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(587) Abstract: A panel-mounted electrical
connector pair (12,36) has a recessed
electrical connector (12) having a socket
portion (18) with a first flange (26)
proximate an open end (20) thereof, a first
distal web (22) and a first type of electrical
terminal (24a) protruding through said first
distal web (22). The socket portion (18) is
extendable through a first opening (64) in

4 a first panel (62), with the first flange (26)
- a
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abutting against the first panel (62). The
connector pair (12, 36) includes a protruding
connector (36) with a plug portion (38). The

- 92a

protruding connector (36) has a proximal end

plate (42), a second distal web (44) spaced
from the proximal end plate (42), a second
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flange (48) disposed on the protruding
connector (36) proximate to the second distal
web (44), and a second type of electrical
terminal (46a) protruding through the second
distal web (44) toward the proximal end
plate (42). The proximal end plate (42) has
an opening (94a) therein aligned with the
second type of electrical terminal (46a).
The protruding connector (36) is extendable
through a second opening (76) in a second

96

panel (74), with the second flange (48) abutting against the second panel (74). The plug portion (38) is slideably receivable within
the socket portion (18) with the proximal end plate (42) approaching the first distal web (22). The first type electrical terminal (24a)
penetrates the opening (94a) in the end plate (42) and electrically contacts the second type electrical terminal (46a) establishing an
area of contact located between the first flange (26) and the first distal web (22) when the first panel (62) and the second panel (74)

are brought together in close parallel juxtaposition.
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CONNECTORS FOR UNDER CABINET LIGHTING

TECHNICAL FIELD OF THE INVENTION

The present invention relates to the field of electrical connectors,
in particular, to devices for establishing electrical connections between modular

electrical fixtures.

BACKGROUND ART

Modular lighting fixtures presently are known wherein a number of
similar fixtures may be provided and installed end-to-end. These structures
typically are hard-wired to each other and to a source of electrical current,
which is a time-consuming process often requiring the services of a licensed
electrician. Mated electrical connectors have been proposed for electrically
bridging adjacent lighting units without the need for wired connections between
the units. It remains an objective, however, to provide an electrical connection
device that allows a plurality of fixtures to be electrically connected each to the
next in an end-to-end arrangement in a maximally safe, economical, convenient
and reliable manner. The device should be simple enough so that it can be
installed and connected by relatively unskilled persons at the site. The device
should also be simple in design to facilitate manufacturing and promote its

interchangeability among fixtures presently on the market.

DISCLOSURE OF THE INVENTION
The problems and disadvantages associated with conventional

apparatus and methods for connecting lighting fixtures are addressed by the
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present invention which includes a panel-mounted electrical connector pair
having a recessed electrical connector with a housing body. The housing body
has a socket portion with a first flange proximate an open end thereof, a first
distal web and at least one first type of electrical terminal protruding through the
first distal web. One end of the at least one first type electrical terminal extends
into the socket portion, with another end thereof protruding through the distal
web in a direction opposite to the socket portion. The socket portion is
extendable through a first opening in a first panel, with the first flange abutting
against a first surface on the first panel. The connector pair includes a
protruding connector with a piug portion. The protruding connector has a
proximal end plate, a second distal web spaced from the proximal end plate, a
side wall extending between the proximal end plate and the second distal web,
a second flange disposed on the protruding connector proximate to the second
distal web and at least one second type of electrical terminal protruding through
the second distal web toward the proximal end plate. The proximal end plate
has at least one opening therein aligned with the at least one second type of
electrical terminal. The protruding connector is extendable through a second
opening in a second panel, with the second flange abutting against a second
surface on the second panel. The plug portion is slideably receivable within the
socket portion with the proximal end plate approaching the first distal web. The
at least one first type electrical terminal penetrates the at least one opening in
the end plate and electrically contacts the at least one second type electrical
terminal establishing an area of contact located between the first flange and the
first distal web when the panel and the second panel are brought together in

close parallel juxtaposition.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention,

reference is made to the following detailed description of the exemplary
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embodiments considered in conjunction with the accompanying drawings, in
which:

FIG. 1 is a perspective view of a mated electrical connector pair
according to the present invention with the connectors separated from each
other.

