28 SEPTEMBER 2006 ELECTRI CAL CONNECTOR | NCLUDI NG THERMOPLASTI C ELASTOMER
MATERI AL AND ASSOCI ATED METHODS Rel ated Application TiSEPAEMBERA0G60N i s
based upon prior filed copending provisional application Serial No.

60/ 380,914 filed May 16, 2002, the entire subject matter of which 5 is
incorporated herein by reference in its entirety. Field of the Invention
The present invention relates to electrical products, and nore
particularly, to electrical 10 connectors for electrical systens and

associ ated nethods. Background of the Invention An electrical distribution
systemtypically 15 includes distribution |lines or feeders that extend out
froma substation transforner. The substation transfornmer is typically
connected to a generator via electrical transm ssion lines. Along the path
of a feeder, one or nore 20 distribution transforners may be provided to
further step down the distribution voltage for a commercial or residential
custoner. The distribution voltage range may be from5 through 46 kV, for
exanpl e. Various connectors are used throughout the distribution system 25
In particular, the primary side of a distribution transforner typically

i ncludes a transfornmer bushing to 29 SEPTEMBER 2006 -2 which a bushing
insert is connected. In turn, an el bow connector may be renovably coupl ed
to the bushi ng HLUEINRICATh«CONNEGTARItINCLUERNG ITHERMORIGAST M@ ELASTOMNER ot her
end of the el bow connect or. MBFEB3ALSANDOAREBOCEATEPe¥MEFHODSNnect ors are al so
used in a typical electrical power distribution systen1 For exanple, the

connectors may be considered as 'ﬂ%hH@bggAﬁﬁﬁgﬁaEXB of renovabl e
gonnectors, as well as fixed spl
This application is based upon prior filed
copending provisional application Serial No. 60/380,914
filed May 16, 2002, the entire subject matter of which

5 1s incorporated herein by reference in its entirety.

Field of the Invention
The present invention relates to electrical
products, and more particularly, to electrical
10 connectors for electrical systems and associated
methods.

Background of the Invention
{ An electrical distribution system typically

15 includes distribution lines or feeders that extend out
from a substation transformer. The substation
transformer is typically connected to a generator via
electrical transmission lines.

Along the path of a feeder, one or more

20 distribution transformers may be provided to further
step down the distribution voltage for a commercial or
residential customer. The distribution voltage range
may be from 5 through 46 kV, for example. Various
connectors are used throughout the distribution system.

25 In particular, the primary side of a distribution

transformer typically includes a transformer bushing to
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layer first, then the outer semiconductive jacket (or
vise-versa). These two components are placed in a
final insulation press and then insulation layer is
injected between these two semiconductive layers.
Accordingly, the manufacturing time is relatively long,
as the materials need to be allowed to cure during
manufacturing. In addition, the conventional EPDM
materials used for such elbow connectors and their
associated bushing inserts, may have other shortcomings
as well.

One typically desired feature of an elbow
connector is the ability to readily determine if the
circuit in which the connector is coupled is energized.
Accordingly, voltage test points have been provided on
such connectors. For example, U.S. Patent No.
3,390,331 to Brown et al. discloses an elbow connector
including an electrically conductive electrode embedded
in the insulator in spaced relation from the interior
conductor. The test point will rise to a voltage if
the connector is energized. U.S. Patent Nos. 3,736,505
to Sankey; 3,576,493 to Tachick et al.; 4,904,932 to
Schweitzer, Jr.; and 4,946,393 to Borgstrom et al.

disclose similar test points for an elbow connector.
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at the bend in the passageway. An insulative EPDM second | ayer surrounds
the first layer, and a third sem conductive EPDM | ayeno sxpT®MERR 5006 €l d
surrounds the 10 second insulative layer. A first end of the passageway is
enl arged and carries an electrode or probe_that is matingly received in the
bushing insert. A second end of the passéﬁ;"eway receives the end of the

The secaond connect or .end desi.r als 15 tightly
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15 tightly against the electrical conductor or feeder end.

Accordingly, another potential shortcoming of such an
elbow connector is the difficulty in manually pushing
the electrical conductor into the second end of the
connector body.

20 In an attempt to address the difficulty of
inserting the electrical connector into the second
connector end, U.S. Patent No. 4,629,277 to Boettcher
et al. discloses an elbow connector including a heat
shrinkable tubing integral with an end for receiving an

¢ 25 electrical conductor. Accordingly, the conductor end
can be easily inserted into the expanded tube, and the
tube heated to shrink and seal tightly against the
conductor. U.S. Patent No. 4,758,171 to Hey applies a
heat shrink tube to the cable end prior to push-fitting

30 the cable end into the body of the elbow connector.

U.S. Patent No. 5,230,640 to Tardif discloses
an elbow connector including a cold shrink core
positioned in the end of an elbow connector comprising
EPDM to permit the cable to be installed and thereafter

35 sealed to the connector body when the core is removed.
However, this connector may suffer from the noted

drawbacks in terms of manufacturing speed and cost.



5 Anot her issue that may arise for an el bow connector is electrical stress
that nay danage the first or sem conductive |ayer. A pustyarEMBERARDENt S

di scl ose sel ecting geonetries and/or material properties for an el ectrical
connector to reduce 10 electrical stress, such as U S. Patent Nos. 3,992, 567
to Malia; 4,053, 702to Eri kson et al.; 4,383,131 to dabburn 4,738,318 to

Boettcher et al 4, 847,45 sed; 5,804,630 d 015, 629
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decreases the gigledsFigenidnhibr Ofe adyand tzbenurms@ff@ge?aiéﬁ@@over when
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U.S. Patent NOoS.y 57 ; 6,124,549 to Kemp et al.; and 6,340,794 to

15 Wandmacher et al.

For a typical 200 Amp elbow connector, the
elbow cuff or outer first end is designed to go over
the shoulder of the mating bushing insert and is used
for containment of the arc and/or gasses produced

20 during a load-make or load-break operation. During the
past few years, the industry has identified the cause
of a flashover problem which has been reoccurring at 25
kv and 35 kV. The industry has found that a partial
vacuum occurs at certain temperatures and circuit

( 25 conditions. This partial vacuum decreases the

dielectric strength of air and the interfaces flashover
when the elbow is removed from the bushing insert.
Various manufacturers have attempted to address this
problem by venting the elbow cuff interface area, and

30 at least one other manufacturer has insulated all of
the conductive members inside the interfaces.

U.S. Patent No. 6,213,799 and its
continuation Application No. 2002/00055290 Al to
Jazowski et al., for example, discloses an anti-

35 flashover ring carried by the bushing insert for a
removable elbow connector. The ring includes a series

of passageways thereon to prevent the partial vacuum



5,957,712 to Stepniak and 6,168,447 to Stepniak et al. also each discloses
a nodification to the bushing 5 insert to include passagsmEEMBER Jo8siuce
fl ashover. Another approach to address flashover is disclosed in US.
Patent No. 5,846,093 to Muench, Jr. et al. _that provides a rigid nmenber in
t he el bow connector so that it does not s?retch upon removal fromthe
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a visual indigatpr M@énﬁheoel@oeﬁt@mcg@rm@n@eat@ﬂ whenat hechdt ng i's
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several signifiadhtt ishor tcommgsof miorve mddness ettteectpanciaiabommror s, 29

SEPTEMBER 2006 r&ition and resulting flashover.

15 Yet another potential shortcoming of a
conventional elbow connector, for example, is being
able to visually determine whether the connector is
properly seated onto the bushing insert. U.S. Patent
No. 6,213,799 and its continuation Application No.

20 2002/00055290 Al to Jazowski et al., mentioned above,
each discloses that the anti-flashover ring on the
bushing insert is colored and serves as a visual
indicator that the elbow connector is seated when the
ring is obscured.

25 U.S. Patent No. 5,641,306 to Stepniak
discloses a separable load-break elbow connector with a
series of colored bands that are obscured when received
within a mating connector part to indicate proper
installation. Along these lines, but relating to the

30 electrical bushing insert, U.S. Patent No. 5,795,180 to
Siebens discloses a separable load break connector and
mating electrical bushing wherein the busing includes a
colored band that is obscured when the elbow connector
is mated to a bushing that surrounds the removable

35 connector.

