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@ Electrical high voltage connector.

@ An electrical connector for use in connecting a male
contact to a female contact in an energized high voltage
circuit, the electrical connector having a female contact
assembly which is movable and is accelerated in response to
the generation of arc-quenching gases within the electrical
connector to aid in more rapidly closing the connection
between the female contact and the male contact, and kinetic
energy absorption and dissipation means for gradually
absorbing and dissipating at least a portion of the kinetic
energy imparted to the female contact assembly as a result
of such acceleration thereof, so as to decelerate the female
contact assembly and thereby facilitate bringing the female
contact assembly to a halt subsequent to closing the
connection.
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The present invention relates generally to electrical
connectors. and pertains, more specifically, to electrical
connectors of the type used in making a comnection in an

" energized high voltage circuit of an electrical distribution
syétem. | .
As set forth in some detail in our earlier U.S. Patent No.
4,186,985, one of the more &q:blesaie'siu:atjons which arises
. in the jcirﬁf_ar" of male and female contact elements in an energized
high "voltage circuit is the iarge amount of arc—quem:hmg gases
generated during fault closure and the concomitant high gas-
generated pressures which must be acoomodated by the connector.
The aforesaid patent traces the development of prior art devices
which are intended for fault closure ard discloses an mprovement
which aids in accomodating fault closure. These prior art
devices employ a piston-driven movable female contact assembly
vhich ishovedtmvardaSepérablemlecontactbythearc*que:nhjng
gases so as to accelerate engagement of the contacts, thus mini-
 mizing arcing time. |

Tt is an object of the present invention to provide an
electrical comector of the type described; that is, an electrical
commector in which one contact is moved by arc-quenching gases
into accele::"ate'd contact with. an inserted camplementary contact,
and which will operate effectively at higher voltages than -
earlier such devices. |

Arother cbject of the invention is to provide an electrical

connector of the type described and in which the movable contact
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assemblymaybaacceleratedtoagreaterspeedarﬂthenstopped,
subsequent to making contact, w:.thout a catastrophic failure
within the oonnector

_ Still amother object of the invention is to provide an
electrical connector of the type described and in which the
movabiie contact aiseibly is ecelerated by kinetic encriy
absorption and dissipation means, thereby enabling the accamo-
dation of higher arc—quencln.ng gas pressures and concomitant
higher speeds of movement of the movable contact assembly.

Yet another cbject of the invention is to provide an
electrical conhector which employs the proved construction
arrangement of prevn.ous movable contact assembly connectors
together with mpmvements which render the electrical connector
suitable for use in mak:.ng fault closure connections at signifi-
cantly higher voltages.

A further object of the invention is to provide an electrical
com:ectoroftheéypedeséribedazﬂvhichhnludesanextenﬁlcon-
figuration that renders the connector campatible with existing
high woltage electrical distribution systems.

The above objects, as well as still furthe.robjectsand
advantages, are attained by the present invention which may be
described briefly as an improvement in an electrical connector
of the type in which a contact element assembly is movable within
the electrical comnector from a first position to a second position
to accelerate a first contact element for rapid movement toward
engagement with a complementary second contact element brought
toward separable engagement with the first contact element w:Lthln

- e
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the electrical connector to camplete an energized high voltage
circuit, the improvement camprising kinetic energy absorption and
dissipation means associated with the electrical .connector for
gradually absorbing and dissipating at least a portion of the
kinetic energy imparted to the contactrelanent assembly as a
resuit of such acceleration as the contact element assembly moves
from the first position toward the second position so as subse-
quently to decelerate the contact element assembly and thereby
facilitate bringing the contact element aSSétbiy to a halt
subsequent to the engagement of the First and second contact
elements.

The invention will be more fully understood, while still
further objects and advantages will become é_apa:cent in the
following detailed description of embodiments of the invention
illustrated in the accampanying drawing, in which:

FIG. 1 is a longitudinal cross-sectional view of the forward
portion of an electrical connector element constructed in accord-
ance with the invention;

FIG. 2 is a view similar to FIG. 1, but with the component
parts in another operating psoition; |

FIG. 3 is a view similar to FIG. 1, but with the component
parts in still another operating position;

. FIG. 4 isane:ﬂ&gedfragmhtaxyviewafapoitibnof
FIG. 3; ' '

FIG. 5 is a longitudinal cross-sectional view of the forward

portion of another electrical comnector element constructed in
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accordance with. the imrentidn;

FIG. 6 is a view similar to FIG. 5, but with the component

" parts in another operating position;

FIG. 7 is a fragmented longitudinal cross-sectional view of

" portions of still another electrical connector element constructed

in accordance with the invention; and
FIG. 8 is a fragmented longitudinal cross-sectional view of

portions of yet another electrical connsctar element constructed
in accordance with the invention.

| Refezrulgmmﬂledramng, a:ﬂespec:.allytoFIG. 1
thereof, a forward portmn of a female electrical conmctor
element constructed in accordance with the invention and shown
in the form of a bushing insert is illustrated generally at 10.
Bushing :Ensert-lo is for use in.separable connection with a

complementary male connector element, such as a connector elbow

. (mot shown), in an energized high woltage circuit of an electri-~

cal distribution system (also not shown).

