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(57) Abstract: An elongate tubular lighting
assembly having a body with a length
between spaced first and second ends. The
tubular lighting assembly has an elongate
heat sink and a light source comprising LED
emitters and first and second connectors re-
spectively at the first and second body ends
for securing the lighting assembly to a light

fixture. The first connector has cooperating
first and second parts having first and

FIG. 8B
(Prior Art)
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second surfaces. The first and second con-
nector parts are configured so that the first
and second surfaces are placed in confront-
ing relationship to prevent separation of the
first and second connector parts with the
50 body in an operative state as an incident of
the first connector part moving relative to
the second connector part from a position
fully separated from the second connector
part in a substantially straight path that is
transverse to the length of the body into an

~420
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engaged position. The first connector part
has conductive power and ground pins and

the second connector part has conductive
power and ground terminals for connecting
with an external power supply and providing

a grounding path for components of the lamp. The power and ground pins of the first connector part are configured to engage the
power and ground terminals of the second connector part as an incident of the first connector part moving relative to the second con-
nector part into the engaged position. A sleeve connector is also provided for mounting a non-power end of a linear LED lamp to a
light fixture.
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CONMECTOR SYSTEM FOR LIGHTING ASSEMBLY

Cross-Reference to Related Applications

{0001} This application clamms the benefit of United States Provisional Patent
Application No. 62/276,075, entitled “Connector System For Lighting Assembly” and filed
Jaruary 7, 2016, which is hereby incorporated by reference m its entirety. This application also
claims the benefit of United States Provisional Patent Application No. 62/422321, entitled
“Conpector Systemn For Lighting Assembly”™ and filed November 15, 2016, which 15 hercby

meorporated by reference in iis entirety.

Field
joa02] This mvention relates to bghting and, move particularly, to hight emitting diode

Background

{0003] Qver the years various types of lluminating assemblies and devices have been
developed for mdoor andfor outdoor thumination, such as torches, oil lamps, gas lamps, lanterns,
candescent buths, neon sipng, fluorescent bulbs, halogen Hghts, and light emttting diodes.
These conventional prior art ihuninating assemblies and devices have met with varving degrees

of sucoess.

[o004] Incandescent light bulbs create light by conducting electricity through a thin
filarnent, such as a tungsten filament, to heat the filament to a very high temperature so that §
olows and produces visthle bight. Incandescent hight bulbs emit a vellow or white color.
Incandescent hight bulbs, however, are very mefficient, as a high percentage of energy mput is

lost as heat.

{0003 Fluorescent lamps conduct electncity through mercury vapor, wlich produces
altravielet (UVY lght. The ultraviolet hght is then absorbed by a phosphor coating inside the
famp, causing it 1o glow, or Quoresce. While the heat generated by fluorsscent lamps 18 much
leas than s meandescent counterparts, energy 1s sl lost m generating the UV hight and

converting LIV light into vistble light. If the lamp breaks, exposare to mercary can ocour. Linear
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fluorescent lamps are offen five 10 six times the cost of incandescent bulbs but have hife spang
around 10,000 and 20,000 hours. Some fluovescent lights flicker and the quality of the
fluorescent light tends to be a harsh white due to the lack of a broad band of frequencies. Most

fluorescent lights are not compatible with dmmers,

{6005] Conventional Huorescent hights typically utibze a bi-pin'Z-pin means on the
thular body that mechanically supports the body in an operative state on lamp holders of the
cethng highting fixture and effects electrical connection of the illununation source 1o a power

&

supply. A ballast associated with the hghting fixture converts AC line voltage to the DC power
provided to the flovescent tobe. The ballast also reduces the power supply to a voltage level
surtable for use  a flovescent tube. A starter civeutt for providing a voltage pulse 1s needed to

cause current to conduct through the sonized gas in the fluorescent tube.

[o0a7] Light emitting diode (LED) hghting s particularly oseful. Light emitting diodes
{LEDs} offer many advantages over mcandescent and floorescent hght sources, inchuding: lower
energy consumption, longer lifetime, improved robustoess, smaller size, faster swiiching, and
excellent durability and reliability. LEDs et more hight per watt than meandescent hight bulbs.
LEDs can be tmy and easily placed on printed circont boards. LEDs activate and tum on very
guiekly and can be readily diramed. LEDs enuta cool fight with very hitle wfrared hight LEDg
come m muitiple colors which are produced without the need for filters. LEDs of different colors

can be mixed to prodoce white light,

[0008] The operational life of some white LED lamps 1s 100,000 hows, which s much
longer than the average life of an mcandescent bulb or fluorescent lamp. Another mmportant
advantage of LED lighting is reduced power consumption. An LED circuit will approach 80%
gificiency, which means §0% of the electrical energy 13 converted to hght ensrgy: the renmming
20% 15 lost as heat epergy. Incandescent bulbs, however, operate at about 20% efficiency with

80% of the electrical energy lost as heat.

{0009] Linear LED tube highting products for replacing fluorescent lighting tvpically
comprise an array of LEDs mounted on ome or more cireust boards. The LED boards are
mounted on an elongate heat sink comprising a heat conducting matenal such as aluminum. The

LED circutt boards are 1 thernal contact with the heat sink, but electrically isolated from the
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heat sink, The LED wbe lamp may include mternal dovver meodule containing cirenitey for
converting AC line curvent to DU current and controlling the voltage applied to the LEDs. The
mternal driver circuitry can be designed specifically to meet the electrical requurements of the
LED circuit boards, thus overconung potential problems associated with using the existing local
ballast ongnally designed for powermng fluorescent lamps. In some designs, however, an
external local ballast is ased. The ligh power LEDs, as well as any iterngl driver module,
generate heat that must be dissipated by the heat sink. To facilitate heat dissipation to the
atmosphere, the heat sink is typically disposed such that #s external sorface forms a portion of
the outer surface of the tube lighting assembly. The lighting assembly 15 mnstalled such that the
heat sink faces upward toward the cetling highting fixture. The remaming circurnference of the
tube comprises a transhucent or transparent lens cover throagh which the generated fight i
emitted. The lens cover faces towards the space to be illuminated when the LED hghting

assembly 1s installed s a cethng or other lighting fixture.

{0014 The linear LED lamp heat stk is typically fabricated of an glectrically conductive
metallic material such as alominum or aluminem allovs. These matertals dissipate heat
efficiently without a sigmificant increase in surface temperature. The heat sink stself] as well as
the printed circait LED boards and other electrical components within the linear LED {ube
assembly, present a safetv hazard without proper electuical grounding, This is because the line
voltage or voltage mput to the LED boards could be applied to the heat sink m the event of a
short circut, for example, if the msolation between the LEDs and/or internal driver circantry and
the heat sink i3 inadequate or deteriorates durmg use. This could ead to other components within
the assembly overheating and creating a five hazard. It also creates an electrical shock hazard
should the user come mnto physical contact with the heat sink when inspecting the wstalled lanmp.
The electrical components within the lamp, such as LEDs and driver circuits, are also susceptible
of being damaged in the event of a power surge. With the recent mitroduction of sensors,
cameras, control and data communications circuitry and other “smart hghting”™ components into

Iinear LED lamp formats, a comprehensive protective grounding system is required.

{0011} Que type of LED tube lamp 1s designed for the msert and rotate type lamp holders
mounted on conventional fluorescent ceiling lighting fixtures, known in the industry as

“ombstone” lamp holders. Such lamp holders are deswned w0 engage electrical power pins

>

’
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projecting n canttlever fashion from the ends of a cyhindnical shaped Huorescent twhe lamp, ot
LED replacement tube lamp. The exposed pins on the ends of the hinear LED tube are
susceptible to damage during distribution and mstallation. The lamp body nust be witnated in &
first angular orientation to direct the pins to the lamp holders mounted on a supportreflector
and s thereafler turned to effect mechanical securement and electrical connection. Installanon
reguires a precise intial sngular orientation of the body and subseguent controlled repositioning
thereof to siimultaneously seat the pins at the opposite ends of the body. Often one or more of the
pins are musaligned during this process so that electrical connection 1s not established. The same
misalignment may casse a compromised mechamcal connection whereupon the body may

escape from the connectors and drop so that i is damaged or destroved.

{0012} Further, the connectors on the supportfreflector are generally mounted 1 such a
fashion that they are prone o flexing. Even a slight floung of the connectors on the support
might be adequate to release the pins at one body end so that the entire body becomes separated.
The conventional bi-pm and tombstone lamp holder connector means was created for very
lightweight fluorescent highting and not designed for LED tabolar highting that has additional
weight due to the required heat sink and PCB boards. The weight of the body by steelf may
produce horizontal force components that wedge the connectors on the support/reflector away
from each other so that the body becomes precaniously situated or fully releases.

j0013] US. Patent No. 8,434,891 to Ham proposes a LED tube and socket assembly
adapted from the conventional mnsert and rotate type lamp holder system. The disclosed LED
tube features a three pin interface projecting from each end of the tabe wherein a muddie pin s
connected to the heat sink. The lamp holder mcludes a ground termunal, which receives the
nuddle pin and in turn is connected to an external ground via 8 ground strap. While this approach
provides a grounded heat sink, it does not overcome the above-mentioned problems associated
with utithzing external ping n an msert and rotate lamp holder for securing hinear LED tube
lamps, It does not provide ground protection for the elecirical components and cireuitry of the

famp.

{0014} Moreover, the user 15 not prevented from wadvertently mstalling the three-pn
lamp ends in & conventional, non-grounded tombstone holder rather than the prounded

counterpart replacement holders proposed by Ham. Deoing so results i 8 non-grounded lamp,

od .
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although visually the mstallation fooks negrly Wentical to g properdy grounded lamp. There s no
reliable means of assuring that the holders are replaced and the mstallation properly performed,
and it 18 difficalt to determine by visual mspection whether an nstallation was performed
properly to create a safe grounded system. It is impractical to disassemble the system to check
that the conventional fluorescent lamp holders were replaced with grounded lamp holders and
that ground straps were connected to the system ground. This presents g sigmficant difficulty for
end users, lighting maintenance personnel, building mspectors, safety regulators and others
desiring to confinm that replacement LED tube lamps are safely grounded. These difficulties arve
even more pronounced 1 commercial environments, such as retail space, warchouses and office
butldings, whose overhead highting systems may otilize hundreds or even thousands of linear

tube famps.

jo01s] An alternative snap-fit connector system adapted for LED linear tubes ts shown in
S, Patent Application Publication 2014/0293595, by the smne applicant of the subject
apphcation, and 15 meorporated as if reproduced m its entirety herein. The tobular LED hghiing
assembly has at least one LED emntter board within the body; and first and second connectors
respectively at the first and second body ends that are configured to secwre the lamp on a support
fixture. The first connector has cooperating first and second parts. The first connector part is
mtegrated nto an end cap assembly of the lamp body. The second connector part 1s configared to

be on a support for the tubular lighting assembly.

{6016} The first and second connector parts respectively have first and second sarfaces.
As the second connector parts connector part 13 recerved withm an opening of the end cap
assembly, the first and second surfaces are placed in confronting relationship 1o prevent
separation of the first and second connector parts as an mncident of the first comnector part
moving relative to the second connector part from a position fully separated from the second
connector part 1 a substantially straight path that is wransverse 1o the length of the lamp body.
The saap-fit connection does not utilize exposed pins to mechanically secure the lamp ends to
the support and 15 effected by a linear motion rather than an insert and rotate technigue. The first
end cap assembly wcludes at least a first connector board. The connector board comprise
generally L-shaped pins housed within the end cap assembly, each having a first portion

extendimg w8 divection generally parallel to the length of the body and 8 second portion

“H
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extendimg i a divection traverse to the length of the body and towards the second connector parnt
when saud first connector part is moved towards the second the second connector part and nto
the engaged position. The conductive components on each of the first and second connector parts
electrically connect to each other to form an electrical path between the iltununation source and
an externa powser supply as an incident of the connector parts bemng moved ito the snap-fit

engaged configuration.