Accordingly, there exists several significant

shortcomings in conventional electrical connectors,



particularly for high voltage distribution applications. Sumrary of the

I nvention In view of the foregoing background, it is therefrmeErtveeb) ect of
the invention to provide an 5 electrical connector that is useful
particularly for relatively high voltage ?pplications and that can be
readily nanufactured Thi's and other objeé s, features and advantages in
accordance with th r& Qﬁ are. h v qg dagébg an, el ectrical connector
conprising a cdtie c9 AVi N %d%% yS he e%h?ough and including
a first l|ayer a@p&mnﬂt1¢m6passagemay, a second |ayer surrounding the first
| ayer and conprising an insulative thernoplastic elastonmer (TPE) material,
15 and a third |ayer surrounding the second layer. The third layer

preferably has a relatively | ounmeariwriof,ithe Inweniom| so conprise a

sem conductive TPE materialyidp §pn@h@n§§pg§@ % bé@ﬁgfbuﬁg | ayetfsmay al so
conprise a sem conductive TPE materi al O material | ayers may be

over ol ded to t?ﬁﬁ¥ﬁ§p¥%cﬁ%a%%3e%Foﬂ@c?h%nl%b%%El%%dt%fPF%Véﬁ%ythereby
| oweri ng pBOdLlé?Iéélﬂfi?@@I ScordhecdBE tRaerial usapunl soroiovl delyegreel | ent

el ectrical perfor nce ot her advant ages. The assa may have first
and second ends‘€ aYoﬁ ??dﬂg%i%%%ﬁ+%€ t He e%ﬁ%ﬁe%%? e first
| ayer may be poﬁeadxﬂymhémmﬁmptmme@ed|aI portlon of the passageway and
spaced i nwardly fron1respf§t vgngngé?%{ og 2. PASSAJEVRY SFgﬁdelboms and

€ pa

T-connectors, the nedi al por ion o sa elvay nmay have 'a bend 30
t herein. The1wadnamﬂngﬁﬂ i1heapassadgre@yw hiply ehs01MEeetlen anear ged di aneter

to recel vedn Shestihes! ppushi DgecLpsert Lofnsons cobagiIEnha. aFor ot her

anbodlnents ecfric insert or so splices, the
35 connect or bdd@/nm@g/tqmav}eo@ym@m% %h@?}%S@@ﬁFW@]Yn’gh@ﬁ%tlZQO%PTEN@ER 2006

including a first layer adjacent the passageway, a
second layer surrounding the first layer and comprising
an insulative thermoplastic elastomer (TPE) material,
15 and a third layer surrounding the second layer. The
third layer preferably has a relatively low
resistivity, and may also comprise a semiconductive TPE
material. In some embodiments, the first layer may
also comprise a semiconductive TPE material. The TPE
20 material layers may be overmolded to thereby increase
production speed and efficiency thereby lowering
production costs. The TPE material may also provide
{ excellent electrical performance and other advantages.
The passageway may have first and second ends
25 and a medial portion extending therebetween. The first
layer may be positioned along the medial portion of the
passageway and spaced inwardly from respective ends of
the passageway. For elbows and T-connectors, the
medial portion of the passageway may have a bend
30 therein. The first end of the passageway may also have
an enlarged diameter to receive an electrical bushing
insert for some embodiments.
For other embodiments, such as for an
electrical bushing insert or some splices, the

35 connector body may have a tubular shape defining the



-7 passageway. For an electrical bushing insert, the second |layer may have
an enl arged di aneter adjacent the nedial portion of tRESERIEMRBRERENY6 | N

ot her enbodi nents, the connector body 5 adjacent at |east one of the first
and second ends of the passageway nay have a progressively increasing
outer dianeter. In still other enbodiment3’ the connector body adj acent at

| t f the first d d f th d
aF?Zrng?:lg ha@gaﬁ%g}vba?%'grgscgf%yen Str]%acsal%g) ssa 1ft_g’r ytbﬁ‘le first

| ayer may have sstcdrehskayre may eveteran mdlq:rrgmbrdwmexe:eohr&;ea@émttth@al
stress. For e y may conprise a
RS O TS U PR

predet er m ned i npe 15 additionally, the
predet er mi ned property nein cOMmEY mdmmeruﬁmeqummhody

configurati gn, JUCh-A% e WasiMike IO BG4 denchd atngongect or
enbodi nents including the bend. The first |ayer may define an innernost 20

| ayer, and the & rRP#%ijﬁW%y“%éf}i‘%‘ée dh RRFrGHstve b ayErcrassi®dnnect or may
al so include atodt@@th@th ling @Wﬂpacstm@d dibddiemer@ectios body. The
connector body may be co ur for at ast 15KV a 200. Anp_o ation.
Each of the first nﬁfbtcﬁlﬁlr}?cb‘%f zﬂfg}%‘:% rfhtsl ar?ees‘?gttf%?tj;/lgg%sg?%an about
108 Q cm and tdwrorsecaids |ca§/elfhé’rﬁg’a¢‘§a/g£vaa}f gso@ ivay YaDteat®te I naimaadout
108 Q@ cm §8met haod ancgpect invention i.s fo k ing an electrical

connect or bddy hdA esspass e yre%%lrf%ereti%rou ‘e et hod may conprise
providing a fi rst |ayer tThelefimst atayeastayn med At pkreas;tonolmé the

passageway, CEQJ_I{%, r cﬂ%l&g r and
gonprising an %suc}%hve enaftiulté at|ve1 %lﬁg% re5|st|V|ty
and over nol di nFer 35<anpkel |Hyerpsede o t?@gfé?é‘h’ﬂd“%ay@?m@ﬁds%o@rprl sing

a material havigyefet&hiindE! ¥npour&siStdvily. TBernately or
15 additionally, the predetermined property may comprise a
predetermined geometric configuration, such as one or
more ribs adjacent the bend for connector embodiments
including the bend.
The first layer may define an innermost
20 layer, and the third layer may define an outermost
layer. The connector may also include at least one
pulling eye carried by the connector body. The
connector body may be configured for at least 15KV and
200 Amp operation. Each of the first and third layers
{ 25 may have a resistivity less than about 10% Q'cm, and the
second layer may have a resistivity greater than about
10° Qcm.
A method aspect of the invention is for
making an electrical connector body having a passageway
30 therethrough. The method may comprise providing a
first layer to define at least a medial portion of the
passageway; overmolding a second layer surrounding the
first layer and comprising an insulative TPE material
having a relatively high resistivity; and overmolding a
35 third layer surrounding the second layer and comprising
a material having a relatively low resistivity. The

third layer may also comprise a semiconductive TPE



third ayer may al so conprise a sem conductive TPE 29 SEPTEMBER 2006 -8
material, and the first |ayer may conprise a semni condd2SEREEMBER #6erial in
sonme enbodi ments. Brief Description of the Drawings 5 FIG 1 is a
perspective view of an el bow connector ingaccordance with the invention.
FIG 2 is a longitudinal cross-sectional view of the el bow connector shown
in FIG 1. FlGmadsidl sigedetkyatipsal 1a~j/@w 04y atolpbove 30 connector

including a split shield volt o] in accor a ce he
vent | on. “ri G st i nPEe | ReteRER i, FoRErSOPRIFRSIAN ol'bow
connector including a cold shrink core in accordance mnth the invention. 15

FIG 5 is a perspective VI%ngE 1 %gggq ARG £ gﬁ aD&%&ﬁS :ayer for an el bow

connector of the inventio anot her
embodi nent &f a first |ayBiGfot &R el beviskephe¥eovievV ofoanhelbaventi on.

