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CONNECTOR SYSTEM FOR LIGHTING ASSEMBLY

Cross-Reference to Related Applications

{0001] This application claims the benefit of United States Provisional Patent
Application No. 62/276,075, entitled “Connector System For Lighting Assembly™ and filed
Jannuary 7, 2016, which is hereby mcorporated by reference m uts entirety. This application also
claims the benefit of United States Provisional Patent Application No. 62/422 521, entitled
“Connector Systern For Lighting Assembly™ and filed November 15, 2016, which is hereby

meorporated by reference in its entirety,

Field
[0002] This invention relates to Lighting and, more particularly, to light emitting diode

{LED) ilfumination as well as twbular lighting assemblies.

{8003] Over the years various types of lluminating assemblies and devices have been
developed for mdoor andfor outdoor dhunination, such as torches, oil lamps, gas lamps, lantems,
mcandescent bulbs, neon signs, fluorescent bulbs, halogen Hghts, and Hght emitting diodes.
These conventional prior art tluminating assemblies and devices have met with varving degress

of suceess.

{o004] Incandescent fight bulbs create light by conducting electricty through a thin
filaroent, such av a tuogsten filament, to heat the flament 1o a very high teroperature so that &
glows and produces vistble light. Incandescent fight bulbs et a vellow or white color.
Incandescent light bulbs, however, are very mefficient, as a high percentage of energy nput is

{ost as heat.

{0005] Fluorescent lamps conduct elecimicity through mercury vapor, which produces
uitravielet (UVY light, The ultraviolet Hght is then absorbed by a phosphor costing inside the
famp, causing it to glow, or fluorescs. While the heat yenerated by fuorescent lamyps s much
less than sts incandescent counterparts, energy is sl lost m generating the UV Bght and

converting LIV Hght inte visible Hght. If the lamp breaks, exposare to mercory can ocawr. Linear
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fluorescent tamps are offen five 1o six tines the cost of mcandescent bulths 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 dimmers.

{(005] Conyentional fluorescent lights typically utihze a bi-pin/l-pin yoeans on the
wubular bedy that mechanically supports the body in an operative state ot lamp holders of the
cethng lighting fixture and effects electnical connection of the lununation source 10 a power
supply. A ballast associated with the highting fixture converts AC line voltage to the DC power
provided to the florescent tube. The ballast also redoces the power cupply to a voltape level
surtable for use in a florescent tube. A starter eivcuit for providing a vohage pulse is needed to

cause current to conduct through the jonized pas in the fluorescent tube.

{0007] Light emitting diode (LED) highting s particularly useful. Light emitting diodes
{LEDs} offer many advantages over incandescent and Huorescent hight sources, inchiding: lower
energy consuwmption, longer hfetime, improved robustness, smaller size, faster switching, and
excellent durability and reliability. LEDs emnit more light per watt than incandescent hght bulbs.
LEDs can be tmy and easily placed on printed circeit boards. TEDs activate and tum on very
guickly and can be readity diomed. LEDs enmt a cool Reht with very Title infrared hight LEDg
come m multiple colors which are produced without the need for filters, LEDs of different colors

can be mined to produce white light.

{6008] The operational life of some white LED lamps is 100,000 hours, which 15 much
longer than the average life of an incandescenmt bulb or fluorescent lamp. Another mportant
advantage of LED Huhtmyg is reduced power consumption. An LED circuit witl approach 80%
gificiency, which means 80% of the elecirical ensrgy 18 converted o Hoht ensrgy; the remaining
20% is lost as heat epergy. Incandescent bulbs, however, operate at about 20% efficiency with

80% of the electrical energy lost as heat,

{6009] Linear LED tube lighting products for replacing fluorescent lightmg tvpically
comprise an array of LEDs mounted on one or more ciweuit boards. The LED boards are
mounted on an elongate heat sink comprising a heat conducting matenal such as alaminum. The

LED circuit boards are o thermal contact with the heat sivk, but electrically isolated from the
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freat sink. The LED twbe hamp may include mternal diiver modole comaining cirenitey for
convarting AC line current to DT 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 overcoming potential problems associated with using the existing local
ballast origmally designed for powering fluorescent lamps, In some designs, however, an
external local ballast s used. The high power LEDs, ss well as any intemal driver module,
generate heat that must be dissipated by the heat sink. To facilitate beat dissipation to the
atmosphere, the heat sink s typically disposed such that s external surface forms a portion of
the outer surface of the tube lighting assembly. The lighting assembly 13 mstalled such that the
heat sink faces upward toward the ceiling lighting fixtere. The remaining cirournference of the
tube comprises a wanshicent or transparent lens cover through which the generated light s
emitted. The lens cover faces towards the space to be illuminated when the LED lighting

assermbly s installed in a ceiling or other lighting fixture,

{6016] The linear LED lavap heat sink is typically fabricated of an electrically conductive
metatbic material such as alominum or sluminem allovs. These materials dissipate heat
efficientty withoat a significant nerease in surface temperature. The heat sink stself] as well as
the printed circuit LED boards and other electrical components within the linear LED tube
assembly, present a safety bazard without proper electrical grounding. This is becaase the line
voltage or voltage input to the LED boards could be applied to the heat sink in the event of a
short circait, for example, if the nsulation between the LEDs andfor internal driver circaitry and
the heat sink iz inadequate or deteriorates daring use. This could lgad to other components within
the assemblv overheating and creating a fre hazard. It also creates an electrical shock hazard
should the user come into physical contact with the heat sink when inspecting the wstalled lamp.
The electrical components within the lamp, such as LEDs and driver circutts, ave also susceptible
of being damaged in the event of a power sorge. With the recent mtroduction of sensors,
cameras, control and data communications circuitry and other “smart Hghting” components into

tinear LED lamp formats, a comprehensive protective grounding system is requived,

{8011} One type of LED tube lamp is designed for the insert and rotate type lamp holders
mounted on conventional fluorescent ceiling lighting fxuwes, known in the industry as

“tovabstone” lamp holders. Such lamp holders are designed 0 engage electrical powsr ping
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projecting in cantilever fashion from the ends of a cvlindrical shaped Ruorescent tube famp, ot
LED replacenient tube lamp. The exposed pins on the ends of the Hnear LED tube ave
sasceptible to damage doring distribution and installation. The lanyp body must be sitnated in a
first angular ovientation to direct the pins tnto the lamp holders mounted on a supportreflector
and iz thereafter tumed to effect mechanical securement and elecirical connection. Installavon
requires a precise initial angular orientation of the body and subseguent controlled repositioning
thereof to simultancously seat the pins at the opposite ends of the body. Often one or more of the
pins are nusaligned during this process so that electrical connection 1s not established. The same
masalipmment may caase 3 compronused mechamcal connection whereupon the body may

escape from the connectors and drop so that # is damaged or destroyved.

{0012] Further, the connectors on the supportireflector are generally mounted in such a
fashion that they are prone to flexing. Even a slight flexmg of the connectors on the support
might be adequate to release the ping 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
fghtweight fluorescent Lighting and not designed for LED tobelar hghting that has additional
sveight due to the required heat sink and PCB boards. The weight of the body by itself may
produce horizontal force components that wedge the connectors on the support/reflector away
from each other so that the body becomes precanously situated or fully releases.

{0013 U8, 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 projeciing from each end of the tube wherein a middle pin is
connected to the heat sink. The lamp holder mcludes a ground terminal, which recaives the
nuddle pin and in turn is conmected to an external ground via a ground strap. While this approach
provides a grounded heat sink, it does not overcome the above-mentioned problems associated
with utihzing external ping in an nsert and rotate lamp holder for securing linear LED tube
famps. It does not provide ground protection for the electrical components and civeuitry of the

lamp.

{6014] Morcover, the user 13 not prevented from nadvertently installing the three-pin
lamp ends in a conventional, non-grounded tombstone holder rather than the grounded

counterpart replacement holders proposed by Ham. Dolng so resolts i 8 sonsgrounded laop,

o4
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alibough visually the mstallation looks vearly wdeatical 1o g properdy grounded lamp. There s o
rehable means of assuring that the holders ave replaced and the installation properly performed,
and # is difficalt to determine by visuval inspection whether an mstallation was performed
properly to create a safe grounded system. It is impractical to disassemble the system to check
that the conventional fluorescent lamyp holders were replaced with grounded lamp holders and
that ground straps were connected to the system ground. This presents a significant difficulty for
end users, lighting maintenance personnel, bulding mspectors, safety regulators and others
destring to confirm that replacement LED tube lamps are safely grounded. These difficulties are
even more pronounced in commercial environments, such as retal space, warchouses and office
butldings, whose overhead lighting systems may utilize hundreds or even thousands of linear

tube lamps.

[0015] An aliernative snap-fit connector system adapted for LED linear tubes 1s shown in
U.S. Patent Application Publication 201402935395, by the smne applicant of the subject
application, and 1 incorporated as if reproduced in its entirety herein. The tobular LED highting
assembly has at least one LED emutter board within the body; and first and second connectors
respectively at the first and second body ends that are configured to secure the lamp on a support
fixture. The first connecior has cooperating first and second parts. The first connector part is
mtegrated into an end cap assembly of the lamp body. The second connector part 1s configured to

be on a support for the twbular ighting assembly.

{6016] The first and second connector parts respectively have first and second surfaces.
As the second comnector paris connectoy part 13 recerved within an opening of the end cap
assembly, the first and second surfaces are placed in confronting relationship to prevent
separation of the first and second comnector parts as an incident of the first connector part
moving relative to the second connector part fom a position fullv separated from the second
connector part i a substantially straight path that is transverse 1o the length of the lamp body.
The snap-fit comnection does not utilize exposed pins to mechanically secyre the lamp ends v
the support and 1s effected by a linear motion rather than an insert and rotate technique. The first
end cap assemblv includes 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

extending w8 divection generally parallel w the length of the body and 8 second portion

S
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extending it a divection traverse to the lenpth of the body and towards the second connector pant
when said first connector part is moved towards the second the second comnector part and into
the engaged position. The conductive components on each of the first and second connector parts
electrically connect to each other to form an elecirical path between the iltumination source and
an externa power supply as an mcident of the connector parts being moved o the snap-fit

engaged configuration.

SR

{0017] The above-mentioned snap-fit conngctor system addresses some of the problems
associated with the use of conventional tombstone type lamp holders for securmg LED tube
famps to highting fixtures. However, 8 mamtans the LED tobe lamp i an operating state without
providing a wmeans for ground protecting the LED tube heat sink or the internal electrical
components of the lamp, thus creatmy safety and reliability issues for the lamp installation.
There Is a need for a connector system designed for the unique needs of LED lamp technology
that alleviates all safety concerns and provides a safe, reliable and convenent solution that will
allow the benefits of LED lamp technology to be fully realized and can be mplemented m a

cost-effective manner.

