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PCT/ GB98/" 00%088/88683 ovement s Rel ating to Electrical Surge Arr BSTEEISAPRR ] of
the Invention: This invention concerns i-nprovenents relating to el ectri cal
surge arresters, also known as surge di vérter which, as is well known, are
used in high vOItage 5 electric installations for providing a path to
ground for surge overvoltages occaS|oned for exanple by lightning strikes
and as switching transi e\RIQVIIIERLS 3 Elactrical Surge, Arvs &3 n GB-A- 2188199
there is described a surge arrester mhlch S prlnarlly i nt ended for use |n
di stribution diedeofshedtvention.ons, but can be coupled with other 10 o
electrically matched arresters in a series parall el arrangenent f or .hi gher

vol tage station cl apiis Bivehtichadonéis iMfprévientsaeRting td Eeatrical 86 Bitestelt)i S

surge arrester conprises a rigid core of great physi cal- strength upon whrch.';" :
there is proviged o ‘gq {‘QE core
consi sting of aﬁp vﬁrﬁjy geﬂfg%r?&ﬁ‘r\gﬁ%“ s %X&E’ stac g}xa‘o end" and‘ _
encased thin,a shiel 1 ei nforced ri Iastlcs materi al . The., o
Coinf or chd i s istlelonsn e, p st“dgrmaths%rer@rdg 9%y SWBR RXFTYRIAESS: | y to-

the external surface of the varistor. block stack, though proposal s have - -

been made to mqmmdiomqampm&gh@mg@;rdm@ndmmgmawmen t he

vari st-or blocks and the shield. There may be a nunber of netal (eg’

al um ni um) spaB g@ndhﬁthenmnmcat ed into the varistor block stack for the
purpose 20 of *providing the stack with an overall. Iength suffr ci ent

to avoid flashover pxerAabiygioe ke3P a surge arrester which is primarily
PCT/ GB98/ 00598

intended for use in distn'bution class épplications, but can be. coupled with other |

. ' 4
10 electrically matched arresters in a series parallel arrangement for higher volt_age_.

station class applications as described in GB_-A-; 2230661. This surge arrester -
comprises a rigid core of great p_hys’tcal strength upon which there is provided a-
shedded otxter housing of polymeric material, the core consisting of a plurgﬁty of r.‘ |
ceramic varistor blocks stacked end to end and encese_d thhm a shield of
15 reinforced rigid plastics material. The reinforced ngxd plastics material shield is
preferably bonded dxrectly to the external surface of the varistor block stack,
though proposals have been made to provide a thm spacing layer of Mylar™
between the varistor blocks and the shield. There n;ay be a number ot‘ metal (eg
aluminium) spacer blocks incorporated into the varistor block stack for the purpose

20 of providing the stack with an overall length sufficient to avoid flashover externally



2 of the arrester and termnal blocks are provi ded at opposite ends of the
stack for enabling the coupling of the arrester to associ ated equi pnent. As
descri bed (8 o6Rsdds 2188199 the rigid core and polymeric houg.j:@g;lgg,o?ggg '__.
surge arrester provides significant advantages as conpared to porcelain=
housed 5 surge arresters whi'ch have, long suffered a fragility problem
Conventi onal porcel ain housed surge arresters.commonly have an inert gas
filling which can literally blow the arrester housing apart if the arrester’
i's subjected §{@Ona i . / ta?%ﬁm bd LEbbdMit jpg area.
wi th hot frag‘?rents g% %‘S’U‘\é.ﬁ'ﬁl‘gﬂ?”w&. egighétg%wle# Q‘E‘d&%pggtﬁ%&_gﬁaphragnﬁ
oot al o ek e Eouihie 808 Bre3fiS BRtRd Bavpaemne o onpl | cat o the
porcel ain hou , _ s conplicate the "~
arrester construct_._kgn an'geéﬂgqﬁrggéiééﬁgﬁéﬁ?bggm of the. p=-°-r-'<.3'eéba'i pﬁ_,:‘};?fus.i ng
still remains. TheAsidgsa 5~ ggid cogm#deralymencyhousinge ter of
GB- A- 2188199 is manuf actured to avoi d.gaseous inclusions and r__:é'-j[:‘.__ai.n's:.i'-t- S
structural i nthegurge prrestenpravides signifidant aslvasitagistas comparyd ta poreelaih hegseduppor t
insulators to be dispensed with, since 15 the rigid core of . .the -
arresteg is sghrgd airestedsywhich O t1ong UHeret 4 ITeagllity Prollemthi Convatitiondlt | onal |y
IS supported by the provision of suppeort insulators. The inherent strength
of the arrest ; s Boy %M'g ' 1 L Saifiddd Wikichosg and
gapl ess constﬁg%gﬁéugér?aﬁgg%ﬁtgﬂ 0 gn%%ﬁﬁée{fﬂtngmag%er?ﬂé%wggﬁaﬁel array
capabl e of handl i.ng, station_.class.volta as described jn GB-A- 2230661.
As a result gﬂe?h%g{?“?g'e arrester @ﬂﬁmét"ﬁ%‘?qg@‘@éﬁﬁﬂe‘g sulrgﬂ:geds{%r YPeEFIBEt er of
GB- A- 2188199 has enjoyed considerabl e connercial success. | ' :
overvoltage, littering the surrounding area with hot fragments and causing fires.- . - .

x

Pressure rélief rupturable diaphragms can be prOVided in the end cap anangeméht§
io of gas filled porcelain housed surge arresters, but these provisions cbmpﬁc;fe_fhe
arrester construction and the fragility pfoblém of the porcelain housing still remams
The rigid cored, polymer housed, gapless_surge arrester of GB-A- 2188:199.
is manufactured to avoid gaseous inclusions and retains its structural iniegn'ty even
under failure. Additionally, it enables support insulators to be dispensed wnth, since
15 the rigid core of the arrester is sufficiently strong to Su!;pon the loading which
con?entionally is supported by the provision of suppo'rf: insulators. The inherent
strength of the arrester of GB-A- 2-188199, which fesult.s ﬁ'oﬁx'its rigid core and
gapless construction, enables it to be coupled into a series parallel array capable of
handling staﬁon class voltages as described in GB-A- 2230661. As a result of these
20  and other advantages, the surge arrester of GB-A- 2188199 has enjoyed

considerable commercial success.
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PCT/ GB98/ 00598 3 Notw t hst andi ng t he success of the surge arresters of.
GB-A- 218810Q98/38683 GB- A- 2230661 we have, as a part of our c®CU/GRASHHS9S _
i nprovenent strategy, considered how conponent costs, assenbly tines and™ = °
manuf acturi ng process times mght be reddced. The manufacture of surge. -