FIG 7 is a schesmtd&rStdenehovsi-aonat eﬁ@w tﬁé anféhBiognd portion of an
el bow connector mated onto an el ectrical bush |ng insert in accordance with
\Y;

the invention. 25 FIG 8FIG-a2sthefat PRILTHRIRREVEFPBAAFEGEEQRAST VASY 1 st

end portion of @@oﬁMQrepB@@dtaﬁﬂéc@értgnowﬁlb@me@nngctor prior to mating
with an el ectrical bushin%8 ert in_ a corgance with the inyentio FIG 9

is a schematic side el eval VP e S8 oF L FHRCEPBOW Yofillel o?nsﬁggﬂ
FIG 8 aftam nnéém@bcuﬁfhlhhkudhﬁgtaispllbushiegdlneEtageFtéstlﬁonﬁta

schematic top plan vi e t h | bow connector as shown in
FIG 9. FIG 11" C%P¥%%%?$uﬁgﬁﬁ L@?oggvéeg ?onal 35 view of an enbodi nent

of electrical bushing insei§.ifé is a fragmentary side elevational view

( of an elbow connector including a cold shrink core in
accordance with the invention.

15 FIG. 5 is a perspective view of an embodiment
of a first layer for an elbow connector of the
invention.

FIG. 6 is a perspective view of another
embodiment of a first layer for an elbow connector of

20 the invention.

FIG. 7 is a schematic side elevational view
of a first end portion of an elbow connector mated onto
an electrical bushing insert in accordance with the
invention.

( 25 FIG. 8 is a schematic side elevational view
of a first end portion of another embodiment of the
elbow connector prior to mating with an electrical
bushing insert in accordance with the invention.

FIG. 9 is a schematic side elevational view

30 of the elbow connector shown in FIG. 8 after mating
with the electrical bushing insert.

FIG. 10 is a schematic top plan view of a
portion of the elbow connector as shown in FIG. 9.

FIG. 11 is a longitudinal cross-sectional

35 view of an embodiment of electrical bushing insert in
accordance with the invention.

FIG. 12 is a longitudinal cross-sectional



accordance with the invention. FIG 12 is a |longitudinal cross-sectional 29
SEPTEMBER 2006 -9 view of another enbodi nent of a busb¢ sEpTEVEBER 2006
accordance with the invention. FIG 13 is a longitudinal cross-sectional
view of an electrical splice in accordance with the 5 invention. Detail ed
Description of the Preferred Enbodi ments ~The present invention wll now be

described nore fully_ hereinafter th referen to. the, 10 accompanying
it ot ngs. v ST T ShEE P HRHIST oS (haSyHiyEe: bASSTE Shown Thi s
invention may, dwoemddnce beierbok ednventbory. dlfferent fornms and shoul d not

be construed as limted s thfé iéd%gggﬁgﬁkﬁﬁiggﬂ DL Ss SEL ti8ﬁ£f her ei n.

Rat her, these enbodi nents are provi |s discrosure will be
thorough and conmptetel amdeledttical | spltoewein thecerdpecefwibe theention to
those skillked jn . the art. Like nunbers refer to like elements throughout.
Prime and nultlp e prinme notation are used in alternate enbodi nents to
indicate simlar elenments. 20 Referring initially to FIGS. 1 and 2, an

el ectrical elbo“’CEEEE%i%?_%Q§bi%Eﬂibh?bE%ﬁﬂEEEF%gEQEEQéEE?b§h§%§L§
appreci ated by thoSe sKi e ar Ow connect qr IS but one
exanpl e of an electrical TBEnREEESPE $BYANEIOROKIALgROVOPEaGESFEHRLD
di stribution 25n@ﬁw|f@ﬁlquére§1@£@tféﬁl\mgt1@ ﬁ@flélﬁé?ﬁ@é bedynsavi ng a
passageway _22 t heret hrou passag %% %ustr tlvel |nc ude
irst end 39a, 2 <IHY PR GTS ML PERT bR 9BoRGPRGEE Bond
therein. For c&méliwvaﬁtfamlaﬂatsbownthEhn@nﬁm@émtib@dma?l bbwéﬁefhe
har dvar o, i ncl oo g ERe-e Rl o Poae B CEF BRI For R otr BB e ErE R Wi ¢ i n
the enlarged f¢¢n$trmmﬁzea bimihedpagsa@em@ylﬂetrasednembodbmeneadséy
under stood by tﬂ?@@hsﬁéféfg.iﬁaﬁﬂ@r?rﬁhese embodiments are provided so
15 that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements
throughout. Prime and multiple prime notation are used
in alternate embodiments to indicate similar elements.
20 Referring initially to FIGS. 1 and 2, an
electrical elbow connector 20 is initially described.
As will be appreciated by those skilled in the art, the
elbow connector 20 is but one example of an electrical
connector, such as for high voltage power distribution
{ 25 applications, comprising a connector body having a
passageway 22 therethrough. The passageway 22
illustratively includes a first end 22a, a second end
22b, and a medial portion 22e¢ having a bend therein.
For clarity of explanation, the connector body 21 of
30 the connector 20 is shown without the associated
electrically conductive hardware, including the
electrode or probe that would be positioned within the
enlarged first end 22a of the passageway 22, as would
be readily understood by those skilled in the art.
35 The connector body 21 includes a first layer
25 adjacent the passageway 22, a second layer 26

surrounding the first layer, and a third layer 27



35 The connector body 21 includes a first layer 25 adjacent the passageway
22, a second layer 26 surrounding the first |ayer, and9sErTEMBER 200er 27 29
SEPTEMBER 2006 -10 surroundi ng the second layer. In accordance with one

i nportant aspect of the connector 20, at legast the second |ayer may
conprise an insulative thernoplastic elastonmer (TPE) material. The first

and third |ayers,prd@ng &g at 80 Qé@&ﬁ&aPéyePaVeIﬁ é@&é&&Xﬁ&¥ O¥h one
resistivity. In sone enbodi nents, the third | ayer nprise a

sem conduct i ve THEOHeRRY | afPeth Oédﬁh?.%ﬂnn%%%°¥|3%t Péyi?aés FB$ al so

conprise a sengé@@ﬁ@ciay@rTﬁﬁynaé@pr@ge &R Qﬁ@@la@ﬂb@dtﬁeﬂﬁéplééeléo first
| ayer 25 may conpri se anokher material, suc conventi o ai EPDM By

usi ng rel ati vel 1 #RWBFEC{ FPELI MgFaHEa TPE TH%ti??%?san utR1Ed {A%FRBpI asti ¢
ol efin natesi al 35, 2%ean@@lpﬁéfer@blyoheﬁenanﬁéb&tﬁbslythewnnplastic 15
vul canites, and/or t her mopl S%%C silicone.materi dlng?can use

I
new | ayer T echnbTBHyE STFE: -t BRhAOTSoE Hag THEF et ol ERRGe: REYFFr
i nner senlcondmﬁyla@mpﬁyee QSSémisbndnheﬂvevepﬂnmdtuglahe second or

nsulat i on |ayers 6., and Lhencoxer mololng,Lhe. 20.1 bir dog. put el

seni conducti ve % |e d ?a er OoVer ion | aye Oone of the
suppliers for saemlcondectaVs EPE mateﬁmahlnahn okeonemibilinephaGat e Cor p.

