central cavity 502, a
gap filling portion 112 of dielectric material 32 is molded between inwardly-facing
walls 86, 186 of plates 50, 150. Webs 110 extend longitudinally across the outer
walls 96, 196 of plates 50, 150 and lips 114 project radially-inwardly along the
outwardly-facing walls 84, 184 of plates 50, 150. Those skilled in the art will
recognize that conductors 28 are coupled together to form a single inner conductor
module 20 during the injection molding process.

Ilustratively, mold 500 includes a plurality of cavities concentrically
formed about the longitudinal axis 506 of mold 500. Mold 500 is formed to have
cavities 508, 511, 513 identically conforming to the external walls of first 44, 144,
second 46, 146, and third 48, 148 transitions, respectively, of each conductor.
Immediately adjacent the outwardly-facing walls 64, 164 of the first transition 44,
144, mold 500 is formed to include cavities 515, 517 having a diameter approximately
equal to the inside diameter 362, 274 of insulator-receiving bore in case 34 and bulk
head connector 36, respectively. The diameter of cavities 515, 517 is substantially
greater than the diameter 54, 154 of shaft 40, 140 and diameter of retention ring 42,
142. Cavity 515 has a length approximately equal to depth 363 of insulator-receiving
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Centrally located in die is a cavity 502 having a diameter 504 greater
than the diameter 82, 182 of plates 50, 150. Cavity 502 has a length equal to the sum
of the thicknesses 80 and 180 of plates 50 and 150, respectively, plus two times the
thickness of the lip 114 of dielectric material desired plus the thickness of dielectric
material desired to fill gap 94 between the plates 50, 150. As shown, for example in
Fig. 2, after injection molding, dielectric material 32 partially encapsulates plates 50,
150 of both conductors 28, 30.

Ilustratively, dielectric material 32 and insulating cylinders 22, 24 are
simultaneously injection molded onto conductors 28, 30 to form an insulated inner
connector module 21. However, those skilled in the art will recognize that the
injection molding of dielectric material 32 and insulating cylinders 22, 24 onto inner
conductor module 20 may be performed in separate steps. The described injection
molding process of dielectric material 32 around and between plates 50, 150 precisely
locates the plates 50, 150 with respect to one another, controls the displacement of the
pin ends 38, 138 from one another and controls the capacitance of the inner conductor
module 20 to a high degree. Thus, in the illustrated embodiment, insulators 22, 24
and dielectric material 32 are simultaneously injection molded onto conductors 28, 30
to form insulated inner conductor module 21. In the illustrated embodiment,
dielectric material 32, and insulating cylinders 22, 24 are made from an appropriate
dielectric material such as TPX dielectric, Mitsui RT 18, or other material of known
acceptable dielectric properties. After injection molding and coupling of inductor 26
to protected side conductor 28, a subassembly 401 such as that shown in Fig. 7 is
available for assembly with bulk head connector 36.

Insulated inner conductor module 21 is mounted to bulk head
connector 36 by inserting female bulk head end connector 38 through insulator-
receiving bore 356, second bore 348 and into first frusto-conical bore 340. Protected
side insulating cylinder 22 is inserted into insulator-receiving bore 356 in bulk head
connector 36 until seated against insulator seat step wall 364. Inductor 26 is then

coupled between bulk head connector 36 and protected side conductor 28.
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Ilustratively, bulk head connector end 388 of inductor 26 is staked within inductor-
receiving hole 368 in bulk head connector.

Conductor end 90 of inductor 26 is swaged to protected side conductor
28 by insertion of conductor end 90 of inductor 26 into inductor-
receiving hole 88. Because conductor end 90 of inductor 26 is bent, insertion of
conductor end 90 into inductor-receiving hole 88 causes inductor 26 to be swaged to
protected side conductor 28 and maintain solid electrical contact with conductor 28.
O-ring 27 is inserted into annular groove 332 in bulk head connector 36. Thus,
insulated inner conductor module 21, inductor 26, bulk head connector 36 and O-ring
27 form a surge protector sub-assembly 402, shown, for example, in Fig. 9.

Surge protector sub assembly 402 is coupled to case 34 by inserting
female connector 138 through insulator-receiving bore 272, third bore 262, second
bore 258 and into frusto-conical first bore 248. Simultaneously, surge side insulating
cylinder 24 is inserted into insulator-receiving bore 272 and seated against insulator
seat wall 280 and external walls 320, 321 of bulk head connector 36 is pushed into
internal cavity 305 of case 34 until radially-extending wall 318 of bulk head
connector 36 is flush with distal end wall of case 34. Contact between second region
walls 320, 321 of bulk head connector 36 and cavity bore wall 286 and distal bore
wall 296, respectively, electrically couples case 34 to bulk head connector 36 to form
an outer conductor. During insertion, O-ring 37 is compressed between inner frusto-
conical wall 294 of case 34 and the floor of annular groove 332 of bulk head
connector 36 to form a weatherproof seal.

