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(54) Title: MULTL-TAP PIERCING CONNECTOR

(57) Abstract: A piercing connector includes a connector body, a piercing

insert, and a piercing cover. The connector body has a plurality of conduct -
or apertures and a piercing aperture. The piercing insert has a plurality of
piercing teeth and is inserted into the piercing aperture. The piercing cover
is inserted into the piercing aperture and removably attached to the con-
nector body. The piercing cover removably secures the piercing insert in
the connector body. The piercing connector receives and electrically con-
nects two or more conductors.
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MULTI-TAP PIERCING CONNECTOR

FIELD OF THE INVENTION

[0001] The present invention relates to electrical piercing connectors.

BACKGROUND OF THE INVENTION

[0002] Electrical connectors are used to connect two or more electrical conductors in
a variety of environments. Connectors may be used to transfer power from main
conductors to secondary tap conductors. The main power conductors and the tap
conductors may have different sizes, requiring specially designed connectors for each

connection between the conductors through the teeth.

{0003} One type of electrical connector is a piercing connector. Piercing connectors
typically have opposite halves with two mating grooves to retain a pair of conductors.
The grooves are typically sized for specific sized conductors. The opposite halves
have one or more sets of insulation piercing teeth. When the conductors are placed in
the grooves and the two halves of the connector are placed together, the teeth pierce
the insulation of the conductors and contact the conductor strands, providing an

electrical connection.
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SUMMARY OF THE INVENTION

{0004] In accordance with an embodunent, a piercing connector includes a connector
body, a prercing msert, and a prercing cover. The connector body has a phaeality of
comductor apertures and a piercing aperture. The piercing msert has a plarality of
piercing feeth and is inserted into the piercing apertiwe. The piercing cover is inserted
mnto the piercing aperture and removably attached to the connector body. The
piercing cover removably secures the piercing insert i the connector body.

{0003] Preferably the a prercing connector inchides a connector body, a piercing
msert, and a piercing cover. The connector body has a plurality of conductor
apertures, a plercing aperture, and a central cavity i commmundcation with the plurality
of conductor apertures and the piercing aperture.

The piercing msert has a pharality of sets of piercing teeth and i3 mserted into the
piercing aperture and o the central cavity. The piercing cover is inserted mto the
prercing opening and aftached to the connector body.

{0006] More preferably the piercing connector inclndes a connector body, a
conductor sleeve, a set screw, a cap, a piercing msert, and a piercing cover. The
conmector body has a plurality of conductor apertures, a pluralify of ports for
receiving set screws, a piercing aperture, and a central cavity in communication with
the plarality of apertures, the plurality of ports, and the piercing aperture. The
conductor sleeves are positioned around each of the pluralify of conductor apertures.
The set screws are positioned in each of the plurahity of ports and the caps are
connected to each of the plurality of ports. The piercing nsert has a plurality of sets
of piercmg teeth and 1s mserted mito the piercing aperture and mto the central cavity.
The piercing cover is inseried into the prercing opening and attached to the connector

body.

-



[0006A] In a broad aspect, the present invention pertains to a piercing connector
comprising a connector body having a top surface, a bottom surface, a plurality of
conductor apertures, and a piercing aperture, the conductor apertures being position in
the top surface and the piercing aperture being positioned in the bottom surface.

There is a piercing insert inserted into the piercing aperture and having a plurality of
piercing teeth. A piercing cover is inserted into the piercing aperture and is removably
attached to the connector body, to removably secure the piercing insert in the
connector body. The piercing insert and the piercing cover are movable in the

piercing aperture towards the top surface.

[0006B] In a further aspect, the present invention provides a piercing connector kit
comprising a connector body having a plurality of conductor apertures, a piercing
aperture, a central cavity in communication with the plurality of conductor apertures
and the piercing aperture, and a plurality of ports each receiving a set screw capable of
extending into the central cavity to retain a conductor. There is a piercing insert
having a plurality of sets of piercing teeth and being insertable into the piercing
aperture and into the central cavity. A piercing cover is insertable into the piercing

opening and is attached to the connector body.