{0017} The above-mentioned snap-fit connector system addresses some of the problems
associated with the use of conventional tombstone type lamp holders for securing LED tube
famps to hghting fixtures. However, it mantans the LED tube lamp in an operating state without
providing a means for ground protecting the LED tobe heat sink or the imternal electrical
components of the lamp, thus creating safety and reliability issues for the lamp mstallation.
There 1s a need for a connector system designed for the vmique needs of LED lamp fechnology
that alleviates all safety concerns and provides a safe, rehable and convement solution that wall
allow the benefits of LED lamp techunology to be fully realized and can be mmplemented i a

cost-effective manner.

Buief Deseription of the Drawings

{8018} Fig. 1 18 a fragmentary, perspective view of an elongate tubular hghting assembly,
and showing cooperating connector parts at one end of a body on or within which there 18 8

source of sthanination:

[0019] Fig. 2 18 a view as in Fig. 1 with the comnector parts fully separated from each
other;
o024y Fig. 3 13 a view as in Fig. 2 showing cooperating connector parts at the opposite

end of the body;

{0021} Fig. 4 is an enlarged, end view of the connector parts shown in the relationship of
Fig. 2;
{00221 Fig. 5 i1s a view as in Fig 4 with the connector parts joined m an assembled

configuration;
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0023 Fix. & 1 an exploded, perspective view of an end cap gssembly consisting of the
. g P PETSD B 3 &

connector parts in Fig. 2 and a connector board for the source of ihwnination;

[0024] Fig. 7 is a view as in Fig. 6 with the parts assembled;
jo02s] Fig. 82 1s 3 perspective view of twhular lighting assembly, and showing

cooperating connector parts at each end of the body configured to connect to an external power

source at each end of the body:

{0026} Fig. &b 15 a perspective view of tubular lighting assenmbly, and showing
cooperating connector parts at sach end of the body, with one set of cooperating connector pars

confipured to connect to an external power source;

[o027] Fig. ¢ 1s a perspective view of tubular lighting assembly, and showing cooperating
connector parts at one end of the body, configured to connect to an external power sowrce and a

connector sleeve at the other end of the body;

[0028] Fig. 10 is a fragmentary, perspective view of an elongate tubular highting
assembly, and showing cooperating connector parts at one end of & body and including

cooperating ground protection components;

8029 Fig. 11 13 a fragmentary, perspective view of an elongate tubular Lighting
asserably, and showing cooperating connecior parts at one end of a body and wcluding

alternative cooperating ground protection components;

{0036 Fig. 12 is a fragmentary, perspective view of an elongate twbular lighting
assembly, and showmg cooperating connector parts at one end of a body and including

aliernative cooperating ground protection components;

[e031] Fig. 13 15 a fragmentary, perspective view of a multi~aided elongate tubular
hghtimg assembly, and showmg cooperating connector parts at one end of a body and including

alterpative cooperating ground protection components;
{8032 Fig. 14 iz a fragmentary, perspective view of an clongate tubular lighting
assembly, and showing cooperating connector parts Comprsing a connector sleeve at a no power

end of a body and meluding cooperating ground protection components; and



WO 2017/120574 PCT/US2017/012700

{8033] Fig. 15 15 a fagmentary, perspective view of an elongste tubular highting
assembly, and showing cooperating connector parts comprising a connector sleeve at a no power

end of a body and including alternative cooperating ground protection components.

[0034] Fig. 16 1s g fragmentary, perspective view of another embodiment of a multi-sided

glongate wbular lighting assembly, and showing cooperating connector parts at one end of &

hody and incloding aliernative cooperating ground protection components;

{00351 Fig. 17 s a fragmentary, perspective view of another emobodiment of a generally
cvhindrical elongate wbular lighting assembly, and showing cooperating connector parts at one

end of a body and including alternative cooperating ground protection components;

j0036] Fig. 18 is a perspective view of the cooperating connector parts in Fig. 17 i an

assembled configaration;

-
;

[0837] Fig. 193 1s an end view of the cooperating connector parts i Fig. 17 in a partially

assembled configuration;

[0038] Fig. 19b is an end view of the cooperating connector parts mn Fig. 17 m a fully

assembled configuration;

8039} Fig. 203 1s an end view of one of the connector parts in Fig. 17;

{0040 Fig. 20b 15 a side view of the connector part in Fig, 20s;

joudi] Fig. 21ais a side view of the other comnector part in Fig. 17 and

{0042] Fig. 21b is an end view of the connector part in Fig. 21a.

j0043] Fig. 22 15 perspective view of a linear lighting assembly, and showing cooperating

connector parts at each end of the body, with one set of cooperating connector parts configured

to connect to an external power source with 1solated ground protection,

Description of the Preferred Embodiments

joa44] For the purposes of promoting an understanding of the principles of the mvention,
refergnce will now be made 1o the embodiments Hustrated i the drawings and specific language

will be used to descrtbe the samie. will nevertheless be wndersiood that no mitation of the

-~



WO 2017/120574 PCT/US2017/012700

scope of the invention is thereby mtended. Any such alterations and further modifications m the
ilustrated devices, and such further applications of the principles of the invention as illustrated
herein are contemplated as would normally ocear to one skilted i the ant to which the wvention

relates.

{045] There 1 a nead for an mmproved lfamp holder and connector system that address all
safery tssues and provides a grounded LED huhting systemt in the hinegr tube format that is
widely deploved throughowt the lighting industry. As used herein, the terms “LED tube lamp”
and “lmear LED lanp” and sinular variants are used interchangeably to describe LED lamps
having at least one LED board mounted on an externally exposed beat siok having 8 narrow and
elongated overall profile and with optional elongated optical lens, and designed for removable
mounting to a variety of lighting fixttwe housmgs. While the overall form factor of such lamps is
ordmanty generally sinular o that of conventional fluorescent tube lamps, the use of these terms
1s not intended to liraat the scope of the disclosed or claimed subject matter to lamps having any

particalar lateral cross~-sectional shape or to require a fully enclosed outer tubular strocture,

{0045] Figg. 1o 7 illustrate an gvadable snap-fit connector system for Hnear LED tube
lighting. The lamp comprizes an elongate tubular body portion 18 including & metallic heat sink
12 extending throughout a generally upward facing portion of the circomference of the tubalar
body, and a transparent or translocent lens portion 14 extending throughout g penerally
downward facing portion of the curcumference of the tubular body. The heat sink s preferably
formed of an shuninum alloy, although other thermally conductive materials may be used. At
least one LED enutter panel comprising a printed ciraust board mounting a senes of LEDs ¢
mounted to the heat sink miernal to the tubular body. Heat generated by the LEDs conducts
through the emutter panel 1o the heat sink. The heat sink of the Hustrated lamp is multi-sided
with a generally triangular ¢ross-sectional peometry 1n a plane perpendicular to the length of the
fmmnp body, providing two mounting surfaces for supponing multiple LED emitter panels ma V-
orientation, End cap assemblies disposed at the oppostte lamp ends have a comespondmg

triangular cross-section 1n a plane perpendicular to the length of the body.

[0047] The avatlable system mechanically secures the LED tube lamp to a support and
electrically connects it to an external power supply, but leaves the lamp heat sink and internal

clectronic components in an ungrounded state. As can be seen in Figs. 1 -3, a first connector 100

9.
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at the first end 20 of the body 10 1 made up of a fisst conntector pact 110 and a second connector
part 120. A second connector 400 is provided at the second end 30 of the body 10 and is made
up of a third connector part 410 and a fowrth connector pant 420, The body of the connector parts
are formed of plastic or other non-conductive material and are preferably manufactured using

conventional injection molding techniques.

[0048] The first and second comnectors 100, 400 are confipured 1o maintain the body 10
i an operative state on a support 30 that may be in the form of a reflector, or otherwise
configured. The first connector part 110 is part of a first end cap assembly 112 that 15 provided
at the first body end 20, The second connector part 120 is provided on the supportfretlector 50,
The third connector part 410 15 provided at the second end 30 of the body 10, with the foucth
connector part 420 provided on the supportreflector 30, The body mceludes at least one LED
emitter panel providing a source of illonunation, which s electrically connected to a power

sapply through the first connector 100,

{6049 As shown m Fig. 4, second connector part 120 has oppositely opening slots 129,
1297 The slots cooperate with the reflector tabs 52, 34 as illustrated 1 Frg. 1. That s, the tabs
32, 54 gre formed so that they can shide through the slots 129, 1297 whereby the second
connector part 120 and supportfreflector 30 can be press comnected starting with these parts fally
separated front each other. A simple shding movement lengthwise of the body 10 will fully seat
the tabs 52, 54 that become frictionallv held in the slots 129, 129" The fourth connector part 420
also mcludes slots that provide for releasable connection o tabs of the supportreflector 50 m

spbstantially the same way.

{0050 As shown in Figs. 1, 6 and 7, first end cap assembly 112 which forms the first
connactor part 110 consists of a first, cup-shaped receptacle 119 into which the first end of the
body extends. The first end cap assembly 112 1s shaped to accommodate a nuwilti-sided heat sk
having a generally V-shaped cross-section for supporting multiple LED enufter boards, and an
mternal driver board. Other end cap and heat sink configurations are possible.

joas1 I Fig. 4, the first connector part 110 is shown in a position fully separated from
the second conngctor part 120, In Fig, 5, the first connector part 110 13 shown moved relative to

the second connector part 120 from the fully separated position in @ substantially straight path, as

- 10 -
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wmdicated by the upward pomting arrow, transverse to the length of the body 10, st the engaged
upward facing wall 114 bounded by an edge. Second connector part 120 has a first bendable part
122, The second connector part 12018 configored so that the first bendable part 122 15 engaged
by the edge of the opening 116 and progressively cammed from a holding postiion, as shown in
sobid hines in Figs. 4 and 5, towards an assembly position, as shown in dotted lines in each of Fig.
4 and FIG. 5, as the lamp end 20 and first connector part 110 15 moved upward to and into the
engaged position. The first bendable part 122 moves from the assembly position back towards

the holding position with the first part realizing the engaged position.

{0052 The fivst connector part 110 has a wall 114 through which the opeming 116 i
formed. A first swrface 117 15 a portion of the inner surface of tag wall 114, A second surface
124 1s defined by a boss 126 on the bendable part 122. The wall 114 has a thard surface 115 on
is opposite surface that faces towards a fowrth surface 128 on the second connector part 120,
The wall 114 resides captively between the second and fourth surfaces 124, 128 wath the first

connector part 110 i the engaged position to maimtam this snap-1it connection.

{0053] Ag can be seen tn Fig, 2, Hrst bendable part 12216 joied to the leading end 127 of
the second connector part 120 through a bive hinge 125, The second connector part 120 has an
actuator 121, w this ewbodiment on the first bendable part 122 remote from the lunge 125, that
can be pressed m the direction of the horfzontal arrow in Fig: 4 with the first connector part 110
in the engaged position, thereby to move the first bendable part 122 towards its assembly
position, as shown m dotted lines m Figs. 4 and 5, to allow the surface 124 to pass through the
opemng 116 so that first connector part 110 can be separated from the second connector pant
120. The second connector part 120 has a second bendable part 1227 on an opposite side that s
configured the same as the first bendable part 120 and cooperates with the edge of opening 116
i the same way that the first bendable part 120 cooperates with the edge in moving between
corresponding holding and assembly positions. An actaator 1217 15 situated so that the installer
can grip and squeeze the actuators 121, 1217 as between two fingers, towards each other, thereby
changing both bendable parts 122, 1227 from thenr holding positions mto thewr assembly

positions.

j00S54] The second comnector 400 has third and fourth connector parts 410, 420 that are

respectively strocturally the same as the first and second connector parts and witeract with each

«- 11 -
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other mechanically at the second end 30 of the body 10 m the same way that the first and secound
connector parts 110, 120 meract with each other at the first end 20 of the body. The first and
second connectors 1KY, 400 are configured to mamtain the body 10 1 an operative state on a

support 50 that may be in the form of a reflector, or otherwise configured.