arresters in accordance wwth GB-A- 5 2188199 requires curing proce.sses-.':“-f':' '

to cure the reinforced epoxy material that is applied to the varistor bl otk-
stack i.n an uncur edNetiithstamding thefsuecess ofithe sirge drresters bf €iB+A- 233§499\anded -
between the contiguous faces of the stacked bl ocks to inprove electri cal

contact. t her elgR-\eern3086rivid Ba, la% 4 BaY SfESurdciihidlS BIpPGRBfent Sfratbl
adhesive. After curitng, the core assenbly is then sleeved with its§

pol yneri ¢_hougy, %uhowcol’n or?én%&?i%sgmpgﬁfr@#aﬂﬁnﬁﬂﬂb&hﬂgéb% qm&-.@ris are

fitted. The man ring t e requrre ese "process 'S consi derab}e_\_
and demands the val b| I| CAII N vens, ~and a nuf act ur techni gque-
whi ch coul d eI'ﬁ“ “% %8@%%@%%!& %ﬂ‘g‘i‘ﬂﬁ‘gﬁi‘g’% Befit in
manuf act uri ng. s ace and t| rre Any reduction in conponent costs woul'd be an
added bénus. - 2388199 regpises; curingprocassrsity @we thecreinforserd praxy materia) that is
accordi ngly, the obj ect of the present invention to provide an electrical”

surge arr est erappliedcto dwnvdmtmmlmhmdtﬁxyaﬂamﬁmdtsmedndhxfmsﬁersimd;d .
arrester of GB-A- 2188199 without prejudice to the advantages dermnstrat ed

by that. surge adhésRRli€providled between the contighidBs Ric8SéTiithe stacked bioeks &t -
prinari 1 y fromthe realization that the external passivation coa i ng th_a';_ _

I's Tnvariably gproldednby %&UQ@&&W gﬁﬁu&faﬂﬁwregﬂ qgnng process - for the &

adhesive. After curing, the core assembly is then sleeved with i 1ts polymeric housmg :
10 | in a separate operation and finally end caps are fitted. The manufacturing t_lme
- required for these processes is considerable and demands the availability of curing
ovens, and a manufacturing technique Which could eliminate the curing process -
would show considerable benefit in manufacturing §p'aCe aﬁd time. Any re&ucﬁﬁn in
component costs woﬁld be an added bbnus.
15 Obijects and Summary of the Invention: S ‘
| It is, accordingly, the obje& of the present invenb_bn to provide an electrical
surge arrester which can. be more readily ménufactured ‘than the.surge arrester of
GB-fk- 21'88199 without prejudice to thé advantages demonstrated by that surge
arrester.

20 - The present invention stems primarily from the realization that the external

passivation coating that is invariably provided by manufacturers of metal oxide
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PCT/ GB98/ 00598 4 varistor blocks on all surfaces of the blocks other than
t hei-r net ontact surfaces can in fact be di spensed . !

t her eby' Ieadl ng ?38 a reduction in conponent costs. Vari storyﬁlgnﬁssm_sgs -
conventionally are solid circularly cyljgndrical in shape with netallized
contact coatings on their circular axially end faces and passivation 5
coatings on their cylindrical external surfaces, the passivation coati ng :

conpri si ng Aot Xl?%fssbﬂ AT suthAS e BGEPARE hite {Hefrtrﬁ&a]ﬁieﬁc{d; kz%g"y

insulating c e passivation coatlng enables a varrs used to

its full el ectr cal Ll av. er nal ashaver problens .

bet ween t he 3‘?3‘?3885&‘5%‘&“’“& @(/Fﬁ%x%tqg §5°‘U§§P{5‘B°'?’t5’tt he =~
manuf acturer in that it enables classificatjion and 10 qual i control
operations t soge Yurrchlacks qqpyansionallyrase selidocirayagly qyhindrical tpasbgqe\, on’ |
coating significantly contributes to the manufacturing cost of: varl stor. -
bl ocks. |f t imetalized ¢amtach qoasiugsvon itheir maﬂamycdhmerlﬂefatespadlmlmbm then
the limtations that the need for a passivation coating have inposed upon

the shapes ofcodtings on theivéindrical exidriial sariaos) the padsiitionlicoMingscdehprising an The .-
process by which passivation coatings are m)st econom cally provided on

varistor blo p 59‘3%: the .
surface of t%éé’ya?ﬁt?ooﬁ %l?ééCEP t eérytSfli a varlstgah?lﬁpatrllﬂ%ven S
until the resin.is cured o o the.vari rfa ass
mmteri &l has Péf‘h‘?ﬁ?'é&°%}ﬁ‘gt%‘“‘%‘ﬁ%a\7§?§‘%’t‘85"%‘656@%1%?@“ RratRl conande B e e
t he 20 : production hitherto of varistor blocks W|th t hr-ough hol es,
since the naﬁ‘ﬂ?‘é@guﬁ’ée@ﬁl Flaghaves trspblems detwgenhthe - comtemigRirfieese @4dttwth an

effective passivation coating on the :
provision is also useful to the manufacturer in that it enables classification and -

10 quality control operations to | be conducted. However, the provision of the
passivation coating significantly contributes to the manufacturing cost of varistor
blocks. | ' o o | x
If the need for a passivati.on céating éan be dispensed with, then the
limitations that the need for a passivation coatihg have imposed upon the shapes of
15 varistor blocks can also be dispensed with. The proc;eés by. which passivation
coatings are most economically provided on varistor bld';:ks is to spra& an epoxy
resin or glass material on to the surface bf the véristor block and then to bake the
varistér in an oven until the resin is cured on to the varistor surface or until the
glass material has sintered on to the varistor body. This process has hindered the