[6006C] In a still further aspect, the present invention describes a piercing connector
comprising a connector body having a plurality of conductor apertures, a plurality of
ports for receiving set screws, a pietcing aperture, and a central cavity in
communication with the plurality of apertures, the plurality of ports, and the piercing
aperture. A conductor sleeve is positioned around each of the plurality of conductor
apertures, and there is a set screw positioned in each of the plurality of ports. A cap is
connected to each of the plurality of ports, and there is a piercing insert, having a
plurality of sets of piercing teeth, inserted into the piercing aperture. A piercing cover

is inserted into the piercing opening and is attached to the connector body.

2a
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{0007] Other embodiments. mncluding apparatus, systems, methods, and the like
which constifute part of the mvention, will become more apparent apon reading the
following defailed description of the exemplary embodunents and viewmg the
drawings. It is to be understood that both the foregoing seneral description and the
following detailed description are exemplary and explanatory only and therefore not
restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

j0008] The accompanying drawings are imcorporated in and constitite a part of the
specification. In such drawmngs:

{6009] Fig. 1 is a perspective view of a piercing connector with a paw of conductors
mserted according o an exemplary embodiment of the wvention;

{0018] Fig. 2 15 an exploded perspective view of the piercing connector of Fig. I with
the conductors renoved;

[0011] Fig 3 1s a top view of the piercing connector of Fig. 1 with the conductors and
conductor sleeves removed;

{0012] Fig. 4 is a bottom view of the piercing comector of Fig. 3;

[0013] Fi

1

. 515 a side view of a conductor sleeve of Fig. 2;
{0014] Fig. 6 1s a side view m section of Fig. S taken along line 5-5;
j08135] Fig. 7 1s perspective view of a cap of Fig. 2;

-
,I

[0016] Fig. 815 a side view in section of Fig. 7 taken along line §-8;
{0017] Fig. 9 is a perspective view of a piercing insert of Fig. 2
[0618] Fig 10 13 a perspective view of a piercing cover of Fig. 2;

[0019] Fiz. 11 1s a top perspective view of the piercing connector of Fig. 1 with two

conductors inserted and one port uncapped;

(]



CA 02938963 2016-08-05

WO 2015/123037 PCT/US2015/013744

{0028] Fig. 12 1s an enlarged perspective view in section of Figawe 11 faken along
line 13-12;

[0021] Fig 13 15 a perspecive view of a piercing connector accordimg to a second
exemnplary embodiment of the invention;

j0022] Fig 14 15 a top view of the piercing comiector of Fig. 13; and

[0023] Fig 15 15 a perspective view of the piercing connector of Fig. 13 with mserted
conductors and without the conductor sleeves.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE
INVENTION

{0024] Reference will now be made n detail to the exensplary emibodiments of the
invention as illustrated in the accompanving drawings, in which like reference
characters designate like or cotresponding parts throughout the drawings.

{0025] A prercing connector 20 mcludes a connector body 22 for receiving 8 main
conductor 24 and at least one tap conductor 26. The connector body 22 has a plurality
of conductor apertures 28, a plurality of ports 30, a piercing msert 32, and a piercing
cover 34. The piercing connector 20 1s designed to provide a safe and durable
electrical connection between multiple conductors, even m harsh environments. For
examnple, the piercing connector 20 may be advantageously used in underground
applications where water and debris or other confarminants are fvpical factors.

{0026} As best shown m Figs. 2 and 3, the connector body 22 meludes four conductor
apertires 28, four ports 3, and has a substantially cubowd shape with a rectangular
cross-section. In various aliernative embodiments, the size, shape, and configuration
of the connector body 22 may vary depending on the mumber of conductors fo be
attached. For example, the connector body 22 mav have a triangudar shape to connect
three conductors, a hexagonal shape to connect six conductors, an octagonal shape to
connect eight conductors, etc. The comnector block 22 mayv also retain a cuboud

4
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configuration and expand the length or width of the sides to acconzmodate additional
conductors. Accordingly, certain aspects of the exemplary embodument discussed
herem may be duphicated or similar fo one another depending on the lavout and
configuration of the piercing connector 20. In the mterest of brevity, only a single
iteration of a component mav be described in the specification and labeled in the
drawings.