Bushing insert 10 has a housing 12 which includes an outer

housing casing 14 of elastomeric materials having an inner por-
tion 16 of insulating elastameric material and an outer portion
18 of conductive elastoreric material molded integral with inner
portioﬁ 16. Housing 12 further includes a rigid, metallic,
electrically conductive inner housing member 20 which extends
longitudinally between a forward end 22 and a rearward end 24
within casing 14. A threaded aperture 26 at the rearward end
24 receives a threaded stud 28 which is unitary with one end of
a metallic, electrically conductive extension 30 which itself is

. f
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threaded at the qthex end thereof (not shown) for attachment to
a high. voltage circuit, such as at the terminal of a transformer

(not shown) . A tubular insulating nowepiece 32 is threaded into
the inner housing member 20 at the forward end 22 thereof and
projects axially therefrom, in a manner now well-known in bushing
‘inserts, and carries an annular detent groove 34 adjacent the
" forward end 36 thereof for engaging a complementary detent in the
male connector element which will be connected with the bushing
insert 10. .

Iocated within the inner housing member 20 is a carrier

member 40 which is generally tubular and extends between forward
end 42 and rearward end 44, correspording to the forward and
rearward ends 22 and 24 of the inner housing member 20. A

" piston 46 is unitary with the carrier member 40 adjacent rearward
end 44 and is received within cylindrical immer surface 48 of
inner housing member 20 for axial sliding movement. A female con- .
~tact element 50 is threaded into the carrier member 40 at the for- ;
ward end 42 thereof so as to be integral with the carrier member |
40 and movable axially with movement of the piston 46 and the
carrier member 40. A tubular sleeve 52 of relatively sof£ in-
sulating plastic material is secured to the female contact element
' saasbyfastémrsMaMexterasfmrdbeyomthérﬂ
of the female contact element 50 to provide a forward tubular por-
tion 56 within which there is seated 2 First tubular guide 60,
aligned axially with the female contact element 50, and a second

tubular guide 62, also aligned axially with the female contact
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elemeni';, both guides 60 and 62 being affixed to the tubular por-
tion 56. Guide 60 is constructed of a material fram which arc-
between an inserted male contact element (not shown) and the

5 female contact element 50, and each guide 60 and 62 serves to
receive and guide a follower (x:otshdwnl oférc—quendﬁ.ng_gas«
evolving material which pro:jects from the male contact element
and precedes the male contact element as contact is made with
the female contact element 50. Guide 62 provides a sealing

10 arrangement forconf:mngthearc—quenchmggasesasthegases
are evolved within bushing insert 10, in a manner already known
in the art. a

VUpon insertion of the male contact element into guides 60

ard 62, under circumstances where the high voltage circuit is

15  encrgized, an arc will be struck between the male contact element
and the female contact element 50 prior to actual physical contact
between those elements. | The gas-ewolving materials present in
themlecontacgele:enéfoumerandmﬂegudesowiuauit

’;“amquemhinggaseswhid‘fwﬂ;lﬂwreamardly'intoa&anberﬂ

20 located adjacént transverse surfaces 66 and 68 of piston 46.
The pressure built up by gases in chamber 64 will act upon the
 piston 46 to move the piston 46 forward; out of the position
shown in FIG. 1, toward the position shown in FIG. 2, thereby
moving the entire female contact assenbly 70, which includes

25  carrier member 40, female contact element 50 and guides 60 ard
62, in an axially forward direction. Forward axial movement of
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the female contact assembly 70 will be contimued until piston 46
reaches the position illustrated in FIG. 3, at which position the
male contact element and the female contact element 50 will be

fully engaged ard the female contact assembly 70 will be stopped.

Thus, female contact assembly 70 will travel axially, in response

to the generation of arc-quenching gases, fram an initial retracted

location, as seen in FIG. 1, to a final advanced location, as seen
in FIG. 3, passing through an intermediate location, as depicted
in FIG. 2. - | |

Under fault closing conditions, the arc struck between the
male contact element and the female contact element very quickly
will generate a relatively large volume of gases, especially in
circuitéwheretheimltagescanbeashighasabmxtésw; In
addition, the hlgher voltages will produce an arc of greater axial
length, requiring a greater length of travel between the retracted
location and the advanced location of the female contact assembly.’
Under such circumstances the pistoﬁ- 46, and indeed the entire
female contact assenbly 70, will be accelerated to a relatively
high speed and will possess a considerable amount of kinetic
energy during travel from the retracted locations to the advanced
location. In order to enable bushing insert 10 to function
appropriately during a fault closing condition at such high
voltages, without a catastrophic failure, the structure of .
bushing insert 10 must accomodate the high speed of the female
contact assenbly 70, and the concomitant great amount of kinetic -
energy imparted to the female contact assembly 70, in order to
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decelerate and bring the famale contact assenbly 70 to a balt at
the advanced location. Thus, bushing insert 10 includes kinetic
energy absorption and dissipation means for absorbing and djssipat--.
ing the kinetic energy of female contact assembly 70 as the
assembly moves toward the advanced location. '
Referring now to FIGS. 1 through 4, the kinetic energy ab-
sorption and dissipation means is constructed as follows. A
stop member in the form of a nng 72 of relatively bard metal
is affized to the inner housing member 20 adjacent the forward
erxi22bymeansofathreédedcom;ectionat74 2 stop shoulder
76 mlocatedonthecaxrlernenberéoattbafonzarderﬁof
piston 46. Carrier member 40 has an outer cylindrical surface
78 which is spaced radially imwardly from cylindrical inner sur-
face 48 of inner housing member 20. When piston 46 is in the
position illustrated in FIG. 1, with the Female contact assembly
70, and carrier member 40, in the retracted location, stop shoulder
76 is spawd axially rearwardly from stop ring 72. Shearsble mem—
bers in the form of shearable rings 80, 82 and 84 are unitary with