{B055] In the embodiment shown, at least the first end 20 of the LED wbe lanp i
adapted 1o receive powet from an external power supply. As shown m Figs. 6 and 7, the
receptacle 119 may receive an end connector board 60 having L-shaped electrical connector
terminals 62, 64 thereon that cooperate with connector assemblies 72, 74 having wires that
extend through second connector part 120 to establish electrical connection between the board 60
and the power supply. The connector termunals 62, 64 may be mechamcally and electnically
connected to the board 60, and the board includes traces to form elecirical paths from the
connector terminals 62, 64 1o termmals such as termmals 66, The tenuinals 66 cooperate with
pins extendmg from LED emitter boards, dviver circut boards or other electrical components to
provide power to such components. Alternatively, the connector termumals 62, 64 may
clectrically comnect to the LED emitter boards andfor other electrical components of the LED
lamp system via one or more wires. The Leshaped electrical connector termmals 62, 64 of
connector board 60 each have a first portion extending m direction genesrally paralle! to the
length of the body and a second portion extending in a direction traverse to the length of the
body and towards the second conpector part 120. When said first connector part 110 is moved
towards the second the second connector part and mio the engaged position, the first and second
connector parts 110, 120 can be mechanically snap-connected, and connecior assemblies 72, 74
are also press fit into electrical connection with the connector ternunals 62, 64 as an ncident of
the first connector part 110 moving from its fully separated position imto its engaged position,

{0056] Fig. 8a illustrates an mstallation using a snap-fit connector system of this type in
connector is shown for a linear LED tube lamp of a generally circular cross-section. Soap-fit
connectors 100 and 400 are provided at opposite ends of the lamp comprising first and second
conmector parts 110, 120 and third and fourth connector parts 410, 420 respectively, The
depicted lamp is designed to be connected to and receive power from an external power supply at

both lamp ends, as shown in Fig. 8a The connector system components at each end of the lamp

.
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thus chudes both the mechamcal and elecirical connector components described above. Some
LED lamps are configured to connect to the external power supply at only one end. As illustrated
i Fig. 8b, for 8 lamp of this type shown as lamp 11, the second connector 400 may melude only
the components needed to mechanically connect third connector part 410 of second end cap
assemnbly to fourth connector part 420. In other words, the second end cap assembly and the
fourth connector part 420 need not include electrical connector termunals and may be provided

without a means for connecting to the power supply.

[0037] The connector systems described thus far for powenng the internal components of
the lamp leave the mternal components, and the externally exposed lamp heat sink, m an
ungrounded condition. There is a nisk of damaging the nternal components in the event of a
power sarge, and the heat sink presents a potential electric shock nisk andfor fire hazard if

apphied power leaks to the heat sink as a result of a short circoit condition.

[0058] Fig. 9 iltustrates an alternative, mproved connector system adapted for single end
power linear LED tube lamps in which only one end of the lamp is configured to connect to and
receive power from an external power supply. In this system, the end 30 of the LED tube larap
12 shown, is adapted to veceive power through connector assemblies 72 and 74, 11w secured to
support 30 by means of connector 400 consisting of third connector pavt 410 having an opemng
m 1ts sidewall and fourth connector part 420 having moveable components for making a snap-fit
connection with the sxlewall, as descnbed above with reference to the Figs. 1 to 7 and 8a. The
opposite end 35 of tamp 12 includes an end cap assembly 510 of cvlindrical shape having a
receptacle into which the second end of lamp 12 inserts. The end cap assenbly 510 need not
mclude an opening in its side wall, as 1t does not engage & male snap-fit connector part of the

tvpe depicted as fourth connector part 420 for securing the first lamp end 30

{0059] The systern further includes plastic connector sleeve 520, which 13 adapted to
mount to support 50, A base portion 522 of connector sleeve 520 mcludes slots 530 on opposite
sides thereof into which tabs 52, 54 of support 30 shide so that connector sleeve 320 can be
secured to support 30, The base porpon 522 extends toward sleeve portion 324 comprising a
continucus sidewall 536 and end wall 328, which form g receptacie having an open end facmg

towards the opposite fourth connector part 420 and sized to receive the second end cap assembly



WO 2017/120574 PCT/US2017/012700

510 of the LED lamp. The sleeve portion 524 i preferably of a cross-sectional shape that
conforns 0 the cross-sectional shape of end cap assembly 510, which 8 ciroular in the
Hlustrated embodiment. Connector sleeves comprising a sleeve portion of other cross-sectional
geometries, such as generally triangular, square or rectangular, are also contemplated for use
with other lamps having comresponding end cap cross-sectional geometries. In one preferved
form, the sleeve forms g receptacle of g generally trangular cross-section for receving a
generally triangular end cap assembly of a lamp comprising a multi-sided heat sink mounting

nuultiple LED enutter boards such as the lamp illustrated in Figs. 1 to 3.

{00560] Fig. 9 shows the fourth connector part 420 of conuector 400 and connector sleeve
320 mounted o support 50 at opposite ends of a light Bxtwre. LED tube lamp 12 may be installed
n the fixtwre by mserting the end cap assembly 310 at the end 35 linearly along the length of the
tamp body o the direction of the horizontal arrow wmito the receptacte of connector sleeve 320,
The connector sleeve 15 preferably sized so that end cap assembly S10 15 easily guided into the
receptacle, where # 18 supported i the vertical direction vet adjostable in the horizontal
direction. Next, the third connector part 410 of the end cap assembly at the oppostte end 30 15
adpusted so that ns opemng 18 aligned with the fourth connector part 420, In the case of a
cyiindrical lamp, this may also require rotating the lamp about ds longtudinal axis fo radially
aligning the female opeming of third connector part with the male portion of fourth connector
part at the power end. The third connector part 13 then moved upward n the direction of the
vertical arrow towards fourth connector part 420 so as to guide the fourth connector part 420 into
spap-{it connection with third connector part 410, Securing the snap-fit connection at the power
end 30 of the lamp locks the lamp at its proper rotational orentation and prevents the lamp from
backing out linearly from connector sleeve 520, and the lamp 15 thus securely maintained 10 an
operational state. To remove an installed lamp, the snap-fit connection may be released vsing the
actuators as previously described, which allows withdrawing the end cap assembly 510 atend 35

from the receptacle of connector sleeve 520

[a861] This connector system offers potential advantages compared to the altemative
approach of deploying a power cnabled snap-fit connector at the power end of the lamp and
maodified no power snap-fit connector at the opposite no power end. It eliminates the need to

manufactore and distribute alternative versions of the snap-§t connector for power and no power
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applications. It also facilitates siuplification of LED tube lamp design, g5 the no power end 35
requires only a simple end cap without any modifications to acconunodate a snap-~fit connection
systema or external bi-pin termunals adapted for conventional tombstone lamp holders. The

connector sleeve 520 is easily manufactured and contains no moving parts.

{80621 Moreover, the sleeve 520 provides convemence o the lamp mstaller and a more
efficient installation methodology, With standard linear LED tube lamps typically ranging from
2 to 8 feet i length, it 15 cumbersome to properly align the cooperating components into the
proper engaged position while handling a portion of the lamp that is significantly displaced from
the lamp end bemng nstalled. Thus, lamp installation typically requives the mstaller to grasp a
first end of the lamp and position 1t into engagement with 1ts corresponding lamp holder, whether
a snap-fit connector or rotating tombstone lamp holder, and then move to a posiion prosumate
the opposite end of the lamp to mampuelate the opposite end into engagement with s lamp
holder. Usimg the comnector sleeve 520, however, both ends of the lamp may be mstalled by
manipulating the lamp from the power end. While grasping the lamp near the power end 38, the
wmstaller may guide the opposite no power end 35 nto the receptacle operang of connector sleeve
320, This requirves only minmimal dexterity and skill compared to the more precise positioning and
controlled movements needed to pwide the components of the snap-fit or tombstone type
connector system together. Afler the no power end is seated in the receptacle of the connector
sleave, the nstaller may adjust the hinear and angular position of third connector part 410 at the
power end 30 as necessary to align its connector opening with fourth connector part 420 while
the opposite end 35 remains seated in the connector sleeve. While remaining at the same
focation, the msialler then moves the lamp end 30 dwecily upward from the separated posttion
and into snap-fit engagement with fourth connector part 420 pre-mounted on support 50
Potentially significanmt time and associated labor savings may be achieved with thus system and
mstallation method, especially v commeraial envivonments requinng mstallation of hundreds or

potentially thousands of LED tube lamps,

[0863] With connector systems suitable to mechanically and electrically connect linear
LED tube lamps to a support having thus been described, the following discloses tmproved
connector systems capable of providing ground protection to the lamp heat sink and/or internal

glectronic components. Fig. 10 i divected 1o a snap-Hit connector system for a Hnear LED twbe
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fanyp that includes an tntegeated groundimg svstern for providing ground protection to the LED
tube heat sink. LED wbe lamp 250 comprises an elongate tubular boedy portion wcluding a
metallic heat sink 254 extending throughout a genervally upward facing portion of the
circumference of the wbular body, and a transparent or translucent lens portion 252 extending
throughout a generally downward facing portion of the circuniference of the wbular body. The
hegt sink 18 preferably formed of an aluminum alloy, although other thermally conductive
materials may be used. At least one LED emitter panel 270 comprising a printed civcuit board
mopnting a series of LEDs 15 mounted 10 the heat sink imternal to the tbudar body. Heat
generated by the LEDs conducts through the enitter panel to the heat simk. The heat sink may
melude fing 233 extending along its length to increase the effective surface area for transfer of
heat to the atmosphere. The LED lamp 250 may mclade an internal ballast or driver modale or
may alternatively utithize an external ballast associated wnth the lighting fiture, Heat simk 254
has a generally senw~ctroudar cross-section m a plane perpendicular to the length of the lamp,
with sapport wall 25¢ extending acrvoss the mtemal region thereof to provide a mounting surface
for LED emutter panel 270, Other heat sink geomelries are also contemplated, mclhuding, for
example, a configuration such as the one tllustrated m Fig. 13 comprising multiple support walls
arranged m 3 generally V-shape and lyving m mtersecting planes for supporting multiple LED

emitter panels arvanged to distiibute heht over a wide avea.

joned] Wit further veference to Fig. 10, LED lamp 230 1 mounted at #ts fist end to a
support 30 of a Hghting fixture by means of snap-fit connector system 200 comprising first
connector part 210 and second connector part 220. Several aspects of the componenis of the
snap-fi connecior svstem of Fig. 10 for securely connecting LED lamp 250 to support 30 are
substantially the same structurally as described above with reference to the snap-fit system
Hlustrated m Figs. 1 — 7. Thus, second connector part 220 1s provided on the support/reflector 50,
The support 50 may be a reflector portion of an existing cerling lightng fixtwe of the type
conventionally used for linear fluorescent tube hghting. The connector system of the wvention
may be utihized mn other types of lighting fixtures secured to an overhead cetling grid or t©
another stracture. The LED enutter panel 270 providing a souwrce of lumination is electrically
connected to a power supply through the connector system 200, The second connector part 22¢

can be press connected to the sapport 30 by means of oppositely opening slots that cooperate
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with the support tabs 52, 54 Of course other releasable, and potentially permanent, connections

are contemplated.

