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LIGHTING CIRCUIT· LIGHTING SYSTEM METHOD AND APPAR.t\:TUS. 

SOCKET ASSEMBLY, LAMP INSULATOR ASSEMBLY AND COMPONENTS 

THEREOF 

·5 L BACKGROUND OF THE INVENTION 

A. Field of the lnventioa 

This invention relates to lighting systems, and components and assemblies for 

lighting systems, such as socket assemblies. and lamp insulator assemblies, used in lighting 

systems. One aspect of an embodiment of the invention relates to fluorescent lamp sockets 

10 and mounting arrangements for such sockets, while another aspect relates to fluorescent 

lamp insulators and other aspects relate to lighting systems for refrigeration systems. 

B. Related Art 

The use and operation of fluorescent lighting systems are affected by a number of 

factors. One factor is safety, with one purpose being to minjm;ze the possibility of 

"IS electrical shock to personnel, including customers, maintenance personnel and the like. 

Another factor is the lighting system dimensions, including the lamp si7.e, si7.e of electrical 

contacts, and the positioning of electrical contacts. A (urther ~tor includes 

environmental considerations, such as the operating temperature, and the S1DT0unding 

temperature. Environmental co~derations alsO include humidity, especially where the 

20 surrounding temperatme may result in moisture condenSation or icing.·· Another 

consideration under the category of environment includes operating conditions such as 

vibration, impact, and protection from other mechanical factors. Another factor includes 

ease of installation, repair and replacement, including interchangeability or variabilify of . 

parts and lamps in the lighting system. A further consideration is how the lighting system 

.25 is electrically driven. Each of these factors will be discussed more fully below. 

The majority of present lighting systems are electrically driven. Standards have 

been established for design, certification and approval of most lighting systems for the 

protection of personnel, such as building occupants, customers, installation and repair 
personnel, as well as others. Such standards include insuring that personnel are not 

30 exposed to high voltage or electric shock during installation or replacement of lighting 

elements such as lamps and bulbs. For example, most household incandescent bulbs have 

the hot and neutral contacts positioned relatively close to each other and installation of the 
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bulb does not produce an exposed live contact. The risk of shock is minhni?.ed fm the user 

by grasping .the relatively low conductive glass portion of the bulb, and the contacts 

become live only after the bulb is substantially threaded into the socket A common 

design for fluorescent sockets minimiz.es the possibility of electrical shock by having each 

S · end of the lamp inserted into respective sockets and seated or rotated a ~ven amount 

before electrical contact occms. This minimi?,es the possibility of having an exposed live 

contact. Another design of fluorescentmckets has one socket· spring loaded so that the · 

socket can be depressed with one end of the linear lamp inserted into the socket to permit· 

enough_ spacing for the opposite end to be inserted into its respective socket. However, 

1 O there is still a possibili,ty that the opposite end of the lamp could be live before it is 

inserted into its corresponding socket. U-sbaped fluorescent lamps and lamps having other 

shapes significantly different ftom th~ traditional linear shapes are comparable in some 

ways to traditional incandescent household bulbs in that the electrode contacts are closer . . 

together. As a result, the likelihood that shock may occur is somewhat reduced. 

15 While incandescent lamps are generally driven .off line voltage, fluorescent lamps 

typically require a ballast to start the lamp and regulate the power applied to the lamp. 

The voltage required to start the lamps_ depends on the lamp length and its diameter, with 

larger lamps requiring higher voltages. The ballast is designed to provide the proper 

Starting and operating voltage required by the particular lamp. The ballast provides the 

20 proper voltage to fire the lamp and regulates the electric current flowing through the lamp 

to ensure stable light output The ballast also supplies a correct voltage for the desired 

lamp operation and adjusts for voltage variations. 

Traditionally, ballasts were of the electromagnetic, solid core type having a Jmge 

transformer for providing the desired voltage and current. The voltage was typically 

25 provided to the lamp at or near the operating line voltage of 120 volts or 240 volts and 

frequency of 60 Hz or SO Hz, respectively. Occasionally, the lamp is driven at a higher 

cmrent in order to enhance the light output, but such overdriving of the lamp typically 

results in a shorter lamp lifetime. 

Electronic or solid state ballasts provide greater energy efficiency by converting 

30 the power to light more efficiently than electromagnetic ballasts. Therefore, it is possible 
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that an electronic ballast can provide a greater light·output than an electromagnetic ballast 

with the same power consumption. The higher efficiency and light output is aehieved by 

operating at a higher ftequency than line frequency, and sometimes by operating at a 

higher voltage. As a result, it is possible1bat a ballast could acquire a relatively high open 

S circuit voltage, as high as 750 volts, such as after lamp, ballast or other component .failure, 

or some other electrical :tailme in the lighting system, which could consequently lead to 

iqjury or damage. For example, an improperly connected lamp in its respective sockets 

could lead to a high open circuit voltage, ~ch in tmn could cause arcing, over-heating, 

posSI'ble lamp failme and possible ballast failme. 

10 Because of the higher driving voltages, the connection between the ballast~ the 

lamp or bulb is important. Typically, fluorescent lamps have bi-pin contacts or double 

recessed contacts at each end of the fluorescent tube. The pins· are separated by·a 

predetermined center-to-center pin separation distance, which may vary according to the 

size of the lamp. For larger diameter lamps, the spacing can be larger for recessed double 

.15 contact lamps such as some TIO and T12 lamps, but otherwise will be the same for bi-pin. 

TB, Tl 0 and T12 lamps. For example, a T12 double recessed contact lamp will have a 

larger center-to-center contact spacing than a TB bi-pin lamp. The number 12 and the ' 

number 10 refer to th~ size, in eighths of an inch,· of the lamp diameter. 

Much of the hardware used. with the T12 and Tl 0 lamps have been relatively 

20 standardized. In one form of socket, commonly referred to as a tombstone socket (FIG. 

23), the pins of each end of the lamp are inserted sideways into the socket until the lamp is 

centered in each socket After being centered, the lamp is rotated about its longitudinal 

axis, allowing the pins to come into contact after rotation with the contacts in each socket. 

This socket minimi2s the possibility of one end of the lamp being inserted into one socket 

25 with subsequent energUation of the lamp and the opposite free end being live. A shock 

could result from a live free lamp end. 

In the tombstone style of socket, contact and illum;nation of the lamp is ~eved 

.by electrical contact between part of the outer surface of each pin and a portion of the 

surface of the contact. However, the electrical contact for each pin occurs only over a 

30 relatively small surface area, estimated to be in some circumstances about around 0.0036o 
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to 0.00370 square inches.· As a result, any high curient through the lamp results in a 

relatively higher cummt density at the pins, that the socket may not have been designed 

for. . 
Another conventional socket for TIO md Tl2 lamps is a spring-biased recessed 

s· double contact socket, whereby one end of a lamp is inserted into the spring-biased socket, 
. . 

depreising the biased portion of the socket. Depressing the socket permits Jnsertion of the 

opposite end of the lamp into the stationary socket on the fixture. However, n~tbing 

prevents the free end of the lamp ftom being live and a potential for electric shock. While 

this socket configuration may account for expansion and contraction due to thennal 

· 10 cycling and extreme enviro~ental conditions, the potential for electric shock remains. 

Bulb size also affects the safety and efficacy of lighting systems. The longer the 

fluorescent lamp, for example, the greater the current requi,ed to fire and maintain the 

~ lamp at the desired output. That greater current must be passed through the socket, across 

the socket conductors and to the pins of the lamp. With some socket designs, the current 

15 density may be relatively high between the socket and the pins for longer lamps. 

Consequently, overheating or other effects may occur. 