' carrier member 40 ard project radially outwardly toward inner

}nusz.ngnenber 20toestabllshshearablelreans Pr:mary shearable
ring 80 is located adjaoerrt the forward end 42 of carrier member
40 to provide a primary shearsble structure while secondary shear-
able rings 82 and 84 are spaced axially from primary shearable
ring 80 and from one another to provide a secondary shearable
structure. Primary shearable ring 80 is spaced axially rearwardly

from stop ring 72.
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Upon. the striking of an axc, and the consequent generation
of arc-quenching gases, the female contact assembly 70 will be
accelerated for rapid movement Forward from the initial location,
depicted in FIG. 1, and over the length of trawvel defined by the
axial spacing between primary shearable ring 80 and stop ring 72.
such unimpeded acceleration will result in high speed travel of

" the female contact assembly enabling rapid closing of the gap

between the male contact element and the female contact element
50 and consequent reduction of arcing time. Initial contact will
be made between the male contact element and female contact element
50, ammearcgviubeei:mguished,mnfhefmmeoonéact
assembly .7Q is in the vicinity of the intermediate location shown
in FIG. 2.

Further forward movement of the female contact assembly 70

will facilitate completion of the comnection, but need not be as

rapid as the initial movement necessary to effect direct contact

between the male and female contact elements. Therefore, decelera-
tion can take place during such further Forward movement: so that
the female contack assembly 70 can be stopped when the advanced
location is reached, as shown in FIG. 3, without failure of the
bushing insert 10. Deceleration takes place as a result of the
absorption and éissipation of at least a portion of the kinetic
energy of ‘the female contact assembly 70 as each of tbe shearable

rings 80, 82 and 84 is sheared from the carrier member 40. Thus,

‘as primary shearable ring 80 moves forward it will.be ‘intercepted

by ring 72 which is stationary and projects into the path. of
travelofshearahleringBOsoastosheartheshearableringso
from the carrier member 40. Such shearing will absorb and dissi-
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pate same of the kinetic energy of the forwardly-moving female
contact assenbly 70, thereby effecting some deceleration, A
notch 86 is provided at the root 88 of shearable ring 80 to

assure that shearing will take place cleanly and at the root 88.

Continued forward travel of the female contact assembly 70 will
hring secondary ring B2 into engagement with sheared primary ring
80 and will effect the shearing of secondary ring 82 from the
carrier menber 40, acoaplishing further deceleration through the
ab'sozptioﬁ and dissipation of more of the kinetic energy imparted
to female contact assembly 70. Likewise, secondary shearsble ring
84 will be engaged with previously-shesred ring 82 to further
decelerate femie contact assembly 70 so that upon reaching the
advanced location shown in FIG. 3, stopsmﬁiaervsﬁllbe
coupled with stationary ring 72, through. the ‘sheared rings 80,

82 and 84 as seen in FIG. 4, axﬁpisbon‘;swin'behréﬁghti:oa
halt, together with the remainder of femle ,qoﬁtact assembly 70.
The gradual absorption and dissipation of kinetit emergy brought
about by the serial:shearing of rings 80, 82:and:84:serves o
decelerate and aid mbr:mgmgtoa stop the female contact assemb-
1y 70 wiﬂbuta.catastxoéhic failtméoftbeb:shi;:ginsertlo 7
so that the completed electrical connection will remain intact.

The provision of secondary rings 82 and 84 assures that the great-
est portion of the kinetic energy absorbed and dissipated by the
absorption and dissipation means is absorbed and dissipated as

the female contact assembly 70 travels from the intermediate loca-

tion to the advanced location so that maximim deceleration takes
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place after contact is made between. female contact element 50 and
the male contact element.

Under normal circuit closure conditions, when the circuit is
energized but no fault is present, primary shearable ring 80 will

not be sheared from carrier member 40 and serves as a stop ring

to limit the travel of female contact assembly 70 only to that

travel which facilitates switching. During such travel, arc-
quenching gasés are contained within the bushing insert 10 and
seals 90, which are carried by tubular sleeve 52, are provided
to maintain such contaimment as the female contact assembly 70
nmoves forward. However, under a fault closing condition, seals
90passbeyor:dthéfon:arderﬁ360ft11biﬂarrbsépiéce 32 and
open a passage 92 to vent ports 94 in carrier rember 40 to enable
the venting of -excessive arc-quenching gases. Seals 90 provide
an important function in that they assure that adequate arc-
quenching gases will be present for extinguishing an arc during
disconnection under energized conditions.
Turning now to FIGS. 5 and 6, aforwardportionofa.rpther
fémale electrical connector element constructed in accordance
with the invention is shown in the form of a forward portion of
bushing insert 110. Bushing insert 110 is similar to the above-
described bushing insert 10 in that a housing 112 includes an
outer housing casing 114 with imner and outer portions 116 and
118 of insulating and conductive elastomeric materials, respec—
tively, and a rigid, metallic inner tubular housing member 120.