{0027] The connector body 22 has a top swrface 36, a bottom surface 3%, and a
plurality of side surfaces 40. A beveled edge 42 mayv connect the top surface 36 and
botiom surface 38 with the plurality of side surfaces 40. The connector body 22
mclndes a first dram opening 44 and a second drain opening 46 extending
therethrongh. The drain openings 44, 4¢ help prevent water and debris from
collecting or popling on the connector body 22. The connector body 22 may be made
from a durable, corrosive-resistant material such as alwmmum or an aluminum alloy.
[0028] The conductor apertures 28 extends through the top surface 36 of the
connector body 22, The conduactor apertures 28 mayv be defined by a tubular member
48 extending outwardly from the top surface 36 of the connector body 22. The
conducior apertures 28 and the tubular members 48 extend parallel to one another and
are substantially perpendicular to the top swface 36. In varions alternative
embodiments, one or more of the conductor apertures 28 and tubular members 48 may
be inclined with respect o the top surface 36. Four tubular members 48 are shown,
although the number will vary dependent on the number of conductors needed in the
application.

{0029] The tubnlar member 48 has a ovlindrical inner wall for receiving a cvlindrical
conductor and an outer wall with a substantially rounded polvgon shape m cross-

section, for example a rounded sguare or rounded rectangle. In various alfernative
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embodiments, the shape and size of the tubular member 48 may vary dependent on
the envirormnent and the type of conductor associated with the connector body 22.
The tubular member 48 af least partially surrounds the conductor aperture 28, defuung
a passage into a central cavity S0,

j0036] As best shown m Figs. 1 and 2, a conductor sleeve 52 at least partially
encloses the conductor apertiwe 28. The conductor sleeve 52 extends outwardly from
the tubular member 4% and may also extend around the tubular member 48, In
varipns exemplary embodiments, the conductor sleeve 32 is pressed over the tubular
member 48, forming a removable, interference fif attachment to the connector body
22, The conductor sleeve 52 may form a water-resistant or water-tight seal around the
fbular member 48. The conductor sleeve 532 1s preferably formed from a flexible
material such as a flexible polvmer or elastomeric material. The material may be
chosen to resist high and/or low temperature applications and also o be corrosive
resistant.

{0031] As best shown m Fig 5, the conductor sleeve 52 has an outer confignration
composed of tiered cvlinder sections starting with a base section 54, exiending with
mtermediate sections 56, and ending with a tip section 58, In alternative
embodiments, the shape of the conductor sleeve 32 mayv vary. The exemplary
embodiment shows five mtermediate cvlindrical sections 56A-E, although any
number may be used. The base section 54 has the largest outer diameter and the tip
section S8 has the smallest oufer diameter. As the sleeve extends from the base
section 34 to the tip section 56, each subsequent intermediate section S60A-F decreases
i inner and outer diameters. In alternative embodiments, one or more intermediate
sections 36A-E may have an equal outer diameter. The base section 54 may have the

greatest length, although the length of each section may varv.
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{0032] As best shown mn Fig. 6, the mmner surface of the base section 34 defines a
substantially fivst cylindnical opening 60. A protrusion 62 may extend from the oner
surface of the base section 34 to assist m providing an mterference fit with the tubular
member 48. Extending from the first evhindrical opening 60 15 an extension opening
64. The extension opening 64 mayv be tapered and may also include a first fiusto-
comcal opening 66, a second frusto-conical opening 68 extending from the first
frusto-conical opening 66, and a second cvlindrical opening 70 extending from the
second frusto-conical opening 68 The first and second frusto-conical openings 66, 68
are at least partially defined by the mner surfaces of the mntermediate cylmdrical
sections 36A-E. The second cvlindrical opening 70 is at least partially defined by the
mnner surface of the last infermediate oyhindrical section 36F and the mner surface of
the tip section 58. In varions alternative embodiments, the size and shape of the mmner
surfaces of the conductor sleeve 32 may vary. The conductor sleeve 32 may also
mclode one or more sections having corrugations 72. The cormpgations 72 increase
the flexibility of the conductor sleeve, allowing the conductor skeeve to bend with a
conductor inserted therem. As best shown i Fig. 6, the corrugations 72 are placed m
sets formed m the mner surfaces of the intermediate cylindrical sections 36A-D. In
various alternative embodiments, the cormagations 72 may be formed m the outer
surface or both the owler and inner surfaces and may also extend any length along the
conductor sleeve 52, The number of corrugations 72 and their positions may also be

varied to increase or decrease the fexibility of different points of the conductor sleeve

2.