Longer lamps also require a greater center-to-center distance between sockets. In 

conventional fixtures, the sockets are rigidly mounted to a fixed' substrate that may 

contract or expand with changing environmental conditions. For example, in very low 

20 temperature situations such as out of doors or in freezer environments, the co~on 

could be a matter of sixteenths or eighths of an inch. For :fixed sockets, such as 

tombstone-style sockets, the contraction over a large center-to-center distance between the 

sockets could force the sockets to bend away from the lamp (shown by the arrow 23A in 

FIG. 23), reducing the contact~ area between the socket and the lamp pins, as well 

25 as possibly disconnecting the lamp from the socket. In other fixtures where the sockets are 

mounted to a plastic substrate, portions of the plastic may flex or bend, permitting the 

socket to bend toward or away from the lamp, also possibly reducing the contact surface 

area between the socket and the lamp pins. Separation or disconnection of the lamp from 

the socket could cause arcing, overheating, or possible electric shock. 

30 Conventional sockets leave portions of the lamp end exposed to environmental 
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conditions. Such sockets generally engage the lamp pins through contacts recessed behind 

a flat face that butts against the flat end face of the bulb, from which the lamp pins extend. 

The abutting flat faces leave a gap, allowing contaminants, moistme, and cold air to enter 

the gap. Contaminants and moisture fibm cleaning or from use or maintenance may foul 

S or conode the connection and moisture may condense or freeze on the contacts of the 

connection. Additionally, cold air around the electrode area of the lamp will decrease the 

operating efficiency of the lamp,_ as well as possibly shorten the life-of the lamp. 

EDviromnental conditions affect the operation of lighting systems, for example, by 

decreasing operating efficiency, exposing the fixtme to moistme, and extreme 

1 O temperatures. Such conditions exist in outdoor illuminated signs, outdoor fixtures, 

unheated storage areas, reftigeration 1ieez.er cases and boxes, and cold storage rooms. 

Some systems see temperatures as low as -40° F and as high as 1600 F. Therefore, 

expansion and conttaction may cause lighting system failure in many applicatio~. Fixed 

center socket systems or spring-loaded socket systems often do not accommodate such 

15 · changes in socket center-to-center distances caused by expansion and contraction of the 

substrate to which they are mounted. Temperature extremes affect the operation of the 

lamp by decreasing the operating efficiency. For example,. some fluorescent lamps have 

peak operating efficiency at about 104° F. Significant deviations from that temperature . 

significantly decrease the efficiency of operation and ou1put of the lamp. Higher 

20 temperatures may also contribute to overheating of the connection betwCen the socket and 

the lamp. High humidity may subject the lamp-socket connedion to condensation of 

moisture around the connection, and possibly icing about the lamp-socket connection. 

Consequently, the possibility of arcing or shorting may be increased. Increased moisture 

around the socket and lamp may also corrode the metal of the lamp-socket contacts, 

25 affecting the integrity of the connection between the lamp and the socket, for example by 

increasing the resistance in the connection, causing arcing which in tum may cause more 

corrosion or oxidation. 

Additionally, operating conditions such as. vibration and other physical forces, such 

as impact, a:nect lighting system operation. Vibration may cause the lamp and socket to 

30 disconnect, which also may cause premature lamp or ballast failure. Often, ballasts will 
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fail immediately upon disconnection. Disconnecti<>n may also cause ovetbeating, arcing, 

or more serious damage. Vibration is often.caused by wind, nearby operation of motors or 

compressors, impact, such as by mabitenance mews, earthquake and, in the case of . 
refrigeration units, slamming doors, restocking of shelves, and heavy traffic. Vibration 

5 may cause vibration or rotation of the lamp in a socket, leading to disconnection, · 

especially where there is nothing that inhibits disconnection. 

Dming the manufacture of lighting fixtures, the sockets are not always accurately 
' 

positioned to ensure optimum connection of the lamp pins and the sockets. For example, 

on tombstone-style sockets, fixedly mounting the socket on the substrate several sixteenths 

t O or an eighth of an inch too close together or too far apart cowd lead to an improper 

connection. If the sockets are too close together, installing the lamps between the sockets 

will force one or both sockets to bend away &om the lamp. Bending could cause either a 

poor connection or m incomplete connection with the lamp, especially where there is 

-nothing in the tombstone socket design that inhibits disconnection in a direction 

15 longitudinally of the lamp. If one socket bas a good connection, but the other socket bas~ 

poor connection or no connection at all, the affected lamp end will be live and subject to 

arcing or overheating and possible damage or injury. Thereafter, replacement of lamps 

would result in :further loosening of the sockets and possible failure of the fixture. 

In addition to sockets not always being properly positioned or spaced, an 

20 inadequate or failed connection can result where lamp lengths vary fiom one lamp to the 

next, or between lots. The length of one lamp may vary by a sixteenth of an inch of more 

from the length of another lamp of the same type merely because of manufacturing 

tolerances that are too large. Variations in nominal lamp length could cause properly 

positioned sockets to bow outwardly upon installation of the lamp. Shorter lamps may 

25 lead to inadequate connection. 

Poor socket-lamp connection can also result ftom poor contact alignment on lamps • 

. For bi-pin fluorescent lamps, for example, a pair of spaced apart contact pins are 

positioned at each-end of the lamp. For proper lamp connection, each pair of pins must 

properly engaged the associated sockets. Since the sockets are mounted to a substrate or 

30 .support surface, the alignment of the contacts in each socket is relatively fixed. However, 
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if the pin alignment of one pair is not identical to the pin alignment of the pair of pins on 

the opposite end of the lamp, an ineomplete comection may result at one end or the other 

of the lamp. Failure to con1aet, or an incomplete contact may result in possible failure of 

the ·fixture. 

S Repair or replacement of lighting fixtures is often difficult in cases where the 

sockets are :fixedly mounted to a substrate. ~the substrate is not designed for easy 

removal and replacement of lighting sockets, further exacerbating any connection 

problems that might occur between lamps and sockets. Similar comments may apply in 

situations where lamps are first installed or are replaced, and where socketS are jammed or 

10 impacted during lamp removal or replacement Loose or bent sockets increase the 

likelihood of connection failure. Similar problems could arise during cleaning or 

~ce of the equipment surrounding the lighting fixture. For exampl~ in 

refrigeration units, the lamp fixiunfcollld be Jarred or Jammed diiriiig Cleaning, restOCliDg 

of shelves or at other times. Additionally, sockets may be jarred or damaged when they 

15 are first installed in the support structure, when lamps are first installed in the fixture, or 

when lamps are removed and replaced. In these circumstances, it is possible that the 

connection between the socket and the lamp is no longer adequate, resulting in or leading 

to inadequate or incomplete connection~ a failed connection. ' 

It is also believed that inadequate connection and teduced conductivity in the 

20 lighting circuit may lead to lighting inefficiencies and possible ballast failure even before 

complete failme of an electrical connection, such as failme of the connection between the 

lamp and its socket. It is believed that the effect on the ballast of an inadequate connection 

results from a combination of the characteristics of the ballast and the characteristics of the 

lighting circuit. These characteristics will be discussed more fully below. 

25 Electronic ballasts used to dtj.ve fluorescent lamps are constant current devices. 

The lamps they are intended to drive are designed to operate at a relatively constant 

current to ensure the desired elec1ron and photon production in the lamp. If, for. some 

reason, the impedance of the lamp increases, the cmrent will decrease unless the ballast 

maintains the cmrent constant. Any increased resistance or impedance in the lamp circuit 

30 as seen by the ballast will typically result in a higher voltage across the ballast output 
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terminals. Therefore, differences (or variances)in the lighting circuit from the optimum 

design will Slso affect the ballast and ballast operation, in addition to affecting the other 

components of the circuit. These changes may occm over time, such as by lamp aging, by . . 

changes in the socket-lamp connection, such as corrosion, ~·contact separation, by 

· 5 contaCt icing or corrosion and the like. These differences may also be .inadvertently . 

incorporated in the lighting circuit from the beginning. For example, differences may arise 

such as tbrorigb an inadequate lamp connection resulting from an oversi7.ed lamp, 

improper socket placement, sOcket damage during installation, as well as other reasons. 

For example, if a high voltage is applied across an inadequate connection arcing may 
,. 