- Leom nst gr, u el S nd Inc. -
Peachtree ty%ggl\/%é%%l %2 ﬂpﬁ\ne%l%g&fh%%(l %a%%élai D!I%é&{{leg§ 3
Pol yners, Inc. Conwﬁm©h0nﬁiiEBPMtla Inc. - St. Louis, MO Solvay

Engi neering Polyners - AU@9r%sth|%e1%&1v€§§nQEwA%ﬁ%%trh%%§r@%%H%n¥PE
Pawt ucket, RI; Vi-Chem Corp. - Rapi d M ; _and Chém cal s -

Sonerset, NJ. IFbehRER1S0 ﬁb?ﬁsasth@e#m@Pkﬁﬁé%?a?1?596r§aﬁﬁ§1ﬁésovernDIded
to thereby i NC¥ g@SRoPl QILCE | @Bl?@@@ﬂlﬁnﬂaﬁéfi§1§ncfihe{:1|ﬂ§§§9¥t£@Wer i ng

prOdUCtlOnl%OStiulgyglggg ”at§76? thermoplastic silicone materials,
etc., molding can use new layer technology. This
technology may include molding the first or inner
semiconductive layer 25 first, then overmolding the
second or insulation layer 26, and then overmolding the
20 third or outer semiconductive shield layer 27 over the
insulation layer. Some of the suppliers for such
materials are: A. Schulman - Akron, OH; AlphaGary Corp.
- Leominster, MA; Equistar Chemicals - Houston, TX;
M.A. Industries, Inc. - Peachtree City, GA; Montrell
{ 25 North America - Wilmington, DE; Network Polymers, Inc.
- Akron, OH Solutia, Inc. - St. Louis, MO; Solvay
Engineering Polymers - Auburn Hills, MI; Teknor Aprex
International - Pawtucket, RI; Vi-Chem Corp. - Grand
Rapids, MI; and Dow Chemicals - Somerset, NJ. In other
30 words, the TPE material layers may be overmolded to
thereby increase production speed and efficiency
thereby lowering production costs. The TPE material
may also provide excellent electrical performance.
The use of a TPE material for the third layer
35 27 permits the entire outer portion of the connector 20
to be color coded, such as by the addition of colorants

to the TPE material as will be appreciated by those



may al so provide excellent electrical performance. The use of a TPE materi al
for the third layer 35 27 permts the entire outer poee?$SERTEMBERZPO€ONNECt Or
20 to be color coded, such as by the addition of colorants to the TPE
material as will be appreciated by those 29 SEPTEMBER 2006 -11 skilled in
the art. For exanple, a proposed industry ~'standard specifies red for 15KV

connect of s, andyb tteq f o 28 Ky-CONNRSE okgamBlay {5, A00bben ghbgkcipat TPE

mat eri al s may col or codi ng. cour se, ors may al so
be used. In thestanda¥qd atRRCEbHRRCYRR DOr ehdioVli FRMRSCROTH| r3RdcBhRect or end

21a adj acent thesfigstrencbrdacBbrst hegpapsagenmyrBer Nas1arPrRgtessEvel y
i ncreasing outer dianeter. The secon con(gfctor (gnd 21bo d}eacent the 10
e

second end 22b At $RHER hATERGTEYL BT nhQT 2O Fhr eI RSt y P853Fng outer
di aneter. As widthde eppsesimbpdabyo bdoseedkilled in the art, other

configurations of connectors,ends.21 1h are_al so_pqssible...As
illustrated, the first | aggr%‘% &Z]lluﬁggagﬁg fgnpﬁﬁgpﬁogﬁ FH@SF}“‘SH&'t Re
third | ayer 27 fiefstnesonhectontendoslal ayeacelthetibonhecsore?@ 22&aoof
illustratively i ncl | )1 ye 2 ' tor dy 21.
The pul i ng- eye: 48 g ranuty 48 ntafiF REpSPEERET R HiEr SRRTRE Ghe 8
further di scussiiaméteeei n.TR® Fheondnrernertdodsn@ 12 hmyadpacenti goeed f or

at least 1 ragi t her per at.j ; ers
will be ap§§g§?%%%§98j5?§o€%§ gﬁi?ﬁ%d8+%g% e & t?fl%agdgiﬁ%%ﬁgegggﬁgg? t he
first and thirde¢egessngsouldrndyaheiera rksivillyily appsechahedsbubout 108
Ocm and the second. |ayef128 MRY-HEVELR, 6€§é§té<¥ﬁﬂ’%&£§é£8£st8i‘n about 108

Q "cm Accordingly, the termsem conductive, as used herein, is also neant
to include mat FPRRSCHPXH ¢odFs2lai 12 36| dhEotPeFSikbald al so be

consi dered conductors. 30adhoseuofrskib! tRetheraftiMél 3PPHEELALS an

15 innermost layer, and the third layer 27 defines the
outermost layer. The connector 20 also illustratively
includes a pulling eye 28 carried by the connector body
21. The pulling eye 28 may have a conventional
construction and needs no further discussion herein.

20 The connector body 21 may be configured for
at least 15KV and 200 Amp operation, although other
operating parameters will be appreciated by those
skilled in the art. In addition, each of the first and
third layers 25, 27 may have a resistivity less than

( 25 about 10%® Q'cm, and the second layer 26 may have a
resistivity greater than about 10% Q cm. Accordingly,
the term semiconductive, as used herein, is also meant
to include materials with resistivities so low, they
could also be considered conductors.

30 Those of skill in the art will appreciate
that although an elbow connector 20 is shown and
described above, the features and advantages can also
be incorporated into T-shaped connectors that are
included within the class of removable connectors

35 having a bend therein. This concept of overlay
technology may also be used for molding a generation of

insulated separable connectors, splices and



t hat al t hough an el bow connector 20 is shown and described above, the
features and advantages can al so be incorporated into29SERTHMBERZMMeCt Or S
that are included within the class of renovabl e connectors 35 having a bend
therein. This concept of overlay technology may al so be used for nolding a
generation of insulated separable connectors, splices and 29 SEPTEMBER 2006

-12 term nati ongsethatatBynder Hsedniy boeusader gropadungbegitoiaal .
di stribution narﬁgt, for a one of . these ot her tiges of elegtrlca

ex le. S
connectors are StRSEFIERY @hgg¥é5?%?oﬂeT%¥$e%el W SXEEPEYri ngoNBW
additional ly totlidée Stha@not{wees aspetécofiaanl etesheccarsebbew connector 20
is now described. F%gégntly a roach, foor. providing a feedback voltage

n_app
of a connector §3°%et dl?r%ﬁ$%ﬁepe?%oﬁf}é%?l 'Ol nt as described in the
above backgsound 10 of thkRefevenhyonowAsdadl soonlestyi bedFIGon®ti apstkarh a

test point can %Ep#ﬁ%eéfaQﬁeeiécEggéég}Qt SQ.QBnM@&tor?? 1he ygltage can be

easily saturated. connector e invention i ustratlvely
i ncl udes a splidesehile¢d. 27PresanibivieranocapRroadle forrpreuydingza is 15

arranged in thrgg spaced,8Pahge POELL 0BSHMELFET [ Sta8RPves NEFINPRRLI ONS 274,
27c to be connected to a reference _voltage_ so that the second portion 27b

floats at a noRlPd¥ YRPFapgeiPbrashecerethbedchr Eomndkeve bockaraungne

i1l ustratedoenbodi Bt i nt &L $660NUAH0AT 5ONIRIEr Obed) tBRethinkd Layrra27' has
a band shape surroundlng t he assageﬁgg ﬁZ'. Those other elenents of the
connector 20 BFeCiPAtEEt SFWPE hURF FrEahot at F oRCBRAMEFREERnPFalett o t hose
el enents described aboveoltider ebrrpaceasdlyFb&urdtadd 2Th@5cAnmestdor

oint 30 is ill ively. d h d, ion 27b of the third
Payer 27 - 1n 40i 01 ons A BERRT LG hh Bt B bV MG oL "AFRctr PRAFFy connect

the first and téhielgo2ti onsI@7ather words, the third layer 27’ is

15 arranged in three spaced apart portions with first and
third portions 27a, 27¢ to be connected to a reference
voltage so that the second portion 27b floats at a
monitor voltage for the electrical connector 207. In
the illustrated embodiment, the second portion 27b of

20 the third layer 27’ has a band shape surrounding the
passageway 22‘. Those other elements of the connector
20’ are indicated with prime notation and are similar
to those elements described above with reference to
FIGS. 1 and 2.

( 25 A monitor point 30 is illustratively

connected to the second portion 27b of the third layer
27’. In addition, a cover 31 may be provided to
electrically connect the first and third portions 27a,
27¢ of the third layer 27’ yet permit access to the

30 monitor point 30 as will be appreciated by those
skilled in the art. For example, the cover 31 may have
a hinged 1lid, not shown, to permit access to the
monitor point 30, although other configurations are
also contemplated.