In the preferred embodiment, surge protector 10 is a stack assembly.
Bulk head connector 36 is held on an appropriate pallet or tool holder while insulated
inner conductor module 21 is pressed into bulk head connector 36 to form
subassembly 402. A staking operation is performed on subassembly 402 to stake
inductor 26 to bulk head connector 36. Case 34 is then pressed onto subassembly 402
to complete assembly of surge protection device 10.

[lustratively, those portions of conductors 28, 30 other than end
connectors 38, 138 are each monolithic. Illustratively, conductors 28, 30 are cast
from an appropriate conductive material such as aluminum, copper, gold, or other

conductive material. Because, many end connectors 38, 138 require flexible fingers
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for proper connection, the appropriate connector is coupled to the conductor 28, 30.
However, it is within the scope of the disclosure for connectors 38, 138 to be
monolithically cast with the rest of the conductors 28, 30, respectively.

Illustratively, case 34 and bulkhead connector 36 are cast from brass
and plated with trimetal. It is within the scope of the disclosure for case 34 and bulk
head connector 36 to be cast or otherwise manufactured from other appropriate
conductive material.

In an alternative embodiment of the disclosed invention, a snap-on
dielectric 432 is provided for mechanically and capacitively coupling protected side
conductor 28 to surge side conductor 30 to form inner conductor module 20, as
shown, for example, in Figs. 12-14. Snap-on dielectric 432 is illustratively very
similar to dielectric material 32 but is molded in a separate molding operation.
Because of the similarities between dielectric material 32 and snap-on dielectric 432,
similar reference numerals will be used for similar parts. Snap on dielectric 432
includes a central disk-shaped plate-separating or gap-filling portion 512 having a
thickness 594 equal to the desired gap 94 between plates 50, 150 of conductors 28, 30,
respectively. Gap filling portion 512 has a diameter 596 exceeding diameters 82, 182
of plates 50, 150 of conductors 28, 30, respectively. Webs 510 extend longitudinally
from the peripheral edges of gap filling portion 512. Webs have an inside diameter
582 equal to the outside diameters 82, 182 of plates 50, 150 of conductors 28, 30.
Lips 514 project radially inwardly from webs 510. Lips 514 have a ring-shaped plate
back-engaging wall 516, an annular wall 518 and a tapered wall 520. Two plate-
receiving cavities 522 are defined by gap filling portion 512, interior walls 511 of
webs 510 and ring-shaped plate back-engaging walls 516 of lips 514. Annular walls
518 define opening into cavities 522. Tapered walls 520 facilitate insertion of plates
50, 150 of conductors 28, 30 into cavities 522.

While specific embodiments of surge protection devices 10 and
methods for manufacturing and assembling surge protection devices have been

described, those skilled in the art will recognize that other arrangements of

components and steps are within the teaching of the disclosure.
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CLAIMS:

1. A surge protector for a signal receiving device configured to receive signals
via a coaxial line having a signal carrying inner wire and a grounded outer conductor,
the surge protector comprising:

an inner conductor exhibiting a capacitance, said inner conductor being
configured for attachment to the inner wire of the coaxial line;

an outer conductor disposed about and insulated from the inner conductor, the

outer conductor being configured for attachment to the outer conductor of the coaxial

line;

insulating material electrically insulating the inner conductor from the outer
conductor;

an inductor inductively coupling the inner conductor and outer conductor.
2. The device of claim 1 wherein the outer conductor is formed from a shell and
a plug.
3. The device of claim 2 wherein the plug is frictionally secured within the shell.
4, The device of claim 1 wherein the inductor is solderlessly connected to the

inner conductor,

5. The device of claim 4 wherein the inner conductor includes an exterior surface
concentric about a longitudinal axis and includes a cylindrical wall defining a hole
extending through the surface and the longitudinal axis and the inductor includes a
bent portion which when inserted into the hole mechanically and electrically couples

the inductor to the inner connector.

6. The device of claim 1 wherein the inductor is solderlessly connected to the

outer conductor.

10 10 10! Y+



1 10!, &109%& ()-y 109 ()- ,,109% ()-y 109 ()-109% ()- 10 10@YNC 1 1 10!
10 10 10y6 10%& ()-3,,510%& ()-y- 10%& ()-m|+10%& ()-y 10%& ()-, % ~?YNC 1
1 10, 110%& ()-y 10%&' ()-Fly 10900& ()- 'y 10%& ()-'y 109 ()-  10% ()- % bC
1 1 10y 10% ()-, 10% ()-y 10% ()-10% ()- 10 10

7. The device of claim 1 wherein the inner conductor includes a first conductive
portion and a second conductive portion and dielectric material separating the first

conductive portion from the second conductive portion.
8. The device of claim 7 wherein the dielectric material is injection molded.

9. The device of claim 8 wherein the dielectric material is injection molded

simultaneously to the first and second conductive portions.

10.  The device of claim 7 wherein the dielectric material partially encapsulates the
first and second conductive portions to mechanically secure the conductor portions

together and fix the displacement between the conductive portions.