1 O occur, resulting in oxidation and higher contact resistance and lower conductivity. The 

higher resistance produces a larger impedance in the circuit as seen by the bBnast, which 

would~ cause the ballast to adjust accordingly. 

Lower conductivity, as well as other differences or changes in the circuit from the 

optimum design, may lead to ballast overheating, as well as overheating of other circuit 

1 S components, and possl°bly ballast or other circuit failme. 

Many conventional lamp fixtures use sockets dimensioned for only Tl 0 and Tl2 

sized lamps. However, newer TB and TS lamps are not interchangeable with TIO and T12 

lamps, nor with each other. Therefore, interchangeability of S!JCkets is made more difficult 

and interchangeability of lamp sizes for a given socket arrangement is not available. 

20 Consequently, the drawbacks discussed previously relating to replacement of ~ets 

. apply equally to interchanging one socket me or type for another. 

·For example, TB and TS tluOrescent lamps would use different lighting fixtures 

under conventio~ designs. Some of those fixtures may have marginal lamp pin-to-pin 

socket terminal connections that may cause premature lamp fail~ ballast burnout, and 

25 the like. Additionally, differences in lamP length between T8 and TS lamps make 

conventional fixtures difiicult to use and precluding interchangeability of lamps with .. 

having to replace fixtures. The nominal lengths for TS lamps are 72 inches, 60"inches, 48 

inches, 36 inches and 24 inches. The nominal lengths for TS lamps are in standard me1ric 

lengths, corresponding to S1.0S inches, 45.24 inches, 33.43 inches, and 21.61 inches. 

30 . Therefore, cbangiDg from n to TS lamps requires a change of fixtures. Additionally, the 
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lamp· pin center-to-center spacing is different, being 0.490 for the n lamp and 0.185 for 

the TS lamps. 

n. SUMMARY or THE INVENTIONS 

S . Embodiments of a lighting system and components are described which minimize 

the possibility _ofelectric shock due to in~plete lamp and socket connection, or due to 

complete ~ectrical disconnect between a lamp and a socket connection, possibly causing a 

high open circuit voltage and/or ballast and component overheating or failure. 

Embodiments are also descn'bed which minimj:m the possi"bility of contamiruttion due to 

1 O cleaning procedures in_ equipment surrounding lighting fixtures, maintenance procedmes, 

repair and replacement procedmes, and the like. Elements are also described which 

provide enhanced thermal protection for more efficient lamp operation and regulation, and 

protect the lamp and socket connection from environmental factors, such as temperature 

extremes, humidity, condensation, icing and vibration. A further aspect of a lighting 

15 system and components described herein improves the construction and the procedures 

used in the installatio~ repair and replacement of lighting fixtures, and provides for a 

greater flexibility in, and interchangeability ot: lighting elements. A further aspect of a 

lighting system described herein improves the operating characteristics of the lighting 

system, for example by~ the operating temperature of the ballast and/or 

2~ associated components in some instances, by reducing the occurreDce of ballast failure, 

lamp failure, component failure or of other problems in those components or by improving 

the light output. mements are also described which provide a better matched lighting 

cil'cuit which is less likely to lead to cilcuit breakdown or failure. These benefits can be 

achieved even at higher voltages provided by some ballasts. 

25 In one embodiment of the invention described, a socket is provided which permits 

conneCtion between the socket and the lamp that is less dependent on the specific 

mounting arrangement or holder, or on its positioning. Preferably, the sock.et and its 

connection to the lighting element are moveable relative to the particular mounting 

arrangement. The sockets descn"bed herein can be positioned at one or both ends of the 

30 lighting elemen~ such as a fluorescent lamp. In one aspect, they are intended to be 
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considered more a part of the lamp than of the substrate from which the socket is 

· ~because the socket-lamp configuration is believed to be mote significant than 

the particular form of the socket-substrate connection. Embodiments of the disclosed . 
lighting system permit variants of pin alignments and lamp lengths, lamp 

5 interchaiigeability and provide for better support of the lamp. Several embodiments of the 

design also permit installation of at least two different siz.es of lamps, both in terms of · 

diameter and lamp length._ Embodiments of the described invention are also particularly 

suited for use with solid state ballasts. 

- For example in one prefened aspect of the present invention, a socket includes a 

10 housing with at least one cylindrical, slotted or female-type connector and a cavity or 

enclosure for accepting a lamp into the socket. This configuration can be used with 

present bi-pin lamps where the lamp is inserted into the socket, and permits various other 

benefits, such as being able to protect the lamp, provide support for the lamp and to have a 

more stable electrical lamp connection. Preferably, the connector extends into the cavity 

15 or enclosme a distance less than the full length of the enclosure and may even be flush 

with the·botto~ of the enclosure, for example to ~t greater insertion of the lamp in the 

scxht if desired on the one band, or to reduce the size of the enclosure on the other hand. 

Preferably the connector is one that engages, smrounds and contacts all or a significant 

portion of the pin that it connects to for ensuring the maximum.connection smface area 

20 possible and improving conductivity. 

In accordance with another aspect of the present invention, a socket is described for 

a lighting system wherein the socket has a socket body and an electrical connector, and 

further Includes protection for the lighting element such as a lamp. The protection may 

take the form of electrical insulation, thermal insulation, protection &om vibration, 

25 contamination, and the like. In one form of the invention, the protection is provided by a 

cover for the conductor p0rtion of the lamp. In another form of the invention, the 

protection is provided by a cover that extends over the conductive end of the lablp, and in 

still another form, the protection is provided by a seal between the socket and the lamp. . 

For example, in ace~ with one preferred aspect of the present inventions, a 

30 . socket is described for a lighting system wherein the socket includes an element for 
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forming a seal between the socket body and the lighting element. The seal can be formed 

from an 0-ring or other suitable seal element. A seal can provide protection from the 

effects of the environment, including humidity, temperature extremes, as well as 

particulate and other contamination. A. seal can also protect the lighting system from the 

S · effects of vi~on, impact, and other extemal forces. In one preferred form of the. 

invention, the socket covers and seals a portion of the lamp, for example to provide 

thermal insulation to the electrode area of the lamp. 

In another form of the invention, the contact includes a plurality of contacts in a 

base of the socket For example, the contacts can be arranged in a diamond- or cross-- . 

10 configuration where two contacts accommodate the pins of one s= of lamp, and wherein 

two other contacts accommodate the pins of a differently-sized lamp. Such an 

anangement coUld accommodate a TB md lanip, as well as a TS. sized lamp, a TB and a 

Tl 0 or Tl2, or any combination of known lamp configurations. The particular contact 

. arrangement provides for the optimum isolation between adjacent contacts and between 

15 neutral and bot contacts. 

In·another form of one aspect of the inventio~ the socket, such as the external 

surface of the socket body, may include one or more grooves or other elements for 

accepting a removable clip or mounting attachment, to mount the socket~ a su~ or .. 
~:f".;...··;..-; 

other support. In one embodiment, the groove would be approximately the saJD.e siZe &S"'"·:~ ··. ··· 

20 the mounting element at one end of the lamp, and larger than the corresponding dimension 

of the mounting element at tJie other end of the lamp. This arrangement permits expansion 

and contraction of the fixture relative to the fixed length of the lamp~ Alignment 

indicators may also be included to indicate the desired lamp pin alignment relative to the 

. socket. 

25 In an additional form of another· aspect of the inventi~ a socket includes an 

electrical connector and a body extending longer than the contact length of the connector · 

and wherein the connector or other portion of the socket includes a structure for engaging 

an insulator or protector on the lamp. The structure may include barbs, points~ or other 

elements for establishing an interference contact with the insulator. For example, 

30 connection between the lamp pins and socket can be achieved by a split sleeve slotted 
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. terminal made from spring material in the socket The slotted terminal has an I.D. that is 

smaller than the O.D. of the male lamp pin, providing a pressure fit, which pressure fit 

provides a safeguard against accidental disconnection caused by vibration and the like. To 

further safeguard against such disconnection, two pointed barbs preferably extend 

5 outwardly from the external surface of the slotted terminal and engage the inner surface of 

coun~ of the lamp insulators. In addition, the socket's 0-ring seal provides for a 

gripping of the exterior surface of the lamp which serves as added Pn>tection against 

disconnection. 