A tubular insulating nosepiece 132 is threaded into housing member
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120 and has a forward end 136.

A tubular carrier member 140 includes a piston 146 unitary
therewith and received within a cylindrical immer surface 148 of
the housing member 120, A female contact element 150 is threaded
into the carrier member 140 so that the carrier member 140, the
pis%:on 146 and the female contact element ‘150 all are parts of an
axially movable female contact assembly 170.

A kinetic energy absorption and dissipation means includes
a shearing ring 172 affixed to the inner housing member 120, as
in the earlier—desc.riiaéd énbod:iment, anid a stop shoulder 176 at
the forward end of the piston 146. A shearable structure is pro-
vided on the outer surface 178 of the carrier marber 140 ard, as
before, includes a;icimary shearable structure in the form of a
shearable ring 180 located adjacent the forward end of the carrier
meber 140. In this instance, however, a secondary shearable

structure is in the form of a tapered portion 182 located on the |

stop shoulder 176 of piston 146. The tapered portion 182 extends
from an axially-forward smaller radius at 183 rearwardly to an
axially-rearward larger radius at 184. Upon fo::ward axial move-
nent of the female contact assembly 170 from the retracted loca-

tion Shown in FIG. 5 to the advanced location illustrated in FIG.

will‘beshearedf.ccmcarrriermnber'lw, with the aid of notch i

186 at root 188, and the tapered portion 182 will be intercepted

with the result that material will be sheared from the carrier
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" member 140, along the tapered portion 182, as .shown.at 182, The

gradual increase In the energy reguired to shear material 189
from the carrier menber 140 along the tapered portion 182 thereof
effects deceleration of the female contact assemiily 170 such that
the female contact assembly 170 will be balted effectivély at the
advanced position without failure of the bushing insert 110.
Preferably, a slight undercut is provided at 196, between
the shearable ring 180 and the stop shoulder 176 so as to facilitate
the venting of excessive arc—que.ndung gases through vent ports 194
and passage 192 after seals 190 pass beyond the forward end 136 of
tubular nosepiece 132, |
FIG. 7 illustrates fragmented portions of another bushing
insert 210 constructed in accordance with the invention. The
most forward portion of bushing insert 210, which is not illus-
trated in FIG. 7, may be constructed essentially the same as the

forward portion of the bushing inserts 10 and 110 described above.

* The arrangement wherein a housing 212 includes an outer housing

casing 214 of elastameric materials ard a rigid, metallic, elec-
trically conductive inner housing member 220 having a forward end
222 and a rearvard end 224 with a threaded aperture 226 at the
rearvard end 224 is the same as that of either bushing insert 10
or bushing insert 110. In this instance, however, the threaded
stud 228 which is received within threaded aperture 226 is a part
of a metallic, electrically conductive extension 230 which, in

end 234 thereof for attachment to a high wvoltage circuit, such as
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the terminal of a transformer (ot shown), inclides kinetic energy
absorption and dissipation means as follows.

Between the threaded stud 228 and the threaded aperture 232, -
extension 230 includes an axially-extending portion in the form of
neck 236 provided with a predetermined fransverse cross-sectional
area, as at 238, which will enable neck 236 to become permanently
deformed through axial elongation in response to an axially direct-
ed forc.er of sufficient magnitude applied to reck 236. 2 in
the earlier-described embodiments, bush:mg insert 210 includes a
carrier menber 240 having a piston 246 received within the inner
surface 248 of inner housing member 220. The carrier member 240
is movable within the inner housing member 220 between a retracted
16cation, wherein the piston 246 is at the rearward end 224 of the
inner housing member 220, and an advanced location, wherein the
carrier member 240, and the female contact assembly 27Q of which
carrier member 240 is a part, is located adjacent the Forward
end 222 of the imner housing member 220 with a stop shoulder 276
on the piston 246 coupled with a stop ring 272 affixed to the
inner l'ms.mgmatbe.r 220 to confine the carrier member 240 within

 the inner housing member 220.

Should the kinetic energy of the female contact assembly 270
be great enough to-cause potential damage to the bushing insert
210 once further movement of the female contact assembly 270 with-
in the inner housing member 220 is constrajmdbytbeaforesaia
coupling of the stop shoulder 276 with the stop ring 272 of the
inner housing member 220, at least same of the kinetic energy will
be absorbed and dissipated by the elongation and permanent
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deformation of neck. 236 Of extension 230, as shown exaggerated
in phantom at 280 fox illustrative purposes. Thus, the pre-
determined cross-sectional area at 238 is chosen, along with the
appropriate axial length of neck 236, so that enough of the
kinetic energy of the female contact': assembly 270 will be
absorbed and dissipated upon the impact resulting from the
coupling of stop shoulder 276 with stop ring 272 to preclude a
catastrophic failure in the bushing insert 210.