Brief Deseription of the Drawings

{8018} Fig. 1 1 & fragmentary, perspective view of ancelongate tubular Hghting assembly,
and showing cooperating connector parts at one end of a body on or within which there'is 8

souree of ifhanination:

{0019] Fig. 2 18 a view as m Fig. | with the connector parts fully separated from each
pther;
{6024] Fig. 3 13 a view as in Fig. 2 showing cooperating conngctor parts at the opposite

end of the body:

{6021 Fig. 4 is an enlarged, end view of the connector pants shown i the relationshiy of
Fig. 2;
{0022 Fig 3 is a view ay in Fig. 4 with the connecior parts joined m an assembled

contigaration;
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{8023 Fig. 6 1 an exploded, perspeetive view of an end cap assembly consisting of the

connector parts in Fig. 2 and a connector board for the sonrce of iHlumination;
{6024] Fig. 7 15 a view as in Fig. 6 with the parts assembled;

{a02s] Fig. 8a is a perspective view of tubular lhighting assembly, and showing
cooperating connector parts at each end of the hody configured to connect to an externgl power

source at each end of the body:

{0024] Fig. 8b is & perspeciive view of tubular lighting sssembly, and showing
codperating cotinggtor parts at gach end of the body, with one set of cooperating CORBRIIOT parts

configured to connect to an external powsr source;

{8027] Fig. 9 15 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 source and &

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 incluading

cooperating ground protection components;

{0029 Fig. 11 13 a fragmenstary, perspective view of an glongate wwbular lighting
asserably, and showing coopersting counnector parts at one end of a body and including

alirnative cooperating ground protection components;

{0036 Fig. 12 is a Gsgmentary, perspective view of an elimgate wbulsr lighiing
assembly, and showing cooperating connector parts at one end of a body and including

alternative cooperating ground protection components;

{8031] Fig. 13 1s a fragmentary, perspective view of a multi-sided elongate tubular
lighting assembly, and showing cooperating connector parts at one end of a body and including

alternative cooperating ground protection Components;
{8032] Fig. 14 iz a fHagmentary, perspective view of an clongate tubular lighting

assembly, and showing cooperating conmector parts Comprisiny a connector sleeve at a no power

end of a body and including cooperating ground protection components; and
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{0033] Fig. 15 is a fragmentary, perspective view of an elongate twbular lighting
assembly, and showing cooperating connector parts comprising a connector sleeve at a ng power

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

e

[6034] Fig. 16 15 a fragmentary, perspective view of another embodiment of g multi-sided
slongate twbular lighting assembly, -and showing coopesating connector parts at one end of a
body and including aliernative cooperating ground protection components;

{0035] Fig. 17 18 a fragmentary, perspective view of another embodiment of a generally

cvlindrical elongate tubular highting assembly, and showing cooperating connector parts at one

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

{0036] Fig. 18 is a perspective view of the cooperating connector pants in Fig. 17 n an

assembled configuration;

{8037] Fig. 19a 15 an end view of the cooperating connector parts m Fig. 17 in a partially
assermbled configuration;

{0838] Fig. 19b is an end view of the cooperating connector parts in Fig. 17 m a fully
assembled configuration;

{0039 Fig. 20a is an end view of ong of the connector parts in Fig. 17;

{0046] Fig. 20b s a side view of the connector part in Fig, 20q;

jou41) Fig. 21a1s a side view of the other connector part in Fig. 17, and

{6042} Fig. 21b is an end view of the connector part in Fig. 21a.

{8043] Fig. 22 is perspective view of a linear highting 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 sowrce with isolated grovad protection,

Description of the Prefarred Embodimenis

{B044] For the purposes of promoting an understanding of the prnciples of the mvention,
referance will now be made tothe embodiments tlustrated 1n the drawings and specific language

will be used to describe the same,. I will nevertheless be understood that no Hmodtation of the

K-
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seope of the invention is thereby intended. Any such alterations and farther modifications i the
Hustrated devices, and such further applications of the principles of the invention as illustrated
herein are contemplated as would normally occor to one skilled in the ant to which the invention

refates.

{H045] There is a veed for an improved lanp holdet aud connector systen that addeegs all
safery issues and provides a grounded LED Hohting system in the linesr tube format that is
widely deploved throughout the lighting industry. As used herein, the termss “LED tube lamp”
and “linear LED lanp” and similar variants are used interchangeably to describe LED lamps
having at least one LED board mounted on an externally exposed beat srok having 8 narrow and
elongated overall profile and with optional elongated optical lens, and desipned for removable
mounting to a variety of Hghting fixture housings. While the overall form factor of such lamps 1s
ordinarily generally similar to that of conventional fluorescent tube lamps, the vse of these terms
is not intended to limit the scope of the disclosed or claimed subject matter to lamps having any

particular lateral cross-sectional shape or to requive a fully enclosed outer tubular stracture,

{0045] Figs. 1 to 7 illostrate an available snap-fit connector system for Hnear LED tube
fighting. The lamp comprises an clongate tubular body portion 1 including shmetallic heat sak
12 extendig throughout a generally upward facing portion of the circombsrence of the tubala
body, and a wamsparent or wansfocent lens portion 14 extending throughout & generally
downward facing portion of the circumterence of the tubular body. The heat sink is preferably
formed of an aluminum alloy, although other thermally conductive materials may be used. At
feast one LED emitler panel comprising a printed circunt board mounting & senes of LEDs 15
mounted to the heat sink internal to the tubular body. Heat generated by the LEDs conduots
through the emitter panel 1o the heat sink. The heat sink of the iHustrated lamp is multi-sided
with a generally trianpular cross-sectional geometry in 3 plane perpendicular to the length of the
lamp body, providing two mounting surfaces for supporting multiple LED emitter pavelsin a V-
orientation, End cap assemblies disposed at the oppostte lamp ends have a conesponding

triangular cross-section in a plane parpendicular to the length of the body.

{8047] The available system mechamically secures the LED tube lamp to a support and
electrically connects it o an external power supply, but leaves the lamp heat sink and internal

clectronic components in an wngrounded state. &s can be seen in Figs. 1 - 3, 8 first connector 100

-
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at the first end 20 of the body 10 1¢ made up of 2 fisst conmector part 110 and & second connesotor
part 120. A second connector 400 is provided at the second end 30 of the body 10 and is wade
up of a third connector part 410 and a fowrth connector part 420 The body of the connector parts
are formed of plastic or other non-conductive material and are preferably manufactured using

conventional injfection molding technigues.

{0048] The first and second comnectors 100, 400 are configured 1o maintain the body 10
in an operative state on a support 50 that may be i the form of a reflector, or otherwise
configured. The first connector part 110 is part of & first end cap assembly 112 that s provided
at the fivst body end 20, The second connector part 120 i provided on the sapportireflector 50
The third connector pact 410 s provided at the second end 30 of the body 10, with the fourth
connector part 420 provided on the supportfreflector 50, The body includes at least one LED
emitter panel providing a source of illumination, which is electrically connected o a power

sapply through the first connector 100,

{6049) As shown m Fig 4, second connector part 120 has oppositely opening slots 129,
129 The slots cooperate with the reflector tabs 52, 34 gy tHlustrated in Frg. U That s, the tabs
32, S4 are formed so that they can slde through the slots 129 1297 whereby the second
conuector part 120 and sepportfreflector 30 can be press connected starting with these parts fally
separated fronveach other. A simple shding roovement lengthwise of the body 10 wall fully seat
the tabs 52, 54 that become frictionally held n the slots 129, 1297 The fourth conngctor part 420
also mcludes slots that provide for releasable connection to tabs of the supportreflector 50 m

substantially the same way.

{8056 As shown in Figs. 1, 6 and 7, first end cap assembly 112 which forms the first
connector 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 multi-sided heat sink
having a generally V-shaped cross-section for supporting multiple LED enutter boards, and an

internal driver board. Other end cap and heat sink configurations are possible,

{pas) In Fig. 4, the first connector part 110 is showa in a position fully separated from
the second conngctor part 120, In Fig. 5, the first connector part 116 15 shown moved relative to

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

- 10 -
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indicated by the vpward polnting arrow, transverse 1o the length of the body 10, o the enpaged
upward facing wall 114 bounded by an edge. Second connector part 120 has a first bendable part
122, The second comector part 120 is configured so that the first bendable part 122 15 engaged
by the edge of the opening 116 and progressively cammed from a holding position, as shown in
solid lines 1 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 wnto the
engaged position. The first bendable part 122 moves from the assembly position back fowards

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

{8052] The fivst connector part 110 has a wall 114 through which the opering 110 i
formed. A flrst curface 117 38 a portion of the inmer surface of thiswall 114, A second surface
124 18 defined by a boss 126 on the bendable part 122, The wall 114 has a third swiace 118 on
its opposite surface that faces towards a fourth surface 128 on the second connector part 120
The wall 114 resides captively between the second and fourth surfaces 124, 128 with the first

connector part 110 in the engaged position to maintain this snap-1it connection.

{(053] Ag can be seen in Fig, 2, fest berdable part 12218 joined to the leading end 127 of
the second conbedtor part 120 throngh a live hinge 128, The second connector part 120 has an
actuator 121, 1wy this exbodiment on the first bendable pagt 122 remote from the hinge 123, that
can be pressed m the direction of the horizontal arrow In Fig. 4 with the first connector part 110
in the engaged position, thereby to move the first bendable part 122 towards its assambly
position, as shown i dotted lines m Figs. 4 and 5, to allow the swrface 124 to pass through the
opamng 116 so that first connector part 110 can be separated from the second connector part
120. The second connecior part 120 hag a second hendable part 1227 on an opposite side that 15
configured the same as the first bendable part 120 and cooperates with the edge of opening 116
in the same way that the first bendable part 120 cooperates with the edge m moving between
corresponding holding and assembly posiions. An actoator 121715 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 their holding positions mto their assembly

positions.