20 production hitherto of varistor blocks with through holes, since the manufacture of

a varistor block with a through hole and with an effective passivation coating on the
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PCT/ GB98/ 00598 5 surface of the ‘through hol e woul d i npose additi onal
di.ff.i cul't Wes983865% he varistor bl ock manufacturer. By di spenSCR{FRABOMMShe .
passi vation coating, varistor blocks with through holes, for exanple an
axial through hole, can be nanuf actureddat reasonable cost. A5 stack -
of such varistor blocks can then be retained in face-to-face contact .
between end terminations by means of an electrically-insul atl hg rod
appr opri at el yudaseuofctietthraugh hotedwouldnimpese additionad d!i% the I\'msc;n‘t i on
proposes to take advantage of such an arrangenent. A surge arrester ¢
conpri si ng valdckinsdnubctutérs. Wi t h axi al through hol es which.are. ret.ained in.a

st acked configurati-on and supported by an electrically 10 i nsul atl ngz-.__.,._

rod has previ ous!| \epaRAeRIPARE b faiRartn SAREOTr Hot

manuf act ured. O her wherei'n vari stor bl ocks have a

supportive r end| n :
US- A- 4262318%%E|5X‘§i %@Mﬂ%‘i@i@%%k@ﬁxﬁﬁéﬁ%%&% ‘r"ge n
arresters of US-A-4 262 318 EP-A-0 141 239 . are of .the previ ousl
menti ored porstack Hf guahsvanstor &en thep éem"samfaﬁs-%#fs.ceg ‘?elt‘@?ﬁf;'th of
the arrester, such as it is, is provided by the porcelain housing. The. .
surge arr est endérmijBtionsibpagansas ahglecuicaliyminsulatingand mpproprigely secusedstor ge -

arrester enbodying to the present invention as hereinafter described, but -~

US 4 825 188 tHeesd ﬁﬂi’undu@r@aﬁ&&h@premgﬁsﬁudrhﬁopdssesemtakeradmtagemfstdlﬂ(evm se -
WO A- 95/ 10846 di sgl oses a sinmlar surge arrester but does not disclose 20  :

or 'suggest thg BFH8EMEn DY Sk AWrester comprising varistor blocks with axial through
holes which are retained in a stacked configuration and spppoxted by an electricall;_ o _

10 insulating rod has previously been proposed in GB-A- 2073965 but has not been e
tﬁanufacmred Other surge arresters wherein Maor bloéks have a supportive rod
extending through holes in the blocks are proposed in US-A-4262318
EP-A-0141239, US-A-4825188 and WO-A-95/10846. The surge arresters of
US-A-4 262 318 and EP-A-0 141 239 are of the previously mentioned porcelain

15 housed type wherein the physical Strength of the arrestér,;__suchras it is, is provided
by the porcelain housing. The sufge arrester of US-A}4 825 188 has a similar
construction to a surge arrester embodying to the present invention as hereinafter
described, but US 4 825 188 does not disclose or suggest the present invention.

Likewise WO-A-95/10846 discloses a similar surge arrester but does not disclose

20 or suggest the present invention.



REPLACEMENT SHEET 6 In accordance with the present invention, there is
provided an electrical surge arrester conprising a stack of varistor |
el ement s rpdagHgds bet ween end ternmination's by nmeans of an PCEAGRIB/OESY

insulating rod passing through through- 5 hol es in-the varistor -
el ements and secured to the end term natgons, the through- hol es being
| arger than the rod cross-section, and a noul ded plastics material filli ng

the void that otherw se would exi st between the rod and the varlstor '

el enents and ext engh nicerdantedwith ethe xgresent inveitidng ce stackt dfhm:s;hasimdi varistor .-
bl ocks the vari stor el enents being fornmed w thout pa55| vatlon coatl ngs on

their bei ny &#@é@ﬁ@@&%ﬁaﬂeﬁ dﬂ‘ﬁccﬁﬂrfﬁ&c@o?ttacf‘ﬁ @SUCS .

materi aI rovi passi vat1 on funct I on. The | nventJ on

al so extends to an trL e arrest ding:. .
cl ai m wher ei n™AE ¢ %ﬁ’étﬁg@ gﬁﬁegﬁﬁﬁgﬁm‘@q‘otegl“gg%t‘gégé‘gof the
end term nations, or |s engaged therewi th by virtue OE the B!d 13 2
ternination de@MrWQ@I%WH@"&‘@ﬁm% erﬂ“’&g@ Qles,and fefpd jage -
preferably a silicone rubber nmaterial which can be injected in |iqui d form
and wi | IS cur e sizad Gueh shuti thenei is ho wieamntce between rthe rsudace of) therned and gheial -
configuration of the silicone rubber on the outside of the arrester can

advant ageous| Yo rasldiesurfab & of dle thhddh-Holes| Bd @aflicond tubbert Materdal fillsahking 2 0 -
di stance of the arrester between the end term nations and to serve a

vl her  SnecBil, P Skdtiee A Al Yehicch e Sod 601 bl bRRic g out si.de

of the arrester cau ave circular cylindrical surface and a separate o
shedded outer hou
exten

| g.t%und the external surfaces of the varistor blocks the silicone mbbef S
maten'al serving as a passivation coating for the varistor blocks. ..

10 _ The silicone rubber material can be injected in'iiquid fonn and will cure into
a solid without external intervention. The external configuration of the silicone
rubber on the outside of the arrester can advantageously include integral sheds to .
increase the external tracking di;tance of the arrester between the end terminations
and to serve a weather shedding ﬁmctiopﬁ Altemati\tely the silicone rubber on the

15 outside of the arrester could have a cxrcular cylindrica:i surface and a separate
shedded outer housing, formed for example of heat shrirttc polymeric material or of
a mechanically released elastomeric material or of an'in situ moulded plastics
material, could be provided on the arrester, though this is not preferred in view of
theladditional manufacturing steps that would be required.

20 The invention also extends to a method of manufacturing a surge arrester

comprising securing a plurality of non-passivated varistor blocks between end

o . | ’TH!SSHEETHAS BEEN
_— REPLACED 7\

Sheet Has Been Re; laced

T IIH




7 fornmed for exanple of heat shrink polyneric material or of a mechanically
rel eased-el astoneric material or of an in situ noul ded plastics material,
coul d' be’ pwo@wssB8653on the arrester, though this is not preferPETiGBIS/AISERY Qf '
t he addi tional manufacturing steps that would be required. 5 . The
t hrough-hol es in the varistor blocks are7preferably axial, since this-
permts the rod to |ocate centrally with respect to the stacked vari stor

bl ocks and enabl es a screwthreaded connection of the ends of the rod to

the terminati qemiiatiohebyipisking afl elettiically iIRQNEME rod tiroughcligred tiidilgh-Holtst a.
crinp type or |ock screwtype of attachnment of the termnations to the

E:QLF:(;ggerglgf méxgﬁe%s%} SO ?ﬂegée&rr#‘%%lé @dlt%otrhge{‘ an onehsuéﬂﬁ }j-l;gﬁg}tbu'f d '-'
2t achent 1 o TR e SaeF s ot Pt Y B Eobipts i pfide Broafl . D0

of non-passivated varistor blocks a reductiorfis achi eved in the arrester. .
conponent costsdicons, rubber gratenal)inty, the,veid hetwesn thej rogcandithe surfaces|of they | stor '
bl ocks can readily be threaded onto their central rod and secured between
end terrh nati chougit-heles inthevatistbrdiatks andanopnd:theestemal surfabes afitbisstackedhe rod. .
The sub-assenbly thus formed can then be placed in an appropriate nould for -

the . varistor blocks, the hquxd sxh_cone material being selected to serve a surface