Turning now to FIG. 8, yet another a@dﬁnéﬁtofthe'
invention is illustrated in the form of bushing insert 310.
Bushing insert 310 also is similar to the earlier-described
enbodinents -in that a housing 312 includes an outer housing
casing 314 of elastameric materials ard & rigid, metallic,
electrically conductive inner housing member 320 which. extends
longitudinally between a forward end 322 and a rearward end 324
within outer housing casing 314. The construction of immer
housing menber 320 differs, however, from that of the correspond- -

ing camponent part of the aforesaid embodiments in that a rearward

" extension.330 is unitary with the inner housing member 320 at the

- rearward end 324. 2 blind hole 332 is located in the extension 330,

a portion of which is threaded at 334 for attachment to a high
voltage circuit. Blind hole 332 extends forward beyord the
threaded portion 334 to establish a tubular neck 336 in the
extension 330 between the rearward end 324 of the imner housing
manbe;:. 320 and the threaded portion 334. Tubular peck 336 is

provided with a carefully chosen predetermined cross-sectional area,
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‘as at 338, along with. the appropriate axial length, for purposes
"which will ke more fully described below,

Iocated within the inner housing member 320 is a carrier
member 340 having a piston 346 movable within the inner housing
menber 320 such that the carrier mevber 340 will move axially be-
toween a Tetracted location, illustrated in full lines, and an ad-
varnced loc;ation, illustrated in phantam, in much the same manner .
as set forth in connection w1ththe above—desc:rlbed embodiments.
Carrier member 340 and piston 346 thereof are parts of a female
contact assembly 370 similar to the cozresporxilng female contact _
assenblies of the above bushing inserts 10, 110 and 210. A stop
member in the form of stop ring 372 is affixed to the imer
housing member 320 and a stop shoulder 374 is located on piston
346. ,

When the female contact assembly 370 moves forward in re-
sponse to the pressure of arc-quenching gases generated upon fault
closure, the female contact assembly 370 will be accelerated to a
high speed and the stop shoulder 374 will engage the stop ring 372.
In order to decelerate the female contact assembly 370 arﬂbr:mg
it to a halt without a catastrophic failure in the bushing insert,
axial forward movement of the female contact assembly 370 subse-
quent to impact resulting from coupling of the stop shoulder 374
with stop ring 372 jis transmitted to tubular neck 336 of rearward
extension 330 which will elongate, as shown exaggerated in phantom
at 380Q, inresponsemtréa;dalfcrceexertedovermemss-
sectional area at 338. The permanent deformation of tubular neck
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336 thus serves to absorb and dissipate a spfficient amount of

the kinetic energy of female contact assanbly. .37(1 to preclude
failtre of the bushing insert 10, as well as failure of the connec-
tion, at threaded portion 334, with the high voltage circuit.

The tubular neck 336 provides the advantage of making available
higher torsional strength for the predetermined eross-sectional

 area 338 when the bushing insert 10 is assembled with the terminal

of the high woltage circuit. ‘

It is noted '-ﬁhat the absorption and dissipation of kinetic
energy of the mov:mg female contact assembly is accomplished in
each of the above-described embodiments either through means of
a material shear:.ng arrangement or through means of a material
deformation arrangement or a cambination of both means. Thus,
bushing inserts 10 and 110 may include a permanently deformable
neck 236 in the respective extensions 30 and 130 to supplement
the material shearing arrangements of those bushing inserts in
absorbing and dissipating kinetic energy, but need not include
such a supplatentary kinetic energy absorption and dissipation
means. On the other hand, the permanently deformable neck 236
of bushing insert 210 may be employed as the sole kinetic energy
absorptioﬁ and dissipation reans in bushing insert 210 or may be
supplemented by the material shearing means disclosed in connection
with the description of bushing inserts 10 and 110. Likewise, the
tubular neck 336 of rearward extension 330 in bushing insert 310
may serve as the sole means for absorbing and dissipating kinetic
energyormaybesupplenentedbythematerial shearing means dis-
closed in the earlier-described embodiments.
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It is to be understood that the above detailed description
ofenbodﬁ:rentsoftheimrentionareprcvidedbywayofexample
only. Various details of design and construction may be modified
without departing from the true spirit and scope of the inwvention
as set forth in the gppended claims.
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CLATMS:
1. In an electrical connector of the type in which a
oontact element. assembly is movable within the electrical connect-

or fram a first position to a second position io accelerate a

~ first contact element for rapid movement toward engagement with.

a camplementary second contact element brought toward separable
engagement with the first contact element within the electrical
connector to camplete an .e_ne_rgized high voltége circuit, the
improvement comprising: kinetic energy absorption and dissipation
means associated with the electrical connector for gradually ab-
sorbing and dissipatiﬁg at least a portion of the kinetic energy

imparted to the contact element assembly as a result of such

acceleration as the contact element assembly moves fram the fi.rst

position toward the second position so as subsequently to deceler-
ate the contact element assembly and thereby facilitate hringing
the contact element assembly to a halt subsequent to the engage-
ment of the first and second contact elements.

2. The invention of clajm 1 v;here:in the first contact
element will engage the second contact elerent at a third position
of the contact element éssenbly intermediate the first position
and the second position, and the kinetic energy absorption and
dissipation means is located relative to the first and‘ second
contact elements such that the greatest portion of the kinetic
energy i_s absorbed and dissipated during movement of the contact
element assembly from the intermediate third position toward the

second position.
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3. The invention of claim 1 further comprising;

an axially extending tubular housing menber within the
electrical w@r;

a carrier member carrying the first contact element ard
movable axially within the tubular housing member between a first
Jocation, corresponding to the first position of the contact ele-
ment assenbly, and a second location, corresponding to the second
position of the contact element assembly;

a stop member fixed in the tubular housing member; and

a stop shoulder on the carrier member spaced a first
axial distance fram the stop mamber when the carrier member is in
the first location; .

the kinetic energy absorption and dissipation means
further including shearable means on the carrier member and
located between the stop member and the stop shoulder in position
to be engaged by the stop shoulder upon axial movement of the
carrier member from the first locéf:‘.on to the second location for
shearing in response to such engagement with the stop member so
as to absorb and dissipate k:metlc energy as the carrier member
moves ax1allfyf;:cin tbe first location to the second location;
whereby the carrier member will arrive at the second location
with kinetic energy diminished by the amount absorbed and dissi-
pated by shear:.ng of the shearable means. .