{8034] The second comnector 400 has third and fourth comnector parts 410, 420 that are

respectively stracturally the same as the first and second connector parts and mieract with each

-1t -
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other mechamically at the second end 30 of the body 10 1 the same way that the fisst and second
connector parts 110, 120 mteract with each other at the first end 20 of the body. The first and
second comnectors 100, 400 are configured to maintain the body 10 in an operative state on a

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

{Bass] In the embodiment shown, at least the first end 20 of the LED tube lamp is
adapted 1o receive power from sn external power supply. As shown in Figs. 6 and 7, the
receptacie 119 may receive an end connector board 60 having L-shaped electrical connector
terminals 62, 64 thereon that cooperate with conngctor  assemblies 72, 74 having wires that
extend through second connector part 120 1o establish electrical connection between the board 60
and the power supply. The connector terminals 62, 64 may be mechawcally and electrically
comnectad to the board 60, and the board includes traces to form electrical paths from the
connector terminals 62, 64 {0 fermunals such as termuinals 86, The terminals 66 cooperate with
pins extending from LED emitter boards, driver circuit boards or other electrical components to
provide power io such compounents. Allernatively, the connector termunals 62, 64 may
clectrically comnect to the LED ermitter boards andfor other electrical components of the LED
lamp system via one or more wires. The Le-shaped electrical connector tenminals 62, 64 of
connector board 60 each have a first portion extending in direction generally parallel to the
length of the body and a second portion exiending 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 sscond the second comnector part and into the engaged position, the first and second
comnector parts 110, 120 can be mechanically snap-connected, and connector assenablies 72, 74
are also press fit inte electrical connection with the connector terminals 62, 64 as an eident of

the first connector part 110 moving from its fully separated position into its engaged position.

{0056] Fig. 8a tllusirates an installation using a snap-fit connector system of this type i
which power is supplied to both ends of the linear LED tube lanyp body 10, In Fig. RBa, the
comnector 1s shown for'g Huear LED tube lamp of a penerslly civcular cross-section. Soap-ft
connectors 100 and 400 are provided at opposite ends of the lamp comprising first and second
connector parts 110, 120 and third and fourth connector parts 410, 420 respectively. The
depicted lap 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 gach end of the lamp

12 -
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thus mclades both the mechamcal and elecirical connector components described above. Sonte
LED lamps ave configured to conmect to the external powsr supply at only one end. As illustrated
in Fig. 8b, for a lamp of this type shown as lamp 11, the second connector 400 may include only
the components needed to mechanically connect third connector part 410 of second end cap
assgmubly to founth conpector part 420, Ta other words, the second end cap assembly and the
fourth connector part 420 need not inchude electrical connector termunals and may be provided

without a means for connecting to the power supply.

{8037) The connector systems deseribed thus far for powening the internal components of
the lamp leave the mternal components, and the extermally exposed lamp heat sink, I an
angrounded condition. There is a nisk of damaging the oternal components in the event of a
power surge, and the heat sink presents a potential electric shock risk andfor fire hazard of

applied power leaks to the heat sink as a result of a short circpit condition.

{0058] Fig. 9 illustrates an alternative, improved connector system adapted for single end
power linear LED tube lamps in which only one end of the lamyp s configured to connect to and
receive power from an external power supply. In this system, the end 30 of the LED tube lamp
12 shown, is adapted to receive power through connector assemblies 72 and 74, H1s secwred to
support 30 by means of connector 400 consisting of third connector pavt 410 having an opemtag
m 1ts sidewall and fowrth connector part 420 having moveable components for making a snap-fit
connection with the sidewall, as descaibed above with reference to the Figs. 1 to 7 and 8a. The
opposite end 35 of lamp 12 includes an end cap assembly 510 of cyvlindrical shape having a
receptacle into which the second end of lamp 12 mserts. The end cap assembly 310 nead not
melude an opening in ifs side wall, as it does not engage a male snap-fit connector part of the

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

{6059] The systems further includes plastic connector sleeve 520, which i adapted to
mount to support 50, A base portion 522 of comnector sleeve 520 includes slots 330 on opposite
sides thereof into which tabs 52, 54 of support 30 slide so that connector sleeve 320 can be
secured to support 50, The base portion 522 exiends toward sleeve portion 524 comprising a
continuous sidewall 526 and end wall 528, which form a receptacie having an open end facmg

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

-13.
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510 of the LED lamp. The sleeve portion 524 i< prefergbly of a cross-sectional shape that
conforms to the cross-sectional shape of end cap assembly 310, which s cireular in the
iHustrated embodiment. Connector sleeves comprising a sleeve portion of other cross-sectional
geometries, such as generally triangular, square or rectangudar, ave also contemplated for use
with other lamps having corresponding end cap cross-sectional geomerries. In one preferred
form, the sleeve forms 8 receptacle of g generally triangular cross-section for receiving a
generally triangular end cap assembly of a lamp comprising a multi-sided heat sink mounting

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

{8050] Fig. 9 chows the foutth connector part 4200 of connector 400 and comector sleeve
320 mounted 10 sapport 50 at opposite endy of a light Bxture, LED tube Tamp 12 may be msalied
i the fixture by inserting the end cap assembly 310 at the end 35 hinearly slong the length of the
lamp body in the direction of the horizontal arrow mnto the receptacte of connector sleeve 320
The connector slesve is preferably sized so that end cap assembly 510 15 easily guided into the
receptacte, where it is supported in the vertical direction yet adjustable in the horizontal
direction. Next, the third connector part 410 of the end cap assembly at the opposite end 30 1
adjusted so that #s opemng is aligned with the fourth counector part 420, In the case of a
cvhindrical lamp, this may also require rotating the lamp about i#s longitudinal axis o radially
aligning the female opeming of third connecior part with the male portion of fourth comnnector
part at the power end. The third connector part is then moved upward in the direction of the
vertical arrow toveards fourth connector part 420 so as to goide the fourth connector part 420 into
snap-fit connection with third connector part 410, Securing the snap-{it connection at the power
end 30 of the lamp locks the lamp at its proper rotational orientation and prevents the lamp from
backing out Imearly from connector sleeve 520, and the lamp is thus securely maintained n an
operational state. To remove an installed lamp, the snap-fit connection may be relegsed using the
actaators as previously described, which allows withdrawing the end cap assembly 510 atend 35

from the receptacle of conmector sleeve 520,

{ao61] This connector system offers potential advantages compared to the alternative
approach of deploving a power enabled snap-fit comector at the power end of the lamp and
maodified no power snap-fit connector at the opposite no power end. It eliminates the need

manufacture and distribute alternative verstons of the snap<fit connector for power and no power
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applications. Italso facilitates stmplification of LED wbe lany design, as the no power end 35
reguires only @ simple end cap without any modifications to scconunodate a snap-fit connection
system or external bi-pin terminals adapted for conventional tombstone lamp holders. The

connector sleeve 320 is easily manufactured and contains no moving parts.

{62 Moreover, the sleeve 520 provides convemsence to the lamp installer and a more
efficient installation methodology, With standard lnear LED tube lamps typically ranging from
2 10 8 feet m length, 1t is cumbersome to properly align the cooperating components o the
proper engaged position while handling & portion of the lamp that 15 siguficantly displaced from
the lamp end bemg mstalled. Thus, lamp installation typically requires the staller 1o grasp a
first end of the lamp and position 1t wto engagement with s corresponding lamp holder, whether
a snap-{it connector or rotating tombstone famp holder, and then move to a position proximate
the opposite end of the lamp to manipulate the opposite end into engagement with its lamp
holder. Using the comnector sleeve 520, however, both ends of the lamp may be mnstalled by
manipulating the lamp from the power end. While grasping the lamp near the power end 30, the
mnstaller may goide the opposite no power end 35 mto the receptacle opeming of connector sleeve
320. This requuires only minmmal dexterity and skill compared to the more precise positioning and
controlled movements needed to gwide the components of the snap-fit or tombstone iype
connector system together. Afler the no power end is seated in the receptacle of the connector
sleeve, the nstaller may adjust the linear and angular position of thurd connector part 410 at the
power end 30 as necessary 1o align s connector opening with fourth connector part 420 while
the opposite end 35 remains seated in the connector slesve, While remaining at the same
location, the mstaller then moves the lamp end 30 directly upward from the separated posttion
and into snap-fit engagement with fourth connector part 420 pre-mounted on support 50.
Potentially significant time and associated fabor savings may be achieved with this system and
mstallation method, especially in comunercial environments requiring installation of hundreds ar

potentially thousands of LED tube lamps,

[0063] With connector systems suitable to mechanically and electrically connect linear
LED tube laraps to a support having thus been described, the following discloses smproved
connector systems capable of providing ground protection to the lamp heat sink and/or internal

glectronic components. Fig. 101 divected 1o a snap-fit comector system for-a Hnear LED tube
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famp that inclodes an intepeated grounding systery for providng pround protection to the LED
wibe heat sink. LED wbe lamp 250 comprises an elongate tubular body portion including a
metallic heat sink 254 extending throughout a generally upward facing portion of the
circumference of the tubular body, and a transparent or translucent lens portion 252 extending
throughout a generally downward facing portion of the circumference of the mbular body. The
hegt sink 18 prefecably formed of an aluminum alioy, slthoough other thermally condoctive
matetials may be used. At least one LED emitter panel 270 conprising a printed cirenit board
mounting a series of LEDs is mounted to the heat sink mmernal to the tubular body. Heat
generated by the LEDs conducts through the enutter panel to the heat smk. The beat sk may
melude fing 255 extending along its length to increase the effective surface area for transfer of
heat to the atmosphere. The LED lamp 250 may include an mternal ballast or driver modale or
may alternatively utilize an external ballast associated with the lighting fixture. Heat sink 254
lras a generally semu-circular cross-section in a plane perpendicular to the length of the lamp,
svith support wall 259 extending across the intemal region thereof to provide a wounting surface
for LED emutter panel 270. Other heat sink geometries are also contemplated, including, for
example, a configuration such as the one dlastrated m Fig. 13 comprising maltiple suppont walls
arranged in a generally V-shape and lying m mtersecting planes for supporting multiple LED

eritter panels arranged to disiribute hight over a wide area.

{on64d] With fusther reference to Fig. 10, LED lamp 250 ts mounted at its fust end 10 a
support 30 of g lghting fixture by means of snap-fit connector system 200 condprising first
compector part 210 and second connector part 220, Several aspects of the components of the
snap-fit connector svstem of Fig. 10 for securely connecting LED lamp 2350 to support 50 are
substantially the same structurally as described above with reference to the snap-fit sysitem
tlustrated in Figs. 1 — 7. Thus, second connector part 220 is provided on the support/reflector 50,
The support 50 may be a reflectar portion of an existing ceiling lighting fixture of the type
conventionally used for linear fluorescent tube highting. The connector system of the mvention
may be utihized m other types of lighting fixtures secured to an overhead cetling grid or to
another stracture. The LED enutter panel 270 providing a souwrce of ihumination is electrically
connected to a power supply through the connector system 200, The second connector part 22(

can be press comnected to the support 30 by means of oppositely opening slots that cooperate
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with the support tabs 52, 540 Of course other releasable, and potentially permanent, conngctions

are contemplated.