[0065] The first connector part 210 is part of a frst end cap assembly 214 that &
provided at the first end of LED lamp 250. The first end cap asserbly 214 is formed of plastic
or other non-conduching material and comprises cylindocal side wall 212 extendmg from cwenlar
end wall 230, Fust end cap assembly 214 forms a cup-shaped receptacle mto which the fivst end

portion of second connector part 220

{8066] The second comnector part 220 has a paw of bendable parts 222 on opposite sudes
thereof, each operable through hinge 225, which are engaged by the edpe of the opening 116 and
progressively cammed from 8 bolding position towards an assembly position as the fisst
connector part 210 18 moved up o and nto the engaged position. The first bendable parts 222
move from the assembly position back towards the holdmyg position with the first part realizmg
the engaged position. The wall 214 resides captively between surfaces of the first connector part
210 in the engaged positton to mamtain this snap-fit connection. A pair of actustors 221 on
opposite sides of second connector part 220 can be pressed to move the first bendable parts 222
towards #s assembly positton, 1 the same mamer shown i dotied bines in Figs. 4 and §, o
allow them to pass through the opening 216 so that first comnector part 210 can be separated

from the second connector part 220,

{60671 As Fig. 10 iHustrates, the receptacle of end cap assembly 214 may receive an end
connector board 260 having L-shaped electrical connector componenis 262, 264 thereon that
cooperate with comnector assemblies 72, 74 having wirex that extend mfo the second connector
part 220 and connect to a power supplv. The connector components 262, 264 may connact fo
LED emitter board 270 by means of wires 266 and may sumilarly provide power 1o other internal
components of LED tube lamp 250, In one aspect, wires 266 comnect to an mnternally mounted
driver module to provide AC line voltage which the dover module converts to DC voltage
supplied to the LED emitter board and optionally other imternal componentry. Ahthough the
embodiment Hlustrated n Fig. 10 utilizes mternal wire connections, the end connector bogrd 260
may alternatively be in the form of a printed cirewit board (PCB) connector containing male or

female electrical termimals for comnecting to corresponding termunals associsted with LED
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emitter board 270, a driver cvcutt or other intersal components of the lamp 10 provide g no-wire
design. In both approaches, connector components 262, 264 provide an electnical path over
which electrical power from a power supply s provided to the LED emitter board 270 and
optionally other internal components. The L-shaped electrical connector components 262, 264 on
the connector board 260 each have a first portion extending in divection genervally parallel to the
length of the body and a second engagement portion extending in a direction traverse to the
length of the body and towards the second connector part 220 when said first connector part 210

15 moved towards the second the second conngctor part and mto the engaged posttion,

{0068] Heat sink 254 has 8 planac end face 258 at a first end thereof defintng & pase of
apertures 257, Connector end board 260 mcludes a paw of corresponding apertures 233 ahipned
with heat sink apertures 257, End wall 230 of first end cap assembly 214 defines correspondimg
aligned apertores 236, The end cap assembly 214 and end connector board 260 may be secured
to heat sink 254 a1 the first end of LED tube lamp 250 with a pare of metallic fasteners 234
extending through the corresponding apertiwes and into the end face 258 of the heat sink. When
asseyubled, the end board 260 and end portions of the heat sk and transhucent lens portion 252

reside within the receptacie of end cap assembly 214,

[0069] Connector system 200 of this first embodiment of the nvention comprises
additional components that provide for grounding heat sink 254 as an incident of the snap-fit
mechamcal connectivity described above. In particular, second connector part 220 meludes an
mtegrated metal ground strap 2383 mounted to 8 side surface thereof. The ground strap 238
extends from 3 base portion of second connector part 220 proximate the support 30 towards the
distal leading end of second connector part 220 as shown. Ground strap 238a is mounted on the
side surface of second connector part 220 that opposes end wall 230 of first end cap assembly
214 when the fust connector part 210 and second connector part 220 are in the assembled
configuration. Those slalled in the art wall recognize a mumber of gvailable techniques for
roounting ground strap 238a to second connector part 220, including the use of mechanical
fasteners, adhestves, mounting tabs or slots formed mntegral with second comector part 220, or
using in laid injection molding techmigues or any other avalable means. Groond strap 238a g
connected at s proximal end to ground wire 76 via & connection internal to second connector

part 220 {not showan).

1R -
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{8076 First end cap assembly 214 is shown in Fig. 10 with g poriion cutgway to better
tlustrate ground plate 232, which is mounted along the nner surface of end wall 230 of first end
cap assembly. Ground plate 232 15 of a conductive material, and defines apertures aligned with
apertures 236 of end wall 230 for recetving the fasteners 234, The ground plate 232 may be
mounted internal to first end cap assembly 214 by any available means, mcluding by mechamcal
fasteners, adhesives, mounting tabs or slots formed intepral with first end cap assembly, by

means of in-laid mjection molding techniques, or any other available means.

[0871] With the first end cap assembly 214 assembled to heat sink 254 as described,
ground plate 232 18 in electrical contact with the heat sink v the fasteners 234, At least a
portion of ground plate 232 &5 of a thickness dimension such that when second comnector 220
mserts throngh the opening 216 into the assembled position within first connector 210, a portion
of the exposed conductive swiace of ground plate 232 engages an opposing conductive surface

of ground strap 238a.

{00721 Support 30 s grounded throsgh mechanical comnections to the ceiling
wirastrochre andfor via a connection 1o an isolated grovad wire also providing grounding back
to the dedicated ground bus of w npot electnieal power panel. Ground wire 76 may be connected
to the support or to the ceiling infrastructre, or may be wired to a dedicated ground bus, ©
provide a groundimg path for the snap-it comector system and LED tamp. Thus, heat sink 254 1
ground protectad by the grounding path provided by the fasteners 234, ground plate 232, ground
strap 2382 and ground wire 76. This spap-ft connector system with integrated grounding
glectnically grounds the lamp heat sk 1o the externally grounded hghting Hixture or other
grounded system as ap incident of the first connector 210 and second connector 220 being snap-
fit into the fully engaged configuration, thereby eliminating the potentially hazardous condition

associated with an ungrounded heat smk.

{a873 Ground strap 2382 of the mvention may be provided in various shapes, sizes and
configurations adapted to establish the destred prounding connection i g wide range of available
LED lamp end cap assemblies. In one aspect, ground strap 238a may extend further in the
horizontal and/or vertical direction than depicted m Fig, 10 so as to directly engage the support

0 when the second connector part 220 1s mounted to the support. In this alternative, the first
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connector part raay fornt a divect mechanical ground comection with the support 50 without the

use of ground wire 76.

[0074] Ground plate 232 may also be provided s vartous different forms other than the
circular plate illustrated in the embodiment of Fig. 10, For example, ground plate 232 may be
provided as a thun condoctive clip mounied to the internal surface of end wall 230 and extending
generally parallel and opposite ground strap 238a of second connector part 220, The plate may
mclude a portion that protrudes away from end wall 230 and towards the ground strap 238a for
contacting ground strap 238a of second connector part 220, It will be appreciated from the
teachings berewn, that various shapes, stres and geometries of ground strap 238a and ground plate
232 can be utthzed within the scope of the nvention so long as these two components are
adapted o come into physical contact with each other when the first connector part 210 and

second conpector part 220 of connector system 200 are moved into an engaged configoration.

[0075] Fig. 11 13 directed to another emsbodiment of a ground protecting connector
system to further illustrate possible ways of wnplementing the principles of the mvention. The
connector system of this embodiment is essentially the same m overall design and functionalnty
as grounded connector system 200 of Fig. 10 except for the specific configuration of the groand
strap. The stractre and operation of like components 18 therefore not repeated. In particuday, the
ground strap 238 of this embodiment 18 secured at ity proximal end to second connector part
220 and has an outwardly protruding profile. It mncludes a first ramp surface 238b' extending
away from the side sarface of second conmector part 220, a mud-portion 238b” extending
generally parallel to the side surface, and a termimal end portion 23807 angled back shghtly
toward the side surface. When the first and second connector parts are m an engaged
configuration, mud-portion 238bh" engapes the wnner surface of ground plate 232 to complete a
grounding path for the system. Ground strap 238b is preferably formed of a thin prece of spring
steel having a hugh yield strength that allows it to be defonped and return o s original shape
despite significant deflection. In the enpaged configuration, ground plate 232 slightly compresses
pround strap 238b from i1s relaxed shape such that its sud-portion 238b" is displaced towards the
side surface of first connector part 220, The resulting spring force biases the mid-portion in the
direction of and against the ground plate 232 to maintain secure contact between the mud-portion

and the plate.
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{0076] Another embodiment of & grounded connector system 1 accordance with the
principals of the tnvention can be seen i Fig. 120 The connector system of this embodiment 1s
essentially the same m overall design and Runctionality as grounded connector systemn 200 of Fig.
10 except for the specific configuration of the ground strap. The structure and operation of hike
components is therefore not repeated. In particular, the ground strap 238¢ of this embodiment i
provided as g thin wire mesh integrated mto the side wall of second connector part 220 by
utilizing an in-laid injection molding process. An outer surface of the wire mesh is exposed such
that 1t engages and forms an electrical groundmyg path with a portion of the mmer sweface of end
plate 232 of first connector part 210 when the comnector components are in the engaged
configuration. This embodiment may provide manufacturing advantages and resulis in the
second connector part 220 having a thiner profile with no protruding components susceptible to

bemg bent or damaged.

{0077 Fig. 13 35 diected 1o another embodiment of the groundmg system of the
mvention that can ground protect both the LED tobe lamp heat sink and its internal LED emitter
board and other internal electronic conmponents. This envbodiment s tHostrated by reference to a
LED tube famp 350, which includes multi-sided heat sink 354 with a pawr of support walls 359
having a generally V-orientation for supporting multiple LED emitter boards 370 facmg different
directions. Other components soch as an intemnal driver circait may also be momnted to the heat
sink. The end conngctor and grounding system of this smbodiment may also be adapted 1o other
LED tube lamp forms, inchuding those having a generally circular cross section and a single LED

emitter board mounting surface as depicted m Figs. 10 to 13,

[0078] The connector system 300 of the embodiment of Fig. 13 includes first connector
part 310 formed as part of first end cap assembly 314 and second connector part 320 secured to
support 5O, The first end cap assembly 314 consists of a first, cup-shaped recepiacle into which
the first end of the LED wbe lamp body extends. The first end cap assembly 314 15 shaped to
aceommodate the multi-sided heat sink 354, It comprises side walls 312 extending perpendicular
from end wall 330 and forming a receptacie having a generally triangular cross-section. Similar
to the embodiments of Figs. 10 - 12, first end cap assembly 314 meloades an mternal ground plate
332, which is shown in the cutaway view of Fig. 13, The second connector part 320 1s of similar

design as the connector part 220 descerbed above in conpection with the embodiment of Fig. 10,
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It 15 adapted to extend through an opening i the upper ficing side wall of first end cap assembly
314 and form a suap-fit connection to the first connector part by the action of bendable members
322 and live tunges 325 on oppostte sides thereot 1o essenttally the same manner desertbed for
other embodiments, Second connector part 320 further ncludes ground strap 338a on one side
thereof for engaging ground plate 332 of first connector part 310 when the two connector parts
are in the engaged configuration. The ground plate 332 15 in electrical contact with heat sink 354
through metallic fasteners 334, which extend through the aligned apertures of end wall 330,
ground plate 332 and end connector board 360 and into corresponding mounting apertures 337 i
the end face of the heat sink. Ground strap 338a 15 secured to ground wire 76. Thus, m
essentially the same manner described above m reference to the embodiment of Fig. 10, the
ground plate 332, fasteners 334, ground strap 338 and ground wire 76 provide a means to
ground protect heat sink 3534 when LED tube lamp 3350 is mstalled in the operating state to the

sapport using end connector 300,

{0079 The end connector board 360 of this embodiment 13 a PCB connector board
aving L-shaped electnical comnector components 362, 364 thereon that msert mto corresponding
spaced receptacles i second connector part 320 and cooperate with connector assemblies 72, 74
having wires that extend through the second connector part 320 to establish electrical connection
between the board 360 and the power supply. The connector components 362, 364 may be
mechanically and electrically conngcted to the board 360, and the board includes fraces o
provide slectrical paths from the connector components to termmals soch as ternunaly 365, The
terpunals 3635 cooperate with pins 372 extending from LED emitier boards, driver circait boards
or other electrical component to provide power to such components, Thus an electrical path 1
established between the power supply and the internal coraponentry of the LED tube lamp 350

when the first and second connector parts of connector 300 are in the engaged configuration.