11.  The device of claim 7 wherein the dielectric material is configured to snap

onto the conductive portions.

12. The device of claim 7 wherein the insulating material includes a first
insulating material insulating the first conductive portion from the outer conductor
and a second insulating material insulating the second conductive portion from the

outer conductor.

13. The device of claim 12 wherein the dielectric material is simultaneously

injection molded onto the conductive portions with the insulating material.
14.  The device of claim 2 wherein the inner conductor, insulating material,
inductor, shell and plug are configured to generate modules and sub-assemblies

facilitating assembly.

15. The device of claim 14 wherein assembly is accomplished by pressing

modules and subassemblies together.

16.  The device of claim 7 wherein the conductive portions are cast.
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17. The device of claim 2 wherein the shell is cast.

18.  The device of claim 2 wherein the plug is cast.

19. A method of manufacturing a surge protection device for a signal receiving
device configured to receive signals via a coaxial line having a signal carrying inner
conductor and a grounded outer conductor, the method comprising the steps of:

providing an insulated inner conductor having a first insulating portion
coupled to a first conductor configured to be coupled to a signal carrying component
of the signal receiving device, and a second insulating portion coupled to a second
conductor configured to be coupled to the inner conductor of the coaxial line, said
first and second conductors being capacitively coupled;

providing an inductor;

providing a two component outer conductor each component of which is
configured to include a cavity sized to receive one of the first and second insulating
portions therein and configured to couple to the other component of the outer
conductor, one component of outer conductor being configured to be coupled to an
outer conductor of the coaxial line and the other component being configured to be
coupled to a ground of the signal receiving device;

inserting the first insulating portion of the insulated inner conductor into the
cavity of a selected one of the components of the outer conductor;

coupling the inductor between the insulated inner conductor and the selected
one of the components of the outer conductor;

inserting the second insulating portion of the insulated inner conductor into the
cavity of the other component of the outer conductor;

coupling the two components of the outer conductor whereby the inner
conductor is electrically insulated from, but inductively coupled to, the outer

conductor.

20.  The method of claim 19 wherein the provided insulated inner conductor
includes dielectric material mechanically and capacitively coupling the first conductor

to the second conductor.
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21.  The method of claim 20 wherein the step of providing the insulated inner
conductor includes the step of simultaneously molding the first insulating portion and

the second insulating portion to the first and second conductors.

22.  The method of claim 21 wherein the step of providing the insulated inner
conductor includes the step of simultaneously molding the first insulating portion, the
second insulating portion and the dielectric material to the first and second

conductors.

23.  The method of claim 19 wherein the provided inductor includes an inner
conductor end and an outer conductor end, the provided insulated inner conductor
includes an inductor-receiving hole, the selected component of the outer conductor
includes an inductor-receiving hole and wherein the coupling the inductor step
includes the steps of inserting the inner conductor end into the inductor-receiving hole
of the insulated inner conductor and inserting the outer conductor end into the

inductor-receiving hole of the selected component of the outer conductor.

24.  The method of claim 23 wherein the inserting the outer conductor end into the
inductor-receiving hole of the selected component of the outer conductor step and the
inserting the first insulating portion of the insulated inner conductor into the cavity of
a selected one of the components of the outer conductor step are performed

simultaneously.

25.  The method of claim 23 wherein the inner conductor end of the provided
inductor includes a bent portion and wherein the inserting the inner conductor end
into the inductor-receiving hole step causes deformation of the bent portion to

generate a restorative force acting to couple the inductor to the inner conductor.

26.  The method of claim 23 and further comprising the step of staking the outer

conductor end of the inductor into the inductor-receiving hole.
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of the provided two component outer conductor is a plug conﬁgured to be received in

the cavity of the case.

28.  The method of claim 27 wherein the plug is the selected component.

29.  The method of claim 19 wherein the providing the insulated inner conductor

step includes the step of casting the first and second conductors.

30.  The method of claim 19 wherein the providing the two component outer

conductor step includes the step of casting the two components.

31.  The method of claim 19 wherein the coupling the two components of the outer
conductor step includes the step of pressing the other component onto the selected

component,

32.  The method of claim 31 wherein the inserting the second insulating portion of
the insulated inner conductor into the cavity of the other component of the outer
conductor step and the coupling the two components of the outer conductor step are

performed simultaneously.

33.  The method of claim 23 wherein the inserting the inner conductor end into the
inductor-receiving hole of the insulated inner conductor is performed prior to the
inserting the outer conductor end into the inductor-receiving hole of the selected

component of the outer conductor to form an inner conductor subassembly.

34.  The method of claim 33 wherein following forming an inner conductor sub-
assembly step, the inserting the first insulating portion of the insulated inner
conductor into the cavity of a selected one of the components of the outer conductor
step and the inserting the outer conductor end into the inductor-receiving hole of the

selected component of the outer conductor step are performed to form a subassembly.