_Jn a further form of the inventions, a socket is provided for a lighting assembly 

10 having a socket body and at I~ one electrical connector, and a holder for the socket body 

which is movable, at least rotatably or slidably, relative to the socket body, to permit 

expansion or contraction of the fixtme assembly relative to the fixed lamp dimension. 

Preferably, the holder is removable fiom the socket. In another fomi of the invention, the 

holder is spring-biased and the mounting surface for mounting the holder to the subs1rate 

15 includes a track for adjusting the position of the holder relative to the socket. 

Iii a further aspect of the inventions, a protector in the form of an. insulator is 

provided for such lighting elements as fluorescent lamps, wherein the insulator protects at 

least one of the conductors on the lamp and engages the conductor in such a way that 

removal of the insulator is inhibited. For example, with a bi-pin fluorescent lamp, the 

20 insulator may include two openings conesponding to the pins and dimensioned ~such a 

way as to provide an interference fit between each pin and the opening in the insulator. In 

one prefened form of the invention, the height of the insulator is greater than or equal to 

the length of the pins to protect the pins. In another form, the insulator also covers a 

portion of the lamp body in order to help protect or insulate the lamp end. 

25 In ~tiler aspect of the invention, a lamp assembly is provided including a lamp 

with at least one contact extending from a surface of the lamp for receiving and supplying 

electrical energy to the lamp and a contact protector extending substantially aroUnd the 

contact in such a way that the contact is still accessible for electrical contact In one form 

of the invention, the lamp is a bi-pin lamp wherein the two pin contacts are preferably 

30 . cylindrical and the contact protector extends around both pins while leaving sufficient 
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space to be accessible for electrical connection. .The protector is preferably an insulator 

which extends beyOnd the ends of the pins so that the pins are recessed within the 

insulator. 

In still another form of the invelition, pin extenders are placed over respective pins 

S on the lamp and bold the insulator in place. The pin extenders may also enhance the 

ability to make a reliable connection with a socket of the type disclosed herein. In a 

further form of the invention, the lamp and the conductive contacts are separated by an 

insulator between the contacts such that the shortest, unobstructed distance between the 

contacts is no less than 0.50 inch. 

l O In another form of the invention, a connector is provided for connecting the 

contacts of a fluorescent light source to a source of electrical energy including an input 

conductor for receiving electrical energy from a ballast and an output conductor adapted to 

accept a contact of a fluorescent light source.. An electrical circuit is provided between the 

input and the output conductors for passing cummt from the input conductor formed in 

15 such a way as to impto~e the conductivity in the chcui.t. It is preferred that the use of a 

. connector having one or more of these cbaracteristics can be used in a refrigeration 

system, such as a refrigerated display case wherein any contact resistance or contact 

surface area between the connector and the tl~t light source remains substantially 

the same over a broad temperature range, for example from minus 20 degrees Fahrenheit 

20 to 70 or 100 degrees Fahrenheit and under the conditions encoutnered in refrigerated 

display cases. Such display cases encounter temperature and moistme extremes, and 

vibration, impact and other environmental conditions. They also experience a number of 

electDcal influences, such as noise from~ equipment such as com~-and the 

like, line excursions and other variations. The lighting system of the present inventions 

·25 and the components thereof can withstand many and preferably all of these conditions, and 

permits the lighting circuit to have a wider range of tolerance in the conditions within 

which it can operate. 

In another form of the invention, a connector is provided having contacts for 

coupling to a fluorescent lamp where the contacts of the connector corresponding to the 

30 ccmtacts on the lamp are separated from each other by an unobstructed smface path no less 
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than 0.50 inch. Preferably, a substantially noncondUctive barrier extends between the 

contacts on the connector to provide part of the separation. In one configuration, the 

contacts are cylindrical split contacts for accepting pins on a bi-pin lamp, and the contacts . 
are enclosed by plastic sleeves to inhibit arcing between the ~ntacts. Preferably, the 

S contacts are recessed below the open ends 9f the respective sleeves. 

In an additional form of the invention, a circuit for lighting a lamp is provided 

including an electronic ballast, a lamp socket for supplying electrical energy to a lamp 

through contacts in a socket and at least one electrical conductor for coupling the ballast to 

the socket. A junction between the conductor and the contact of the lamp has a contact 

10 surface area of at least O.OOS square inch and pleferably at least 0.008 and 0.01 or 0.10 

square inch or more, to ensure improved conductivity, both electrical and thermal, across 

· the junction. 

These and other aspects of the present invention will be understood more fully after. 

consideration of the drawings, a brief description of which is provided below, and the 

15 detailed description of the prefen"ed embodiments. 

DI. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevation view of a lighting assembly in· accordance with one 

aspect of the present invention. 

20 FIG. 2 is a cross sectional view of a socket in accordance with several aspects of 

the present inventions. 

FIG. 3 is a cross sectional view of an insulator taken through two of the bores of 

the insulator in accordance with a further aspect of the present inventions. 

FIG. 4 is an exploded perspective and partial cross sectional view of a socket, 

25 insulator and lamp in accordance with several aspects of the present inventions. 

FIG. ·5 is a longitudinal cross section of a sOcket and insulator in accordance with 

several aspects of the present inventions. 

FIG. 6 is a cross sectional view of a socket in accordance with further aspects of 

the present inventions and including an end cap_. 

30 FIG. 7 is an end view of the sockets of the present inventions without an end cap. 
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FIG. 8 is an exploded pmspective view of another form of socket with a lamp and 

·insulator in accordance with several aspects of the present inventions. 

FIG. 9 is an exploded perspective and partial sectional view of the socket, insulator 

and lamp of FIG. 10 in accordance with lbrther aspects of the preSent inventions. 

5 · FIG. 10 is a longitudinal cross sectional view of a socket in accordance with further 

aspects of the prCsent inventions. 

FIG. 11 is a detailed cross sectional view of an electrical connection madC with the 

socket and lamp and insulator in accordance with :further aspects of the present inventions. 

¥JG. 12 is a side elevatioDal view of a clip in accordance with one aspect of the 

10 present inventions. 

FIG. 13 is an end elevation view of a clip and mounting track in accordance with a 

further aspect of the piesent inventions. 

FIG. 14 is perspective view of a refrigeration case as one example of an application 

for a lighting system, and one which is subject to environmental extremes and vibration 

15 and other effects. 

FIG. IS is a partial schematic and partial horizontal sectional view of part of a 

refrigerated case showing a lighting system mounted therein. 

. FIG: 16 is a partial schematic and :front plan view of an tmcovered ftam.e assembly 

showing an electrical circuit for driving lights (not shown) in one application of aspects of 

20 the present inventions. 

FIG. 17 is a partial schematic and front plan view of an uncovered frame assembly 

showing a lighting circuit for providing electrical energy to lights (not shown) in 

accordance with an application of the inventi~ similar to that of FIG. 16. 

FIG. 18 is a perspective view of a portion of a ligb1ing circuit and lamp in 

25 accordance with another aspect of the present inventions. 

FIG. "19 iS an exploded perspective and partial cross-sectional view of a socket, 

insulator and lamp in accordance with several aspects of the present inventions •. 

FIG. 20 is a perspective view of a base of a socket for use with a lamp in 
.. 

accordance with a further aspect of one of the present inventions. 

30 FIG. 21 is a penpective vie\\' of a socket in accordance with another aspect of one 
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of the present inventions. 

FIG. 22 is an enlarged cross-sectional view of a socket in accordance with further 

aspects of some of the present inventions. 

FIG. 23 is a perspective view of one~ of conventional tombstone socket 

5 mounted to a substrate. 

FIG. 24 is a cross-sectional view of a lamp and lamp protector in accordance with 

further aspects of several of the present inventions. 

FIG. 25 is a cross sectioilal view of a further alternative form of socket and lamp 

connection for a lighting system. 