35 By splitting or separating adjacent portions
of the third layer 27’ or outer conductive shield, a

reliable voltage source can be provided that can be



27c of the third layer 27" yet permt access to the 30 nonitor point 30 as
will be appreciated by those skilled in the art. For exsEpiEMBEREoOcover 31
may have a hinged lid, not shown, to permt access to the nonitor point
30, although other configurations are alsp,contenplated. 35 By splitting or
separating adjacent portions of the thir ayer 27' or outer conductive

shield, a religble Vol ©388:SPULERiEABnPELPERYEAE] §BRLEaRLR8429e SEFFEMBER
2006 -13 used to nonitor egU|pnent proble?g detect energi zed o

. . ! ) or——
non- ener gi zed CRPRUPRRTIAABAOFLILSHEtBY A PL oRERoPY n§auéfuMphehPTriBEc. as

wi |l be appreciagedohiynt hosecskibl @d11iBet AgpaetiaBydspli thbpe srdlisal ating
the shield at 5, varjous | engths aTd Si zes, %;ffeient volﬁageg.c?a Erovide
feedback to nont®orPhg?EfQui pR¥nfPL ThE1RPERat 8P1 AF LPPablFi EALEIENAS split
shi el d f eat gr e, vantous hl sngehsuardcanzée, udeflf enenanyol ypgesotanl ectri cal

connectors in addition i1l ustr el bow ect 20L. Turning
nom/additionalI%gé%lgﬁekg?ﬁgg %a%éd&ogﬁggﬁ}% n%%é?%&gg " sﬁ%ﬁngF% FIG 4,
anot her advantmgeeunsaisafacelisahewtkxpl aphet. sRsesdofmatarecobddshri nk

core 34 is positypne Lt hin ense d 22p" .af ~&h y 22".
Of course, in o%%gg E% %g%n%%?s?étﬁgggoﬁg g%§¥népgggeog48%§§E%ggg£§itioned
within at | eastcanpeetppn on afdlpasBagewele2ptlushsated| g18AWi nk core 34
illustratively conRELSSs apcarrier 36 and a rel ease menber 35 connected
thereto so that 20 the carrier nmaintains adjacent connector_portions in an
expanded state, such as t6UpBiRPt PRsBAtibOBRLAY tel BBErLéaPSESABEEt or, not

shown. The rel easgowesbrhedborcph”t BRBWhEiACkITAt 8], afiBEheds pul ling, to
renove the cold_shrink core_34 so that the second onnectoFPend 25 21b"

cl oses upon t he2@YRREFPEANS ERAGLESr 1S THRW TREP 1At BFfal sPPallPIlat 8 nol ded-in

cold cold shrink core 34 is positioned within the second end
15 22b” of the passageway 22”. Of course, in other
embodiments, the cold shrink core 34 may be positioned
within at least a portion of the passageway 227. The
cold shrink core 34 illustratively comprises a carrier
36 and a release member 35 connected thereto so that
20 the carrier maintains adjacent connector portions in an
expanded state, such as to permit insertion of an
electrical conductor, not shown. The release member 35
can then be activated, such as pulling, to remove the
cold shrink core 34 so that the second connector end
{ 25 21b” closes upon the electrical conductor.
The TPE materials facilitate molded-in cold
shrink technology for separable elbow connectors 207,
such as 200 and 600 Amp products, for example. Since
the elbows 20”7 are typically mated onto 200 or 600 Amp
30 bushing inserts, the bushing side or first end 21a” of
the elbow need not be changed and a certain
hardness/durometer and modulus can be maintained for
the bushing side. But on the cable side or second end
21b” of the connector body 217 of the elbow connector
35 207, the TPE materials will allow use of cold shrink
technology to initially expand the cable entrance.

Referring now again to FIGS. 1 and 2, and



shrink technol ogy for separable el bow connectors 20", such as 200 and 600
Anmp products, for exanple. Since the el bows 20" are typSERFEMBER2M6 ont o
200 or 600 Anp 30 bushing inserts, the bushing side or first end 21a" of

t he el bow need not be changed and a certai har dness/ dur onet er and nodul us

can be maintained for the bushing side. 1t on the cable side or second end

21b" of the conpeelof boy, 24 pfckhes el pgw copnector, 35, 200, oLbe  JPE

materials wll ow use of col d shfink echnorogy tTo 1rifti y eéXpand the
cabl e entrance.thReferpepgonowrabarast coFeBSTt1iantl 9trand 2DaSERTEMBER 2006

-14 additional | y-& 0 £4 G éh@ngi§styf£%§905§?r RSPEEL1 Obe hPBrEQRRECHOT S A

relates to electrical stress that ma created at the first layer 25.
wi || be appreciRYethosy shbbéedkinl elaeiarthethetfirae tryer PAYBRAY25 may 5
have at |east opgyoredel 848t N6fle PHEPRELYrhOnEQUYESpet @CLEEI £aHUSEN €SS. For

exanpl e, the predeterm ned roperty may conprise a predeterm ned inpedance
profile. This i%%%ﬁ%ﬁ%%abr%FF?%gnay¥%E %Eﬁ@% 8d Hﬁ?iﬁﬁegﬁﬁ?HWhﬁe f the first

| ayer 25 as facpropeted wyyt8empsesdOaopraddPermbhedi ahpatibhcaddi tives or
dopants, such as, _zjnc oxide,.for . exanple, .that can tailor the inpedance
profile for e dtPfELe: st 1RLS 1 HPrdriar oPYOL © alidl ( Ponar RyevERetur 109
predeter m ned pnopéiny cfhythenpirse haypreplst esnfaedl geatretirbg chaf ugarati on
as wll al be 15 eci at ed_by S killed in the art. TQ_.address the
electricalﬁﬁtré%% ?ﬁP 058 e%%%ge%%gg %%%%%%%%%tgri%%ﬁﬁaf%g %Fcﬁeggt one
bend, the firstihayexid®, nhgrbexamptied bhabt henwigelehapkd fwvpetlaneet he

appearance of tReoerbodigpnLy shopncly ELfead: 20ilp-partigubar. the fivst

layer 40 illustrative I ncludes first and second ends 41, 42 with a bend
at the nedial pdiitbpnablyTothedbEederernined| PEPPRESY ahayt AEMBERES @

series of spaceg-apaftrhiRed44eonerPLoVELLEighPaXbBNEsbRE MEER1EBEpad] acent
connector %Prtlgggrgéiated by those skilled in the art.

To address the electrical stress in those
connector embodiments including at least one bend, the
first layer 40 may be molded or otherwise shaped to
have the appearance of the embodiment shown in FIG. 5.

20 In particular, the first layer 40 illustratively
includes first and second ends 41, 42 with a bend at
the medial portion 43. To reduce electrical stress at
the bend, a series of spaced apart ribs 44 are provided
to extend between the adjacent connector portions at

( 25 the right or inner angle of the bend. Of course, the
first layer 40 may be provided by molding a
semiconductive TPE material as described above, but in
other embodiments, this first layer 40 may be formed
from other materials having the desired mechanical and

30 electrical properties.

A second embodiment of a first layer 40’ is
explained with particular reference to FIG. 6. In this
embodiment, the first layer 40’ includes slightly
differently shaped first and second ends 41/, 42’. 1In