{B08Y] in the embodiment shown, end connector board 360 alse mcludes L-shaped
electrical pround pin 366, Second connector part 320 has a female receptacle 342 adapted to
receive the vertically extending portion of the ground pin 3066 when the first and second
connector parts 310, 320 are in the assembled configuration. Receptacle 342 mncludes an internal
connector component (not shown) that forms an electrical path with ground wire 76, or with a

separate ground wire, soch that ground pin 366 may fmction to provide additional ground
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protection for LED tube lamp 350, In a preferved aspect, end comector board 360 moludes traces
electrically connecting ground pin 366 to one of the ternunals 365 to provide an solated
grounding path for the ternal components of the lamp 350 connected 1o the terrunals 3635, In
another aspect, ground pin 366 may also be electrically connected to wire 367 and its loop
connector 368, One of the fasteners 334 may extend through the loop comnector 368 1o form a
ground connection hetween heat sink 354 and ground pin 366, This may provide for redundant
grounding of the heat sink, or may render the ground strap 3383 and ground plate 332
unnecessary. Alternatively, ground pin 366 may be electrically connected to the edge of one or
more of the screw apertires via mternal traces of end connector board 360 and the wwre 367
elimmated. The embodiment of Fig. 13 thus provides mutdtiple options for providing groand fault
protection to mternal componentry and the heat sink. In a preferred form, ground strap 3382 and
ground plate 332 provide 2 grounding path for heat sink 354, and ground pin 366 functions to

ground the internal componentry of the LED tube lamp.

{8081 The ground protected LED lamp connector embodiments descnibed previcusly
provide a ground path for the lamp heat sink andfor internal components at an end of the lanmp
adapted to recetve power from an external power supply. It will be recogmized that any of the
above embodiments mayv modified to provide a ground protected snap-fit connector systems for
the no power end of a single end powered lamp. For example, end connector board 260 of the
embodiments of Figs. 10 ~ 12, and associated connectors and wires, may be elimmated at the no
power end with the connector 200 sull functioning to provide a ground path for the lamp heat
sink in the same manner described above. Connector components 72, 74 are also unnecessary at
the no power lamp end. Smmlarly, end connector board 360 mav be eliminated to adapt
connector 300 of Fig. 13 for a lamp end that does not receive external power. Alternatively, end
connector board 360 may be provided without L-shaped connector components 362, 364, but
with ground pin 366 to provide ssolated ground protection to the lamp internal components in the
manner described. The system 1s thos highly adaptable 1o a variety of LED lamp designs and
powering options, as may be flexibly mplemented to suit the needs of each individual lighting

mstallation

[0082] Fig. 14 15 divected to an alternative connector system adapted to secure the no

power end of a inear LED twobe lamp to a hight fixtare, as well as to provide ground protection to
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the lamp hegt smbk. Connector sleeve 600, whach 18 preferably an ingection molded plastic
component, 15 of a form similar to comector sleeve 520 discussed above with reference to Fig. 9.
A base portion 630 of connector sleeve 600 mcludes slots 632 on opposite sides thereof into
which tabs 52, 34 of support 50 shide to secure connector sleeve 600 to support 50. The base
portion 630 extends toward sleeve portion 624 comprising cyhindrical sidewall 612 and end wall
610, which form a evhindrical receptacle 614 sized 1o recerve eyhadrical end cap assembly 660
of the no power end of LED lamp 650, Connector sleeve 600 mcludes ground plate 620
comprising a conductive matenial and mounted adjacent the moer surface of end wall 610,
Groand plate 620 15 clectrically connected o grouad wire 680, The sleeve portion 624 15
preferably of a cross-sectional shape selected to match the cross-sectional shape of plastic end
cap assembly 660, wihich is ovhndrical i the lustrated embodiment. Connector sleeves
comprising a sleeve portion of other cross-sectional geometries, such as generally triangalar,

square or rectangular, are also contemplated for nse with other lamp designs.

{8083] LED tube lamp 630 compuises heat sink 6534 of & semi~otircular cross-section and
having 8 support surface on which LED emutter board 670 is mounted. Tramslucent leas cover

632 15 attached to heat sink 654, End cap assembly 660 forms a cyhindrical receptacle into which
and end portion of the heat sink and lens cover mserts. End cap assembly 660 15 non-conductive
and includes an annular lp 664 circumscribing a recessed mid-portion of the outer sarface of the
end wall thereof. Ground plate 666 13 disposed m the recessed miud-portion and retained by lip
664, Groond plate 666 13 of a conductive matenial and mclades central boss 668 protrudmg
outwardly of its outer surface. End cap assembly 660 is secared to the lamp by means of metallic
fasteners 637 extending through apertres 661 of the end wall and ground plaie and mnto
mounting apertures 635 and 637 of end face 658 of the heat sink. Ground plate 666 1s thus in

electrical contact with heat sink 634 through fasteners 637.

jO084] in the same manner described above with reference 1o Fig. 9, the no power end
LED tube lamp 650 of Fig. 14 inserts linearly into receptacle opening 614 of connector sleeve
600. The opposite power input end of lanyp 630 is preferably configured with the snap-fit end
cap assembly of the tvpe discussed heremn to provide for mechamcal and electrical connection to
a male snap-fit connector mounted to support 530 upon moving the power end upward towards

and into engagement with the male snap~-fit connector part. With lamp 650 secured to support S0

“ 3.
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it mstalled confipuration, boss 668 5 forced into abutting engapement with the exposed
conductive surface of ground plate 520, This engagement completes a grounding path between
heat sink 654 and ground wire 680, which may be groanded to the hight fixture or to an external

solated ground connection to provide ground protection to the heat sink.

{B085] Ground plate 666 may be provided 1 various shapes, stzes and configurations
cap assemblies. It may be provided, for example, as one or more thin conductive straps mounted
to the external surface of the end wall of end cap assembly 660 or integrated mto the end wall
wsing m-latd moldme techniques. Ground plate 620 may also take on other forms besides the
circudar plate ithustrated 1 the embodiment of Fig. 14, For example, groond plate 620 may be
provided as a thin conductive clip mounted to the mternal surface of end wall 610 and extendmg
generally parallel and opposite ground plate of the end cap assembly 660. Instead of boss 668
provided on ground plate 666, a boss may be provided on the ground plate 620 protrading into
666. It will be appreciated from the teachmgs herein, that vanious shapes, sizes and geometries of
ground strap ground plate 666 and ground plate 620 are within the scope of the wvention so long
as these two components are adapted to come into physical contact with each other when the end
cap assembly 660 13 seated m connector sleeve 600 and the opposite lamp end secured to the

support 30 by a snap-fit conngctor system of the type described heremn

{0086] As illustrated mn Fyg. 15, LED tube lamp 650 may be provided with an altemnative
end cap assembly 690 adapted for use with the same conpector sleeve 600 just deseribed. The
end cap assembly in this embodiment comprises planar end wall 694 forming on outer end
surface of the assembly and cylindrical side wall 592 which extends from the end wall. Ground
plate 696 1s mounted mternal of end wall 694 as shown. Boss 698 of ground plate 696 protrudes
through a central opening of end wall 594 as shown. Fasteners 667 extend throngh aperturgs 663
m the end wall and ground plate and imo apertures 655 and 657 of end face 658 of the heat sink
to secure end cap assembly 690 10 the lamp. With end cap assembly 690 mserted mto connector
sleeve 600 to the assembled position, boss 698 abuts the exposed mner conductive surface of
ground plate 620, This completes a ground path from heat sink 654 1o ground wire 680 through

the fasteners 657, ground plate 696 and ground plate 620,



WO 2017/120574 PCT/US2017/012700

{8087 The ground protected connector sleeve embodiments of Figs. 14 and 15 provide
additional options for safely grounding lwmear LED tube lamps. With the connector sleeve
provicing ground protection for the heat sink, the configuration of the connector system at
opposite power input end may be simplified. In a preferred aspect, the connector sleeve provides
a ground path for the heat sink and the snap-fit connector at the opposite power end s adapted to
provide isolated grounding of the LED emitter boards and other mternal electronic components
such as by using a dedicated ground pin as disclosed m Fig. 13, Thus results in a fully grounded

lamp having a simphified overall design.

{0881 Fig. 16 illustrates another embodiment of the groonding systent of the mvention
for ground protecting both the LED tube lamp heat sink and its internal LED enutter board and
other internal electronic components. This embodiment lustrates an mmplementation of the
mvention m which ground protection 18 provided through use of a third L-shaped pin associated
with the lamp end cap assembly. The body of mudun-sided LED tube lamp 350 of thig
embodiment 18 substantially stmlar to the lamp shown in Fig. 13, and the descrnption of hike
components 1s not repeated. The lamp 350 of Fig. 16 mcludes an internal driver board 352 with
corresponding pin connector 353 mateable with one of the terminals 365 of end connector board
360. L-shaped pins 362, 364 and 366 are mounted to support board 361 and mclude stem
portions that seat within corresponding mounting apertures of PCB end connector board 360,
Alternatively, the support board 361 may be ehimumated and the pins mounded directly to PCB

end connector board 360.

[0089] The conpector system 300 of the embodiment of Fig. 16 inchudes first connector
part 3210 formed as part of first end cap assembly 214 and second connector part 320 secured to
support 30, The first connector part 310 and second connector part 320 function to form a snap-
fit mechanical connection 1 the same way described previously i relation to the Fig. 13 and
other embodiments. The first end cap assembly 314 15 essentially the same as thay of the
embodiment of Frg. 13 except that ground plate 332 has been ehminated. Tn this embodument, the

ground strap 228a has also been eliminated from the second connector part 320.

{00904 The L-shaped electrical connector components 362, 364 of this embodiment are m

the form of pins having engagement portions that insent into corresponding spaced receptacles
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346, 344 extending within second connector part 3200 The pins cooperate with connegtor
assemblies 72, 74 having wires and corresponding connector tenminals that extend through the
second connector part 320 to establish electrical connection with the pins and thereby form an
electrical path between the lamp mternal components and the power supply. The comnector
components or pins 362, 364 are mechanically and electrically connected to the end connector
board 360, and the board mcludes traces 1o provide electrical paths from the connector
components to terminals such as termmnals 363, The termunals 365 cooperate with pms 372
extending from LED emitter boards and pms 353 extending from the driver circwit board 352 to
provide power to those components. Thus an electrical path is established between the power
supply and the intemal componentry of the LED tube lamp 350 when the first and second

conmector parts of connector 300 are in the engaged configuration.

joa91] In the embodiment shown, the heat sink andfor lamp electronic components are
ground protected through the third L-shaped connector component 366, which functions as a
dedicated grounding pm. The second connector part 320 has a female receptacle 342 adapted to
receive the vertically extending engagement portton of the ground pin 366 when the first and
second connector parts 310, 320 are m the assembled confipuration. Receptacle 342 includes an
mternal connector component {not shown) that forms an electrical path with ground wire 76 to
enable the ground pin 366 fo provide ground protection for hinear LED lamp 350. In a preferred
aspect, end connectar board 360 includes traces elecinically connecting ground pm 366 to one of
the terminals 3635 to provide an isolated groanding path for the mternal components of the lamp
350 connecied to the terminals 365, In another aspect, ground pmn 366 may also be electrically
connected to wire 367. The wire may be utilized to form a mechanical ground connection io the
heat sink or to a pad on driver circait board 360, In another aspect, the heat sink may be
grounded by means of internal electrical traces m end comnector board 360 which connect
ground pin 366 to conductive edge portions of one or more screw receiving recesses that engage

a corresponding assembly screws 334 when the end cap 1s assembled to the heat sink.