4. The invention of claim 3 wherein the shearable means
includes at least one shearable mamber integral with the carrier

member between the stop member and the stop shoulder and capable

-20~
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of being sheared therefrom in response to engagement with the
stop member during axial movement of the carrier member from the
first location to the second location.

5. The invention of claim 3 wherein the shearable means
inclwdes a tapered portion located on the carrier member so as
to be capable of being sheared from the carrier member by means
of the stop member as the carrier member is moved axially- from
the first location to the secornd location.

6. The invention of claim 3 wherein the shearable means
includes:

a primary shearable member integral with.the carrier
member between the stop member and the stop shoulder and capable
of being sheared therefrom in response to engagement with. the
stop member during axial movement of the carrier member fraom the
first location to the second location; and

a secondary shearable structure between the primary
shearable member and the stop shoulder, the secondary shearable
structure being capable of being sheared from the carrier member
in response to engagement with the sheared primary shearable mem-
ber during axial movement of the carrier member from the first
location to the second location.

7. The invention of claim 6 wherein the secondary shearable
structure includes a phurality of shearable secondary members lo-
cated on the carrier member so as to be capable of being sheared
from the carrier member by means of the stop member as the carrier
member is moved axially fram the first location to the second lo-

cation.
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8. The invention of claim 6 wherein the. secondary shearable
structure includes a tapered portion located on the carrier member
so o3 to be capable of being sheared from the carrier member by
means of the stop mamber as the carrier member is moved axially
fram the first location to the second location.

9. The invention of claim 3 wherein:

the tubular housing member is generally cylindrical
and includes a generally cylindrical internal surface;

the carrier member is generally tubular and includes
a forward erd ard a rearward end;

the first contact element inclwdes a female contact
adjacent the forward end of the carrier member;
a piston integral with the carrier member adjacent the

rearward erdd thereof is fitted into the internal surface of the

. tubular housing member for axial sliding movement therein;

the shearable means includes a shearable structure
located on the tubular carrier member axially forward of the
piston for axial movement along a pa’ch of travel in response
to axial movement of the piston within ﬁe internal surface of
the tubular housing member, the shearable structure extending
radially toward the tubular housing member; and

the stop member includes a shearing ring located on
the tubular housing member and projecting radially into the
path of travel followed by the shearable structure as the tubular
carrier mamber moves axially from the first location to the second

location.



10

15 -

20

25

‘0113491
23 N
10. The invention of claim 2 wherein the shearable structure
includes at least one shearable ring on the tubular cén:ier membear
and projecting radially toward the tubular hovsing member.
1li. The ixweﬁtion of claim 9 or 10 wherein the shearable

structure includes an axially tapered portion on the tubular

. carrier member forward of the piston, the tapered portion tapering

from an axially-forward smaller radius toward an axially-rearward

" larger radius.

12. The invention of claim 9 wherein the shearable
structure includes a plurality of shearable rings on the
tubular carrier member, each spaced axially from amother and
each projecting radially toward the tubular housmg member .

13. The invention of claim 3 wherein the kinetic energy
absorption and dissipation means further includes axially
deformable means integral with the tubular housing member for
béing permanently deformed axially to permit further movement
of the carrier member axially in response to coupling of the .
stop shoulder for movement with the stop member toward the
first location so as to absorb and dissipate kinetic energy
as the carrier member noves to the second location subsequent
to said coupling of the stop shouldei' with the stop member .

14. The invention of claim 13 wherein the axially deformable
means includes an axially—extending neck of permanently deformable
material of predetermined cross-sectional area and axial length

integral with the tubular housing member.
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15, The invention of claim 9 wherein the kinetic energy
absorption ard dissipation means further includes axially deform-
able means integral with the tubular housing member for Being
muy deformed axially to pexrmit further movement of the
carrier member axially in response to coupling of the stop
shoulder f<?r movement with the stop member toward the first loca-
tion so as to absorb and dissipate kinetic energy as the carrier
member WOvVes to the second location subsequent to said coupling
of the stop shoulder with the stop member;

the tubular housing member has a forward end corres-
pording to the forward end of the carrier mamber and a rearward
erﬁcox:respondj;lgtothereaxwazﬂendofthec'arriez;mnber; and

the axially deformable means is located adjacent the
rearward end of the tubular housing member.