35 addition, only a single rib 44’ is provided at the
right angle portion of the bend to reduce electrical

stress thereat. The configuration of the ribs 44 or



25 the right or inner angle of the bend. O course, the first |ayer 40 may
be provided by nolding a sem conductive TPE materi al asSERFEMBERZVI6DOVE,
but in other enbodinents, this first |ayer 40 may be formed from other
materi al s having the desired nechanical ar 30 electrical properties. A
second enbodi nent of a first | ayer 40" is explained with particular

reference to FIG éﬁ h4§ enbodi{ent, the ébé§£%3f¥€£3$OOFIB§§UdeS

slightly differe aped first and second en addi ti on,
only a single rotphey’ C¢%n%¢©mrd@@dﬁtp@h@lom$g%%lhngeedﬁbenﬁgﬂto©ntﬁbebend to

reduce el ectric@bsisdd ef@@lﬁ%tvoﬂ@§g§0£ﬁdgéuﬁiéﬁﬁ ofsthertips 44 or 29
SEPTEMBER 2006 -15 single rib as well as the conflguratlon of the

ot her connect or2BRESC b ?@oﬂ% npse pek ibhefddtht tak 2Ke- desired operating
Xfltage andsﬁurrent as M®f|c@?rs@pﬁtﬁé$@t§ﬂr@§stB@ﬁ@réklté@ﬁni@ué?e ﬁrt 5
course, these stress control techniques .c e _use t y of the
different el ectTiRare %%%%e%%%? %ﬂ%oﬂ#nﬁ% sdﬁgg%y?%gdeﬂ%¥%ica yplcal 200
and 600 Anp eIb@mnn@mmert@mbodimenExadakeribeﬁ heneint Typicalicho8tress

control technlqg ?@%2% %fbéﬁcgggégﬁg gd g% f gl|% ? néggtart

Referring now a oVer ure of an
erom/connectorffmmlSUQbmstUQsercbedrOh‘t@@benquaﬁaaseWbbhlb@nnector is

subj ect tqopot§£%£@é ;{géh?yeghggetgglgpg@eg oghésafgnnved from 15 the

bushi ng insert a partiral”vacuumis created as. the end or cuff of the
connector slides over theReEapuiggrney 2¢@ibionrhyyi ReeFIGSThé-pPiadR art has

at t enpt ed varloyﬁtﬁppiggﬁaeértﬁeaégf@Séftthepﬁéalabnna@@aynébl@§hﬁa@r _
shortcoming. 20_In accordance with the illustrated connectors , 50", this

shortconing i s GRRIFEERRD: byAt AR ¥eRheeidt Shbey %ﬁnngqtoﬁa%ﬁnﬁuﬁﬁeﬁﬁter end

portion 5la, 518 potential flashover as the connector is removed from

15 the bushing insert and a partial vacuum is created as
the end or cuff of the connector slides over the
shoulder of the bushing insert. The prior art has
attempted various approaches to address this partial
vacuum/flashover shortcoming.

20 In accordance with the illustrated connectors
50, 50’, this shortcoming is addressed by the connector
body 51, 51’ having an outer end portion 5l1la, 5la’
adjacent the first end 52a, 52a’ of the passageway 52,
52’ with a flared shape, such as when abutting the

{ 25 shoulder 55, 55’ of an electrical bushing insert 54,
54’. In other words, the outer end 53, 53’ may abut
the shoulder 55, 55/ without the sliding contact that
would otherwise cause the partial vacuum.

In the illustrated embodiment of FIG. 7, the

30 outer end 53 of the connector body 51 may be initially
formed to have the flared shape, even when separated
from the shoulder 55 of the bushing insert 54, such as
when initially manufactured. Of course, in other
embodiments, the outer end 53 may be sized so that it

35 1is in spaced relation from the shoulder 55 even when
fully seated, as an upper end of the bushing insert may

engage and lock into a corresponding recess in the



adj acent the first end 52a, 52a' of the passageway 52, 52' with a flared
shape, such as when abutting the 25 shoul der 55, 55' oR9 SEPHMBER 2086
bushing insert 54, 54" In other words, the outer end 53, 53' nay abut the
shoul der 55, 55' without the sliding contagt that would otherw se cause the
partial vacuum In the illustrated enbodinment of FIG 7, the 30 outer end

53 of the conneglof,bodyy, 542 MRY He11nbEi & #ﬁ¥eci§f@@db%0tﬂégé kRe1fkared
shape, even when separated fromthe shoulder 55 of the bushing insert 54,

such as when i ®rtF2®1§ kanuf actured. OF course, in other enbodinents, the

Oﬁte{dendSEB may 3ﬁ 5|Zed??ollmaét5ét§5 is tnesemseglmehehbegpﬁﬁgn1Bhe
sSNnou er even en fu te asS. an e (0] t he 1 ng | nsert
pd LPRcinel SuEph

may engage andl?oc?h?n?ﬁt% coRfespondithgt? UdfE 39S EMBER 2006
-16 passageway Qidﬁﬁsmbflc@ﬁvappfecmated By shoskes&utéedendnflheeart. As
illustrated in the e initially

10, ¢ ' 3
i ncl udes a sllg%?t%angg u%p8? %BPvgfﬂgeé??l%Pogygggu%ﬁg gaggg'e%d Ffares
outwardly upon abuttioff tbersbputdeseb6f §ELICSE. i ahd atd) will course, those

of skill in the, ﬁe¥&££e Pﬁégc%g%§SQ£hSSn§ u£§£18 fh@ﬁ%@g#%@ﬁ%g ed, |

cont enpl at ed by nven ron | SO s wn rrn
connector 50' OPyFRtIBS. igvéntianseries of Iongltudinally extending slits 56

may be provigded to both fﬁ&'él&étgho%ﬂe qutuer dnflasihagdrapg/ pheal so provide
at least a degree of air ventlngyas the connector 50" 1s renoved 15 from

the busing i nsef®nBACtoRncedf dPhgFyCSt hB-1Pi kol $RBBESoPLf LaBHbdVEAINELLY

significantly regdusgedi g s§£t§19§tﬁ5y DNer gp¥ei defiotot BER eabedipBAES Uusing
TPE materials, the outer _.end can be f?rned to be relatively thinto

facilitate the EharPRgwasddeseriBedanef ern2dfa PHO%sARi RF BB28ppReci at ed by
those skilled ife§heeabt.air venting as the connector 50’ is removed

15 from the busing insert 54’. Accordingly, the
likelihood of flashover is significantly reduced or
eliminated. Moreover, for those embodiments using TPE
materials, the outer end can be formed to be relatively
thin to facilitate the flaring as described herein and

20 as will be appreciated by those skilled in the art.

Another advantageous feature of the
electrical connector 50’ is now explained. As noted in
the above background, in many instances it is desirable
to visually indicate whether the connector is properly

\ 25 and fully seated onto the electrical bushing insert
54’. The illustrated embodiment of the connector 50’
includeg a colored band 57 serving as indicia to
visually indicate to a technician that the connector
has moved from the unseated position (FIG. 8) to the

30 fully seated position (FIGS. 9 and 10). In other
words, when the colored band 57 becomes fully visible
to the technician viewing the connector 50’ along an
axis of the bushing insert 54’ and first connector end
51a’ (FIG. 10), the connector is fully seated.

35 Conversely, in some embodiments, the outer end 53-
could be configured so that, if viewed from the side,

the colored band 57 would no longer be visible when



Anot her advant ageous feature of the electrical connector 50" is now
explained. As noted in the above background, in nany RoSERFEMBER 1006 S
desirable to visually indicate whether the connector is properly 25 and
fully seated onto the electrical bushing |Q§ert 54'. The illustrated

enbodi nent of the connector 50 i ncl udes

indiciato

col ored band 57 serving as

noved

VIS nd hok c h r has
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for all
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elbow cuff when the two portions are fully mated. After
the products are mated together, the operator must view
the side of the product to see if all of the yellow
band is covered. 1In accordance with the indicator
feature of the connector 507, the elbow cuff or outer
end 53 will flip up or flare when fully mated so that
it can be viewed when directly in front of the
technician. Thus, the technician need not approach the
energized equipment to view the fully latched
connector.

Referring now additionally to FIGS. 11-13
other types of connectors including the advantageous
features described herein are now described. An
electrical bushing insert 60 is shown in FIG. 11 and
includes a connector body 61 having a tubular shape
defining the passageway 62 having opposing ends 62a,
62b and a medial portion 62c therebetween. The
connector body 61 illustratively includes a first layer
65 comprising metal, a second layer 66 comprising an
insulative material and surrounding the first layer,
and a third layer comprising, for example, a
semiconductive material and surrounding the second

layer at a medial portion of the connector body that is

t hese

ci an
eating
ng
y

t he



feature of the connector 50', the el bow cuff or outer 20 end 53 wll flip up
or flare when fully mated so that 1t can be viewed WhehSERTEMRBRER2006 fr ont
of the technician. Thus, the technician need not approach the energized
equi pnrent to viewthe fully latched conne gor. 25 Referring now
additionally to FIGS. 11-13 other types of connectors including the

advant ageous fggﬁgégﬁ dgﬁgrkgggage%gg ogophgeégggg gwa?torgbgghégcal

bushi ng insert S s own in I nc nne
havi ng a tubulame§ﬁhbé03@n§@¥Fn5ﬁglﬁhélﬁﬁsﬁégéké9d62nh§hﬁng1éﬁﬁé§ﬁﬁ@dends

62a, 62b and aeﬂEQ&?heH@r%h@HlﬁZEhEh§é§Q§§$ﬁ§9 63N€a160B1gA! BhoBady 6l
illustratively includes a first rising netal, a second | ayer

66 conprising afk 11%3&Pa¥h9eaﬁﬁtﬁiiélr§ﬁ99§hF?oEH6Fn6tFﬁé PRESTiRAFer, 35

and a th'rdEiaYQﬁdCQGﬁfh?Uﬁgtléﬁé exanphe, cendsenisgnddetirvaimterial and
surroundi ng the second ortion of the_connector_body that

aver at di al
o T ENBEreSoeahent 5 SE hEnPuPRL Geiiar ThoRer B EROBREE SR Bony.