10 FIG. 26 is a cross sectional view of a fabricated receptacle and plug for connecting 

IS 

electrical energy to a lamp. 

FIG. 27 is a plan .view of a conductor for a socket such as that of FIG. 25 for 

eonriecting contacts of the receptacle to the contacts of the socket. 

IV. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE 

INVENTIONS 

A lighting system and components are described which 1ielp to Diinimize the 

possibility of electric sho~ protect the socket and lamp connection from the environment 
20 and from·vibration and other external forces, improve conductivity in the connection, 

· provide a more reliable connection between the socket and the ~p, and which are 
substantially independent of the particular lighting fixture mounting arrangement and 

allow for variances in laDip designs and dimensions. The lighting system and the 

components also accommodate such environmental elements as temperature extremes and 

25 moisture, and accommodate different lamp dimensions. The lighting system and 

components are also usable with current solid state ballasts. Components of the lighting 

system also contribute to an improved and ·better matched lighting circuit havingbetter 

operating characteristics and reducing the possibility of overheating of the ballast and 

other components, ballast or other circuit failure, thereby providing a safer and more 

30 i:eliable lightin~ circuit. 

16 



____ __L _____________________________________________ _ 

4 

W0'8148490 PCl'IUS98I0821G 

Lighting systems and their components have numerous applications and the 

embodimen~ of the present inventions can be used advantageously in a variety of lighting 

_ systems. They find particular significance in the :ftuorescent lighting area, where there are 

particular needs met by the present inventions. The prefeued embodiments described 

5 · herein are intended to be illustrative of the inventions but the inventions are not limited to 

those embodiments. For example, some of the various embodiments are discussed with 

examples :from the aspect of refrigeration units, especially as they relate to lighting 

systems in .t;iarsh environments. Refrigeration systems experience various extreme 

condit!_ons such as very low temperatures, high humidity, significant vibration and high 

10 voltage and current conditions, and there are other situations where lighting systems are 

subject to such conditions as well. However, the present inventions are not limited to 

refrigeration applications. The inventions are discussed in more detail in their preferred 

embodiments below· in conjunction with the drawings. 

A lighting assembly 36 is shown generally in FIG. 1, mounted to a base or 

15 substrate 38. In the context of a refrigeration unit, the base 38 could be a mullion, frame 

element,· wall or other structural support for supporting the lighting system. The lighting 

_system can be mounted or supported at any orientation, including horizontally, vertically, 

. or at an angle, and can be supported from any direction relative 'to the target of the 

illumination. The lighting system is mounted, auached, or otherwise supp0rted by the 

20 base 38 through mounting clips 40, several of which are shown in more detail in FI Gs. 12 

and 13, for mounting the sockets and lamp to the base 38. 

A lighting system typically includes a lighting element, which in the present 

preferred embodiment is a fluorescent lamp 42, and one or more connectors, which in the 

presently preferred embodiment includes a first socket 44 and a second socket 46. In the 

25 preferred embodiment, the first socket 44 is a fixed socket that would be placed on the 

bottom in a vertical lighting fixture arrangement, and the second socket 46 is an expansion · 

socket mounted above the fixed socket 44. The tenn "fixed" is used here as a term relative 

to the other socket such that it is not as movable as the other socket. The first socket is not 

int~ded necessarily to be rigidly fixed, but not as freely movable as the second socket. 

30 This same arrangement would preferably apply where the expansion socket 46 is mounted : 
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at a higher level than the fixed socket 44, though not necessarily exactly vertical, so that 

the fixed socket can reliably support the lamp and socket combination as desired. 

The particular configuration of the lighting system shown in FIG. 1 corresponds to 

a combination which would accept lamps of two different lengths, and the configuration in 
s FIG. 1 accommodates the longer of the two lamps. The configuration is for the longer of 

two lamps because the mounting clip·is mounted to the fixed socket 44 at a position 

closest to the lamp, as described more fully below. 

Considering a preferred embodiment of the fixed socket in more detail relative to 

FIGs. 2, 4, S, 9, and 10, the fixed socket 44 includes a rigid body 48, defining a bore, and 
IO further includes a plurality of conductive connectors SO oriented preferably parallel to the 

central axis of the socket for making contact with complementary connectors on the lamp 

42. In the case of lighting fixtures using fluorescent lamp~ the socket serves to connect 
and supply cummt from the ballast over conductors 52 through pm:ticular electrical 

contacts SO and through the two pins S4 of the lamp bulb to the lamp 42. The lamp 

15 typically includes the pins S4 mounted to but i~ from the end cap which in tmn is 

mounted to the lamp body 42A. The socket is preferably substantially cylindrical in 

outside shape to minimi7.C the space taken up by the socket in the lighting fixture. It is 
' also substantially cylindrical in inside shape of the bore, except as noted below, to '· 

conform to the outer shape of the lamp 42. The cavity or enclosure defined by the body of 
20 the socket allows the necessary access by the lamp to the appropriate slotted contacts for 

energizing the lamp, and the body provides the desired protection for the socket and lamp 
connection. The body also protects users by minimizing the potential for shock from a 
failed or compromised socket connection. 

The body of the socket is si7.ed longitudinally so as to permit suitable mounting of 

25 the connectors SO in the first wall or base S6 of the socket and to permit connection of the 

conductors 52 to the connectors SO in the base of th~ socket. .The body of the socket is 

preferably sized lc;>ngitudinally so that the second or housing wall 58 defining the 
enclosure with the base 56 surrounds a portion of the lamp to provide preferably not only 

thermal insulation but also protection from other environmental effects such as moisture. 

30 Thermal insulation helps to maintain the lamp electrode temperature within a relati~y 
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limited range compared to the smroWlding temperature. Moisture protection is preferred 

in order to protect the contacts and the other metallic portions of the lamp and its 

connection from corrosion and possible condensation or icing. The length of the wall 58 

also helps to stabilize and support the lainp relative to the rest of the lighting assembly. 

S The wall 58 of the socket also serves to cover not only the pins on the lamp, but also the 

base to which the pins are. mounted. This protection helps to minimize the possibility of 

electrical shock due to open circuit voltage. Preferably, the housing wall is a unitary wall 

integral with the base 58 for providing structural integrity to the socket. The housing wall 

preferably is at least twice the length of the cmmeciors SO extending from the base wall 56 

1 O so that they are receSsed from the rim and to provide sufficient space for the socket to 

support the lamp. More particularly, the housing preferably extends sufficiently past the 

connectors 50 to cover the metal end cap of the lamp as well as the electrode area of a T8 

lamp, for example about one and five-eighths inches from the ends of the connectors so to 

the rim. 

15 In one preferred embodiment of the invention, the socket includes a seal for 

forming a-substantially closed environment around the socket and lamp connection. The 

closed enviromnent helps to thermally insulate the contacts and the socket-lamp · 

connection. The seal also provides the desired protection against other environmental 

factors such as humidity and consequent icing or condensation of water on contact 

20 smfaces or smfaces around the connection between the socket and the lamp. The seal also 

has additional benefits such as structural integrity and helping to inhibit removal of the 

lamp from the socket under normal operating conditions. Moreover, the seal~ also 

help to maintain linear stability in the socket lamp connection, and to keep the components 

centered. The seal is formed on the lamp where there is a reliable sealing surface, such as 

25 at the smooth glass surface of conventional fluorescent lamps. 

The seal is preferably· provided in the· form of an 0-ring seal 60 for providing an 

air and moisture seal for the socket and lamp. The 0-ring seal 60 is preferably placed in 

an 0-ring groove 62 formed near the rim or open end 64 of the socket. The 0-ring and 

groove are sized to provide a good :friction fit between the 0-ring ·and the glass or other 

30 · smface of the lamp, thereby providing the desired seal at that location. The seal provides 
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structural support and inhibits la~ or longitudiDal as well as rotational movement of the 

lamp within the socket. The 0-ring seal helps to dampen or eliminate the effects of any 

vibration, impact or other external fo1'CC'9 thereby providing additional protection to the 

electrical contact between the lamp and the socket. The 0-rl:ng seal fmther helps to keep 

S the components centeredt especially as they are being assembled. The.0-ring seal also 

helps to minimi2 the possibility of the socket and lamp separating longitudinally, which 
-

helps to maintain the proper electrical connection between the socket and the lamp. · 

Consequently, the 0-ring seal also helps to minimi7.e the possibility of arcing, expoSllle to 

open circuit voltages, and high potentials in the socket. 