{0065] The first connector part 210 is part of a st end cap assembly 214 that i
provided at the first end of LED lamp 250. The first end cap assembly 214 is formed of plastic
or other non-~conducting material and comprises eylindrical side wall 212 extending from circular
end wall 230, First end cap assembly 214 forms a cup-shaped receptacle into which the fivst end
of the body of LED lamp 250 extends. An opening 216 is formed in side wall 212 to receive a

portion of second conngctor part 220,

{0055] The second comtector part 220 has a pawr of bendable parts 222 on opposite sides
theveof, each operable through hinge 225, which are engaged by the edpe of the opening 116 and
progresstvely cammed from a bolding position owards an assembly position as the fiest
connector part 210 15 moved up fo and nto the engaged position. The first bendable parte 222
move from the assembly position back towards the holding position with the frst part realizing
the engaged position. The wall 214 restdes captively between surfaces of the first connector part
210 in the engaged position fo maintain this snap-fit connection. A pair of actuators 221 on
opposite sides of second connector part 220 can be pressed 1o move the first bendable parts 222
towards s assembly positton, m the same manner shown in dotted lines in Figs. 4 and §, to
allow them to pass through the opening 216 so that fivst connector part 210 can be separated

from the second connector part 220.

{6067] As Fig. 10 itlustrates, the recepiacle of end cap assembly 214 may receive an end
connector board 260 having L-shaped electrical connector componenis 262, 264 thereon that
cooperate with connector assemblies 72, 74 having wires that extend into the second connector
part 220 and connect to a power supplv. The connector components 262, 264 may connact o
LED emitter board 270 by means of wires 266 and may similarly provide power o other internal
components of LED tube lamp 250, In one aspect, wires 266 comnect to an intemnally mounted
driver module to provide AC lime voltage which the deiver module converts 1o DC voltage
supplied to the LED emitter board and optionally other internal componentry. Although the
embodiment iHlustrated 10 Fig, 10 ptilizes internal wire conmections, the end connector board 260
may alternatively be in the form of a printed circwit board (PCB) connector containing nmale or

female electrical termimals for comnecting to corresponding terminals associated with LED
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emnitter board 270, a driver oircudt ot other internal components of the lamp o provide g no-wire
design. In both approaches, connector components 262, 264 provide dn electrical path over
which electrical power from a power supply s provided to the LED emitter board 270 and
optionally other nternal components. The L-shaped electrical connector components 262, 264 on
the connector board 260 each have a first portion extending in divection generally parallel to the
length of the body and a second engagement portion extending in a direction traverse to the
fength of the body and towards the second connector part 220 when said first connector part 210

is moved towards the second the second conngetor part and mto the engaged position.

{8058] Heat sink-254 has g planac end face 238 at a first end' thereof definimg a pae of
apertutes 257, Connector end board 260 tuclades 4 pair of cowmesponding apertures 253 alipned
with heat sink apertures 2537, End wall 230 of first end cap assembly 214 defines corresponding
aligned apertares 236, The end cap assembly 214 and end connecior board 260 may be secured
to heat sink 254 at the first end of LED wbe famp 250 with a pair of metallic fasteners 234
extendmg through the cowrgsponding apertures and mto the end face 258 of the heat sink. When
assembled, the end board 260 and end portioss of the heat sink and transhscent fens portion 252

reside within the receptacie of end cap assembly 214

{08069] Connector system 200 of this first embodiment of the invention comprises
additional components that provide for groundmg heat sink 254 as an incident of the snap-fit
mechamical connectivity described above, In particular, second connector part 220 mncludes an
mtegrated metal ground strap 2383 mounted to a side surface thereof. The ground strap 238
extends from a base poriion of sscond connecior part 220 proximate the support 30 towardy the
distal leading end of second connector part 220 as shown. Ground sirap 23%a i1s mounted on the
side surface of second connector part 220 that opposes end wall 230 of first end cap assembly
214 when the first connector part 210 and second connector part 220 are in the assembled
configuration. Those skalled in the art will recognize & number of gvailable jechmigues for
roounting ground strap 2382 to second connecior part 220, including the use of mechanmicsl
fasteners, adhestves, mounting tabs or slots formed mtegral with second connector part 220, or
using in laid injection molding techoiques or any other avastable means. Groand strap 238a 1
connected at 1s proxinial end to ground wire 76 via a connection internal to second connector

part 230 (oot shown).
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{6076] First end cap asserbly 214 is shown in Fig, 10 with 2 portion cutaway to better
Hustrate ground plate 232, which is mounted along the inner surface of end wall 230 of first end
cap assembly. Ground plate 232 35 of a condactive 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, mehuding by mechamcal
fasteners, sdhesives, mounting fabs or slots formed integeal with first end cap assembly, by

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

{8a71] With the first end cap assembly 214 assembled to heat sink 254 as described,
round plate 232 38 in electrical contact with the heat sink vin the fastepers 234, At leagt a
portion of ground plate 232 15 of a thickness dimension sach that when second connector 220
mserts through the opening 216 o the assembled posttion within first connector 216, a portion
of the exposed conductive surface of ground plate 232 engages an opposing conductive surface

of ground strap 238a.

{6072] Support 30 38 grounded through mechanical connections 1o the ceiling
infrastracture and/or via 8 connection 1o an tsolated grovnd wire also providing grovwnding back
to'the dedicated ground bus of 1 input electrical power panel. Ground wire 76 may be connécted
to the support or to the cetling infrastructure, or may be wired to a dedicated ground bus, ©
provide a grounding path for the snap-fit connector system and LED lamp. Thus, heat sink 254 53
ground protected by the grounding path provided by the fasteners 234, ground plate 232, ground
strap 238z and ground wire 76, This snap-fit comnector system with integrated grounding
glectrically grounds the lamp heat sink o the externally grounded highting fixture or other
grounded system as an incident of the first connector 210 and second connector 2240 being snap-
fit mto the fully engaged configuration, thereby eliminating the potentially hazardous condition

associated with an ungrounded heat sink,

{0073] Ground strap 2384 of the mvention may be provided 1o various shapes, sizes and
configurations adapted to establish the destred prounding connection in g wide range of available
LED lamp end cap assemblies. In one aspect, ground strap 238a moay extend further i the
horizontal and/or vertical direction than depicted i Fig. 10 o as to directly engage the support

50 when the second connector part 220 is mouted to the support. In this alternative, the first
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connector part raay forna divect mechanical ground comection with the support 59 without the

use of ground wire 76.

{8074] Ground plate 232 may also be provided s various 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 conduetive clip mounted (o the internal surface of end wall 230 and extending
generally parallel and oppostte ground sirap 2382 of second connector part 220, The plate may
mnclude 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 herewn, that various shapes, stres and peometries of ground strap 238 and ground plate
232 can be utilized within the scope of the invention so long as these two components are
adapted to come mto physical contact with each other when the first connector part 210 and

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

{8075] Fig. 11 is directed to another embodiment of a ground protecting connector
system to further Hlusirate possible ways of implementing the principles of the mvention. The
connector systern of this embodiment 15 essentially the same m overall design and functionality
as grounded connector system 200 of Fig. 10 except for the specific configuration of the ground
strap. The structwe and operation of Iike compovnents is therefore not repeated. In particudar, the
ground strap 233b of dus embodiment 18 secured at-its proxmmal end to second connector part
220 and has an outwardly protruding profile. It mcludes a first ramp surface 238b' extending
away from the side sarface of second connector part 220, a mid-portion 238b” extending
generally paraliel to the side swrface, and a terminal end portion 23807 angled back slightly
toward the side surface. When the first and second connector parts are in an engaged
configuration, mid-portion 238b" engages the tnner surface of ground plate 232 to complete a
grounding path for the system. Ground strap 238b is preferably formed of 3 thin piece of spring
steel having a high vield stength that allows 1 1o be deformed and return to s original shape
despite significant deflection. In the engaged configuration, ground plate 232 slightly compresses
ground strap 238b from its relaxed shape such that its mid-portion 238b" is displaced towards the
side surface of fivst connector part 220. The resultng spring force biases the mud-portion i the
direction of and against the ground plate 232 to maintain secure contact between the nud-portion

and the plate.
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{0075] Another embodiment of g grounded connector system in accordance with the
principals of the tnvention can be seen fn Fig. 120 The connector system of this embodiment is
essentially the same m overall design and functionality as grounded comnector system 200 of Fig.
10 except for the specific configuration of the ground strap. The structwre and operation of like
components is therefore not repeated. In particular, the ground strap 238c¢ of this embodiment is
provided as a thin wire mesh integrated into the side wall of second connector part 220 by
utihizing an in-laid injection molding process. An outer surface of the wire mesh is exposed such
that it engages and forms an electnical groundimg path with a portion of the mner sweface of end
plate 232 of first conmector part 210 when the commector components are i the engaged
configuration. This embodiment may provide mamsfacturing advantages and resulis in the
second connector part 220 having a thinner profile with no protruding components susceptible to

beig bent or damaged.

{0077] Fig. 13 15 dwected to another embodiment of the grounding system of the
mvention that can ground protect both the LED tabe lamp heat sink and its internal LED emitter
board and other internal elecironic components. This embodiment 15 illustrated by reference to a
LED tube {avp 350, which inclades multi-sided heat sink 354 with a pair of support walls 359
having a generally V-orientation for supporting multiple LED emitter boards 370 facimg different
directions. Other components soch as an intemnal driver circait may also be mounted to the heat
sink. The end conngctor and grounding system of this smbodiment may also be adapted 1o other
LED wbe lamp forms, inchuding those having a generally cwcular cross section and asingle LED

gmitter board mounting surface as depicted m Figs. 1010 13

{0078] The connecior system 300 of the embodiment of Fig, 13 mcludes first connector
part 310 formed as part of first end cap assembly 314 and second connector part 320 secured to
support 50, The first end cap assembly 314 consists of a first, cup-shaped recepiacle inte which
the first end of the LED tube lamp body extends. The first end cap assembly 314 15 shaped to
aceommuodate the multi-sided heat sink 354 It comprises side-walls 312 extending perpendicular
from end wall 330 and forming a receptacle having a generally triangadar cross-section. Similar
to the embodiments of Figs. 10~ 12, first end cap assembly 314 inclodes an internal ground plate
332, which is shown in the cutaway view of Fig. 13. The second connector part 320 is of sinular

design as the connector part 220 deseribed above in connection with the embodiment of Fig. 10;
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It is adapied to extend throuph an opening iy the upper fcinp side wall of fiest end cap assembly
314 and form a snap-fit connection to the first connector part by the action of bendable members
322 and live tunges 325 on opposite sides thereof 1n essentially the same manner deseribed for
other embodiments, Second connector part 320 further includes ground strap 338a on one side
thereof for engaging ground plate 332 of first connector part 310 when the two comector parts
are in the engaged configuration. The ground plate 332 18 in electrical contget with heat sink 354
through metallic fasteners 334, which extend through the aligned apertures of end wall 330,
ground plate 332 and end comnector board 350 and 1nto corvesponding mounting apertures 337 in
the end face of the heat sink. Ground strap 338a 15 secured fo 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 338a and ground wire 76 provide a means to
grownd protect heat sink 334 when LED tube lamp 350 13 mstalled i the operating state to the

sapport wsing end connector 300,

{0079 The end commector board 360 of this embodiment is a PCB connector board
having L-shaped electrical comecior components 362, 364 thereon that ingert into corresponding
spaced receptacles in 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 mav be
mechanically and electrically connected to the board 360, and the board includes fraces to
provide slectrical paths from the copnector components to ternunals soch as ternunals 365, The
terninals 363 cooperate with pins 372 extending from LED emutter boards, drver circutt boards
or other electrical component to provide power jo such components. Thus an electrical path is
established between the power supply and the internal componentry of the LED toube lamp 350