Another netallic |nsert 68hesséb&ﬁdpéﬁﬁydedthmrﬁhanbkuSBBated magbodi ment
wi thin the passa recogni ze

that Othor hat oepmpeYg82rnl LaPlil a1 0088 e SSikanbAghd: PR PP nal

conponent s of thbobesh|ﬂgrlaxemp160 ahe aéson@o%aybkess mhg sempmdsand/or

third 1ayers S0unOTnIRY.C00R iog TEE.IRLEL! by 1L Lhe AdYanLaoes as noted

above. For exanppe e seconc : nsulative TPE
materi al, and themphisd hagpemigapduvohprvesEPE mehﬁconéluctAeeaTPE shbwni al . As

al so shown in thechL! usthated: eaOaGLBRAhenthee AECABORAY 2Ly 80 gRYmpave an

ehl arged di aneter adjacent t nmedi ortion ssageway 62.
| ndeed this enlhag@daQSealaﬁg@érdﬁémeaﬁrpédﬂa@ﬂnﬁayhﬁemﬁéﬁﬁédp@ytﬁgnt|ple

layering of theghasykathye,1BEagBLAY 8h.as1hadbaatBedsb¥nlarged
15 diameter medial portion may be formed by multiple
layering of the insulative TPE material as indicated by
the dashed lines 70', or by using other filler
materials, for example, as will be appreciated by those
skilled in the art. It may often be desirable to form
20 successive relatively thin layers of the insulative TPE
for the desired overall thickness and shape of the
second layer 66. The first and third layers 65, 67,
may also be formed of successive thinner layers in this
connector embodiment, as well as the others described
Q 25 herein, and as will be appreciated by those skilled in
the art.

A gecond embodiment of a bushing insert 60°
is shown in FIG. 12 and now described in greater
detail. In this embodiment, the first layer 65’ is

30 provided by a plastic material, such as a TPE material,
for example. For example, the plastic material may be
an insulative or semiconductive material. Those other
elements of the bushing insert 60’ are indicated by
prime notation and are similar to those discussed above

35 with reference to FIG. 11.

The rib feature described above to reduce

electrical stress may also be applied to the



the dashed lines 70", or by using other filler materials, for exanple, as
will be appreciated by those skilled in the art. |t mYSHEEMBER20Mési r abl e
to form 20 successive relatively thin layers of the insulative TPE for the
desired overall thickness and shape of thegsecond |ayer 66. The first and
third |l ayers 65, 67, may also be forned of successive thinner |ayers in
this connect oreih@thée®ns , oast Mel budsihheinéders fescepbed 25 herein, and

i1l b iated by t kil the art. d_enbodi nent  of
2 bushi ng- 1 nSar a8 o7 o SRR it Y O 19 ST o GBSCT: Bog PR ghedter

detail. In thi sakshask nesined heo f & rsdmhay ebudIPatrs BOr pexamped, byoa pl astic
mterial, such as, A JPERLELiAl o ] 0L examLe. ; FOLy ex ARl e, Lhg, Pl ostic
mat eri al may b Fh T hst at T Ve br3ent ¥onductt vel natertar ™ ™ose? ot her

el enent s of 5t hecdlbdd g jumsetr toB0as avel 1 ndée caprpdebyatedi g podaei on and are
simlar to thosg. '%&ESEEd%ﬁQO £ 35 with reference to FIG 11. The rib
feature descri bed above to reduce electrical stress nay also be applied to
the 29 SEPTEMBER 2006 - 1ReE@HoUNGenes BPre HeabuseihariviseptBI60.180'. In

addition, a pl wadiiyo0hePushiogrifgertSnfl-t SR i NBYhe aE§LNDEE) ShNEd O a
common bus bar,” for exanple, to produce an electrical connector in the form
typically 5 cal 1RHL.2€ | sReiFON8Ast i PP heXappieed at eB®ySPhoS® 88killed in

the art. Reberri nousomaDrelpaihetubes! ¥ t@lléyx dSnneyebrapespegel ectri cal
connector in the formof an inline splice 80 |§,nom1ex | ai ned.. The splice

80 10 il ustratF& et Phct FRESATEHDBYI &F LINHELt oI TBodF @15 ERFANFRGS a

passageway 82 hgwainosihreitiand segoal go85io8283c SZheébBtresRdi afhporti on
83c therebetween. The connect or bodg gl i ncludes £ firstdtager adj acent
and/ or def | i ngP VMRS HeRh APOREr 81 ohPBLUIEF ¢ pbitst Layer adjadent

and/or defining the medial portion 82¢c of the

15 passageway 82, a second layer 86 surrounding the first
layer, and a third layer 87 surrounding the second
layer. The first and/or third layers 65, 67 may
comprise semiconductive TPE material, and the second
layer 66 ma& comprise insulative TPE material.

20 Accordingly, this splice 80 also enjoys the advantages
and benefits provided by using TPE materials as
described herein.

Many modifications and other embodiments of
the invention will come to the mind of one skilled in
( 25 the art having the benefit of the teachings presented
in the foregoing descriptions and the associated
drawings. Accordingly, it is understood that the
invention is not to be limited to the illustrated
embodiments disclosed, and that other modifications and
30 embodiments are intended to be included within the

spirit and scope of the appended claims.



15 passageway 82, a second |ayer 86 surrounding the first |ayer, and a
third layer 87 surrounding the second |ayer. The firstosnerENMBE®bdod | ayers
65, 67 may conprise sem conductive TPE naterial, and the second |ayer 66
may conprise insulative TPE material. 20 Accordingly, this splice 80 al so
enj oys the advantages and benefits provided by using TPE materials as
descri bed herein. Many nodifications and other enbodi nents of the invention
will cone to the mind of one skilled in 25 the art having the benefit of
the teachings presented in the foregoing descriptions and the associ ated

drawi ngs. Accordingly, it is undgast aeteat hatcraigep ixpsention is not to be
l[imted to the illustrated enbodi nents disclosed, and that other

nodi fi cati ons and 30 enbodi nents are i ntended to be included within the
spirit and scope of the appéndedicPiiThEicdl cCERPARHIBERSDRIGINI20 THAT WHI CH
IS CLAIMED I S: 1. An el ectraceinnecheredrrdy heoWpgisipagsagewagonnect or body

havi ng a passagewaynefdt@ir8hh @ camskiconPri sing a first layer adjacent the
passageway, 5 at second Iayg £1354%1 9, ? %@hg fd %Eflsﬂé/ and conpri sing

an insul ative thernoplastic_ €lasto eri a aﬁgarelatlvely

hi gher resistivPty, and a t i 3%F°P4 ?ye§u?‘? Haffy §aitd %E‘ ndYHyer 10 and
conprising a material & aemerisdpatsny éngulatdyertheampriasticy conpared to the
resisitivity of the TREasabtwsd ATPDf maakdiscbenihd ayeelatdvedp el ectri cal

- connector according toy glg}:rrllgsl\g/eg&ﬁyn §@dd third |l ayer conprises a
sem conducti ve TPE mat erl al , %n I p, 88l ? fidst;glayer comprises a
?u ou cond

d sa
sem conducti ve TPE materl al - €ohn l? accor ng to
( 10 CDmprlSLng a materlal hav1ng a relatlvely

lower resistivity compared to the resisitivity of
the TPE material of said second layer.