16. The invention of claim 15 wherein the axially deformable
means includes a neck of permanently deformable material integral
with the tubular housing member and extending axially rearwardly
beyord the internal surface of the tubular housing member, the
neck having a predetermined cross-sectional area and axial length
and being capable of elongation to absorb and dissipate kinetic
energy as the carrier member moves to the second locaticn subse-
quent to said coupling of the stop shoulder with the stop member,

17. The invention of claim 1 further comprising:

an axially extending tubular housing member within the
electrical connector; _

a carrier member carrying the first contact element and
movable axially within the tubular housing member between a first
location, corresponding to the first pe=ition of the contact ele-

-
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ment asserbly, and a second location, corresponding to the
second position of the contact element assanbly;

a stop member fixed in the tubular housing member; and

a stop shoulder on the carrie: member spaced a first
axial distance fram thev stop member when the carrier member is
in the first location;

the kinetic energy absorption and dissipation means
further including axially deformable means integral with the
tubular housing member for being permanently deformed axially
to permit movement of the carriér menber axially in response
to coupling of the stop shoulder for movement with the stop
member toward the first location so as to absorb and dissipate
kinetic energy as the carrdiér member moves to the second loca-
tion subsequent to said coupling of the stop shoulder with the
stop member.

18. The invention of claiml7 wherein the axially deformable

means includes an axially-extending neck of permanently deform-

ablem material’of predetermined cross—sectional: area and axial
length integral with the tubular housing member.
19. The invention of claim 17 wherein:
the tubular housing member is generally cylindrical
and includes a generally cylindrical internal surface;
the carrier member is generally tubular and includes a
forward erd arxxi a rearward end;
the first contact element includes a female contact

adjacent the forward end of the carrier member;
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a piston. integral vith. the caxriex member adjacent the
rearward end thereof is fitted into the internal surface of the
tubular housing member fox" axial sliding movement therein;

the tubular housing member has a forward end corres-
ponding to the forward end of the carrier member and a rearward
end corresponding to the rearward erd of the carrier member; and

the axially deformable means is located adjacent the
rearward end of the tubular Inus:mg menber .,

20. The invention of claim 19 wherein the axially deformable
means includes a neck of permanently deformable material integral
with the tubular housing member and extending axially rearwardly
beyond the internal surface of the tubular housing member, the
neck having a predetermined cross-sectional area and axial length
and being capable of elongation to absorb and dissipate kinetic

_ energy as the carrier member moves to the second location subse-

quent to said coupling of the stop shoulder with the stop member.
21, The invention of claim 5, 6, 7, 8, 9, 13, 15, 17 or 19
wherein the first contact element will engage the second contact
element at a third position of the contact element assembly inter-
mediate the first position and the second position, and the
kinetic energy absorption ard dissipation means is located relative
to the first and second contact elements such that the greatest
portion of the kinetic energy is absorbed and dissipated during
movement of the contact element assembly fram the intermediate
third positio;l toward the secord position.
22. A female electrical comnector for use in separahly connect-
ing a male contact element with an energized high woltage circuit,

said connector camprising a rigid conductive housing having a first
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end adapted to receive said male contact element, a second end
adapted to be substantially closed and an internal wall surface
providing an axially extending opening therebetween, an elongate
female contact assembly including a tubular piston of conductive
material within and in electrically conductive relationship with
said housing and axially movable between a first position wherein
said piston is maximally spaced from said first housing end and
a second position wherein said piston is minimally spaced from
said first housing end, said piston providing said comnector
with a chamber adjacent said second housing end, and female
contact means for engaging said male contact element, said
female contact means being carried by and movable with and in
electrically conductive relationship with said piston, said

female contact assembly being configured to transmit to said

. chanmber arc-quenching gas which is generated in response to an

arc being struck between said male contact element and said
female contact means as said male contact element approaches
said female contact means so as to 'accelerate the female
contact means for rapid movement toward the inale contact
element, said connector further camprising kinetic energy
absorption and dissipation means associated with the housing
and the female contact means for gradually absorbing and
dissipating at least a portion of the kinetic energy imparted
to the female contact means as a result of such acceleration as
the piston moves from the first position to the second position
so as subsequently to decelerate the female contacf means and

thereby facilitate hringing the female contact means to a halt
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subsequent to engagenent of the female contact means with. the
male contact element.

23. The invention of claim 22 wherein the female contact
means will engage the male contact element at a third position
of the piston mtenredlate the first position and the second
position, and the kinetic energy absorption and dissipation
means is located relative to the female contact means and the
male contact element such that the greatest protion of the kinetic
energy is absorbed and dissipated during m:;_varen'i: of the piston
fraom the intermediate third position toward the second position.

24. The invention of claim 22 further comprising:

aétopnemberﬁxedinthetnusing; Land
a stop shoulder on the female contact assembly spaced

axially from the stop member when the piston is in the first

- position;

the kinetic energy absoiption and dissipation means
further including shearable means on the female contact assenbly,
between the stop member and the stop shoulder and in position to
be.engaged by the stop shoulder upon axial movement of the piston
from the first position to the second position, for shearing in
response to such engagement with the stop shoulder to absorb and
dissipate kinetic energy as the piston moves from the first posi-
+ion to the second position, wherehy the piston will arrive at
the second position with the kinetic encrgy of the female contact
assenbly diminished by the amount absorbed and dissipated by

shearing of the shearable means.
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25. The invention of claim 24 wherein the shearable means
includes at least one shearable member integral with.the female
contact assembly between the stop member and the stop shoulder
and capable of being sheared therefrom in response to engagement
with the stop member during axial movement of the piston fram the
first position to thé second position.