[0092] LED highting products as well as the systems in which they are used are subject to
safety and electrical 1solation reguirements, which are defined in safety standards. Various
standards organizations around the world determme individual standards and ssue approvals or

certificates For equipment and prodocts. Some tupovtant standards bodies include Underwriters
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Laboratorses (UL}, the American Nattonal Standards hustitute  (ANSI), the International
Electrotechmical Commission (IEC), the Canadian Standards Association {CSA) and the
Deutsche Elektotechnische Kommussion (DKE). The equipment level speaifications reference
general standards on msulation, such as: IEC60664 - Insulation coordination for equipment
within Jow-voltage systems, and ULB40 - Insulation coordination meluding clearances and
creepage distance for electrical equipment. Besides equipment level specifications there are

component level standards.

j0093] The distance between components that 1§ required © withstand a given voliage is

2.

specified m terms of “clearance”™ and “creepage.” Creepage distance 18 defined as the shortest
path between two conductive matertals measured along the surface of an isolator which 15 in
between. Creepage 1s an inportant characteristic because reduced creepage will resalt in the flow
of curvent or “tracking” along the surface of the insulation. Tracking causes locahized heating and
carbontzation of the surface, and may lead to falure of the msulation. The Comparative Teackmg
Index (CUT1) 15 used 1o measwre the electnieal breakdown {(tracking) properties of an insulating
matenial, Creepage also depends on contamination of the surface, humidity, corrosive chermcals
and the altitude m which the equipment i3 mstalled. Clearance distance describes the shortest
distance between two conductive matenals measured through atr. Sufficient clearance distance
prevents an wontzation of the air gap and a sabsequent Hashover. Simular to creepage distance, the

pollation degres, temperature and relative humudity mfluence the tendency for a breakdown.

{60941 Fig. 16 sllustrates a preferred arrangement of the electrical connector components
362, 384 and the grownd electrical connector component 366 1o satisfy the spacing distance
between electrical conductors required for a wide range of voliage levels, as well as t© assure
that the system 15 grounded before external power is applied. Ground pin 366 1s shown mounted
at a laterally centered position, and the power electrical connector components 362, 364 are
mounted on opposite sides of the board’s lateral mudline and spaced approximately equally
therefrom. Ground pin 366 aitaches to suppont board 361, and to end connector board 360, at a
position vertically offset from the connector components 362, 364, and the tip of #ts vertically
extending engagement portion protrudes above the tip of the vertically extending engagement
portions of conmnector components 362, 364 in the vertical divection. The internal connector

components preferably extend approxumately the same digtance within second connector past

“2R .
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320 50 that their ends gre generglly aliponed at a posstion adjacent the legdmg end face thereof,
and preferably at a position recessed from the leading end face. As first end cap assembly 314 15
moved upward mto an engaged configuration and the pins msert to the corvesponding
receptacles of second connector part 320, pround pin 366 will engage ws correspondmg nternal
connector component to form an electrical ground circutt for the lnear LED lanmp before the
connector components 362, 364 engage their corresponding connector components of second
connector part 320. This enhances overall safety by assuring the system is grounded bhefore
power i applied to the hoear LED lamp. This 1s iHustrated further m relation to the embodiment

Hlustrated in Figs. 17 to 21, and in particudar Figs. 19a and 19b and the corvesponding discussion

below.

[0095] The horizontal teg portions of L-shaped electrical comnector components 362, 364
shown o Fig 16 extend further 1 the longitudinal divection of the himear LED famp 350 than the
horizontal leg portion of ground electrical connector component 366, The illastrated positioning
and configuration of the connector components 362, 364 and 366 provides mereased creepage
distance between these components, allowing the connector system to satisfy creepage
requirements over a wide range of voltage operations. This 15 explamed more fully i relation to
the embodiment of Figs. 17 to 21, which illustrates a sinmlar connector system for a generally

cyhndrical tinear LED lamp.

jo8Ye] The linear LED lamp and connector system illustrated m Figs. 17 to 21 18 simular
to the embodiments described Figs. 10 to 12 but utilizes a third ground pin instead of an end cap
ground plate and external strap system for providing ground protection to the lamp beat sk and
mtemnal components. LED tube lamp 750 comprises an elongate tubular body portion including a
metallic heat sink 7534 extending throughout a generally uvpward facing portion of the
circumference of the tubular body, and a transparent or translucent lens portion 732 extending
throughout & generally downward facing portion of the circumference of the tubular body. The
heat sink is preforably formed of an glumunum allov, although other thermally conductive
materials may be psed. At least one LED enutter panel 770 comprising a printed circuit board
mounting a serics of LEDs is mounted to the heat sink internal 1o the tubudar body, The heat sink
may mclude fins 755 extending along us length to increase the effective surface area for transfer

of heat o the atmosphere. The LED lamp 750 may inclade an internal ballast or driver modale
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{rot shown) or may alternagtively utilize an external ballast associated with the hphting fixture,
Heat sink 754 has a generally semi-cireular cross-section in a plane perpendicular to the length
of the lamp, with support wall 759 extending across the internal region thereof to provide a
mounting surface for LED enutter panel 770, Other heat sink geometries are also contenmplated,
mcludig, for example, a configuration such as the one illustrated m Fig. 16 comprising multiple
support walls arranged 111 a generally V-shape and lying i miersecting planes for supporting

muldtiple LED emitter panels arranged to distribute hght over a wide area.

[0097] With further reference to Fig. 17, LED lamp 730 18 mounted at its first end to a
sapport of a hghting fixtore (not shown) by means of snap-fit connector system comprising first
connector part 710 and second connector part 720 configured to mount to the support. The
second connector part 720 can be press connected to tabs of the support by means of oppositely
opening slots formed between flanges 724 and flanges 723 extending outwardly from opposite
sidewalls of second comnector part 720, OFf cowrse other releasable, and potentially permanent,

connections are contemplated.

[6098] As s further sllustrated s Figs. 19a and 19h, the second connector part 720 has a
paw of bendable parts 722 on opposite sides thereof, each operable through hinge 723, which are
engaged by the edge of the opeming 716 and progressively cammed from a holding posttion

gaged

towards an assembly position as the first connector part 710 1s moved up to and nto the en
position. The first bendable parts 722 move from the assembly posttion back towards the holding
position with the first part realizing the engaged position. The wall 714 resides captively between
sacfaces of the firt connector part 718 @ the sngaged posttion o maintan this snap-fit
connection. A pair of actuators 721 on opposite sides of second connector part 720 can be
pressed to move the first bendable parts 722 towards 11s assembly position to allow them 1o pass
through the openmng 716 so that first connector part 710 can be separated from the second
connector part 720, Second connector part 720 mcludes a curved concave ledpe portion 732 at
the juncture of sidewall 730 and sidewall 740 and has 3 penerally planar opposite outer sidewall,
This pernuts the second connector part 720 to insert further mto the mterior of first comnector
part 710, with a portion of the convexly curved outer wall portion of first connector part 710

seating within the curved ledge portion 732
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{0099 Heat sink 754 has a planar end face 738 at a first end thereof defhmng 2 paw of
apertures 7537, Comnector end board 760 meludes a pawe of corresponding notches 753 ahigned
with heat sink apertwres 757, The end wall of first end cap assembly 714 defines corresponding
ahigned apertures 736. The end cap assembly 714 and connector board 760 may be secured to
heat sink 754 at the first end of LED tube tamp 7530 with a pair of metallic fasteners {not shown)
extending through the correspondmg apertures and into the end face 738 of the heat sink. When
assembled, the end board 760 and end portions of the heat sink and translucent lens portion 752

restde within the receptacie of end cap assembly 714,

{80166} As Fig. 17 llustrates, the receptacie of end cap assemibly 714 may receive end
connector board 760 having L-shaped electoical comnector components 762, 764 and 763 thereon
that cooperate with connector assemblies 72, 74 and 76 of second connector part 720, The
connector assembhies have wires terminated with conductive cylindrical ternunals 724, 7da and
76a respectively that extend into the receptacles of second connector part 720, The wires of
assemblies 72 and 74 connect to 3 power supply and the third wire 76 provides an isolated
ground circust. The conpector components 762 and 764 may connect to LED eontter board 770
by means of wires 766 and may smularly provide power to other internal components of Imear
LED lanap 750, In one aspect, wires 766 conneet to an internally mounted driver o provide AC
hine voltage which the driver converts to DO voltage supphed to the LED enntter board and
optionally other mtemnal componentryv. The ground connector 763 may connect via wire 767 o

the heat sink or o an internal driver board.

{00101] The L-shaped electrival conpector components 762, 764 and 763 on the conpector
board 760 each have a first portion extending horizontally in direction generally paraliel to the
length of the body and a second engagement portion extending vertically in a direction traverse
to the length of the body and towards the second connector part 720 when said first connector
part 718 15 moved towards the second comnector pant and wto the engaped posiion. The
vertically extending enpagement portions insert into corresponding spaced receptacles 744, 746
and 742 respectively in the leading end of second connector part 720 and engage the connector
ternunals 74a, 72a and 76a respectively that extend within the second connector part 720 to
estabhish electrical connections with the power supply and a grounding circwat. Fig. 18 provides a

perspective view showing the interaction of the components in the fully engaged configuration.
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{80162} Although the erabodiment tlustrated n Fig. 17 utilizes internal wive connections,
the connector board 760 may altermatively be i the form of a punted cirewit board (PCB)
connector contamning male or female electrical termnals for conpecting to corvesponding
terminals associated with LED emitter board 770, g driver circunt or other internal components of
the lamp to provide a no-wire design. In both approaches, counector components 762, 764
provide an electrical path over which electrical power from a power supply 18 provided to the
LED enutter board 770 and optionally other internal components, and the connector component

-
3

763 provides a grounding circuit.

{80163} The configuration of the L-shaped connectors shown m Figo 17 18 stoudar to that
of the configuration shown in eybodiment of Fig. 16, The advantages of this configuration in
refatton to satisfyving spacing distance requuements between electrical conductors and other
standards requirements is farther explamed by reference to Figs. 19a, 19b, 20a, 20b, 21a and

21b.

{00104 Fig. 19a shows that ground connecior component or pm 763 i mounted at a
faterally centered posttion, and the power electrical connector components 762, 764 are moanted
on opposite sides of the vertical diameter of support board 760 and spaced approximately equally
therefram. Ground pin 763 attaches to support board 760 at a position vertically offset from the
conpector components 762, 764, and the tp of its vertically extendmyg leg protrudes above the tip
of the vertically extending legs of connector components 762, 764 in the vertical direction. The
mternal connector ternunals 723, 74a and 76a extend approxamately the same distance within
second conpector part 720 to postitons offset from the leading end face thereof by the dunension
shown as D3, As first end cap assembly 714 15 moved upward into an engaged configuration and
the pins msert into the correspondmg receptacles of second connector part 720, ground pin 763
will enngage s comresponding internal conectar component fo form an electrical ground carcunt
for the hnear LED lamp before the connector components 762, 764 engage their corresponding

connector components of second connector part 720, as shown i Fig. 19a.

jau i3] Fig. 19h shows the relative positioning of the comaponents with the first comnector
part 710 and second connector part 720 in the engaged posiion. In thus embodmment, sscond

connector part 720 is configured so that its leading end extends internally approximately one-half
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of the vertical digmeter of end cap gssembly 714 in the view shown. The vertical portions of
connector components 762, 764 and 763 are of sufficient length so that they insert into the
cviindrical termunals 74a, 72a and 76a respectively m the engaged position. The connector
components may have a predetermined length selected to meet a numinwim desired distance over
which the connector components engage the ternunals. For example, the vertical porpons of
connector components 762 and 764 extend the distance D4 from the centerdine of the end cap
assembly, and the pin engagement distance when the components are assembled is represented
by D4 mumus D3 In g preferred embodiment, the pins are configwred to provide a pin

engagement distance of at {east 4.0 mm, and more preferably at least 4.3 mm,

[00106] Fig. 20a 15 end view of the second connector part 720 showing the arrangement of
receptacles 744, 746 and 742 accessible through openings in the end face of the leading end
thereof. The connector terminals 74a, 72a and 76a hoased within the receptacles are also shown.
The shortest distance between adjacent conductors along the surface of the end face © the
distance from the outer edge of receptacle openings 742 and 744, which is labeled as D1, This
dimension 15 preferably at least about 2.0 mm to provide adeguate electrical solation at higher
voltage operation. The outer edges of receptacle openings 746 and 744 for the power termumals
are preferably spaced by at least 2.8 mm. As shown i the side view of Fig. 20b, the distance
from the end of the terminals to the end face of second end connector 720 1 D3, This dimension
is preferably at least about 5.5 am to provide adequate elecirical isolation at higher voliape
operation, Accordingly, the shortest path between two adiacent connector termmals measured
along the surface of the isolator between them is the sum of D3 and D1 and D3. In a preferred
form, second connecior part 720 may be dunensioned such that this creepage distance 18 at least

about 13.0 mm.