LA

{0033] The mner swrface of the conductor sleeve 52 15 designed fo form a sealed
engagement with a conductor, for example a water-resistant or water-tight seal. To

achieve a proper sized opening relative to different sized conduciors, the conductor
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sleeve 32 may be trimmed at the up section 38, at anv wmtersection of the mtermediate
cylindrical sections 56A-E, or at any portion along the mtermediate cyhndrical
sections S6A-E. In vanous exemplary embodiments, the outer diameters of the
comductor sleeve 32 sections may be used to determine the appropriate posiion to
trim the conductor sleeve 32, For example, the tip 58 and mtermediate sections 35A-
E may be sized to correspond to various diameters of conductors that mav be used
with the connector body 22, A user miay maich a conductor with the corresponding
section and trim the conductor sleeve 32 just above that section. The conductor may
then be miserted through the conductor sleeve 52 and mto the conductor aperture 28.
{0034] As best shown in Fig. 2, ports 30 extend from the side surface 40 of the
connector body 22. The ports 30 are substantially perpendicular to the side surface
460, In various alternative embodiments, one or more of the ports 30 niay be inchined
with respect to the side surface 40, Four ports 30 are shown with two on one side
surface 40 and two on an oppostte side surface 40, although the pumber and location
may vary dependent on the number of conductors needed in the apphication and the
coafiguration of the connector body 22.

{0035] Each port 30 has a tubular shape with an outer wall and an muer wall defining
a passage 74 through the side surface 40 and into the central cavity 30. In various
alternative emboduments, the shape and size of the port 30 may vary dependent on the
environment and the type of conductor associated with the comnector body 22. The
port 30 may include an inner thread {not shown) for receiving a set screw 76, The set
screw 76 has an outer thread (not shown} corresponding to the inner thread of the port
30 and a head for recetving a ditving tool, for example a hexagonal head. The
opposiie end of the set screw 76 mcludes a rounded surface for engaging a conductor.

The set screw 76 may be adiusted by a user to retam a conductor mserfed into the
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comnector body 22, Instead of a set serew 76, other types of insertable or removable
mechanical fastepers may be nsed.

[0836] A cap 78 may be placed over the port 30 fo form a seal, for example a water-
resistant or water-proofseal. The cap 78 is pressed over the port, forming a
removable, interference-fit attaclment to the connector bady 33, As best shown
Figs. 7 and §, the cap 78 has a cap opening B0, a cap end wall 82, and a substantially
mbular body 84. A plug 86 extends from the cap end wall &2 mto the cap opening 80.
The plug X6 may be designed to at least partially fit into the port 30, either through an
mterference fit or with a slight tolerance. A protrusion 88 may extend from the
tubular body &4 into the opening to assist in retaming the cap 78 on the port 30 and
for providing an additional sealing swface.

{0037] As best shown mn Fig. 4, the bottom swface 38 mcludes a piercing aperture
90, The piercing aperture 90 extends through the bottom surface 38 and is in
comummication with the central cavity 50. The piercing aperture 90 recerves the
piercing msert 32 and the piercing cover 34 and miay be sized and shaped accordingly.
As shown, the piercing aperture 90 has a substantially hourglass shape. A paw of
threaded apertures (not shown) may be accessible through the piercing aperture 90 to
recetve mechamical fasteners 92A-B to attach the piercing cover 34, holding the
piercing msert 32 m place.

{0038] As best shown m Fig. 9. the piercing insert 32 has a substantially
bisvmmetrical hourglass shape with a first head 94, a second head 96, and a ceniral
portion 98 connecting the first and second heads 94, %6, The piercing tnsert 32
mcludes four sets of feeth H00A-D), with a set extendmg from each side of the fust
head 94 and each side of the second head 96. Each set of reeth 100A-D includes three

piercing ieeth, although one or more piercing teeth mav be used in various alternative
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embodiments. The piercing teeth 100A-D are designed to pierce the msulation of a
conductor and contact the electrical conductive metal strands contained theremn. The
prercing msert 32 1s made from an electrically conductive material so that an elecinical
connection may be formed between separate conductors through the piercing insert
32, Accordingly, the shape and configuration of the piercing insert 32 may vary
depending on the configuration of the comnector body 22 and the nuinber of
conductors.