FIG.2 is a schematic cross-section of the mated electrical

connector pair of FIG. 1 with the connectors separated from each other.

FIG. 3 is a schematic cross-section of the mated electrical
connector pair of FIG. 1 with the connectors joined to each other.

FIG. 4 is a perspective view of the proximal end of a recessed

connector according to the present invention as installed in a lighting fixture.

FIG. 5 is a perspective view of the distal end of the recessed
connector of FIG. 4 as viewed from beneath the lighting fixture.

FIG. 6 is a perspective view of the proximal end of a protruding

connector according to the present invention as installed in a lighting fixture.

FIG. 7 is a perspective view of the distal end of the protruding
connector of FIG. 6 as viewed from beneath the lighting fixture.

FIG. 8 is a top perspective view of the mated electrical connector
pair of FIG.1 as installed in two lighting fixtures with the recessed and

protruding connectors separated from each other.

FIG.9 is a botitom perspective view of the mated electrical
connector pair of FIG. 1 as installed in two lighting fixtures with the recessed

and protruding connectors joined to each other.
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BEST MODE FOR CARRYING OUT THE INVENTION

Throughout the present disclosure, the terms "proximal,
"proximate", "distal" and "distant" are defined relative to the end of each
connector that faces or contacts its mated connector.

FIGS. 1-3 illustrate a preferred embodiment of a mated electrical
connector pair 10 according to the present invention. Recessed connector 12
has a substantially cylindrical housing body 14 having flats 16a,16b on opposite
sides of its exterior surface and a socket 18 having a proximal open end 20 and
a distal web 22 (FIG.2). Web22 retains a plurality of male electrical
terminals 24a,24b,24c, which project into the interior of socket 18 and are
recessed behind its open end 20. A flange 26 is located near the open end 20
of socket18 and is continuous with the exterior of housing body 14.
Retainers 28a,28b are located within flats 16a,16b, respectively, and have fixed
ends 30a,30b which are integral with housing body 14, and free ends 32a,32b
which are adjacent to the distal side of flange 26 and protrude above the
surface of flats 16a,16b, respectively. Retainers 28a,28b are defined by U-
shaped grooves 33 which penetrate flats 16a,16b. An annular ring 34 is

located at the proximal side of flange 26.

Protruding connector 36 has a protruding plug portion 38 with
side wall 40, a proximal end plate 42 and a distal web 44 (FIG. 2). Web 44
retains a plurality of female electrical terminals 46a,46b,46¢ which project
interiorly to side wall 40 and are recessed behind end plate 42. A flange 48 is
located distally on plug 38 and is continuous with the exterior of the side
wall 40. Annular groove 50 is located in the proximal side of flange 48.
Cylindrical shroud 52 extends distally from flange 48 and has flats 54a,54b on
opposite sides of its exteridr surface. Retainers 56a,56b are located within
flats 54a,54b, respectively, and have fixed ends 58a,58b which are integral with
shroud 52, and free ends 60a,60b which are adjacent to the distal side of
flange 48 and protrude above flats 54a,54b. Retainers 56a,56b are defined by
U-shaped grooves 61 which penetrate flats 54a,54b.
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Only one male electrical terminal 24a and one female electrical
terminal 46a are shown in FIGS. 2 and 3 for ease of illustration. In practice,
connectors 12,36 would typically be provided with three terminals each, viz.,
positive (+), negative (-) and ground (0).

Plug 38 is dimensioned to fit within socket 18, preferably forming
a close fit (FIG. 3) between plug 38 and socket 18 along at least a portion of
the length of the plug. Plug 38 may be rounded or tapered slightly at the
conjunction of end plate 42 and side wall 40 to help guide entry of plug 38 into
open end 20 of socket 18. In the illustrated preferred embodiment, socket 18
and plug 38 present circular cross-sections. In other preferred embodiments,
the socket 18 and plug 38 may present complementary non-circular cross-
sections. Annular ring34 and annular groove 50 are complementary
structures, arranged so that ring 34 fits into groove 50 when plug 38 has been
fully inserted within socket 18 (FIG.3). In other preferred embodiments,
annular ring 34 and annular groove 50 may be omitted or other complementary

structures may be provided in lieu of the ring and groove.