{00107] Fig. 21a shows a view of end cap assembly 714 from above, looking o opanng
716, The clearance distance separated by awvr between any portion of adjacent connector
components 15 preferably at least 3.0 vam, and more preferably at 3.2 mm to provide for safe
operation at vohage levels up to 600 volis. The shortest distance separated by air between
vertical legs of adjacent connector components is the distance between the vertical engagement

portion of ground connector component 763 and the vertical engagement portion of either of the
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power connector components 762 and 764, which is desipnated D2 m Fig, 21a. Ths distance 18

referably controlled to provide mummmunt clearsnce of at least 3.5 num.
p 3 p

{00108} The ground protected connector systems disclosed beretn provide safe and
reliable means for securing linear LED tube lamps to a highting fixture. The disclosed ground
protected systenms alleviate all safety concerns, penmit high power operation, provide for flexible

lamp design and installation options, and can be implemented 10 a cost-effective manner.

{00109 In a preferred aspect, the linear lamp 750 Hlustrated 1 Figs. 17 10 21 counects to
the support 50 of the hghting fixture by means of a sinular second snap-fit connector system at
its opposite end. The second snap-fit connector system need not melude electrical connector
termmnals and may be provided without a2 means for connecting to the power supply. The opening
716 fiest connector part 710 is preferably shphily larger than the correspouding dimensions of
the leading end of connector 720, and the same relative stzing s preferable for the end cap
assembly and support connector at the oppostte lamp end. Sufficient clearance between the end
cap openings and the leading end of the support connectors permits Jamp 750 to be shifted
shghtly relative to the support connectors along the direction of its length or transverse to s
lenpth so that the vertical extending portions of connector components 764, 762 and 763 can be

readily aligned with and inserted mto veceptacles 744, 746 and 742 during lamp mstallation,

{00110} Figure 22 shows an alternative approach in which the opposite end of lapp 73015
comected to the fixtwre support by means of the cylindrical comnector slesve 320 shown
previously @ Fig. 9. The above description of connector sleeve 520 and s advantages 15 not
repeated. The use of connector sleeve 520 may provide for easier mstallation, as discussed
above. It also geconmmodates small variations in lamp length by permitting the lanyp to be shifted
mearly durmg installation so that connector components 764, 762 and 763 align with and
mserted e receptacles 744, 746 and 742, Of course, connector sleeves comprising a sleeve
portion of other cross-sectional geometries, such as generally triangular, square or rectangular,

are also contemplated for use with other lamps having corresponding end cap cross-sectional

peometries.
{80111} Those skilled i the art will recopnize that a wide vanety of modifications,

alterations, and combingtions can be made with respect to the above described embodiments

-34 .
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without departing from the spint and scope of the wvention, and that such modificatons,

alterations, and combinations, are 1o be viewed as being within the scope of the invention,
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CLAIMS

What is claimed s

i A support connector for maintamning an end of a linear LED lamp m an operative state on
a fight fixwure, the hincar LED lamp having a body with & length between spaced first and second
ends, a source of ittunination comprising LED emutters on or within the body, and a first end cap
assembly at the first end of the body comprising mnternal first and second conductive power pins
and an miernal conductive grounding pm, at least one of the power pins adapted to provide
power to the lamp and the grounding pin being connectable to a ground circust, the pins each
having an engagement portion extending in a direction traverse to the length of the body and
towards an opening 1 a sidewall of the first end cap assembly, the support comnector
comprising:

a nonconductive housing comprising a first portion including 8 mounting base configared
to coaple the support connector to a support of the light fixture and a second portion extendmg
from the first portion and configured to be msertable within the opeming of the first end cap
assembly;

the second portion having sidewalls and a leading end wall extending traverse o the
sidevwalls, the leading end wall defiming first, second and third openings;

first and second power electrical temmunals and a grouwnding elecirical termumal each
disposed within the second portion in general alignment with a corresponding one of the
openings;

the first and second powser glectrical terminals configured o mate with the engagement
portion of a respective one of the first and second conductive power pins when the power ping
are mserted throagh the respective first and second opemngs and the grounding electrical
ternunal configured to mate with the engagement portion of the conductive grounding pm when
the prounding pin 1s mserted through the third opening as the end cap assemibly 15 moved relative
to the support comtector from a posttion fully separated from the support connector 1 & path that
15 transverse 1o the length of the body into an engaged position;

the second portion having first and second parts on which respective second surfaces are
defined, the second surfaces configured to enpage corresponding first surfaces defined by the
wall mner surface adjacent opposite ends of the openming of the first end cap assembly so that the
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first and second surthces are placed v confronting relatiouship to prevent separation of the end
cap assembly and the support connector with the body w the operative state in the engaged
position,

2. The support connector according to claim 1, wherein the grounding electrical terminal is
spatially arranged relative to the first and second power electrical ternuinals such that, when the
first end cap assembly 15 moved towards the engaged position, the conductive grounding pin will
be electrically coupled to the grounding electrical terminal of the support connector before the
first and second conductive power pins are electrically coupled to the first and second power
electrical termunals of the support connector.

3. The support connector according to claim 1, wherein the first and second parts are
retractable parts, and the second portion of the housing 8 configured so that the first end cap
assembly moves against the second portion as the first end cap assembly moves toward the
engaged posttion thereby causing the first and second retractable parts to reconfigure to altow the
first and second surfaces to be placed in confronting relationship.

4. The support connecior according to clam 1, wheram the first and second conductive
power tenmmals are each configored to be electrically connected with a power supply.

s The support connector according to clamm 4, wherein the groundmg ternunal is
configured to be electrically connected with a conductive portion of the light fixtare on which
the support connector 15 mounted.

6. The support connector according to claim 4, wherein the grounding terminal s
configured to be electrically connected with 3 ground circuit external of the hight fisture on
which the support connector is mounted,

7. The support connector accovding o clatm 1, wheremn second portion of the housing
comprises spaced first, second and third elongated receptacles extendmg generally parallel to
each other through the second portion in communication with the openings, the first and second
power electrical termmals disposed within the first and second receptacles respectively and the
grounding clectrical termunal disposed withun the third receptacle.

8. The support comector accordmng to claim 7, wherein the first and second power electrical
termmals and the grounding electrical termmal each comprise a geserally evlindrical contact

portion generally ahigned with one of the openmgs and configured to recetve a corresponding pm
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extendimg through the opening when the first end cap assembly 1s moved relative to the suppornt
connector wto the engaged position.

9. The support connector according to claim 7, wherein the first and second power electrical
terminals and the grounding electrical terminal are spatially arranged within the second portion
of the housing so that each pm engages its corresponding ternunal over a linear distance of at
least about 4 mm with the first end cap assembly and support connector in the engaged position,
10, The support connector according to claim 7, wherein the first and second power electrical
terminals and the grounding electnical terminal extend within the second portion of the housing
to positions spaced from the leading end wall thereof

29 The support comnector according to clamm 10, wherem the first and second power
electrical termunals and the groundmg electrical terminal extend withm the second portion of the
housing to positions spaced from the leading end wall thereof by at least about 3.5 mm.

12, The support connector sccording to clatm 7, wherein the first and second power electrical
terminals and the grounding electrical terminal are clectrically isolated from each other by
mtermediate nonconductive material of the housing.

13, The support connector according to claim 12, wherem the first, second and third openmgs
i the leadimg end wall of the second portion of the housing are w a tniangular arrangement.

i4. The support connector according to claim 13, wheremn the first and second openings are
separated from each other by at least about 2.8 mm, and the third opening 1s separated from each
of the first and second openings by at least about 2 mm.

15, The support connector according to clayn 1, wheremn the second portion of the housing
has a reduced outer profile relative to the first portion of the housing.

16, The suppornt connector according to clamm 15, finther comprising a shoulder portion at the
Juncture of the first portion and the second portion of the housing,

17.  The support connector according to claim 16, wherein a portion of the wall of the first
end cap assembly adjacent the opening resides between the shoulder portion and the second
surfaces of the first and second retractable parts with the sapport connector and furst end cap
assembly m the engaged position.

18, The support connector according to claum 1, wherein the mouanting base 15 configured to

mount the support connector to a standard fluorescent tube lamp Heht fxhwe.
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19, The support comnector accordmg to clum 3, further comprising a first actastor
operatively coupled to the first retractable part and a second actuator operatively coupled 1o the
second retractable part, the support connector configured so that with the first end cap assembly
in the engaged position the actuators can be repositioned to thereby move the first and second
retractable parts towards their vespective assembly positions to allow the first end connector to be

separated from the support conmector.

20, A hnear LED lamp having a body with a length between spaced first and second ends and
configured o be mstalled 1 an operative state in g light fixture, the lmear LED lamp comprising:

a source of ilunmmation comprising LED emitters on or within the body;

an elongate heat sink i thermal commumication with the LED enutfers;

a first end cap assembly at the first end of the body comprising mternal first and second
conductive power pins and an internal conductive grounding pin, at least one of the conductive
power pins adapted to provide power to the lamp and the condactive grounding pm electrically
wolated from the conductive power pins and being connectable to a ground cirewt, the pins cach
having an engagement portion extending in a direction traverse to the length of the body and
towards an opening defined m a sidewall of the first end cap assembly without extending through
the opening;

the opening configured o receive a leading end portion of a first support connector
mounted on the hight fixture, the leading end portion having first and second power electrical
termuinals and a grounding electrical termunal disposed within corresponding first, second and
third receptacles in commumication with first, second and thard opemngs iy a leading end face
thereof;

the first and second conductive power pins configured 1o engage a respective one of the
first and second power electnical terminals via the respective first and second openmgs, and the
conductive grounding pin configured to engage the grounding electrical termnal via the third
operung, as the first end cap assembly 1s moved refative to the first support connector from a
position fully separated from the first support conmector n a path that is transverse 1o the length
of the body mto an engaged position;

wherein the fust end cap assembly 15 configwed to engage and conpeet to the first

sapport connector as an mcident of the first end cap assembly moving nto the engaged postiron,
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21, The Hnear LED lamp according to clam 20, wherem the conductive grounding pin s
spatially arranged relative to the first and second conductive power pins such that, when the first
end cap assembly 15 moved towards the engaged position, the conductive grounding pin of the
lamp will be electrically coupled to the grounding electrical terminal of the fist support
connector before the fivst and second conductive power pins of the lamp are electrically coupled
to the furst and second power electrical terminals of the first support connector,

22, The linear LED lanp according to claim 20, wherein the first end cap assembly opemng
15 bounded by an edge and the first support connector has first and second retractable pants on
which respective second surfaces are defined, the first end cap assembly 1s configured so that the
first and second refractable parts: a) are engaged by the edge of the opeming progressively
cammed from a holding position, in which the first and second retractable pants reside with the
first end cap assembly in the folly separated position, towards an assembly position as the first
end cap assembly 15 moved towards the engaged position; and b) move from the assembly
position back towards the holding position with the first end cap assembly m the engaged
POSIION.

23, The lmear LED lamp according to clamm 20, wherain the conduoctive grounding pm s
glectiically connected to the heat sk,

24 The lipear LED lamp according to claim 20, wherein the sowce of dlummation
comprises at least one LED emitter panel secured to the heat sink, each LED emutter panel
comprising at least ong printed circurt board comprising DC powerad LED enutters for emutting
and distributing hght outwardly from the enutter panel i a light distributton pattern, and the
lingar LED lamp further comprises a driver module comprising an alternating current (AC) to
direct current {DC) driver civewt for driving the LED enntters with DC power.