-passivq!tion- function on the varistor blocks, and permitting the silicone rul;ber
material to solidify. | | | _
The through-holes in the varistor blocks sre prefel;abl-y axial, since th:s
10 permits the rod to locate centrally with respect to the stacked varistor block_s and -
enables a screw-threaded connection of the ends of the rod to the texminat';ons to
be utilized. It is however not inc'once_iv_able that a crimp type or lock screw type of
attachment of the terminations to the through rod might be utilized. The rod is
. preferably axial,' but could be off axis, and also there might be more than one such
15 rod. For simplicity, however, a central, axial rod making s’__i:rew—_threaded or crimped
attachment to the arrester terminations is preferred. f
By virtue of the use of non-passivated varistor blocks a reduction is
achieved in the arrester compoﬁent costs. By use of appropriate assembly jigs, the
varistor blocks can readily be threaded onto their sentral rod and secured between

20 end terminations screw-threaded and/or compressed onto the ends of the rod. The

sub-assembly thus formed can then be placed in an appropriate mould for the

SHEET HAS aeeﬂ
THIS BHEET 82

Tfltliliilfﬁleﬂlmm



WD 98/ 38653 :
PCT/ GB98/ 00598 8 injection of the silicone rubber material and a finished
surge arr ¢ed 6dngeeses out of the moul d. Production costs canpéhepsdoshe
| ower ed as- conpared to production costs for the surge arrester described in
GB- A-- 2188199. The support rod can advanpt ageously be tensioned in-the
arrester 5 construction for exanple by appropriate adjustnent of
screwt hreaded end term nations and/or by inclusion of a pre-load neans: .=
(one or nore 1'5‘3}:& Vi HES r il kte si-acle between
the end termma so?' h+§s‘6re?ﬁg§°§f%’%&e§§§?§%sﬁ%'ﬁﬂe£s% e arrgéﬁéﬁéﬁﬁ' S
w t hst andi ng oper atiqpal nechani cal [oading .10 ... Tests that we
have conduct eﬁglﬁq@'.gg'?gl‘fﬂ“f’g Fa3ts tcﬁ'étth%%m‘%?op@’e@d&?twwaﬂea‘éq“??éonej L
rubber material, for exanple SILOPREN err] LSR available from Bayer, -~ =0 °
sati sf act or i | spstsiferibe surge ameseridesnsibed inyGB-A-21881% bl ock  Sur f aces’ EPDM -+
di sclosed in US-A-4 825 188, is not a suitable material -for this purpose..
The above and furtThe supportir esl @hn tidvapmgesisly beveensioned #n cthsearrdstert h i n
the 15 _ appen_d'ed clains and will be nade clear from consideration.of
t he ol §ow ngcdpgthadtiord f&e%m%ysyl 2BbopHatel hdjustRbr 6 GerelvothtdaBed@ng@Mpanyi-ng
drawi ngs. Description of the awi ngs: Figuré la is a perspective view of a
conventi onal Al . oxi j . Dl - [ 1a).f - its
s A/of By Eflc%lrog @g&.ﬁ&m. rﬁéh{ns r(Bné‘%‘r mbR. BalGL

constructi on; i's a simlar perspective view of an

exempl ary netal ,oxi de vari sto | ock, enpl oyed in the practice, of e
pr e'ggnt. iynv en ers, for example {n tl?xe va%stogpstacxebemeen Bxe g-ld genm%als.-* Ti’ug '

pre-loading assists the surge arrester in | withs'ténding operational meéhaniéa;,
loading. | | |
10 Tests that we have conducted Have established that sﬁitabie electncal grade
siﬁcone rubber material, for ekample S]I'.OPRI.'-Z_I\TTM LSR available from Bayer,
satisfactorily effects passivation of the varistor block surfaces. - EPDM, discloséd in

US-A-4 825 188, is not a suitable material for this purpose. .
The above and further features of the present invention are set forth in the

. , _ L

15 appended claims and will be. made clear from considération of the following

detailed description given with reference to the accompan'}ing drawings.

Description of the Drawings:

. Figure laisa perspective view of a conventional metal oxide varistor block
shown cut in half to reveal its construction;
20 Figure 1b is a similar perSpective view of an exemplary metal oxide varistor

block employed in the practice of the present invention;
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PCT/ GB98/ lgure 2a i s a perspective view of an exe

arrester Q&ﬁ?ﬁ?ﬁﬁged according to the teachings of the preg§k$&¥ﬁ§iwﬁ#

the arrester being shown longitudinally cut in half to reveal its |nternal
construction and with its internal conpdhents axially spaced apart. 5 .
Figure 2b is a sectional elevational view of the surge arrester shown in
Figure 2a; Figure 3a shows an arrester core sub-assenbly constructed as an
i nter medi at e phaseFigwretdads ApeTPERve viewoof an exemplary syrgs amestercopstowred n -
Figures 2a and 2b, and one half of a liquid silicone rubber injection-

moul di ng systmrdﬁggmr che3teacHingssof ke present Smventionethiel yrreseet ehein@dshawnhin - the '
nmould in 10 preparation for the application of an upper. mould part

and inj ect i onofginidindly SuSin haAPRS révekloRY infetha donbtruckio Uind With fts IntEihr avay-
vi ew of another surge arrester enbodying the present: |nvent|on and Fi gure

5 is an expl EEyv arrester of Figure 4. 15 - Detailed
Description o‘%‘z’%ﬂ‘n\4 n%’gélblr#g‘fﬁ%gﬁerrl ng first to Fi gures Ia and | b, the
former of th Lgures ill the nstruction nventlonal
netal . oXi de W'gtzgt‘s%\%“ﬂ?'f#fﬂt?‘éﬂmf‘%r P SUrgP afr “ﬁgPVHﬁ? BYEL8d surge
arrester of GB-A-- 2188199 or in prior and cont enpor aneous ‘porcel ai n housed
surge arresters, afigutendal shavs 2nj guesten [cprestsubragsembly construgted sorant r uct i on

of a metal oxide varistor for use in the practi.ce of the present |nvent|on '
As shown; thamennedm& |phml in\the mahufactimsofa anbe drreswrczsl shown\ih E-‘igiltescw

and 2b, and one half of a liquid sﬂxcone rubber i m;ectxon mouldmg system; -
Figure 3b shows the core sub-assembly received within the mould u: Co
10. ' preparation for the application of an upper mould part and injecﬁon of quuid.:
silicone rubber material; |
Figure 4 is a cut-away view of .another surge arrester embodying the
present invention; and | |
. Figure 5 is an expléded view of the surge arrester of Figure 4.
15 Detailed Description of the Embodirhent: _ f
Referring first to Figurés 15 and 1b, the fonner;";nf these figures illustrates
the construction of a conventional metal oxide varistor as utilized for example in
the polymer housed surge arrester of GB-A- 2188199 or in prior and '
contemporaneous porcelain housed surge arresters, and the latter figure illustrates