In the illustrated preferred embodiment, means are not provided
to secure the connectors 12 and 36 to each other. It is anticipated that such
means would not be needed when the connectors are used to provide an
electrical connection between adjacent electrical fixtures, such as fluorescent
lighting units, since such units would be secured in place, e.g., to a ceiling or to
a cabinet. Connectors 12,36 may be provided with means to secure the joined
connectors to each other without departing from the scope of the invention.
Such means may include various arrangements of plugs, flanges, or hooks and

their receptacles that would be obvious to the ordinarily-skilled practitioner.

Flange 26 and retainers 28a,28b co-operate to secure recessed
connector 12 within opening 64 of a panel 62 having a proximal side 66 and a
distal side 68. Flange 26 presents a proximal face 70 and a distal face 72.
Preferably, both faces 70,72 are substantially flat and perpendicular to the
outer surface of housing body 14. Flange 26 and retainers 28a,28b are
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positioned so that panel 62 is secured between distal face 72 of flange 26 and
free ends 32a,32b of retainers 28a,28b when connector 12 is installed in
opening 64. In the illustrated preferred embodiment, flange 26 is placed near
the open end 20 of socket 18 so that only flange 26 and annular ring 34 extend
beyond proximal side 66 of panel 62 (FIG. 4). In other preferred embodiments,
flange 26 may be located at some distance from open end 20 of socket 18 so
that some portion of housing body 14 extends proximally beyond flange 26,
and, thus, beyond proximal side 66, so that housing body 14 may act as a
spacer between adjacent lighting units.

Similarly to the arrangement that secures connector 12, flange 48
and retainers 56a,56b co-operate to secure protruding connector 36 within
opening 76 of a panel 74 having a proximal side 78 and a distal side 80.
Flange 48 presents a proximal face 82 and a distal face 84. Preferably, both
faces 82,84 are substantially flat and perpendicular to the outer surface of side
wall 40. Flange 48 and retainers 56a,56b are positioned so that panel 74 is
secured between distal face 84 of flange 48 and free ends 60a,60b of
retainers 56a,56b when connector 36 is installed through opening 76.
Preferably, when connector 36 is installed within opening 76, only plug 38 and
flange 48 project beyond proximal side 78 of panel 74 (FIG. 6). The length of
the projecting portion of plug 38 approximates the depth of socket 18 so that
the proximal faces 70,82 of flanges 26,48 approach or contact each other when
plug 38 is fully inserted into socket 18 (FIG. 3).

Openings 64 and 76 are dimensioned to receive connectors 12
and 36, respectively. In the illustrated preferred embodiment, housing body 14
is provided with flats 16a,16b, causing housing body 14 to have a non-circular
cross-section perpendicular to its central axis. Similarly, shroud 52 is provided
with flats 54a,54b, causing shroud 52 to have a non-circular cross-section.
Preferably, panel openings 64 and 76 have complementary shapes to the non-
circular cross-sections of housing body 14 and shroud 52, respectively. This

arrangement controls the orientation of connectors 12,36 when they are
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installed in openings 64,76 and prevents connectors 12,36 from rotating in
openings 64,76 after installation. Openings 64,76 may be identical industry-
standard panel openings and the respective cross-sections of housing body 14
and shroud 52 may be dimensioned to be complementary to such panel
openings. The use of such standard shapes facilitates the mass production of
connectors 12,36 and their interchange among pre-fabricated panels and
fixtures from various sources. In other preferred embodiments, opening 64
may be of a different size than opening 76 with housing body 14 and shroud 52
dimensioned accordingly. Providing differently-sized openings 64,76 in the
opposing end panels of a plurality of lighting fixtures would then force the
alternation of recessed connectors and protruding connectors when the lighting

fixtures are installed in an end-to-end arrangement.