26. The invention of claim 24 wherein the shearable means
includes a tapered portion located on the female contact assembly
so as to be capable of being sheared from the female contact |
assembly by means of the stép mamber as the piston is moved
axially from the first position to the second position.

27. The invention of claim 24 wherein the Shez—;rable rmeans
includes:

a primary shearable manberintegralm’ch__the female con-

tact assembly between the stop member and the stop shoulder amd

capable of being‘ sheared therefrcm in response to engagement with
the stop member during axial movement of the piston from the first
position to the secornd position; and
a secordary shearable étructure between the primary

shearable member and the stop shoulder, the secondary shearable
structure being capal?le of being sheared fram the female contact
asser;bly in response to engagement with the sheared primary
shearable mamber during axial movement of the piston from the
first position to the second position.

28. The invention of claim 27 wherein the secondary shearable

structure includes a plurality of shearable secondary members

Ot e
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located on the female contact assembly so as to be capable of
being sheared from the female contact assembly By means of the
stop member as the piston is moved axially from the first position '
to the secornd ppsition.

29. The invention of claim 27 wherein the secondary shearable
structure includes a tapered portion located on the female contact
assembly so as to be capable of being sheared fram the female con-
tact assembly by means of the stc;pn\arxberas the piston is moved
axially from the first position to the second position.

30. The invention of claim 24 wherein:

the shearable means includes a shearable structure
located on the female contact assembly axially forward of the
piston for axial movement along a path of travel in response to
axial movement of the piston within the housing, the shearable
structure exterding radially toward the internal wall surface of
the housing; ard ' -

the stop member inclrdes- a shearing ring located in the =~
housing and projecting radially into the path of travel followed
by the shearable structure as the piston moves axially from the
first position to the second position.

31. The invention of claim 30 wherein the shearable structure
includes at least one shearable :Eing on {:he female contact assembly
and projecting radially toward the internal wall surface of the

housing.
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32. The invention of claim 30 or 31 wherein the shearable
structure inclhiudes an axially tapered portion on the female con-
tact assembly forward of the piston, the tapered portion tapering
from an axially-forward smaller radius toward an axailly-rearward
larger radius.

33. The invention of claim 30 wherein the shearable structure
includes a plurality of shearable rings on the female contact
assembly, each spaced axially from another and each projecting
radially toward the internal wall surface of the housing.

34. The invention of claim 24 wherein the kinetic energy
ahsorption and dissipation means Further includes axially deform-
able means integral with the housing for being permanently deform-
ed axially to permit further movement of the piston toward the |

first position in response to coupling of the stop shoulder with

the stop member so as to absorb and dissipate kinetic energy as

the piston moves to the second position subsequent to said
coupling of the stop shoulder with the stop member.

35. Th.e invention of claim 34 whereln the axially deformable
means includes an axially-extending neck of permanently deformable
material of predetermined cross-sectional area and axial length
integral with the housing.

36. The invention of claim 30 wherein the kinetic energy
absorption and dissipation means further includes axially deform-
able means integral with the housing for being permanently de-
formed axially to permit further movement of the piston toward
the first position in response to coupling of the stop shoulder
with the stop member so as to absorb and dissipate kinetic energy
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as the piston moves. to the second position.subseguent to said
coupling of the stop shoulder with the stop member; and

the axially deformable means is located ad.jacent the
secord end of the housing.

37. The invention of claim 36 wherein the axially deformable
means inchides a neck of permanently deformable material integral
with the housing and extending axially rearwardly beyond the
internal wall surface of the housing, the neck having a pre-
determined cross—-sectional area and axial length and bBeing capable of
elongation to absorb and dissipate kinetic energy as the piston
moves to the second position subsequent to said coupling of the
stop shoulder with the stop member.

38. The invention of claim 22 further comprising:
a stop member fixed in the tubular housing member; and

a stop shoulder on the female contact assembly spaced
axially from the stop member when the piston is in the first
position;

the kinetic energy absorption and dissipation means
including axially deformable means integral with the housing
for beirg permanently deformed axiably to permit further move-
ment of the piston toward the first position in response to
cowpling of the stop shoulder with the stop member so as to
absorb and dissipate kinetic energy as the piston moves to the
secord position subsequent to said coupling of the stop shoulder
with the stop member.



10

15

20

0113491
33

39. The invention of claim 38 wherein the axially deformable
means includes an axially-extending neck of permanently deformable
material of predetermined cross-—sectional area and axial length
integral with the housing.

40. The invention of claim 39 wherein the axially deformable
means is located adjacent the second end of the IDusing;

41. The invention of claim 40 wherein the axially deformable
means includes a neck for permanently deformable material integral
with the housing and extending axially rearwardly beyond the internal
wall surface of the housing, the neck having a predetermined cross-—
sectional area and axial length and being éapable of élqngation to
absorb and dissipate kinetic energy as the piston moves to the
second position subsequent to said coupling of the stop shoulder
with the stop member.

42, The invention of claim 26, 27, 28, 29, 30, 34, 36 ,38 or
46. wherein the female contact means will engage the male contact
element at a third position of the piston intermediate the first
position and the second position, and the kinetic ensrgy absorption
and dissipation means is located relative to the female contact
means and the male contact element such that the greatest portion
of the k:metlc energy is absorbed and dissipated during movement
of the piston from the intermediate third position toward the

second position.
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