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

{oase] i the embodimment shown, end connector board 360 also mcludes L-shaped
electrical ground pin 366, Second conngetor part 320 has a female receptacle 342 adapted to
receive the vertically extendmg portion of the ground pin 366 when the first and second
connector parts 310, 320 are in the assembled configuration. Receptacle 342 mcludes an internal
connector component {not shown) that forms an electrical path with ground wire 76, or with a

separite growsd wire, such that ground pind 366 may function to provide additional ground
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protection for LED tube lamp 350, In o preferved aspect, end connector board 360 moludes traces
elecirically connecting ground pin 366 to one of the terminals 365 to provide an solated
grounding path for the ternal components of the lamp 350 connected to the terminals 365 In
another aspect, ground pin 366 may also be electrically connected to wire 367 and its loop
connector 368, OUne of the fasteners 334 may extend through the loop comnector 368 10 form a
ground connection between heat sink 354 and ground pin 366, This may provide for redundant
grounding of the hear sink, or may rvender the pround strap 3382 and ground plate 332
annecessary. Alternatively, groond pin 366 may be electrically connected to the edge of one or
more of the screw apertures via internal traces of end connector board 360 and the wire 367
ehiminated. The embodiment of Fig. 13 thus provides mudtiple options for providing ground fault
protection 1o internal componentry and the heat sink. In a preferred form, ground strap 338z and
ground plate 332 provide a grounding path for heat sink 334, and ground pin 366 functions to

ground the internal componentry of the LED tube lamp.

{0081 The ground protecied LED lamp connector embodiments deseribed previously
provide a groand path for the lamp heat sink andfor internal components at an end of the langp
adapted to recetve power from an external power supply. It will be recognized that any of the
above embodiments may madified to provide a ground protected snap-fit connector system for
the no power end of a single end powered lamyp. For example, end connector board 260 of the
embodiments of Figs. 10~ 12, and associated connectors and wires, may be eliminated at the no
power end with the connsctor 200 still functioning to provide a ground path for the lamp heat
sink in the same manner described above. Connezctor components 72, 74 are also unnecessary at
the no power lamp end. Swmlarly, 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 isolated ground protection to the lamp fmternal components in the
manner described. The system 15 thus highly adaptable to @ variety of LED lamp designs and
powering options, as may be flexibly mplemented to suit the needs of each individual lighting

installation.

{0082] Fig. 14 is directed to an alternative comnector system adapted 1o secure the no

power end of a hnear LED tobe lamp t0 a hght fictare, as well as to provide ground protection to
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the lamp hest sink. Connector sleeve 600, whach & preferably an fmgection molded plastic
component, 15 of a form similar to connector sleeve 320 discussed above with reference to Fig. 9.
A base portion 630 of connector sleeve 600 cludes slots 632 on opposite sides thereof into
which tabs 52, 34 of support 50 slide to secure connector sleeve 600 to support 50. The base
portion 630 extends toward sleeve portion 624 comprising cylindrical sidewall 612 and end wall
610, which form a evhindrical receptacte 614 sized 10 receive cvlindrical end cap assembly 660
of the no power end of LED lamp 630, Connector sleeve 600 mcludes pround plate 620
comprising a conductive matertal and mounted adjacent the mper surface of end wall 610
Ground plate 620 15 electrically connected to ground wire 680, The sleeve portion 624 s
preferably of a cross-sectional shape selected to match the cross-sectional shape of plastic end
cap assembly 660, wihich s oyhndrical in the illustrated embodiment. Connector sleeves
comprising a sleeve portion of other cross-sectional geometries, such as generally trianguolar,

square or rectangdar, ave also contemplated for use with other lamp designs.

{0083] LED tobe lamp 650 comprises heat sink 654 of a semi~cireular cross-section and
having a support sucface on which LED emitter board 670 is mooumed. Transhocent Tens ¢over
632 1s attached to heat sink 654, End cap assembly 660 forms a cylindnical receptacle into which
and end portion of the heat sink and lens cover mserts. End cap assembly 660 is non-conductive
and includes an anmudar lip 664 circumscribing a recessed mid-portion of the outer sarface of the
gnd wall thergof. Ground plate 666 i1s disposed m the recessed mid-portion and retained by lip
664, Ground plate 666 13 of a conductive material and includes central boss 668 protruding
outwardly of its outer susface. End cap assembly 660 is secuared to the lamp by means of metallic
fasteners 637 extending through apertures 661 of the end wall and ground plate and ko
niounting apertures 635 and 657 of end face 6538 of the heat sink. Ground plate 666 is thus in

electrical contact with heat sink 634 through fasteners 637,

{0084] 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 mnput end of lamp 650 is preferably configured with the snap-fit end
cap assembly of the type discussed herein to provide for mechanical and elecirical connection to
a male snap-fit connector mounted to support 50 upon moving the power end upward towards

and into engagement with the male suap-fit connector part. Wil lavip 630 secuved fo support S0
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i its mstalled confipumation, boss 668 & forced ity abutting engapgement 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 groonded to the light fixture or to an external

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

{6085] Ground plate 666 may be provided in various shapes, stzes and configurations
cap assemblies. It may be provided, for example, as one or more thin conductive straps mounted
1o the external surface of the end wall of end cap assembly 660 or integrated mto the end wall
using w-laid molding technigues. Groand plate 620 may also take on other forms besides the
cireular plate ithustrated in the embodiment of Fig. 14, For example, groond plate 620 may be
provided as a thin conductive clip moanted to the mternal sorface of end wall 610 and extending
generally parallet and opposite grosnd 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 protruding into
the receptacle of connector sleeve 64 to provide for contact with a planar form of ground plate
666, It will be appreciated from the teachings hevetn, that vavious shapes, sizes and geometries of
ground strap ground plate 666 and ground plate 620 are within the scope of the mvention so long
as these two components are adapted to come mto physical contact with each other when the end
cap assenmtbly 660 is seaied i connector sleeve 600 and the opposite lamp end secured to the

support 30 by a snap-fit connector system of the type described hersin.

{0086] As iHusteated in Fig. 15, LED tube lamp 650 may be provided with an altemative
end cap assembly 690 adapted for use with the same connector 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 692 which extends from the end wall. Ground
plate 696 15 mounted internal of end wall 694 as shown. Boss 698 of ground plate 696 protrudes
through 2 central opening of end wall 694 ax shown, Fasteners 667 extend throngh apertures 663
m the end wall and ground plste and into apertures 655 and 637 of end face 658 of the heat sink
to secure end cap assembly 690 1o the lamp. With end cap assembly 690 inserted mto connector
sleeve 600 to the assembled position, boss 698 abuts the exposed faner conductive sorface of
ground plate 620, This completes a pround path from heat sink 654 1o ground wire 680 through

the fastenery 657, ground plate 696 and ground plate 620
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{8087] The ground protecied conneetor sleeve embodiments of Figs. 14 and 1§ provide
additional options for safely grounding lmear LED tube lamps. With the connecior sleeve
providing 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 groand path for the heat sink and the snap-fit connector at the opposite power end is adapted to
provide 1solated grounding of the LED emitter boards and other internal electronic components
such as by using a dedicated ground pin as disclosed in Fig. 13, Thus results in a fully grounded

lamp having a simphified overall design.

{0088] Fig. 16 ilfustrates wnother embodiment of the grounding systeny of the wvention
for provad protecting both the LED twbe lamp heat sink and s interng] LED enutter board and
other internal electronic components. This embodiment tlustrates an mplementation of the
mvention i which ground protection is provided through use of a third L-shaped pin associated
with the lamp end cap assembly. The body of multisided LED wbe lamp 350 of thug
embodiment s substantially stmilar to the lamp shown m Fig. 13, and the description 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 363 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 slinunated and the pins mounded directly to PCB

end connector board 360,

{0089 The connector system 300 of the embodiment of Fig. 16 includes first conneetay
part 310 formed as part of first end cap assembly 314 and second connector part 320 securad to
support 30. The first connector part 310 and second connector part 320 function to form a snap-
fit mechanical conngction in the same way described previously i relation to the Fig. 13 and
other embodiments. The first end cap assembly 314 s cssentiplly the same as that of the
embodiment of Fig. 13 except that ground plate 332 has been eliminated. In this embodiment, the

ground strap 2282 has also been eliminated from the second connector part 320

{60901 The L-shaped slectrical connector components 362, 364 of this embodiment are m

the form of pins having engagement portions that insert into corresponding spaced receptacles

- 26 -



WO 2017/120574 PCT/US2017/012700

346, 344 extending within second comnector part 3200 The pins cooperate with conneetor
assemblies 72, 74 having wires and corresponding connector tenminals that extend through the
second connector part 32( to establish electrical connection with the pins and thereby form an
elecirical path between the lamp internal 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 includes traces 1o provide elecirical paths from the comnector
components to terminals such as terminals 365, The termunals 365 cooperate with pins 372
extending from LED emitter boards and pms 353 extending from the driver cirawt board 352 to
provide power to those components. Thus an electrical path 1s established between the power
supply and the mternal componentry of the LED wbe lamp 350 when the first and second

connector parts of connector 304 are in the engaged configuration.