It is intended that connectors 12,36 of the illustrated preferred
embodiment will be installed in their respective panels 62,74 by inserting
connectors 12,36 through the corresponding panel openings 64,76. The distal
end 43,53 of each connector 12,36 is inserted into the corresponding panel
openings 64,76 and the connector is pushed through the opening until distal
faces 72,84 of fianges 26,48 each contact proximal sides 66,78 of the
corresponding panels 62,74. As the housing body 14 or shroud 52 is inserted
through the corresponding panel opening 64,76, the free ends 32a,32b,60a,60b
of the corresponding retainers 28a,28b,56a,56b are compressed inward toward
housing body 14 or shroud 52, respectively. After retainers 28a,28b,56a,56b
have been pushed past the panels 62,74, they spring back to their original
positions with free ends 32a,32b,60a,60b abutting distal sides 68,80 of
panels 62,74, respectively.  Preferably, the illustrated combinations of
flanges 26,48 and retainers 28a,28b,56a,56b are arranged so that free
ends 32a,32b,60a,60b are released when the corresponding flange 26,48 is in
contact with the corresponding panel 62,74, causing the panels 62,74 to
become  secured between the flanges26,48 and the free
ends 32a,32b,60a,60b of retainers 28a,28b,56a,56b. This arrangement allows
connectors 12,36 to be installed in the field quickly by persons having no
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special skill and prevents connectors 12,36 from being pulled through
openings 64,76 after they have been installed.

Connectors 12,36 may be secured within their respective
panels 62,74 by means other than the flange-and-retainer arrangement
described herein. For example, they may be secured by the use of adhesives,

threaded fasteners, or flanged posts that fit through small holes in the panel.

Connectors 12,36 preferably are fabricated entirely from an
insulating material, such as an injection-molded plastic, with the exception of
the electrical terminals, e.g., terminals 24a and 46a, which are fabricated from
a metal or metallic alloy suitable for electrical service. Preferably, all of the
non-metallic structures recited for the respective connectors 12,36 are
fabricated as a single (monolithic) piece.

Recessed connector 12 is provided with three male
terminals 24a,24b,24c, each having a corresponding proximal end 86a,86b,86¢
and distal end 88a,88b,88c. Male terminals 24a,24b,24c pass through web 22
and are retained therein by means known in the art. Distal ends 88a,88b,88c
of male terminals 24a,24b,24c project distally beyond web 22. Proximal
ends 86a,86b,86¢c extend toward open end 20 and are recessed within
socket 18 so that no part of any proximal end 86a,86b,86¢ projects beyond
open end 20. in the illustrated preferred embodiment, proximal
ends 86a,86b,86c are configured as flat blades. In other preferred
embodiments, they may be configured as pins or as the male members of other

known mated conductor pairs used in electrical connectors.

Protruding connector 36 is provided with three female
terminals 46a,46b,46c, each with a corresponding proximal end 90a,90b,90c
(only proximal end90a being visible in FIGS.2 and 3) and distal
end 92a,92b,92c. Female terminals 46a,46b,46¢ pass through web 44 and are
retained therein by means known in the art. Proximal ends 90a,90b,90c are
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located within side wall 40, behind proximal end plate 42. Distal
ends 92a,92b,92¢ project beyond web 44 in a direction away from end plate 42.

Proximal ends 90a,90b,90c of female terminals 46a,46b,46¢c are
accessible to male terminals 24a,24b,24¢ through openings 94a,94b,94c in end
plate 42 of plug 38. As will be evident to the ordinarily-skilled practitioner,
openings 94a,94b,9%4c, female terminals 46a,46b,46¢ and male
terminals 24a,24b,24c must be arranged so that each male terminal will make
electrical contact with one female terminal when plug 38 is inserted into
socket 18, the connectors 12,36 being properly oriented with respect to each
other.

In preferred embodiments of the present invention, distal
ends 88a,88b,88c of male terminals 24a,24b,24c and distal ends 92a,92b,92¢
of female terminals 46a,46b,46c are configured to provide electrical
connections to electrical wiring used in modular lighting fixtures. In the
preferred embodiment illustrated herein, distal ends 88a,88b,88¢,92a,92b,92c
are configured as flat blades (FIGS. 5 and 7). In other embodiments, they may
have any configuration suitable for attachment to electrically-powered devices
or to power supply adapters for such devices. For example, distal
ends 88a,88b,88¢,92a,92b,92c may be configured as the male or female
members of any known type of mated electrical terminal pairs. They may also
be configured to receive a wire end or to facilitate formation of a soldered
connection. It is not necessary to the invention that the distal
ends 88a,88b,88¢,922a,92b,92c of the terminals 24a,24b,24¢,46a,46b,46¢
project beyond the respective webs 22,44, but they must be accessible to
provide electrical connections thereto when recessed connector 12 and

protruding connector 36 are joined as described herein.