1 O In the preferred embodiment, the 0-ring is seated in its 0-ring groove on the inside . . 

of the socket and extends sufficiently out into the bore to form the good mechanical seal . 

. Altemati:vely, the 0-ring seal may also be positioned intermediat.e or part way along the 

interior surface of the bore of the socket and still provide a moisture, thermal and 

environmental seal for the electrodes and the end face of the lamp. However, thermal 

15 insulation of the electrodes might be reduced and the potential for contamination by 

particles ·or other elements could occur between an intermediate 0-ring Seal and the end 

face 64 of the s<>cket unless an additional 0-ring were placed near the rim 64. 

Considering the fixed socket 44 in more detail, particuhfrly with respect to FIGs. 4 

and 5, the socket includes a first mounting groove 66 for releasably accepting an 

20 engagement portion 68 of a holder, support or mounting device such as clip 40 (aGs. I 

and 12). The first mounting groove 66 preferably extends around the entire perimeter of 

the fixecf socket 44, and is preferably only slightly wider than the longitudinal length of 

the engagement portion 68 of the clip. This spacing permits suitable engagement of the 

clip with the fixed socket and permits rotation of the socket within the clip, but minimi7.es 

25 the amount of longitudinal motion of the socket relative to the clip. While·longitu<linal 

motion of the socket ielative to the clip is possible, it is preferred that there be relatively 

little longitudinal motion so that the lamp can be reliably positioned relative to the base 

38. 

The fixed socket also preferably ~ludes a second mounting groove 70 similar to 

30 the first mounting groove 66 but positioned between the first mounting groove 66 and the 
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open end 64 of the socket. The second mounting gi'oove 70 is separated from the first 

mounting groove 66 by a ridge 71. The second mounting groove 70 bas the same structure 

and function as the first mounting groove 66, but gives more flexibility in positioning the 

lamp and socket assembly. The second groove is pieferably used to suitably position the 

S sockets ~th a longer lamp than is used in positioning a lamp using the first mounting 

groove 66. For a given clip spacing, mounting a lamp using the second mounting groove 

70 places the electric:al contacts SO further away from the clip and contaCts on the 

expansion sock.et 46 to accommodate a longer lamp. For example, the second mounting 

groove 'JO can be used to position a TS lamp while the first mounting groove 66 can be 

1 O used to position the approximately two inch shorter TS lamp. Because the TS lamp is 

slightly shorter than a TB lamp, the sockets me positioned closer together than the socket 

position for mounting a TB lamp. 

The base 56 of the socket includes bores 72 for accepting respective connecton SO. 

The-connectors SO are positioned spaced apart in the base at points of an elongated 

15 diamond, cross or "X" to accommodate the bi-pins of a TB lamp in one configuration and . 

the bi-pins of a TS lamp in .the other configuration. The pair of connectors 50 for a T8 

lamp are designated SOA and are shown most clearly in FIG. S connecting to the pins 54 of 

. a TB lamp. The spacing about the center of the base between thb connectors SOA 

represents the pin spacing fomd in a T8 lamp. The pair of connectors 50 for a TS lamp are 

20 designated SOB, seen most clearly in FIG. 10, representing the pin spacing for a TS lamp. 

The socket 44 of FIG. 4 is shown in one orientation in FIG. S and is shown rotated 90 

. degrees in FIG. 10. While the orientation is preferably 90 degrees, other relative 

orientations are possible, such as being 80 degrees apart but still preferably being on lines 

intersecting at the center of the base. Other pin orientations are especially possible with 

25 pin spacings that are significantly different. Opposite connectors in a pair are the neutral 

and hot connectors for a given lamp. As shown in FIG. S, one connector in each pair is 

coupled to a conductor 74 in wire ways 76 (FIG. 7) for providing current fi:om the 

conductors 52 to the connectors SO. Similar or related connector configurations can be 

used to accommodate other pin configurations for other lamp sizes and configurations. 

30 The socket could also be configured to accommodate only one pair of connectors if the 
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flexibility of accommodating two different lamp-pin spacing distances is not necessary. 

The connectors are p1eferably hollow or cylindrical connectors, preferably 

compression type or slotted, and may~ a cross section in the shape of a triangle, 

square, rectangle, oval, ellipse, or other suitable shape, and some are conventionally 

S ieferred to as female connectors. The connectors are preferably circulat cylindrical. . . 

While, other shapes and configurations are possible, complimentary mating ~s me 

prefe11ed, especially curved shapes. The connectors will be refened to herein ·BS 

. ;,..r-"' cylindrical connectors, which term is intended to ~Jude the$e connectors as.well as others· 

having the characteristics described, such as enclosing a pin~ connector for producing 

10 a relatively high contact smface area. The cylindrical connectors are press fit into like­

sized bores in the base 56 in their appropriate positions with the conductors 74 soldered or 

otherwise coupled to the both (one conductor for the two hot.connectors and one 

conductor for the two neutral connectors) of their respective connectors for passing current 

to the connecto.-s. Altematively, each connector SO can be connected to a respective 

15 conductor 74, with the hot conductors 74 extending into the wireway for the hot conductor 

52 and the neutral conductors 74 extending into their respective wireway for being 

electrically coupled to the neutral conductor 52. The respective conductors 52 can be 

soldered in the respective wireways 76 to achieve the desired connection having the 

desired conductivity and current density. It has been found that maximizing the 

20 conductivity in the connection and through the conductors 52, 74, connectors 50 and into 

the pins 54 provides a more optimally operating lighting circuit. It is believed that having 

a higher conductivity than has previously existed in the ballast circuit, especially in the 

socket, permits a cooler operating circuit and electronic~ a more uniform lamp wall 

temperature, is less likely to produce arcing with the attendant complications such as 

25 oxidation and inCreased resistance, enhances light output, and provides a more reliable and 
. . 

safe socket as a component of the lighting circuit. It is believed that by having a higher 

conductivity, such as by providing a high cross-sectional area of contact, the resistance of 

and the voltage drop across the socket is reduced, thereby reducing any impedance created 

by the socket,· and the electrical and thermal conductivity are improved. The socket 

30 . operates at a lower temperature and is less likely to fail. In the preferred embodiment, the 
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surface area of actual contact, for improved conduCtivity, is about O.OS squ8re inch, and is 

preferably even higher at 0.07 square inch or more. Preferably, a junction between the 

conductor and the contact of the lamp has a contact surface area of at least 0.005 square 

·inch and preferably at least 0.008 and in"bettercases 0.01 or 0.10 square inch or ~re, to 

S ~ improved conductivity, both electrical and thermal, across the junction. It is 

believed that doubling the sur&ce area of contact for a standard tombstone socket could 

have a noticable improvement in conductivity. These are pieferred cbaracteristics, and 

may be varied while still taking advantage of various aspects of the present invention. 

They CllJl be varied even to the extent of having a higher impedance, lower conductivity, or 

10 being less reliable, while still incorporating beneficial aspects of the present inventions. 

Some tombstone-style sockets may have a surface area of actual contact of around 0.003 to 

0.004 square inches. . 

In addition to improving the conductivity cbaracteristics of the socket in the initial 

design, the struCtural characteristics of the socket help to maintain those electrical 

·1s characteristics over the life of the socket. For example, the protection provided by the 

body of ~e socket and the 0-ring 60 reduces the possi~ility of fouling or contamination of 

the connection to the lamp; and reduces the possibility of adverse weather conditions 

affecting the electrical connection to the lamp. They also reduce the possibility of 

incomplete or failed connection due to vibration or other environmental forces, including 

20 impact. 