{0091] In the embodiment shown, the heat sink andéor lamp electronic components are
ground protected through the third L-shaped connector component 366, which functions as a
dedicated grounding pin. The second connector part 320 has a female receptacte 342 adapied to
recerve the verpically extending engagement portion of the ground pin 366 when the first and
second connector parts 310, 320 are i the assembled configuration. Receptacle 342 meludes an
internal connector component {not shown} that forms an electrical path with ground wire 76 to
enable the ground pin 366 to provide ground protection for linear LED lamp 350. In a preferred
aspect, end connector board 360 includes traces elecirically connecting ground pm 366 1o one of
the terminals 3635 to provide an isolated grounding path for the mternal components of the lamp
350 connecied to the terminals 365, In another aspect, ground pin 366 may also be electrically
connected to wire 367, The wire may be utibized fo form a mechanical ground connection io the
heat sink or to a pad on driver circuit board 360, In agnother aspect, the heat sink may be
grounded by means of internal electrical traces m end connector 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 15 assembled 1o the heat sink,

[0692] LED highting products as well as the systems in which they are used are subject to
safety and electrical 1solation requirements, which are defined in safety standards. Various
standards organizations around the world determine individual standards and issue approvals or

certificates For equipment and prodocts. Some bmportant standards bodies melude Underwriters
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Laboratories (UL}, the American Nattongl Standards Institnte  {ANSI), the Internationgl
Electrotechwical Commission (IEC), the Canadian Standards Association {CSA) and the
Deutsche Elektotechnische Kommission {DKE). The equipment level specifications reference
general standards on msulation, such as: 1EC60664 - Insulation coordination for equipment
within fow-voltage systems, and ULS40 - Insulation coordination meluding clearances and
creepage distance for electrical equipment. Besides equipment level specifications there are

component level standards.

{aa93] The distance between components that s requited to withstand a given volidge is

.

specified i terms of “clearance”™ and “creepape.” Creepage distance 18 defined as the shonest
path between two condactive materials measured along the swrface of an tsolator which 15 in
batween. Creepage 1s an important charactertstic because reduced creepage will resalt in the flow
of current or “tracking” along the surface of the insulation. Tracking causes localized heating and
carbonization of the surface, and may lead to falure of the nsulation. The Comparative Tracking
Index {UTY) is used 10 measure the electrical breakdown (tracking) properties of an insalating
material. Creepage also depends on contammation of the surface, nemidity, corrosive chermicals
and the altitude m which the equipment is installed. Clearance distance describes the shortest
distance between two conductive materials measured through air. Sufficient clearance distance
prevents an ionization of the air gap and a subsequent fashover. Simular to creepage distance, the

pollution degree, temperature and relative humidity mfluence the tendency for a breakdown.

{6094] Fig. 16 illustrates a preferred arrangement of the electrical connector components
362, 364 and the ground elecinical connector component 366 10 satistv the spacmg distance
between electrical conductors required for a wide range of voltage levels, as well as o assure
that the system 15 grounded before external power 15 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 nudline and spaced approximately equally
therefrom. Ground pin 366 ataches 1o support board 361, and to end connector board 360, at &
position vertically offset from the connector components 362, 364, and the tip of its vertically
extending engagement portion protrudes above the tip of the vestically extending engagement
portions of connector components 362, 364 in the vertical direction. The mternal connector

components preferably extend approximately the same distance within second connector part
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320 so that their ends gre geverglly ahpoed gt a-posttion adjacent the leading end face thereof,
and preferably at a position recessed from the leading end face. As first end cap assembly 314 is
moved upward into an engaged configuration and the pins insert into the corresponding
receptacles of second connector part 320, pround pin 366 will engage its corresponding internal
connector component to form an electrical ground circont for the linear LED lamyp 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 before
power 18 applied to the hoear LED lamp. This s illustrated further i relation to the embodiment
iHlustrated i Figs. 17 to 21, and m particuday Figs. 19a and 19b and the corresponding discussion

helow.

{0095] The horizontal leg portions of L-shaped electrical conmector components 362, 364
shown in Fig. 16 extend further in the longitudinal direction of the linear LED lamp 350 than the
horizontal leg portion of ground electrical connector component 366, The ilfastrated positioning
and configuration of the comnector components 362, 364 and 366 provides mcreased creepage
distance between these components, allowing the commector system to satsfy creepage
requirements over a wide range of voltage operations. This 1s explamed more fully in relation to
the embodiment of Figs. 17 to 21, which llustrates a similar connector system for a generally

cyhindrical linear LED lamp.

{8896] The linear LED lamp and connector svstem illustrated i Figs. 17 w0 21 1s similay
o the embodiments described Figs. 10 to 12 but uilizes a third ground pin instead of an end gap
ground plate and external strap system for providing ground protection to the lamp heat sink and
mternal components, LED tube lamp 750 comprises an elongate tubular body portion including a
metallic heat sink 734 extending throughowt a generally wpward facing portion of the
circumference of the tubular body, and a transparent or translucent lens portion 732 extending
throughout a generglly downward facing portion of the circumference of the tubular body, The
heat sink is preferably formed of an sluminum alloy, although other thermally conductive
materials may be used. At least one LED enutter panel 770 comprising a printed cireuit board
mounting a series of LEDs is mounted to the heat sink internal o the tubudar body, The heat sink
may mehude fing 755 extending along 1ts length to increase the effective surfiace area for transfer

of heat to the atmosphiore. The LED lamp 750 may mclode an mternal ballast or driver modale
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{itot shown) or may alternatively utilize an external ballagt associated with the hpbting fixture,
Hest sink 754 has a generslly semi-circulat cross-section in a plane perpendicular to the length
of the lamp, with support wall 759 extending across the intemal region thereof to provide a
mounting surface for LED emitter panel 770, Other heat sink geometries are also conteruplated,
mcluding, for example, a configuration such as the one illustrated fn Fig. 16 comprising nwltiple
support walls grranged v a generally V-shape and lving in intersecting planes for suppotting

muitiple LED emitter panels arranged to distetbute Hight over a wide area.

{8097] With further reference to Fig. 17, LED lamp 730 15 mounted at its first end to a
sapport of a highting fixtare (not shown) by means of snap-fit connector system comprising first
comnector part 710 and second comnector part 720 configured to moum 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 connector part 720, Of cowrse other releasable, and potentially permanent,

connections are contemplated.

{(098] As s further sllustrated i Figs. 19a and 19b, the second connector part 720 has a
pair of bendable parts 722 on opposite sides thereot, each operable through hinge 723, which are
engaged by the edge of the opeung 716 and progressively cammed Fowm a holdiog position
towards an assembly position as the first connector part 718 1s moved up to and mto the engaged
position. The first bendable parts 722 move from the assembly position back towards the holding
position with the first part realizing the engaged position. The wall 714 resides captively between
surfaces of the first connector part 710 i the sngaged position to mainiain this ssap-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 its assembly position to allow them to pass
through the opening 716 so that first connector part 710 can be separated from the second
connector part 720. Second connector part 720 includes a curved concave ledge portion 732 at
the-juncture of sidewall 730 and sidewall 740 and has 5 penerally planar opposite outer sidewsll
This permuts the second conngctor part 720 to sert further nto the mterior of first connector
part 713, 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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{8099] Heat sink 754 hag a planae end face 738 at a firstend thereof defimag a paiv of
apertures 787, Comnector end board 760 mcludes a pair of comresponding notches 753 slipned
with heat sink apertuves 757, The end wall of first end cap assembly 714 defines corresponding
aligned 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 lamp 750 with a pair of metallic fasteners {not shown)
extending through the corresponding apertures and into the end face 738 of the heat sink. When
assernbled, the end board 760 and end portions of the heat sink and wanshucent lens portion 752

restde within the receptacie of end cap assembly 714

{f80166] As Frg. 17 llustrates, the receptacle ofend cap assembly 714 may veceive end
connector board 760 having L-shaped electrical connector components 762, 764 and 763 thereon
that cooperate with connector assemblies 72, 74 and 76 of second connector part 720, The
connector assemblies have wires terminated with conductive cylindrical ternunals 72a, 74a and
76a respectively that extend into the receptacles of second comnector part 720, The wires of
assemblies 72 and 74 connect to 3 power sapply and the thivd wite 76 provides an izolated
ground creuit. The conpector components 762 and 764 may connect 1o LED eoitter board 770
by means of wires 766 and may similarty provide power to other infernal components of inear
LED lamp 750. In one aspect, wires 766 connect to an internally mounted driver to provide AC
line voltage which the driver converts to DC voltage supplied to the LED enutier board and
optionally other internal componentiy. The ground connector 763 may comest via wire 767 o

the heat sink or to an mternal driver board.

{go1ei] The L-shaped elecivical connector components 762, 764 and 763 on the connector
board 760 each have a first portion extending horizontally in direction generallv parallel to the
length of the body and a second engagement portion extending vertically in a direction traverse
o the length of the body and towards the second connector part 720 when said first connector
part 710 15 moved towards the second comnector part and into the engaged posstion. The
vertically extending engagement portions insert it corvesponding spaced veceptacles 744, 746
and 742 respectively 1n the leading end of second connector part 720 and engage the connector
ternunals 74a, 72a and 76a vespectively that extend within the second connector part 720 to
establish electrical connections with the power supply and a grounding circiat, Fig 18 provides a

perspective view showing the hiteraction of the components in the fully engaged configuration.
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{86142} Although the embodiment tHouserated In Fig: V7 utilizes internal wire connections,
the connector board 760 may shtermatively be o the form of a punted circuit board (PCB)
connector contaiping male or female electrical termunals for connecting to corvesponding
terminals associated with LED emitter board 770, a driver circutt 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 electrics! power from a power supply 18 provided to the
LED enutter board 770 and optionally other internal components, and the connector component

-
Fi

763 provides a grounding circuit,

{88163} The configaranon of the L-shaped comnectors shown m Fig. 17 1 strlar tothat
of the configuration shown i ewbodiment of Fig. 16, The advantages of this configuration in
relation to satisfyving spacing distance requirenents between electrical conductors and other
standards requirements is farther explamned by reference to Figs. 19a, 19b, 20a, 20b, 21a and

21b.

{00104] Fig. 19a shows that ground connector component or pm 763 is mounted at a
foterally centered position, snd the power elecirical connector components 762, 764 are moumed
on oppostte sides of the vertical dismeter of support board 760 and spaced approximately equally
therefrom. Ground pin 763 attaches to support board 760 at-a position vertically offset from the
connector components 762, 764, and the tip of its vertically extendmg leg protrudes above the tip
of the vertically extending legs of connector components 762, 764 in the vertical direction. The
mternal connector termmnals 723, 74a and 76a extend approximaiely the same distance within
secomsd connector pat 720 to positions offet from the leading end face thereof by the dimension
shown as D3, As first end cap assembly 714 is moved upward into an engaged configuration and
the pins 1nsert into the corresponding receptacles of second connector part 720, ground pin 763
will gngage its corvesponding internal connector component to form an electrical ground ciroumit
for the linear LED lamp before the connector components 762, 764 engage their corresponding

connector coniponents of second connector part 720, as shows in Fig. 19a.