20 the construction of a metal oxide varistor for use in the practice of the present

invention. As shown, the conventional varistor has a solid circular cylindrical
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PCT/ GB98/ 00598 10 ceram c body | formed of Zinc Oxide for exanple, L
met al | i seg‘,&gg}sﬁgs 2 provided at the axial end surfaces of ptihveBosumssC_
body 1 and a passivation coating 3 provided on the cylindrical surface of
the body 1. As nentioned previously, wthput the passivation coating 3, the
varistor could not be used to its full electrical capability 5 -~ without
causing a flashover externally of the varistor body 1 between the edges of

the metall’ sed SR &y fg%g{f]gfﬁ&gfd% DR xR inasfitd @htkite pagaky at i-on

coating, the € e varistor I-s weakest at its external .
surface. The varistor of Figure., b has no,passjvati.on. kN, and.qi- s forped

with a cent ralatg‘fiaﬁafmsﬂﬁé%sﬁgfhﬁmﬁ&dﬁm‘iap&ﬂ%oéﬁgé%@a%ﬁi&e‘gb show:
an exenplary surge arrester constructed in accordance wth the teachings. of
the present i rWe‘?lG icylindricalysusfage NF%PO%ﬂaNd%FM@“@;_PWBQY’eWtée 15,7

each as shown in Figure Ib, are retained in stacked end to end S
confi gurat i on passivation ceatihgt3: tind veaisiopcouliihab pe msedhito itsf full electrisaltqapahilityy -
i nsul ating conpression rod 11, forned of glass reinforced plastics materi al

for exarpl e, Wikt éa'ixsing a flasovee Betemblly 6EGE vaRigtort BudyUdbetiednathe édges ofhe »

vari stor elenments 15 and engages screw threadedly with the end

term nations i S ’ ' : I ehe xanpl -e,.'
may be provi d%%@%ﬁ‘ﬁ%ﬁ\%ﬁ%rﬁﬁ%@@%f%ﬁ bet%%%?ﬁgaaet{r? t\l}gri stor
bl ocks. and the end fermnatipns 13 f.or distributing,t o jvecl oad. . .
that is devel CHREHY S‘fﬂ‘fs{ib?fcfg? Words i‘”&g‘é“ﬁ%‘ %E“‘Fﬁ‘d @%d@én?%&ﬁg’fends; of

t he' 20 conpression rod 11 and for ensuring a cl Onga? seal bet Ylveen
conti guous el dtigure dbhasempassivatinncoatingsand is formed with a central axial through ol_e -

4.

10 Figures 2a and 2b show an exemplary surge arrester constructed: in
accordance with the teachings of the present invention. A plurality of metal oxide
varistor elements 15, each as shown in Figt-xre 1b, are retained in stacked end to end
configuration between end terminations 13 by means of an electrically insulating

. compression rod 11, formed of glass reinforced plastics m_aterial for example, §vhich

15 extends through the through holes 4 of the varistor eleme;t"glts 15 and ehgages screw-
threadedly with the end terminatibns 13. Soft metal cdntact discs 14, formed of
copper for example, may be provided between the varistor blocks 4 and between
the end varistor blocks and the end teﬁrﬁnaﬁons 13 for distributing the compressive
load that is developed as the end terminations 13 are tightened onto the ends of the

20 compression rod 11 and for ensuring a close seal between contiguous electrical

contact surfaces.



WD 98/ 38653.

PCT/ GB98/ 0B 28/38653 he axi al through holes 4 in the varistor BCE/ERI8/80598 are
| arger than the cross-sectional dinmensions of the rod 11 so that a

cl earance spacing exists within and throughout the length of the varistor
bl ock stack between the varistor blocks and the rod. As will be descri bed
nore particularly hereinafter and as shown in 5 "Figure 2b, this

cl earance spacing. I‘H:d‘é.ﬁil&ﬁrdﬂ%ﬁhoﬁk@iﬁ&ﬂ@vw&&eﬂeﬁuédﬁ 05 hie BAGR thethsub-
assenbly of the varistor blocks 15, the contact. disks 14, the rod 11 and

the end term @g; 9&9@! [ € bber o
mat eri al |nflr1:3¥3 %#‘?@é’%ﬁé@c chcf]‘(la lttg‘c’lmcu%@" g\/ 71'&'1 I
recei ving the syh-assenbl uch that not qn ul d UId Ng ed rnto'
the centre of @Héh@ﬂglb‘é' ég{’régggr" ‘ﬁ%f’a‘?ﬂg 1‘?%‘ rg% . el§° ound .~ -
the outside of the sub-assenbly so that, when it cures, |t forms a shedded
i ntegral ext erandithesodi Asywill be descrihed moare pamiculagy heneinaft ¢ryandcgseshowmrimaded .
term nal studs 17 are screw threadedly engaged with the end terni nati.ons 13"_':1;"".
of the & rest figirecbahislridangcs fpaciag isefilled withailioneabidrailid 12 whanhe aied o
equi pnment As shown in Figure 2b, the silicone rubber materlal coats the o
internal 15 assembtylbf #feSarisior bltRid hsomefeonal:@&asksnlmﬁe Eﬁq]:ré'éﬂ&ks and’
al so coats their external cylindrical surfaces Tesfs ave
conduct ed hav at__un i vat ed, .ne e var tor when .

conpl ety surFaRIE 13 ot BBESS /g i Blel B‘F’?‘(éﬁ‘?%ﬂ a?a“qt}wdexanm e
Bayer's SILOPHREN err] LSR, behave in the sarre or .a substantlal l'y simlar
manner as convee isomiected. thermoould t“lﬂ‘@ﬁ‘&/‘éﬂ‘ﬂ‘@ﬁ dorsrepAtang MW‘DWCh

surf ace passi vati on.
that not only is mould fluid injected into the centre of the surge arrester, but also it
r

10 is injected around the outside-of the sub-assembly so that, when it cures, it forms a

shedded integral external housing 16 for the arrester. Externally screw threaded
terminal studs 17 are screw threadedly engaged with the end terminations 13 of the
arrester for enabling the arrester to be cm.xple_d. to assocxated equipment.. 3
- As shown in Figure 2b, the silicone rubber material 'coats' the mtemal |