The connectors SO preferably include one or more barbs 78 to minimi7.e the 

possibility of removal of the connectors from the base 56, and also to engage insulators on 

the lamps, as described more fully below with respect to FIG. 11. The connec19rs SO have . 

a length which will fully seat the pins S4 on the lamps sufficiently to provide the desired 

2S electrical connection. They have a diameter which will provide a good wiping electrical.· .. · .. 

connection With the pins from the lamp when the socket is placed on the lamp. The 

combination of a split connector with a pin contact from the lamp enhanr.es the surface 

area of electrical contact, possibly even by as much as twenty times or more, and increases 

·the current density for a given current level, relative to other sockets. Enhancing the 

30 ~area of electrical contact between the connectors SO and the lamp pins 54 also 
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serves to reduce the impedance developed in the soCket lamp connection, and reduces the 

voltage drop across the socket. Combined together, the higher current density pennitted m 
.the· socket from the conductors 52 through the connectors SO to the pins 54 reduces the . . 
impedance seen by the eledronic ballast and provides a better and more reliable electrical 

5 connection between the ballast and the lamp. 

The length of the housing beyond the connectors is preferably sufficient to provide 

protection for users and to provide j>rotection to the lamp-socket connection. The 
connector ends should be sufficiently iecessed in the housing from the rim to minimize the 

posst"bility of personnel touching a live contact. This added length on the socket should be 

10 balanced with the desire f9!" mtudmum light exposure from the lamp, minimizing the 
· · · amount of Usable lamp space that is covered.- Additionally~ the socket housing is; .. '. .•. · , .... ·:· · · '·· · · 

preferably long enough to fumly engage the lamp and form a reliable seal between the 

socket and the lamp with the 0-ring. Therefore, the socket housing is preferably long 

enough for the 0-ring seal to contact a portion of the lamp surface~ is uniform, i.e. not 
15 1rallsitioning from the body of the ~p to the metal end cap. The longer the housing, the 

more stable is the socket-lamp connection. Additionally, with a longer housing, additional 

0-ring seals may be provided if desired 

The end of the socket is preferably sealed with a socket 6ncl cap 80, which may 

include an 0-ring seal 82 positioned in an 0-ring groove in the end cap 80 to provide a 
20 suitable seal between the end cap 80 and a groove 84 in the end of the socket. ne 

conductors 52 then pass through the end cap through a seal and strain relief 86. 

Preferably, a moisture and air-tight seal is provided by suitable means in the strain relief 

86, such as by molding the cap and strain relief about the conductors. Alternatively to the 

0-ring 82, the end cap can be sealed and bonded to the body of the socket through 

25 ultrasonic welding or other suitable means. The wires may be attached to the socket at any 

desired entrY point, from the end of the Socket, the side, or th~ like. 

The connectors 50 extend through and beyond the base surface 88 a distance 

sufficient to accommodate the insulator for the lamp bulbs, described more fully below. 

The base wall 88 forms the: end or bottom of the cylindri~ wall 58 of the socket, opposite 

30 the open end 64. The wall 58 preferably includes a relatively smooth interior smface wall 
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90 {except as noted below) between the 0-ring grc)ove 62 and the base wall 88 to 

minimize the possibility that insertion of the lamp into the bore of the socket causes any 

hang up or obstruction. In the prefen'ed embodiment, key surfaces 92 (FIGs. 4 and 10) are 

formed 180 degrees apart extending Ioilgitudinally' along the inside surface 90 of the 

S socket from the base wall BB part way toward the open end 64. They are preferably 

coplanar with one set of connectors 50 to indicate their location, in the psesent case those 

for the TS lamp (see FIGs. 4 and 10)~ These·key surfaces 92 engage and position a lamp 

adapter, described more fully below. The key surfaces also may be used to help properly 

position the lamps so that the bi-pins of each lamp end properly engage the appropriate 

10 connectors SO at the base of the socket. Where key surfaces are used, the insulators would 

also incl~ key ways in order to match the key surfaces forined in the bore of the socket. 

Key ways are pot shown in the insulators (described more twly below) but it should be 

uDdeIStood that they would be included where key surfaces are used for alignment or for 

engagement Qfparts. 

15 The expansion socket 46, shown in more detail in FIG. 8, accommodates 

contraction and expansion of the base 38 due to environmental factors as well as 

accommodates difierences in the tolerances of various components and also vmiations in 

mounting arrangements for the clips 40. The expansion socket'assists in providing a lamp 

and socket assembly having electrical connections that are relatively ~t of the 

20 particular mounting arrangement used to support the lamp. The expansion socket 46 is 

essentially identical to the fixed socket 44 except that first and second mounting groov~ 

66 and 70, respectively, are replaced by a continuous groove 93 and undivided by any 

ridge 71. The socket is supported by the clip 40 in such a manner that the exP&nsion 

socket 46 can still rotate within the clip and also move longitudinally relative to the clip to 

25 accommodate expansion and contraction and other effects such as vibration. Aside from 

the fixed and expansion sockets having different mounting grooves, they are otherwise 

identical in structure, function and in the preferred embodiment. 

Other alternatives are available for attaching the conductors 52 to the socket. For 

example, the socket can include clips similar to those on tombstone-style sockets for 

30 accepting and holding solid wire conductors. These clips are then electrically coupled to 
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the slotted connectors SO. Another alternative inclUdes conductors 52 terminating in a 

connector 52A (FIG. 1), such as a Molex connector, for connecting the conductors 52 to a 

mating Molex or other co~ from~ ballast. Alternatively, the conductors S~ can be 

connected to the socket through a plug mounted or imbedded in the socket. For example, . . 

· S . the plug could be a Molex-type connector in the socket A Molex-~ connector also 

provides a low impedance, relatively high current density form of connection, thereby 

ensuring a reduced impedance as seen by the electronic ballast. Using a Molex or 

comparable connection contributes to the entire lighting circuit having a relatively higher 

conductivity and one which is believed to be more closely matched to the electronic 

10 ballast. 

Other alternatives are available for supporting the soclcet and lamp. For example, 

the socket~ have slots or grooves extending longjtudinaJJy along the surface of the body· 

to allow movement of the socket during expansion 0r contraction, for example. While 

slots might limit full rotational movement of the socket, the expansion and contraction 

15 resulting from environmental conditions occur most noticeably in the longitucHnaJ 

directioa Slots in a socket would still permit longitudinal movement. 

The sockets described herein provide for an independent means of supporting and 

providing electrical connection for the lamp. The sockets are mtatably and/or 

longitudinally movable relative to the base or substrate by which the lamp and socket 

20 assembly is supported, and they could be movable in other directions as well, while still 

maintaining the desired electrical connection and the desired protection for the connection. 

This permits the socket and the electrical connection to move relatively to the mounting 

substrate so that the socket becomes more a part of the bulb than the mounting structure. 

The socket also provides for universal positioning of the lamp independent of the lamp 

25 length or the center-to-center distances of the sockets. The sockets also provide for lower 

labor and material costs and permit easier installation and repair and replacement of 

lighting elements. The light arrangements can·be mounted in any physical orieiitation and 

can ·accommodate a nmnber or variety of support hardware, such as clips, hangars and the 

like. The sockets permit variants in pin alignment, lamp length, pin length and differences 

30 .in other lighting element features. The sockets described also provide for linear socket and 
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pin electrical contact and for a larger surface area of electrical contact than has existed in 

some other~ designs. 

The sockets described herein also provide protection from the environment such as 

_ moisture, especially in cold environnielits where moistme may condense or freeze on the 

5 connection between the lamp and the socket by providing a closed environment about the 

. elec1ric8.l connection. The sockets also provide thermal insulation for improving the 

efficiency of the operation of the lamp or other lighting element, and-reduces the impact of 

vibration and other mechanical forces. The sockets float with expansion and contraction 

of the ~bstrate or base m8teriaI, thereby reducing the effects ofberuting or canting 

10 occurring in conventional socket designs. The sockets also maximize conductivity and 

electrical connection between lamp pins and socket connectors, and provide mechanical 

support for the lamp. They also may include indicators, keys, or other signs to assist in 

assembling and connecting the various components of the lighting system. The sockets 

: are usable with newer as well as conventional ballasts, lamps, and the like, especially those 

JS having higher voltages, bquencies and currents. 