j0039] As best shown m Fig. 10, the piercing cover 34 has a substantially
bisymmetrical hourglass shape with a first head 102, a second head 104, and a central
portion 106 connecting the first and second heads 102, 104, The nuddle of the
piercing cover 34 is raised with respect to the outer head portions 102, 104 for
contacting the piercing insert 32 and allowing space for the piercing teeth 100A-D to
fully contact the conductor strands. The piercing cover 34 includes a first aperture
108 A and a second aperture 108B for recerving mechanical fasteners 92A-B that
extend through the first and second apertures 108A-B fo attach the piercing cover 34
to the connector body 22. The mechanical fasteners 92A-B mayv be threaded fasiener
having outer threads. In various alternative embodiments, the piercing cover 34 may
meinde one aperture or more than two apertures for receiving mechanical fasteners.
The piercmg cover 34 may be made from a rigid or stiff elastomeric matertal such as
EPDM mabber, which provides sufficient stability to support the plercing ingsert 32 but
also 1s capable of sealing the piercing aperture 90. The piercing cover 34 mav also be
made from a material including metal or polymers.

{0046] Fizures 13-15 depict an alfernative exemplary embodmment of a piercing
comiector 120. The piercing connector 120 has a connector body 122 with a

hexagonal block shape. The piercing connector 120 shown 1 Figures 13-15 may

10
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gtilize the same components as the ptercing connector 20 as shown i Figures 1-12
and described heretn, but medified fo accommodate the additional conductors. For
example, the connector bedy 122 has a fop surface 136 and a six sade surfaces 140.
Six conductor apertures 128 defined by tubular members 148 extending from the top
swrface 136. A conductor sleeve 132 may be assoctated with each conductor aperture
128. Six ports 130 extend from the side surfaces 140, Each poit 130 may have a cap
178 for sealing the port 130. A six-sided piercing insert 132 having six sets of
piercing teeth 200 is used to connect a main conductor 124 with five tap conductors
126. The prercing insert may be placed mto the connector body via a substantially
hexagon-shaped piercing aperture {not shown}. The piercing msert 132 may be held
in place by an appropriately sized and shaped piercing cover {not shown).

{0041] In operation, the piercing connector 20 15 used to electrically connect a main
conductor 24 with one or more tap conductors 26, A user deternunes the size of the
conductors 24, 26 and matches that size {o a corresponding section of the conductor
sleeve 52. The main and {ap conductors 24, 26 may be the same size or different
sizes. The conductor sleeve 32 is trimmed at the appropriate point to form an opening
for recetving the appropriate conductor. The main and tap conductors 24, 26 are then
feed through the conductor sleeves 52 and through the conductor apertures 28 until
the ends of the mam and fap conductors 24, 26 are in the central cavity 33, The
conductor sleeves 52 create a flexible. sealed connection with the conductors 24, 26,
helping to prevent water or debris from enfering the connector body 22. I any of the
conductor apertures 28 are not bemng utilized, the conductor sleeves 52 may be left
mtact over the openings or another fype of cap or seal may be utilized.

[0042] After the conductors 24, 26 have been inserted into the connector body 22, the

user may tighten the appropriate set screws 76. The sef screws 76 are rotated in the

11
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port 30 fo engage the conductors 24, 26 and hold them in place. The ports 30 may be
mitially covered by the caps 78, or a user may place the caps 78 over the ports 30
after tightemng the set screws 76. The caps 78 seal the ports 30 fo prevent water or
debris from entering the connector body 22.

j0043] After the conductors 24, 26 are retained in the central cavity 30, the user may
then use the piercing insert 32 to electrically conpect the mawn and tap conductors 24,
26, The piercing insert 32 and piercing cover 34 mayv be positioned in the connector
body 22 or they may be mserted through the piercing aperture 94 by the user. The
mechanical fasteners 92A-B extend through the piercing cover 34 and into respective
threaded apertures m the connector body 22. The mechanical fasteners 92A-B are
tightened, drawmng the piercing cover 34 mto the connector body 32, and in turn the
piercing msert 32 mito the central cavity 50. As the piercing msert 32 enters the
central cavity 50, the piercing teeth 100 engage the conductors 24, 26, cutting through
the msulation and comtacting the conductor strands. The piercing insert 32 makes a
connection with cach of the inserted conductors 24, 26 simultaneously or substantially
sumultaneously, providing an electrical connection from the main conductor 24 to the
fap conductors 26,

{0044] The foregoing detatled description of the certain exemplary embodiments has
been provided for the pwrpose of explaming the principles of the mvention and iis
practical application, thereby enabling others skilled i the art o understand the
mvention for various embodinients and with various medifications as are sutied o the
particitar use contemplated. This description 1s not necessarily mtended to be
exhaustive or to linuf the mvention to the precise embodiments disclosed. Any of the
embodiments and/or elements disclosed herem mayv be combined with one another to

form various additional embodiments not specifically disclosed. Accordingly,
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additional embodiments are possible and are intended to be encompassed within ths
specification and the scope of the appended claims. The specification describes
specific examples to accomplish a more general goal that may be accomplished

another way.