15 surfaces of the through holes in the varistor blocks and also coats theix; extemal
cylindrical surfaces. Tests that we have conducted h,ave shown that unpassivated

metal oxide varistors when completely surrounded wi’gh a suitable gradé of siﬁconé

rubber, for example Bayer's SILOPHREN™ LSR, behave in the same or 2

substantially similar manner as conventionally manufactured varistors provided with |

20 surface passivation.
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PCT/ GB98/ 00598 12 The surge arrester of Figure 2b has a gapless, solid
state confw@es/asson wWith no voids or internal gaseous entr apOEXBSS/00sPS has
high strength, simlar to the surge arrester of GB-A-2 188 199, thanks to
the reinforced plastics conpression rodibl. Froman electrical standpoint,
it promises to neet all of the standards requirements 5 Mor eover, as
described in the follow ng, it can be nmanufactured nore econom cally than

can the surge arr eThgsugt affndr o Fidie 36 fas T hiphsg SoRPsiaB omltpidotsiigiate the

silicone rubber noulding operation, which relies upon standard silicone

rubber noul di . j o El ' o] - = asseahl UL
consti tuted- oo YHEE S saiepll biraphelldy nds Mt e SR W opree, 1
between the end terninpati . d, retained. by,the.conpression yqd 11, and.
al so shows thémi’%é’? dﬁ-ﬁfggs ﬁa%ﬁ}%@?m °F%9Pg5‘t“i§§f’nﬁ"35"éﬂ9’é?d[ -teceive
the sub- assenbly 21, the upper half of the tool being a mrror jmge of:

the lower hal FronTamelagirical stapdpoint3it jpramisesaa wmeet albof the stpedardsrequiteaients. the = . -
sub-assenbly 21 as shown in Figure 3b, -with the shoulders 13" of the end

t er m nasi ons 1MdredverGissS desctitegl \in | the ofdllowinkd it can bexmahufsctoied ofnoteie -
cavity. Injection points 24 are provided at one end of the tool for

enabling sili G&J?ﬁnﬁd&hPﬁ{anm%i elafrelier oFGEA-2988 16® the noul d cavity and: -
riser points 25 are provided at the other end of the tool. To enable =~

Thu! Sone Lubher O B ARV R Kb ASORS SR,
Fadial channerdieseasusaniae FiRas ripbeLRoRdinas st 32 Sows e b
assembly 21 constituted by the varistor blocks 15 and contact disks 14 asserﬁble;l- e
10 between the end terminations 13 and retained by the compression rod 11, and aiso -
shows the lower half 23 of an injectibn' mould tool adapted to. receive the mb- '
assembly 21, the upper half of thg tool being a mirror image of the lower half: The
mould tool 23 has a cavity. 30 shaped to receive the sub-assembly 21 as shown in
Figure 35, with the shoulders 13' of the end 'teiminaﬁons 13 fitting sealingly into the =
15  axial ends of the cavity. Injection pointg 24 are provided at one end of the tool for
enabling silicone rubber material to be injected into tﬁe mould cavity and riser
points 25 are provided at the other end of the tool. To enable silicone rubber -
injected into the mould cavity to access the interior of the sub-assembly 21, the end
terminations 13 are provided with injéction runners 22 (not shown m the preceding

20 figures) in the form of radial channels across the inner axial faces of the end
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PCT/ GB98/ 00598 13 term nations 13. The tool cavity 30 further has ortions
31- to pro&@é%%@external sheds 16 ofthe finished surge ar F&H 98/00§98 the
sub-assenbly 21 received within the nould tool and the two hal ves of the
tool closed about the sub-assenbly, |iqlBd silicone rubber material may 5
be injected under pressure into the injection points 24 until it flows from
the riser points 25. To aid the injection process and inprove the tool
filling procasminstioas i3 Thetpobeavitp B0 iflther hasg bmmnsblrtqqmdﬂntﬁém@nale T
filled, the silicone rubber flowto the mould is cut off and the. snllcone

rubber wit hi nhedye 6B hEfitishe@ 8L labsle © CUre into its saolid state. The:
nmoul d may be "heated to a predeterm ned temperature to 10 faC|I|tate

the curing of the W‘h ‘?‘Q%BME "g{‘jé“?éﬁ w?% %hﬁotﬁ& Itb&o&g ﬁlgb(%r has: - |

solidified, the moul e opene surge arrester, as

32°n2r'e?nﬁ'e?3p@%g@pe&3&%mﬁ LG e el ?@‘

follows: 15 the sinple construction of the arrester o
enabl es5f ul | ybeamemdmaderayssm igto thelinjeationpoirgs B untidtiflows fipm the riser tpe.
netal oxide varistors are | ess expensive since no passivation coating is

required to byoims 25 Tedidrhe injeition peousssaridimprave (the topl fillilgpracess,suetioncan |
achi eve a high nmechanical strength, this being a function of 20 - U

the mechani cahapbd geiilied tokhd Aistr pOIRE £55S ORBe Filld, AR silicotle hibBesHcw k6 the
1 mould is cut off and the silicone rubber within the mould is permitted to.cure into o
its solid state. The mould may be heated to a predetermined temperature to- - o
10 facilitate the curing of the silicone rubber material. When the silicone rubber has
solidified, the mould may be opened and the finished surge arrester, as shown in

Figure 2b, removed.

A surge arrester constructed and manufactured as hereinbefore described

promises to provide numerous advantages, as follows:

15 ) the simple conStruction_ of the arrester enables fully automated
assembly techniques to be used; {
() the metal oxide varistors are less expensive since no passivation

coating is required to be provided by their manufacturer;
(i)  the arrester can achieve a high mechanical strength, this being a function of
20 the mechanical strength of the compression rod holding the stacked

varistor blocks between the end terminations;



vari stor bl ocks between the end terninations; WO 98/ 38653

PCT/ G3B98/ 00598 14 (iv) only a single electrically insul at'i ng .
materi al , wolossgsss rubber, is enployed; (v) t he ar pesicHosHeMEi I €S
a reduced nunber of conponents for its assenbly, thereby reducing nater i-al
and conponent stocks 5 ' 14 fequired; (vi) no oven

curing processes are required; (vii) flower |abour costs result, from
reduced operator handling; (VIII) the arrester exhibits reduced risk of
fire under fagiyre, singgusi! tesidl QbR 0N and
t he conbusti ble COITpI’ES?Iﬁl ni%ﬂ?&“@le&ﬂ@ﬁ@ﬁr&ﬁl&ﬁng“% .péag%g%nt al: ?Te not
only within the siliconer H’bbtgr but al so wi-thin the non-conbustib).e nmetal
oxi de varistors; (ix) use as a tension insulation arrester (TI SA)
the axial co SESSI on c%&be i ncreased to, of fset. over head:li.ne tension .