Referring to FIGS. 4-9, connectors 12,36 may be used to connect
a plurality of lighting fixtures in an end-to-end arrangement. The lighting
fixtures 96,104 are formed from sheet metal that is bent to form a top
panel 98,108, a rear panel 100,108 and opposing end panels 62,74. A number
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of removable knock-outs are provided at selected locations on the panels, each
knock-out being removable to create an opening as desired. Connectors 12,36
preferably are installed in end panels 62,74 of the respective fixtures 96,104 so
that connectors 12,36 on adjacent end panels 62,74 may be aligned with each
other by aligning the end panels 62,74 (FIG. 8), then electrically joined by
moving the fixtures 96,104 toward each other (FIG.9). More preferably,
recessed connector 12 is installed in one end panel and protruding
connector 36 is installed in the opposing end panel, allowing the fixtures to be

electrically connected in an end-to-end arrangement.

The configurations of recessed connector 12 and protruding
connector 36 allow adjacent fixtures to be electrically connected to each other

in a rapid and convenient manner, even under conditions where the proximal

ends of the connectors cannot be observed. In an anticipated method of

installation, the connectors 12,36 become aligned with each other when end
panel 62 of fixture 96 and end panel 74 of fixture 104 are aligned with each
other. Insertion of plug 38 into socket 18 guides openings 94a,94b,94c over
the proximal ends 86a,86b,86¢ of the male terminals. As discussed above,
male terminals 24a,24b,24¢ are properly oriented to make contact with female
terminals 46a,46b,46¢ by the installation of the non-circular distal ends 43,53 of
connectors 12,36 into complementary non-circular panel openings 64,76. If
one connector is accidentally installed upside-down in its panel, the male
terminals 24a,24b,24c will contact end plate 42 between

openings 94a,94b,94c, and no electrical connection will be made.

Although the invention disclosed herein has been described with
reference to particular embodiments, it is to be understood that these
embodiments are merely illustrative of the principles and applications of the
present invention. It is therefore to be understood that numerous modifications
may be made to the illustrative embodiments and that other arrangements may

be devised without departing from the spirit and scope of the invention.

PCT/US03/16715
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CLAIMS

1. A panel-mounted electrical connector pair (12,36) having a
recessed connector (12) with a housing body (14), said housing body (14)
having a socket portion (18) with a first flange (26) proximate an open end (20)
thereof, a first distal web (22) and at least one first type of electrical terminal
(24a) protruding through said first distal web (22), one end (86a) of said at least
one first type electrical terminal (24a) extending into said socket portion (18),
another end thereof protruding through said distal web (22) in a direction
opposite to said socket portion (18), said socket portion (18) extendable
through a first opening (64) in a first panel (62), said first flange (26) abutting
against a first surface (66) on said first panel (62), said connector pair (12,36)

Jincluding a protruding connector (36) with a plug portion (38), characterized by:

said protruding connector (36) having a proximal end plate (42),
a second distal web (44) spaced from said proximal end plate (42), a side wall
(40) extending between said proximal end plate (42) and said second distal
web (44), a second flange (48) disposed on said protruding connector (36)
proximate to said second distal web (44), and at least one second type of
electrical terminal (46a) protruding through said second distal web (44) toward
said proximal end plate (42), said proximal end plate (42) having at least one
opening (94a) therein aligned with said at least one second type of electrical
terminal (46a), said protruding connector (36) extendable through a second
opening (76) in a second panel (74), said second flange (48) abutting against a
second surface (78) on said second panel (74), said plug portion (38) slideably
receivable within said socket portion (18) with said proximal end plate (42)
approaching said first distal web (22), said at least one first type electrical
terminal (24a) penetrating said at least one opening (94a) in said end plate (42)
and electrically contacting said at least one second type electrical terminal
(46a) establishing an area of contact located between said first flange (26) and
said first distal web (22) when said first panel (62) and said second panel (74)

are brought together in close parallel juxtaposition.
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2. The connector pair (12,36) of Claim 1, further characterized in
that said first type of electrical terminal (24a) is a male electrical terminal (24a)
and said second type of electrical terminal (46a) is a female electrical terminal
(46a).