HULRT Fig. 19b shows the relative posttioning of the components with the first connector
part 710 and second connector part 720 m the engaged position. In thus embodiment,  second

connector part 720 is configured so that its leading end extends internally approximately one-half



WO 2017/120574 PCT/US2017/012700

of the vertical dgmwerer of end cap ascembly 714 i the view shown: The vertical portions of
connector components 762, 764 and 763 are of sufficient length so that they insert into the
cylindrical terminals 748, 72a and 76a respectively in the engaged position. The conpector
components may have a predetermined length selected to meet a nunimum desired distance over
which the connector components cngage the termunals. For example, the vertical porsons of
comnector components 762 and 764 extend the distance D4 fom the cemerdine of the end cap
assernbly, and the pin engagement distance when the components are assembled is represented
by D4 minas D3 In a preferred embodiment, the pins are configuwred to provide a pin

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

{a0106] Fig. 20a 15 end view of the second connector part 720 showing the arrangement of
receptacles 744, 746 and 742 accessible through opemings in the end face of the leading end
thereof. The connector ternuinals 7da, 72a and 76a housed within the receptacles are also shown.
The shortest distance between adjacent conductors along the surface of the end face 8 the
distance from the outer edge of receptacle openings 742 and 744, which is labeled as D1, This
dimenston is preferably at least about 2.0 mm to provide adequate electrical 1solation at higher
voltage operation. The outer edges of receptacle openings 746 and 744 for the power termuinals
are preferably spaced by at least 2.8 mm. As shown in 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
s preferably at least abowt 5.5 am o provide adequate electrical 1solation at higher voltage
operation. Accordingly, the shortest path between two adjacent connector terminals measured
along the surface of the isolator between them is the sum of D3 and D1 and D3. In a preferved
form, second connector part 720 may be dimensioned such that this creepage distance 1s at least

about 13.0 mm.

{60107} Fig. 21a shows a view of end cap assembly 714 from above, looking into opening
716, The clearance distance separgted by aw between any portion of adjacert connector
components is preferably at least 3.0 mm, and more preferably at 3.2 mm to provide for safe
operation at voltage levels up to 600 vohs. The shortest distance separated by atr 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 conmector components 762 and 764, which is desipnated D2 i Fip. 214, This distance i¢

preferably controlled to provide minimum clearance of at least 3.5 nun.

{00108] The pround protected connector systems disclosed herein provide safe and
rehighle means for securing linear LED tube lamps to g lighting fixtwre, The disclosed ground
protected systems alleviate all safety concems, peomit high power aperation, provide for flexible

lamp design and installation options, and can be implemented 1y & cost-effective manner:

{00109] In g preforred aspect, the linear lamp 750 illustrated o Figs. 17 10 21 connects to
the support 5O of the lighting fixture by means of a sinular second snap-fit comnector system at
its opposite end, The second snap-§it connector system need not include electrical connector
terminals and may be provided without a means for connecting to the power supply. The opening
TI6 in first connector pavt 710 1s prefeably shphily lareer than the corresponding dimensions of
the leading end of conmector 720, and the same velative sizing s preferable for the end cap
asserably and support comnector at the opposite lamp end. Sufficient clearance betweesn the end
cap openings and the leading end of the support connectors permits lamp 750 to be shifted
shightly relative to the sapport connectors along the direction of its length or transverse to its
fength so that the vertical extending portions of connector compopents 764, 762 and 763 can be

veadiby aligned with and inserted futo receptacles 744, 746 and 742 during larop installation.

{00118 Figure 22 shows an alternative spproach iy which the opposite end of lamp 75018
comected to the fixture support by means of the cylindvical comector sleeve 320 shown
previously i Fig. 9. The above description of connector sleeve 320 and iy advantages 15 not
repeated. The use of connector sleeve 520 may provide for easier installation, as discassed
above. It also sccommodates small variations in lamp lenpth by permitting the lamp to be shified
Linearly during installation s¢ that connector components 764, 762 and 763 align with and
mserted into receptacies 744, 746 and 742, Of course, comnector slesves comprising a sleeve
portion of other cross-sectional peometries, such as generally triangular, square or rectangular,
are also contemplated for use with other lamps having corresponding end cap cross-sectional

prometries,

{88111 Those skilled in the art will recognize that a wide vaniely of modifications,

alterations, and combinstions gan be nmade with respect to the above described embodiments
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without depurting from the spirit and scope of the mwmvention, and that such modificatons,

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

What is ¢laimed is;

i A support connector for mantaming an end of a linear LED lamp 1o an operative state on
a fight fixture, the linear LED famp having a body with o length between spaced first and second
ends, a sowrce of illomination comprising LED emitters on or within the body, and a first end cap
assembly at the first end of the body comprising internal first and second conductive power pins
and an amternal conductive grounding pin, at least one of the power pins adapted o provide
power to the lamp and the grounding pin being connectable to g ground cuewt, the pins each
having an engagement portion extending in a direction traverse to the length of the body and
towards an opening in a sidewall of the first end cap assembly, the support connector
COMPrising:

a nonconductive housing comprising a fivst portion including a mounting base configured
to cogple the support comnector to a support of the light fixture and a second portion extending
from the first portion and configured to be insertable within the opening of the first end cap
assemibly;

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

first and second power electrical terinals and a grounding elecinieal terniinal each
disposed within the second portion in general alignment with a corresponding one of the
OpRTDES;

the first and second powsr glectrical terminals configured to mate with the enpagement
portion of a respective one of the first and second conductive power pins when the power ping
are mwserted throagh the respective first and second opewings and the grounding electrical
terminal configured to mate with the engagement portion of the conductive grounding pin when
the grovnding pin s insetted through the third opemtng as the end cap assemibly is moved refative
to the support commector from & position fully separated from thesuppont Conpector 1 g path thay
1§ transverse o the length of the body nto an engaged posttion;

the second portion havmg first and second parts on which respective second surfaces are
defined, the second swrfaces configured to engage corresponding first surfaces defined by the

wall mner surface adjacent opposite ends of the opeming of the first end cap assembly so that the
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first and second surfaces are placed v confronting relationship o provent separation of the end
cap assembly and the support connector with the body v 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 terminals such that, when the
first end cap assembly & moved towards the engaged position, the condoctive groundmg 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
clectrical termunals of the support connector.

3 The support comnector according to claim 1, wherein the first and second parts are
retractable parts, and the second portion of the housing is configured so that the first-end cap
assembly moves against the second portion as the first end cap assembly moves toward the
engaged position thereby causing the first and second retractable parts to reconfigure to allow the
first and second swrfaces to be placed i confronting relationship.

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

3 The support connector according to clamm 4, wheremn the grounding termunal is
configired to be electnically connected with a conductive portion of the light fixture on which
the sapport congector 15 mounted.

6. The support commector according to clatm 4, wherein the grounding termingl i
configured to be electrivally connected with a ground circust external of the light fixture on
which the support connector is mounted.

7. The support connector according to claim 1, wherein second portion of the housing
comprises spaced first, second and third elongated receptacles extending generally parallel to
each other through the second portion m communication with the openings, the first and second
power electrical termmnals disposed within the first and second receptacles respectively and the
grounding electrical termunal disposed within the third receptacle.

3. The support connector according to claim 7, wherein the first and second power electrical
terminals and the grounding electrical tevminal each comprise a generally cvlindrical contact

portion generally aligned with one of the openings and coufigured to receive a correspondmng pin
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extending through the opening when the first end cap assenbly 15 moved relative to the suppont
connector into 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 cach pin engages its corresponding ternunal over a linear distance of at
least about 4 mm with the first end cap assembly and support connector 1o the engaged position.
10, The support connector according to claim 7, wherein the first and second power electrical
terminals and the grounding electrical terminal extend within the second portion of the housing
to postbons spaced from the leading end wall thereofl

i1 The sapport connector according to clamm 1D, wherein the first and second power
clectrical ternmunals and the grounding electrical terminal extend within 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 according to clatm 7, wherein the first and second power electrical
terminals and the grounding clectrical terminal are clectrically isolated from each other by
intermediate nonconductive material of the housing.

13.  The support connector according to claim 12, wherein the first, second and third openmgs
in the leading end wall of the second portion of the housing are  a trtangular arrangement.

14 The sapport conmector according to claim 13, wherem the first and second openings are
separated from each other by at least about 2.8 mm, and the third opening is separated from each
of the first and second openings by at least about 2 am.

13, The support conngetor according to claim 1, wherein the second portion of the housing
has a reduced outer profile relative to the first portion of the housing.

16, The support connector according to claim 15, finther comprising a shoulder portion at the
Junciure 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 shouvlder portion and the second
surfaces of the first and second retractable parts with the sapport connector and first end cap
asserably m the engaged position.

1&  The sapport connector according to clatw 1, wherein the mounting base 1§ configured to

mont the sapport connector 1o a standard Huoresvent tube lamp fight fixtwre.

- 3R .



WO 2017/120574 PCT/US2017/012700

-

19, The support conmector according to clamm 3, further comprising a fust actaator
operatively coupled to the first retractable patt and a second actuator operatively coupled to 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 comnector to be
separated from the support connector,

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

a sowrce of ilumination comprising LED emitters on or within the body;

an elongate heat sink in thermal conmumication with the LED ennitters;

a first end cap assembly at the first end of the body comprising internal first and second
condactive 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 conductive grounding pin electrically
wsolated from the conductive power pins and being comnectable to a ground circut, the pins each
having an sngagement portion extending in a divection traverse to the length of the body and
towards an opening defined in & sidewall of the first end cap assembly without extending through
the opening;

the opening configured to receive a leading end portion of a first support connector
mounted on the light fixtare, the leading end portion having first and second power elecirical
erminals and a grovndmg electrical termunal disposed within corresponding first, second and
third receptacles in commumication with first, second and third openings in a leading end face
thereof;

the first and second conductive power pins configured to engage a respective one of the
first and second power electrical terminals via the respective first and second openings, and the
conductive grounding pin configured to engage the grounding electrical terminal via the third
operung, as the first end cap assembly 1 moved refative to the first support connector from a
position filly separvated from the first support connector 1 a path that is grangverse 1o the length
of the body mto an engaged position;

wherem the first end cap assembly 18 configwred to engage aud conneet to the first

support connector as an incident of the first end cap assembly moving into the engaged position,
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2. The hnewr LED hunp according to clam 20, wherein the conductive grounding pin
spatially arranged relative to the first and second conductive power pins such that, when the first
end cap assembly is moved towards the engaged position, the condactive grounding pin of the
lamp will be electrically coupled to the grounding electrical terminal of the first support
connector before the first and second conductive power pins of the lamp are electrically coupled
to the first and second power electrical terminals of the first support connector,

22 The lnear LED lamp according to claim 20, wherein the first end cap assembly opening
s bounded by an edge and the first support connector has first and second refractable parts on
which respective second surfaces are defined, the first end cap assembly is configored so that the
first and second retractable parts: a) are engaped by the edge of the opening progressively
cammed from a holding position, in which the first and second retractable parts reside with the
first end cap assembly i the fully separated position, towards an assembly position as the first
end cap assembly is moved towards the engaged position; and b) move from the assembly
position back towards the holding position with the first end cap assembly in the engaged
position.