| oads; and (x¥V ' TRIGr, QRIS A Fgduced ; pumbes  of, yc‘?ﬂ!}qmtébﬁ’é itso
accommodate 15 mechani cal t ol erances. Havi ng descri-bed
the invention in the forssgublyy threbyf eeduciog tnateaalspmdl fcompenebOstoekst , it i
to be appreciated that m)dlflcatlons and variations thereto are p033| bl e

wi t hout sdeparture from @i rit and scope of the inventi-on. For:exanple,
as in the arrester described in GB-A-2188199 netal spacer bl ocks may be
' (vi) no oven curing processes are required; ' L

(vii)  lower labour costs result from reduced operator handling;
(yiii) the arrester exhibits reduced risk of fire Qnder failure, ;inc'e silicone rubber, i
will not support combustion and the combustible compression rod -
10 is contained not only within the silicone rubber but also thhm the
| ' non-combustible metﬂ oxide varistors; .
- (i) . for use as a tension insulation arrester (TISA) the axial comprés"sibn
can be increased to offset overhead line tensibn loads; and |
(x) assembly techniqﬁes are easily adjustable to accommodate
15 mechanical tolerances. - t |
Having .de'scribed the invention in the foregoing by {reference to a specific
embodiment, it is to be appreciated that modifications and variations thereto are
possible without departure from the spirit and scope of the invention. For example,
as in the arrester described in GB-A-2188199 metal spacer blocks may be

20 distributed amongst the varistor blocks. Additionally, more than one compression

rod could be provided, particularly perhaps in arresters of larger size having larger



20 di stributed anongst the varistor blocks. Additionally, nore than
one conpression rod could be provided, particularly perhaps sters of
| ar ger si ?\éoﬂ%sﬁﬁ | ar ger WO 98/ 38653 ﬁ’éﬁg"%"s’s -
PCT/ GB9/ 00598 di aneter varistor blocks. Furthernore, whilst silicone r ubber
is the presently preferred material for ke in the manufacture of the

descri bed arrester, other materials not presently known to t he present.

i nventors coul d al so prove to be suitable. 5 ures 4 and 5 -
show an enboddipmeter yaristoe blacks e nfurtheraere; ovhilsthsilieans mabbereis 'gbmnﬂy\hu ch.
serve also as heat sinks, are distributed with the varistor elenents and a_ S
pr econpr essi opre&asdnhmmalst‘ornmernp%etmﬂmfm«retdﬁéﬂm desstitend. acfesteshower metal.
oxi de varistor elenents 50 and heat sink/spacer blocks 51 forned of
al um ni um f or ;mERASP It Pr&ehthf RAGIOS t pPesehtamo |

extrusion) 52. 10 ° %St etg end’ tg:&r’nenatlc}ﬁ %%&gndgﬂ&%rﬁn%e(%b&
conpressed on e glass rod 52 are provided as shown and a preconpress;on -
assenbly 55 conprising Belleville washers is incorporated:into the
construction senbl t he co nents | posely assenbl ed onto the :
gl ass. rod puItrus?g ‘Ya{*wé Q’E’é‘éﬁbl"&“ mest off 1B Pres YROBPR VI s tG_ e
conpress the Bellevil I e washers 55 and the end terminations 15 - = are= -
crinped onto spaeerchiaeks, mhichsserverinlse casfheat sinks ars sdiswibyted svithnthervasitornt o a.
nmoul d tool and silicone rubber is injected as previously described herein-. -
so as to fillelementspadea prcompresditre agiembly isddcdrporated infre thenbreestes) Aslrfaces

of the varistor and heat sink/spacer conponents-and form an external ..3

shedded housi ggwadmthi bRide 3aA&SH élémerﬁ'%of‘aﬁﬁ'%ﬁ's::w@ﬁ@er'bwék??i Rtk OF 5'2"
carries all the mechanical |oading t

aluminium for example are threaded onto a glass rod pultrus:on (pull extrusion) 52. B _'
10 Steel end terminations 53 and 54 formed to be compressed onto the glass rodl 5‘2';.
are provided as shown and a precoﬁ:pression assembly 55 comprising Belleville
washers is incorporated into the. constn;\ction.. In assembly, with the components
loosely assembled onto the glass rod pﬁltrusion 53, the assembly is put under
* compression so as to compress the Belleville washers 55 and thg énd temﬁnaﬁon§
1 S - arecrimped onto the glass rod 52. Thereafter the assemb_ljy is inserted into a mould
tool_ and silicone rubber is injected as previously descﬁig;d herein so as to fill the
space between the glass rod 52 and the internal surfacés of the varistor and heat
éinldgpacer components and form an external shedded housing 56 on the arrester.
The central glass rod pultrusion 52 carries all the mechanical loading that
20 the Surge arrester experiences in use, and the glass rod is preloaded in tension by

virtue of the provision of the precompression assembly 55 to exceed the maximum



20 the surge arrester experiences in use, and the glass rod is

prel oaded in tension by virtue of the provision of the preconpression
assenbl y g@%g@”ﬁ?eed t he maxi num WD 98/ 38653 " PCT/GB98/00598 i
PCT/ GB98/ | oad expected during line erection. It is possible that

t he preconpression assenbly 55 m ght be; mtted if the glass rod pultrusion
52 were preloaded within its elastic | |+nt and t hereby maintai ned:

conpressi on of the vari stor assenbl y. The prel oad woul d have to- be

cull | &N | QoS CaedeBihl BRORABOR b pheatd b e phady g%ee%?mgworawf

17 CLAI M. 1. An_ el ectr. cal ge arrester corrprl S stac -Of
varistor el em@a\“ﬁﬁé‘f)@@@éﬁ'@rﬂ@!ﬁ% ﬁ{}g li MR
electrically insulating rod 5 passi ng. through t-hrqugh- hQIe “the .-
vari st or el eriimit anditherebycmaintdined compregsion of the mioonssembge ‘The pu%ﬁad_hol €%

bei ng | arger than the . rod cross-section, ‘and a noulded pl astics: rmterl aI
filling the vebldtHaos t@memmm:mweﬁxw riehideRe lieestiticloats by e -
vari stor el enents and extendi ng around the ext ernal surfaces of -the stacked

vari stog bl oCgount Bual 8 thihy dﬁg‘%@mha : mmmwvﬁ&a&_v_atlon 10

coati ngs on therr terna urtaces, and sai d m)ul ded pl astics

wan.
o o



mat eri al bei ng sel ect @ e" assi vation function. 2. An
el ectrigal surge arr E'ﬂ%jm E’ﬁ@ n claiml wherein said noul ded
pl-astics NQ8§I8EF3 | s ¢l material. 15 3. AT CIGRIBO0598 .