3. The connector pair (12,36) of Claim 1, further characterized in
that said first flange (26) abuts said second flange (48) when said plug portion
(38) is fully inserted into said socket portion (18).

4. The connector pair (12,36) of Claim 3, further characterized in
that said first flange (26) has a first complementary structure (34) and said
second flange (48) has a second complementary structure (50), said first
complementary structure (34) and said second complementary structure (50)
matingly conjoining together when said first flange (26) abuts against said
second flange (48).

5. The connector pair (12,36) of Claim 4, further characterized in
that said first complementary structure (34) is a ring (34) and said second
complementary structure (50) is a groove (50).

6. The connector pair (12,36) of Claim 1, further characterized in
that at least one of said recessed connector (12) and said protruding connector
(36) has a shroud (52) extending therefrom in a direction opposite to the area
of contact of said first electrical terminal (24a) and said second electrical
terminal (46a) when said plug portion (38) is received within said socket portion
(18).

7. The connector pair (12, 36) of Claim 1, further characterized in
that said first panel (62) is a panel of a first lighting fixture (96) and said second
panel (74) is a panel of a second lighting fixture (1 04).
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8. The connector pair (12, 36) of Claim 7, further characterized in
that said connector pair (12, 36) connects adjacent lighting fixtures (96, 104).

9. The connector pair (12, 36) of Claim 1, further characterized in
that said housing body 14 and said shroud 52 are non-circular and fit into
mating non-circular panel openings (64, 76), respectively, to provide a pre-
selected orientation of said recessed electrical connector (12) and said
protruding connector (36) relative to said first panel (62) and said second panel
(74), respectively.

10.  The connector pair (12, 36) of Claim 9, further characterized in
that said housing body (14) and said shroud (52) have flats (16a, 54a),
respectively, thereon.

11.  The connector pair (12, 36) of Claim 10, further characterized in
that the preselected orientation of said recessed connector (12) and said
protruding connector (36) align, to permit said at least one first type electrical
terminal (24a) to contact said at least one second type electrical terminal (46a)
when said first panel (62) and said second panel (74) are brought into close
parallel juxtaposition with the plug portion (38) inserting into the socket portion
(18).

12.  The connector pair (12, 36) of Claim 11, further characterized in
that said first panel (62) and said second panel (74) are panels of said first light
fixture (96) and said second light fixture (104), respectively, mounted upon a

surface and electrically connected in an end-to-end configuration

13.  The connector pair (12, 36) of Claim 12, further characterized in
that said recessed connector (12) has a first retainer (28a) and said protruding
connector has a second retainer (58a), said first panel (62) being captured’
between said first flange (26) and said first retainer (58a) and said second
panel (74) being captured between said second flange (48) and said second

retainer (58a) when said recessed connector (12) and said protruding
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connector (36) are installed in said first panel (62) and said second panel (74),

respectively.

14.  The connector pair (12, 36) of Claim 13, further characterized in
that said recessed connector (12) has a first opposing retainer (28b) like said
first retainer (28a) but disposed opposite thereto on said recessed connector
(12) and said protruding connector (36) has a second opposing retainer (56b)
like said second retainer (56a) but disposed opposite thereto on said protruding
connector (36).

15.  The connector pair (12, 36) of Claim 14, further characterized in
that each of said first retainer (28a), said first opposing retainer (28b), said
second retainer (56a) and said second opposing retainer (56b) have a free end
(32a, 32b, 60a, 60b) and a connected end (58a, 58b) said first panel (62) and
said second panel (74) each being captured between said first flange (26) and
said second flange (48), respectively, and, said free ends (32a, 32b)(60a, 60b),

respectively.

16.  The connector pair (12,36) of Claim 15, further characterized in
that each of said first retainer (28a), said first opposing retainer (28b), said
second retainer (56a) and said second opposing retainer (56b) diverge
outwardly relative to an axis of said recessed connector (12) and said
protruding connector (36), respectively, from the connected end (58a, 58b) to
the free end (32a,33b,60a,60b) thereof.

17.  The connector pair (12,36) of Claim 16, further characterized in
that each of said first retainer (28a), said first opposing retainer (28b), said
second retainer (56a) and said second opposing retainer (56b) are each

disposed proximate said flats (16a, 54a).
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