23, The hoear LED lamp according to ¢lamm 20, wherain the conductive grounding pm 18
glectrically connected to the heat sink.

24, The lmear LED lamp according to claim 20, wherein the sowrce of thummation
comprises at least one LED emitter panel secured to the heat sink, each LED emitter panel
comprising at least one printed circust board comprising DC powerad LED emutters for emitting
and distributing hight outwardly from the enutter panel in a hight distribution pattern, and the
finear LED lamp further comprises a driver module comprising an alternating current (AC) to
direct current {DC) driver oirewtt for driving the LED emitters with DC power,

25, The hnear LED lamp according to claim 24, wherein the conductive grounding pin 15
elecirically connected to the driver module.

26, The lincar LED lamp according to clatm 24, wherein the first end capassembly further
comprises a planar support extending traverse to the Tength of the body, and the first 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 in a divection generally

parallel to the length of the body and a second portion comprising the engagement portion.
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7. The hoear LED lanmp gecording to olaim 26, wherein the first and second conductive
power pins are mounted at positions offset laterally from the raounting position of the conductive
grounding pin on opposite sides thereof.

28.  The lnear LED lanyp 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 i the direction towards the opemng i the first end cap assembly,

29, The lmear 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 divection towards the opening.

36 The lmear LED lamp according to claim 29, wherein the engagement portion of the
conductive grounding pin and the respective engagement portions of the first and second
conduactive power pins are configured so that each pin engagss the corresponding terminal of the
first support comnector over a linear distance of at least about 4 mm with the first end cap
assembly and sapport connector m the engaged position.

31, The linear LED lamp according to claim 26, wherein the first portion of the conductive
grounding pin is shorter than the respective first portions of the first and secoud conductive
power pins such that the engagement portion of the conductive ground pin is offset n the
direction of the lengih 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 condustive grounding pin and
the first and second conductive power pins 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 is moved towards
the support connector into the engaged position,

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

34 The hnear LED lamp according to claam 32, wherein the engagement portions of the
conductive grounding pin 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 hinege LED lamp according to clawm 26, wheremn the planar support comprizes a
connector end board comprising a matingly engagable driver comector, the connector end board
has conductive pathways electrically connecting the first and second conductive power ping o
the driver connector, and a corresponding matingly engagable connector 15 associated with the
driver module for mechanically and electrically connecting the comnector end board to the driver
module,

36, The hnear LED lamp according to clatn 35, wherein the connector end board has an
wolated condactive pathway electrically connecting the conductive grounding pin to the dnver
comector for providing an 1solated grounding pathyay for the driver modude.

37.  The linear LED lamp according to claim 36, wherein the driver circuit comprises an input
connector for recetving AC corrent from the connector end board and an output connector for
retirning DC carrent to the connector end board, the connector end board electrically connected
to the at least one LED emitter panel and distributing said DC current to the at least one LED
eymutter panch

38, The linear LED lamp according to claim 35, wherein the connector end board meludes
conductive pathways electrically connecting the conductive growiding pm o conductive sdge
portions of the connector end board, the conductive edge portions engagimg corresponding
conductive 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 lmear LED lamp according to claim 26, wherein the planar support comprises a
connector end board, and the connector end board includes conductive pathwavs electrically
connecting the conductive grounding pin to & connecting terminal mounted on the connector end
board to provide an isolated grounding path for internal components of the lamp connected to the
connecting terminal,

40, The hnear LED lamp according to claim 20, further comprising a second end cap
assermbly at the second end of the body, the second end cap assembly having a sidewall definmg
an opemng configared to receive a leading end portion of a second support connector mounted
on the hght fixture, second end cap assembly 1s configured to engage and mechanically connect

to the second support connector as an incident of the second ead cap assembly moving relative to



WO 2017/120574 PCT/US2017/012700

the second support connector from g position fally separated from the second support comector
w4 path that 1§ wansverse to the length of the body into an engaged position.

41, The linear LED lamp according to claim 20, wherein the lamp comprises a second end
cap assembly at the second end of the body that is 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 lght fixtare, the comnector sleeve comprising g sleeve portion defining a
receptacle, the second end cap asserably configured to be msertable within the receptacle as the
secomd end of the body 15 moved towards the connector sleeve in a direction substantially
parallel to the length of the body mto an engaged posttion with the connector sleeve.

42, The lnear LED lamp according to claim 41, wherein the second end cap assembly has a
cross~sectional geometry in g plane perpendicular to the tength of the body that conforms to the
cross-sectional geometry of the receptacle of the connector sleeve,

43, The linear LED lamp according to clamm 42, wheremn the cross-sectional geometry of the
second end cap assembly 18 generally cireular.

44, ‘The Hnear LED lanp according to claim 42, wherein the cross-sectional geometry of the
second end cap assembly 18 non-cireular.

45, A connector for maintaining an end of a single end power lingar LED lamp m an
operative state on a light fixiure, the lnear LED lamp having a body with a length between
spaced first and second ends, a source of llumination comprising LED emitters on or within the
body, a first end cap assembly at the first end of the body confipured 10 engage and connect to a
first support connector mountad on the hight fixture when the first end cap assammbly is moved
towards the support connector in a substantially straight path traverse to the length of the body
and comprising conductive power pins for comnecting with an external power supply, and a
second end cap assembly ai the second end of the body, the connector comprising:

a housing comprising a mounting base configured to couple the connector 10 a support of
the lght fixtwre and a sleeve portion extending along a length of the hight fixture, the sleeve
portion having outer wall portions defiming a receptacle configured to recetve a portion of the
second end cap assembly as the second end of the body 13 moved fowards the connector 1 a
direction substantially parallel to the length of the body into an engaged position with the

connector whereby the connector secures the second end of the lamp body to the hight fixture.
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46.  The vomnector according to claim 45, wherein the sleeve portion compiises an end wall gt
a first end and a receptacie opening at a second opposite end.
47 The connector according to claim 45, wherein the sleeve portion has a cross-sectional
geometry in a plane perpendicular to the length of the sleeve porticn that conforms to the cross-
sectional geometry of the secoud end cap assembly,
48,  The connector according to claim 47, wherein the cross-sectional geomeiry of the sleeve
portion is generally circular.
49, The hnear LED lamp according to claim 47, wherein the cross-sectional geometry of the
sleeve portion s noa-cweular.
30.  The connector according to clatm 45, wherem the mounting base 18 configured fo mount
the connector 10 8 standard fluorescent tube lamp lght Hxture.
5% A system comprising a linear LED lamp and first and second support connectors for
maintaming the LED lamp in an operative state i the light Hxture;

the linear LED lamp comprising

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

a source of Hlumination comprising LED emilters on ofwithin the body;

an elongate heat sink in thermal commumcation with the LED emutters;

a furst end cap assembly at the first end of the body comprising internal first and
second conchuctive power pins and an iernal conductive grounding pin, at least one of
the conductive powsr pins adapted to provide power to the lamp and the conductive
grounding pin electrically isolated from the conductive power pins and being connectable
to a ground circuit, the pins each having an engagement portion extending in a direction
traverse 1o 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 recetve a leading end
portion of a second sepport connector mounted on the light fixture;
the first support connector comprising:

a nonconductive housing comprising a first portion including & mounting base

configured to couple the first support connector 1o & support of the Hght fixture and &
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speond portton extending fom the first porton and configured to be nsertable within the
opening of the first end cap assevably;

the second portion having sidewalls and a leading end wall extending traverse w
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 within the second portion in general glignment with a corresponding one of
the openings;

the first and second power electrical ternvnals configured o mate with ‘the
engagement portion of a respective one of the first and second conductive power pins of
the lamp when the power ping are inserted 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 is iserted through the
third opening as the end cap assembly s moved relative to the first support connector
from a positton fully separated from the support connector in a path that 18 transverse o
the length of the body nto an engaged positior;

the second portion having first and second parts on which respective second
surfaces are defined, the second surfaces configured to engage cowresponding first
surfaces defined by the wall mner surface adjacent oppostie ends of the opening of the
first end cap assembly s0 that the first and second surfaces are placed i confronting
relationship to prevent separation of the end cap assemblv and the first support connector
with the body in the operative state in the engaged positions
the second sapport connector comprisitg:

a mounting base configared to couple the second support connector to a support
of the Heht 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
counector configured 1o engage and mechanically connect to the second suppont
connector as an incident of the second end cap assembly moving relative to the second
support commector from a position fully separated from the second sapport connector  a

path that 13 ansverse to the length of the body nto an engaged posttion.
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A system comprising @ lmear LED lamp, a fivst support connector and second slegve

connector for maintaining the LED lamp i an operative state in the light fixtore;

the hnear LED famp comprising:

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

a sowrce of ihunination comprising LED emitters on or within the body;

an elongate heat sink in thermal commumication with the LED emitters;

a first end cap assembly at the first end of the body comprising mternal first and
second condactive 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 conductive
grounding pin electrically solated from the conductive power pins and being connectable
to a ground circoit, the pmns each having an engagement portion extending in a direction
traverse (o the length of the body and towards an opening defined in a sidewall of the first
end cap assembly without extending through the opening; and

a second end cap assembly at the sccond end of the body;
the first SUpPOTt CONNECIOr COMPisNg:

a nonconductive housing comprising a first portion including a mounting base
configured to couple the first support connector 1o a support of the light fixture and a
second portion extending from the first portion and configured to be insertable within 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 openingy;

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

the first and second power electrical terminals confipured 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 tnserted throvgh the respective first and second
opemngs and the grounding electrical termunal configured to mate with the engagement
portion of the conductive grounding pom when the grounding pin is inserted through the

third opeming as the end cap assembly 15 moved relative to the first support connector
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fromua position fully sepgrated from the suppost conmector 1 @ path that 15 transverse ©
the Tength of the body tmo an enpaged 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 inner surface adjacent opposite ends of the opening of the
first end cap gssembly so that the first and second surfyces are placed in confronting
relationship to prevent separation of the end cap assembly and the first support connector
with the body in the operative state in the engaged position;
the sleeve connector comprising:

a housing comprising a mounting base configurad to couple the sleeve comector
to 2 support of the hight fixture and 8 sleeve portion extending along a length of the Hght
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 is moved
towards the connector in a divection substantially parallel to the length of the body into an
engaged position with the sleeve connector whereby the sleeve connector secures the

second end of the lamp body to the Light fixture.