25, The hnear LED lamp according to claim 24, wherem the conductive grounding pin 1s
electrically connected to the driver module.

26, The Hnear LED lamp according to clatm 24, wherein the first end cap assembly further
comprises a planar support extending traverse to the length of the body, snd the fivst and second
conductive power pins and the conductive grounding pm are mounted to the support and
comprise generally L-shaped pins each having a first portion extending i a divection generally

parallel to the length of the body and a second portion comprising the engagement portion.
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7. The hinegr LED lamp sccording to claim 26, wherem the first and second conductive
power pins are mounted at positions offset laterally from the mounting posttion of the conductive
grounding pin on opposite sides thereof,

28.  The hinear LED lamp according to claim 27, wherein the conductive grounding pin is
mounted at a position offset from the mounting position of the first and second conductive power
pins m the direction towards the opening i the first end cap assembly,

29, The linear LED lamp according to claim 26, wherein the engagement portion of the
conductive grounding pin extends bevond the respective engagement portions of the first and
second conductive power pins in the direction towards the openmg.

30, The lmear LED lamp according to clamm 28, wherem the engagement portion of the
conductive groundmg pm and the respective engagement portions of the first and second
conductive power pins are configured so that each pin engages the corresponding termunal of the
first support comnector over a linear distance of at least aboot 4 mm with the fust end cap
assembly and sopport connector m the engaged position.

31, The bnear LED lamp according to claim 26, wherein the first portion of the conductive
grounding pint 15 shorter than the respective first portions of the first and second conductive
power pins such that the engagement portion of the conductive ground pin 15 offset i the
direction of the length of the body from the engagement portions of the first and second
conductive power pins.

32, The linear LED lamp according to claim 26, wherein the conductive gronnding pin and
the first and second conductive power pms are configured such that the engagement portions
thereof can be aligned with the corresponding first, second and third receptacle openings of the
leading end face of the first support connector when the first end cap assembly 1s moved towards
the support connector mto the engaged position,

33, The hnear LED lanyp according to claim 32, wherein the conductive grounding pin and
the first and second conductive power pins are each separated from each other by a clearance
distance of at least about 3 mm.

34, The hinear LED lamp according to claim 32, wherein the engagement portions of the
conductive groundmg pim and of the first and second conductive power pins are each separated

from each other by a clearance distance of at least about 3.5 mm.
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35, The hoegr LED lamp according to clam 26, wherem the planar support comprises a
connector end board comprising a matingly engagable driver comnector, the connector end board
has conductive pathways electrically comnecting the first and second conductive power pins to
the driver connector, and a corresponding matingly enpagable connector 15 associated with the
driver module for mechanically and electrically connecting the connector end board to the driver
madule,

36, The hnear LED lamp according to claim 35, wherein the connector end board has an
wolated conductive pathway electrically comnecting the condactive grounding pin to the driver
comector for providing an isolated groundmg pathway for the driver modude.

37, The hnear LED lamp according to clanm 36, wherein the driver cirentt comprises an input
commector for recetving AC current from the connector end board and an output connector for
returming DO carrent to the connector end board, the connector end board electrically connected
to the at least one LED emitter panel and distnibuting said DC current to the at least one LED
evitter panel,

38, The hnear LED lamp according to claim 35, wherein the connector end board meludes
conductive pathways electrically connecting the conductive grounding pin to conductive edge
portions of the connector end board, the conductive edgs portions engagmg corresponding
conduoctive fasteners for mechanically securing the first end cap assembly to the heat sk,
thereby providing an electrical pathway between the heat sink and the conductive groanding pin.

39 The hinear LED lamp according to clamm 26, wheremn the planar support comprises a
connector end board, and the connector end board includes conductive pathwavs electucally
connecting the conductive grounding pin to & connecting terminal mounted on the connector end
hoard to provide an isolated grounding path for internal components of the tamp connected to the
connecting termimal,

40, The lmear LED lamp according to claim 20, further comprising a second end cap
assembly at the second end of the body, the second end cap assembly having a sidewall definmg
an operung configured to receive a leading end portion of a second suppornt comnector mounted
on the hght fixture, second end cap assembly 1s configured to engage and mechanically connect

to the second support connector ag an mewdent of the second end cap assembly moving relative to
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the second support counector from g position fully separgted from the second support connector
w1 a path that 15 transverse to the length of the body into an engaged position.

41, The linear LED lanap according to claim 20, wherein the lamp comprises a second end
cap assembly at the second end of the body that 1s not adapted to receive power from an external
power supply, the second end cap assembly configured to mteract with a connector sleeve
mounted on the light fixture, the connector sleeve comprising g sleeve portion defining 2
receptacle, the second end cap assembly configured to be insertable within the receptacle as the
second end of the body 15 moved towards the connector sleeve i a divection substantially
parallel to the length of the body into an engaged position with the connector sleeve.

42, The lmear LED lamp according to clamm 41, wherein the second end cap assembly has a
cross-sectional geometry in a plane perpendicular to the length of the body that conforms to the
cross-sectional geometry of the receptacle of the connector slesve,

43, The bnear LED lamp according to claim 42, wherein the cross-sectional geometry of the
second end cap assembly s generally cireudar.

44,  The baosar LED lamp according to claim 42, wherein the cross-sectiongl geometry of the
second end cap assembly 18 non-circudar,

45, A connector for maintaining an end of a single end power linesr LED lamp m an
operattve state on a light fixture, the lmear LED lamp having a body with a length between
spaced first and second ends, a source of tlemination comprising LED enitters on or within the
body, a first end cap assembly at the first end of the body configured vo engage and connect to a
first support connector mounted on the hight fixture when the first end cap assembly 15 moved
towards the support connector in a substantially straight path traverse to the length of the body
and comprising conductive power pins for connecting with an external power supply, and a
second end cap assembly at the second end of the body, the connector comprising:

a housing comprising a mounting base configured to couple the connector to a support of
the light fixture and a sleeve portion extending along a length of the hght fxture, the sleeve
portion having outer wall portions defimng a receptacle configured to recetve a portion of the
second end cap assembly as the second end of the body 15 moved towards the connector m a
duection sabstantially parallel 1o the length of the body mito an engaged posmtion with the

connector whereby the connector secures the second end of the lamp body to the hight fixtare.
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46.  The connector according to clain 45, wherein the sleeve portion comprises an end wall at
a first end and a receptacle opening at a second opposite end.
47.  The connector according to clam 45, wherein the sleeve portion has a cross-sectional
geometry m a plane perpendicular to the length of the sleeve portion that conforms to the cross-
sectional geometry of the second end cap assembly.
48, The comector according to clamm 47, wherein the cross-sectional geometry of the sleeve
portion is generally circular.
49, The hnear LED lamp according to claim 47, wherein the oross-sectional geometry of the
sleeve portion s non-circular,
50.  The connector according to claim 435, wherein the mounting base 18 contfigured fo mount
the connector 1o 8 standard fluorescent tube lamp hight Hxture.
hi 8 A system comprising a hinear LED lamp and first and second support connectors for
maintaming the LED lamp in an operative state n the light fixture;

the hinear LED lamp comprising:

a body with a length between spaced first and second ends;

a source of iHlumination covaprising LED emitters on or withmn the body:

an elongate heat sink 1 thermal commumcation with the LED enutters;

a first end cap assembly at the first end of the body comprising mnternal first and
second conductive power pins and an internal conductive grounding pin, at least one of
the conductive power pins adapted to provide power to the famp and the conductive
grounding pin electrically solated from the conductive power ping and beimng connectable
to a ground cirenit, the pins each having an engagement portion extending in a divection
traverse to the length of the body and towards an opening defined n a sidewall of the first
end cap assembly without extending through the opening; and

a second end cap assembly at the second end of the body, the second end cap
assembly having a sidewall defiming an opening configured to receive a leading end
portion of a second support connector wmounted on the hight fixtore;
the first support connector comprising:

a nonconductive housing comprising a first portion including 8 mounting base

configired to couple the first support connector to a support of the hght fixture and a
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second portion extending from the fivst portion and configured to be insertgble withan the
opening of the first end cap assembly;

the second portion having sidewalls and a leading end wall extending traverse to
the sidewalls, the leading end wall defining first, second and third opemuags;

first and second power electnical terminals and a grounding electrical termmal
each disposed within the second portion mn general alignment with a corresponding one of
the openings;

the first and second power electrical teromnals configured to mate with the
engagement portion of a respective one of the first and second conductive power pins of
the lamp when the power pins are mserted through the respective first and second
opemings and the grounding electrical termunal configured to mate with the engagement
portion of the conductive grounding pin when the grounding pin 15 inserted through the
third opening as the end cap assembly s moved relative to the first support connector
from a position fully separated from the support connector it a path that s transverse fo
the length of the body nto an engaged position;

the second portion having first and second parts on which respective second
surfaces are defined, the second surfaces configured to engage corresponding first
surfaces defined by the wall mmer surface adjacent oppostie ends of the opening of the
first end cap assembly so that the first and second swrfaces are placed m confronting
relationship o prevent separation of the end cap assembly and the first support connector
with the body mn the operative state in the engaged posution;
the second support connector conyprising:

a mounting base configured to couple the second support connector to a support
of the bight fixture and a second portion extending from the first portion and configured
to be insertable within the opening of the second end cap assembly, the second support
connector configured 1o engage and mechanically connect to the second support
connector as an ncident of the second end cap assembly moving relative to the second
support comector from a position fully separated from the second support connector in a

path that 15 transverse to the length of the body mto an engaged posttion,
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A system comprising @ limear LED lamp, a first support connector and second slegve

connector for mamtaining the LED lamp i an operative state i the Light fixture;

the hnear LED lamp compnrising:

a body with a length between spaced first and second ends;

a source of tHumimation comprising LED enmutters on or within the body;

an elongate heat sink in thermal communication with the LED emitiers;

a first end cap assembly at the first end of the body comprising internal first and
second conductive power pins and an internal conductive grounding pin, at least one of
the conductive power pms adapted to provide power to the lamp and the conductive
grounding pm electrically solated from the conductive power pins and bewng connectable
to a ground circutt, the pms each baving an engagement portion extending m a divection
traverse to the length of the body and towards an opening defined in a sidewall of the first
end cap assembly withoot extending through the opening; and

a second end cap assembly at the second end of the body;
the first support connector CoOmprising:

a nonconductive housing comprising a first portion Including a mounting base
configured to couple the first support connector to a support of the light fixture and a
second portion extending from the first portion and configured to be mnsertable withmn the
opening of the first end cap assembly;

the second portion having sidewalls and a leading end wall extending traverse to
the sidewalls, the leading end wall defining first, second and third openings;

first and second power electrical terminals and a grounding electrical terminal
each disposed withun the second portion in general alignment with a corresponding one of
the openmngs;

the first and second power electnical termunals configured to mate with the
engagement portion of 8 respective one of the first and second conductive power pins of
the lamp when the power pins are mserted through the respective first and second
openings and the grounding electrical termunal configured to mate with the engagement
portion of the conductive grounding pin when the grounding pin 15 mserted through the

third opeming as the end cap assembly 15 moved relative 1o the first support connector
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from a position fully separated from the sapport comnector 1 a path that s transverse ©
the length of the body into an engaged position;

the second portion having first and second parts on which respective second
surfaces are defined, the second swrfaces configured to enpage corresponding first
surfaces defined by the wall muer surface adjacent opposite ends of the opening of the
first end cap assembly so that the first and second surfaces are placed i confronting
relationship to prevent separation of the end cap assembly and the first support connector
with the body n the operative state in the engaged position;
the sleeve connector comprising:

a housing comprising a mounting base configured fo couple the sleeve comector
to a support of the hght fixture and a sleeve portion extending along a length of the light
fixture, the sleeve portion having outer wall portions defining a receptacle configured to
recetve a portion of the second end cap assembly as the second end of the body 15 moved
towards the connector in a direction substantially parallel to the length of the body nto an
engaged position with the sleeve connector whereby the sleeve connector secures the

second end of the lamp body 1o the light fixtare.
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