surge arrester as clained in clai m 1 or 2 wherein the varistor el err_ent_s
are netal oxide ceramc elenents. 4. 17An electrical surge arrester as
clainmed in ciCLiAIMS:wherein said nmetal 20 oxi de ceram c ‘el enents-
conprise Zinc Oxide. 5.. An el ectrical surge arrester as clained in any
precedi ng cl ai m wherein 'the eI ectrically insulating rod is under.-pre-|load"
tension in the arrester. : An el ectrical surge arrester as clai rred.

in claimb5 wherei nyd fEREg sé,ara,gt Bdohfbristh %%ﬂ'df%mmaxéﬁgéé&g&g

pre-| oad neans bei'ng 1'ncor rester constructi o

el ectri cal rge arr ster a inmed in _an lai mand further o
conprising a' 5&98’31 §? sﬂ?ﬂ“sg?a}l‘ Qﬁﬁn MﬁﬂgE Qgssgﬁgrester

as clainmed in claim 7 V\/nerel.n the shedded 10 , - external housj ng of the
arrestér is ftpughithrougigholes in the vaniston elemsus ged sgsueedtp the ondterminations endi ng
around the external surfaces of the stacked varistor blocks. 9. An -

el ectrical suhgthreugheixsiey beig latger niem the red pross-sectidi,randcd mionidath plastics said =~
rod conprises a reinforced plastics material or a glass pultrusion. 15 :
material ﬁlhng the void that otherwise would exist between the rod and the varistor .

elements and extending around the external surfaces of the stacked varistor bl_dcks, e

the varistor elements being formed without passivation coatings on their internal

- 7

10 and external surfaces, and said moulded plastics material being selected to provide a -

passivation function.

2. An electrical surge arrester as claimed in claim 1 wherein said moulded

bt

plastics material is a silicone rubber material.

15
_ ; :
3. An electrical surge arrester as claimed in claim 1 ér 2 wherein the varistor
elements are metal oxide ceramic elements, for example comprising Zinc Oxide.
4, An electrical surge arrester as claimed in any preceding claim wherein the
20 electrically insulating rod is under pre-ioad tension in the arrester, for example by

virtue of pre-load means being incorporated in the arrester construction.
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"10. An el ectri cal claimed in any preceding claim
wherein the rod is Jmm"mll mm!iEngaged with at | east one of the end
t er m nat i woe9s/386531 S engaged t merew by virtue of the end ﬁ@,@hmﬁn

bei ng conpressed onto the rod. 20 11. . An electrical surge arrester as=’
claimed in any preceding claimincludinggmetal spacer el enents di stributed

anongst the wari stgf efécﬁ'féﬁphﬁ-fga %E%LE ég la‘éege&lhg'gl %frecg&gg ctur| ng an -

el ectrical surge arrester conprising urThn |ty of
varistor ele et ween | ons by passing an el ect ri cal |y _

i nsul ating rmeﬁfg Bﬂs'?f'r?%ﬁgﬁuf W%s inthe 5 - varistor bl ocks
and securing the rod to the end term nations, the t hrough-holes i-n.the -

vari stor elements being larger than the rod cross-section, and inj.ecting a
plastics material into the space between the rod and the- faC| ng surfaces of
the through- el es Am elehwicalasurge amestéreas: olnisneanith clainu §dwheneinakié ehdidded Sur f aces -
of the varistor elenents, the varistor el enents:being fornmed w thout '

passi vaion kRtemal housMalof NS aRestérBi forrhéd SHtlahily2 Rk Sk %&ﬁ&eds?lﬁitﬁges ahd

the plastics material being selected to provi de a passivation function.

S 1T cone 1 ubperrar pebRify @oidde ShEhEl Al ofl ?P RRLREr b °kSC°T’§rl)?eisa

wherein the injection of the

7. +An electrical surge arrester as claimé_d in any preceding claim wherein said - -

rod comprises a reinforced plasﬁcs material or a glass pulimsion.‘
10

8. An electrical surge arrester as claifned in any preceding claim wherein the

rod is screw-threadedly engaged with at least one of the end tefnxinations, or is |

engaged therewith by virtue of the end termination being compressed onto the rod.-

15 9. An electrical surge arrester as claimed in any preceding claim including

metal spacer elements distributed amongst the varistor elements.
_ .y
10. A method of manufacturing an electrical surge arrester, said method
comprising securing a plurality of varistor elements between end terminations by
20 passing an electrically insulating rod through aligned through-holes in the varistor
blocks and securing the rod to the end terminations, the through-holes in the

varistor elements being larger than the rod cross-éection, and injecting a plastics -

R
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pl astics noul di ng ma ﬂmmmlmmmm‘ﬂm, external surfaces of the varistor
el ement s, Is effected t hat a shedded outer housing of the,
arrester MWOPB§Fally férnkd."2¢ 18- A nethod as cl ai med P‘FT’GW%"UF”
clains 12 to 14 wherein the varistor elenents, the rod and the end
termnations are first assenbled into al8ub- assenbly, t he sub-assenbly
thus formed impuldingiethateriab e dbesi spacef betweesr the rod @@l the ficingpsutfacdshe -
plastics nmoulding material is injected into the nould tool in fluid form

16. A net hogtheshrolgh-Hols inthevarisedr cldniintFantZiréthd e WRGHAI A oB@RU! | N Of
5 the rod to the end term natlons is effected so that the rod is under

tension. varistor elements, the varistor elements being formed w1thout passivation coatmgs '

-
-

on their internal and external surfaces, and the moulded plastxcs matenal bemg .

5  selectedto prowde a passivation ﬁ.mcnon

11. A method as claimed in claim 10 wherein the plastics matérial comprises a
silicdne!mbber material.

| - o

10 - 12. A method as claimed in claim 10 or 11 wherein the injection of the plastics

moulding material around. the external surfaces of the varistor elements is effected

in such a manner that a shedded outer hdusing of the arrester is integi'ally formed.

13.- A method. as claimed in any of claims 10 to 12 wherein the varistor
15 elements, the rod and the end terminations are first assembled into a sub-as_sembly,
the sub-assembly thus formed is loaded into the cavity of a mould tool, and the

plastics moulding material is injected into the mould tool i fluid form.

14. A method as claimed in any of claims 10 to 13 wherein the securing of the

20 rod to the end terminations is effected so that the rod is under tension.
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