WHAT IS CLAIMED IS:
1. A piercing connector comprising:

a connector body having a top surface, a bottom surface, a plurality of conductor
apertures, and a piercing aperture, said conductor apertures positioned in said top surface

and said piercing aperture positioned in said bottom surface;

a piercing insert inserted into said piercing aperture and having a plurality of

piercing teeth; and

a piercing cover inserted into said piercing aperture and removably attached to
said connector body to removably secure said piercing insert in said connector body,
wherein said piercing insert and said piercing cover are movable in said piercing aperture

towards said top surface.
2. The piercing connector of claim 1 wherein

said piercing teeth at least partially align in a parallel orientation with said

conductor apertures when said piercing insert is secured by said piercing cover.
3. The piercing connector of claim 1 wherein

a conductor sleeve is positioned adjacent said conductor aperture.
4. The piercing connector of claim 1 wherein

said connector body further comprises a plurality of ports each receiving a set

screw to retain a conductor.
5. The piercing connector of claim 4 wherein
said phurality of ports are orthogonal to said plurality of conductor apertures.
6. The piercing connector of claim 1 wherein
said plurality of conductor apertures include four conductor apertures.
7. The piercing connector of claim 1 wherein

said piercing cover is attached to said connector body by a mechanical fastener.
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8. The piercing connector of claim 1 wherein
a drain opening extends through said connector body.
9. A piercing connector kit comprising:

a connector body having a plurality of conductor apertures, a piercing aperture, a
central cavity in communication with said phurality of conductor apertures and said
piercing aperture, and a plurality of ports each receiving a set screw capable of extending

into said central cavity to retain a conductor;

a piercing insert having a plurality of sets of piercing teeth and insertable into said

piercing aperture and into said central cavity; and

a piercing cover insertable into said piercing opening and attached to said

connector body.
10.  The piercing connector of claim 9 wherein

an insulated conductor extends through at least one of said plurality of conductor

apertures and into said central cavity.
11.  The piercing connector of claim 10 wherein

said set screw contacts said insulated conductor at a first position and at least one
set of said plurality of sets of piercing teeth are aligned to pierce said insulated conductor

at a second position.
12.  The piercing connector of claim 11 wherein

a mechanical fastener attaches said piercing cover to said connector body and
wherein tightening of said mechanical fastener causes said piercing insert to contact said

insulated conductor.
13. A piercing connector comprising:

a connector body having a plurality of conductor apertures, a plurality of ports for
receiving set screws, a piercing aperture, and a central cavity in communication with said

plurality of apertures, said plurality of ports, and said piercing aperture;
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a conductor sleeve positioned around each of said plurality of conductor

apertures;
a set screw posi‘tioned in each of said plurality of ports;
a cap connected to each of said plarality of ports;

a piercing insert, having a plurality of sets of piercing teeth, inserted into said

piercing aperture; and

a piercing cover inserted into said piercing opening and attached to said connector
body.

14.  The piercing connector of claim 13 wherein

said connector body comprises a top surface, a bottom surface, and a plurality of
side surfaces, and said plurality of conductor apertures being at least partially defined by
a plurality of tubular members extending from said top surface.

15.  the piercing connector of claim 14 wherein

said piercing aperture is positioned in said bottom surface and said piercing insert

is movable away from said bottom surface into said central cavity.
16.  The piercing connector of claim 14 wherein

said conductor sleeve comprises a base section having a first outer diameter, a tip
section having a second outer diameter smaller than said first outer diameter, and a

plurality of intermediate sections.
17.  The piercing connector of claim 16 wherein

said conductor sleeve further comprises a tapered extension opening.
18.  The piercing connector of claim 14 wherein

said conductor sleeve comprises corrugations.
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