2. An electrical connector according to
Claim 1 wherein said third layer comprises a
semiconductive TPE material; and wherein said first
layer comprises a semiconductive TPE material.

3. An electrical connector according to
Claim 1 wherein the passageway has first and second
ends and a medial portion extending therebetween; and
wherein said first layer is positioned along the medial
5 portion of the passageway and is spaced inwardly from
respective ends thereof.

9, An electrical connector according to
Claim 3 wherein the medial portion of the passageway
has a bend therein; and wherein the first end of the
passageway has an enlarged diameter to receive an
5 electrical bushing insert therein,

5. An electrical connector accoerding to
Claim 3 wherein said connector body has a tubular shape
defining the passageway.



Claim1 wherein the passageway has first and second ends and a nedi al
portion extending therebetween; and wherein said firs i itioned
al ong the nedial 5 portion of t he passageway and is spgcggyﬁlh\’\gé%P@éfrom
respective ends thereof. 4. An electrical connector according to claims3
wherein the nmedial portion of the passageway has a bend therein; and
wherein the’first and of the passageway has an enlarged dianeter to receive
an 5 electrical bushing insert therein. 5 An electrical connector according
to O aim3 wherein said connector body hz&'-a tubul ar shape defining the
passageway 29 SEPTEMBER 2006 -21 6. An electrical connector according to
Claim5 wherein said second | ayer has an enl arged dianeter adjacent the
medi al portion of the passafewaf® 719%¥léfjedi°PPE‘ét|° cBRATHS ERcording to

Cl ai m 1 wherein sactlafn rSswhépgier shag stcohédstyeonms pneetandsined property to

reduce el ectrical gisgs®er LOSIAGR. tfe nlAigl gokeignlofCconaaniseagaespr ding to
CGaim?7 wherein said first layer has a bend therein; and wherein the

predet erm ned property conprises at_ |east_one out war dl extending rib
adj acent the bend. 9. An el &ct r PPaPl¥TRAERt SRBRTGFIRAG IHPICFAi m 1 wherein
said first layer deiaimed ahereimespbpdtfirbaykayeramb wicledst 9aed third | ayer

defines an Outem{aﬂdé%hedl%m@@:@ est rdfidk cnrvtectdr sageesding to Caim
1 wherein said thi ?? ayer is arranged in three spaced apart portions with
first and third po ofls 'to be connected to a reference vol tage so that the
second 5 portion floats at a nonitor voltage for the electrical connector.
11. An electrical connector8accéndelgrtracal connector according to

( Claim 7 wherein said first layer has a bend therein;
and wherein the predetermined property comprises at
least one outwardly extending rib adjacent the bend.

9. An electrical connector according to
Claim 1 wherein said first layer defines an innermost
layer; and wherein said third layer defines an
outermost layer.

10. An electrical connector according to
Claim 1 wherein said third layer is arranged in three
spaced apart portions with first and third pertions to
be connected to a reference voltage so that the second
5 portion floats at a monitor voltage for the electrical
connector.

AT

1l. An electrical connecter accoxrding to
Claim 10 further comprising a monitor peoint extending
outwardly from the second portion of said third layer:

and a cover over said second portion of said thicd

5 layer and permitting access to said monitor point.

12, An electrical connector according to
Claim 10 wherein the second portion of said third
layer has a band shape.



Claim 10 further conprising a nonitor point extending outwardly fromthe
second portion of said third |layer; and a cover over i rtion of
said third 5 laver and permtting access to said nonit%?sgg?ﬁ%ﬁﬁﬁigg An

el ectrical connector according to C aim10 wherein the Second portion of
said third |ayer has a band shape. 29 SEPTEMBER 2006 | -22- 13. An

el ectrical ¢onnector according to Caim2l further conprising a cold shrink
core positioned within at |east a portion of the passageway. 14. An

el ectrical connector according to Claim -22-wherein said cold shrink core
conprises a carrier and a release nenber connected thereto so that said
carrier maintains adjacent c@naateredrdyapechhansr acSomingxpanded state

until said rel ease gpigen kel byiAdindt bl Shigthki &l connect or
according to Caim nnect or _bod ri ses an outer end
portion adjacent th%°5flltr‘§f‘e%ﬁ”ﬂ‘t8f'nt‘?1teci65§§fgg\ﬁlé c\yﬁ Pgnﬁ" flared shape. 16.
An el ectrical connepawragaezwnrding to Caim 15 wherein said outer end
portion is novable to the flared shape upon abutting a shoul der of an

el ectrical bushing insert. 1417An %e@'\:?ﬁérh‘ Q%n&@ﬂﬂ%&&dﬁ&&@odbmglﬁo Claim
16 further conprising.indicia gggngg &Eggn % f% thod for
maki ng an el ectri caf “PESRAEATS 50 Having as ageway therethrough, the
met hod conpri si ng: apf @/Faiﬁfeamﬂn’?%% q°§9%‘1’tetdot tﬁes‘étt"’raéa§fl%1 5 medi al
portion of the passagswaymainterins|aijegeat seooactdmpedy amtdomsliing t he

5 an expanded state until said release member is

activated.

15. An electrical connector according to Claim
1 wherein said connector body comprises an outer end
portion adjacent the first end of the passageway with a
flared shape.

16. An electrical connector according to Claim
15 wherein said outer end portion is movable to the
flared shape upon abutting a shoulder of an electrical
bushing insert.

17. An electrical connector according to Claim
16 further comprising indicia on said outer end
poztion.

( 18. A method for making an electrical
connector body having a passageway therethrough, the
method comprising:

providing a first layer to define at least a
5 medial portion of the passageway;
overmolding a second layer surrounding the
first layer and comprising an insulative thermoplastic
elastomer (TPE) material having a relatively higher
resistivity:; and
10 overmolding a third layer surrounding the
second layer and ¢omprising a material having a



first layer and conprising an insulative thernoplastic elastonmer (TPE)
material having a relatively higher resistivity; and i athird
| ayer surrounding the second |ayer and conprising a n;zgesﬁ¥gﬁﬁﬁgg?% a 29
SEPTEMBER 2006 -23 relatively lower resistivity, conpared to the
resisitivity of the TPE nmaterial of the second |layer, to nmake the

el ectrical tonnector body. 15 19. A nethod according to O aim 18 wherein

each of the first and third | ayers corrprlses a semconductive TPE material .
O A net hod accordi ng to C1a|m18 wherei mé3providing the first |ayer

conprises nol di ng t tf |vre ovbﬁ%éséﬁ%sgoverfﬁogbd&ﬂ}gucuvﬁ o/PE material. 21. A

met hod according t9 t he secong and third

| ayers conpri ses W%FH%% °lfhEh"s§35n’Ha%ﬁF&aﬂ'h?$&hFa§Fé?°§ s02¥¥t the first
| ayer i s positionetb alakagthdhelretiidalporinegtonfbdBiythe passageway and i s
spaced inwardl y; fromrespective ends thereof. 22. A nethod according to

Claim21 wherein the nedi g poat' ogf aé&e__dg gwgm tl%s | oS r;1d t herein.

23. A nmethod according to ai m viding_the ayer and
over nol di ng the fi¢ash &fdthe fdEal %é%“ﬂéﬁﬁ’ﬂ%% SCRBIEIR/MAEct or body to have

a tubul ar shape dednirionguétiorep@BE agewayal .

20. A method according to Claim 18 wherein
providing the first layer comprises meolding the first
layer from a semiconductive TPE material.

21. A method according to Claim 18 wherein
overmolding the second and third layers comprises
overnolding the second and third layers so that the-
first layer is positioned along the medial portion of

5 the passageway and is spaced inwardly from respective
ends thereof.

22. A method according to Claim 21 wherein
the medial portion of the passageway has a bend
therein.

23. A method according to Claim 21 wherein
providing the first layer and overmolding the first and
second layers defines the connector body to have a
tubular shape defining the passageway.

o