Alighting element, in the preferred embodiment shown as a longitUdinally 

extending fluorescent lamp, preferably includes insulators 94 (FIGs. 4, S, 8 and 10) 

insulating the conductive pins to minirni?.C the possibility of electric shock if the 

conductive pins are live. If one end of a lamp is connected to a live wire, the other e'1Ci 

20 could be charged, resulting in electric shock, injury or damage, if the other end comes into 

contact with a person or hardware. The insulator 94 is intended to minimi:m the possibility 

of electric shock or damage. The insulator may also protect the contact pins from the 

environment and from damage to the contact pins during handling and shipment of the 

lamps. 

25 In the preferred. embodiment, an insulator coven each end of the lamp as well as 

the conductors on each end. In this way, the pin conductors are recessed in the insulator 

and so that they are inaccessible except through an appropriate connection, such.as that 

shown in the sockets with the connectors described herein. The insulator is also preferably 

formed so as to provide an interferen~ fit with the pins on the lamps to inb.jbit removal of 

30 the insulator from the lamp. 
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The insulator 94 (FIGs. 3, 4, and 8) preferably includes an insulator top surface 96 

and an insulator bottom surface 98 to match" the relatively flat smface of the lamp end. 

The height or thickness of the insulator is peferably large enough to cover and recess the 

lamp pins below·~ surface of the insulator by at least a sixteenth of an inch. The 

s insulator is p1eferably cylindrical in cross section to match the outer configuration of the 

lamp to which it will be attached. The desired diameter of the insulator depends on the 
-

particular design and the ·relative dimensions of the 0-ring and the other components 

forming the socket and lamp combination. The diameter of the insulator is preferably 

large enough to suitably align the lamp as it is being inserted in the socket, but still permit 

10 withdrawal of the lamp with the insulator past the 0-ring during lamp exchange without 

leaving the insulator behind in the bore of the socket. Preferably it is about the same 

diameter as the metal encl cap for the lamp. 

The insulator 94 shown in FIGs. 3, 4, and 8 is a configuration intende11 to be used 

with a TS lamp and to be used with sockets suitable for TS and TS lamps. However, other 

15 configurations are possible to accommodate other lamp configurations. The insulator need 

not be a dual lamp design. The insulator inclU.des first boles I 00 extending. entirely 

through the insulator from the top sur&ce 96 to the bottom sur&ce 98. The dianieter of 

the first bores 100 are preferably less than the outside diameter> of the pins on the T8 · 

lamps, and preferably by an amount sufficient to make it difficult to remove the insulator 

20 under nonnal conditions without some effort. For example, for a pin outside ~er on 

the TS lamps of 0.090 inches, the inside diameter of the first bores 100 are preferably 

approximately 0.076 inches or of a sufficient diameter to ensure a reliable interference fit 

between the insulator and the lamp. The reduced diameter ensures an interference fit 

between the pins and the insulator to inhibit removal of the insulator from the lamp, and 

25 to insure that the pins remain recessed in the insulator and protected from environmental 

conditions. 

·The insulator 94 further includes first counter bores 102 (Fl Gs. 3 and 8)" extending 

almost the entire length of the insulator but not entirely, leaving sufficient material to form 
. . 

a membrane 104 (FIG. 3) which serves to grasp the pins on the lamp. The first counter 

30 . bores 102 are dimensioned so as to provide sufficient clearance for the slotted connectors 
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SO when the socket is placed over the lamp while-still providing an interference fit 

sufficient to push the barbs into the insulator material. 

. . The insulator, when used with a socket which accommodates two different sized 

lamps, may have second bores 106 and Second counter bores 108 (FIGs. 3 and 8) 

S providing clearance for inserting the insulator into the socket having four sl~ · 

connectors SO. The second counter bores 108 will fit over the slotted connectors SO 

included in the preferred embodiment for the TS lamp so that the slotted connectors SO for 

the TS lamp can engage the pins on the TB lamp. It should· be understood that the second 

bores 106 need not be formed all the way through the insulator, but may be a blind hole 

1 O terminating at the membrane, since there are no corresponding pins or.projections on the 

TB lamp which they need to ~mmodate. ~blind holes would have the same diameter 

as the iecond counter bmes 108, and would be substituted for the second counter bores 

108 to_ accept the connectors SOB that will not be used when a TS lamp is in place. Similar 

configurations can be incorporated into an insulator so that the lamp can be used with a · 

15 socket that accommodates other lamps, such as T-10 and T-12 lamps. 

hf the preferred embodiment, the T8 insulator fits down flush against the end face 

of the TB lamp, as shown in FIG. S. Preferably, the membrane I 04 fits down over and 

around the flared base of each pin 54. Additionally, if the soclret did not extend over the . 

neck or the glass portions of the lamp, the insulator 94 could include a skirt (not shown) 

20 which defines a bore into which the neck portion 110 of the TS lamp fits into. A skirt on 

the insulator would fit over the neck portion and could also fit over a portion of the glass 

surface of the lamp to provide thermal insulation and further electrical isolation of the end 

of the lamp. The skirt could extend over the glass portion of the lamp to further insulate 

the end of the lamp, such as for insulating the electrode _portions of the lamp. Such a skirt 

25 would enhance the operating efficiency of the lamp by thermally insulating the electrodes 

and keeping the electrodes within a ilarrower temperature range. If a skirt were included 

on the insulator extending over a part of the glass of the lamp and the socket were to be 

coextensive with the skirt, some dimensional changes would be made in adjacent parts of 

the socket to acrommodate the larger outside diameter of the insulator. 

30 The insulator or cover reduces or eliminates the possibility of shock due to a failed 
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or compromised connection by providing mmns for protecting personnel and equipment 

:&om electric shocks in case the contacts happen to become live. The insulator or cover 

may accomplish one.or more of the fo~owing: Recess the contact pins of a lamp, cover or 

encircle the contacts, either individually or as a group, as well as the end face of the lamp, 

S · cover and/or protect the ends of the lamp, provide stri1ctural support for the lamp end, 

provide.thermal ~ation for the electrode area of the lamp, and provide a moistme 

barrier for the lamp ends. One or more of these elements provide thermal and other 

environmental protection, mechanical and electrical protectio~ for the lamp as well as 

structural support for the lamp. The insulator or cover may also provide electrical 

I 0 connection for bare wires, a connector such as a Molex connector, or simply provide an 
• - ~ ,,_.. nn..--.~1.. • • .• .:~--the . ·• . . ·--!nte?iace-1.0E..a sepaa-ate soare .. :· w.umcnue·UiSl.11ator .. orcoverprov~ .pnmary . · · 

structural support and enclosme for the lamp end, the insulator~ cover may also provide·· 

the means for mounting a clip or other support, for supporting the lamp end. 

In the preferred embodiment, the insulator 94 is placed over the ends of the 

1 S fluorescent lamps prior to shipment. The lamps are then installed on a new or pre-existing 

fixture having the sockets described herein by removing the sockets :&om their respective 

clips. The lamp and insulator are then aligned with a socket, such as by sight or by 

aligning a mark on the lamp with a suitable indicator mark on the socket so that the pins 

54 of the lamp will engage the appropriate slotted connectors 50 in the socket for the . 

20 particular lamp. The lamp and insulator are then inserted into the bore of the socket past 

the 0-ring seal 60 until the connectors engage the pins 54 and the internal surfaces of the 

first counter bores I 02. The lamp is inserted finther into the socket so that the slotted 

connectors SO slide over_ the pins 54, ensming suitable electrical conduction through a 

wiping action. When the lamp is fully inserted into the socket, the top surface 96 of the 

25 insulator abuts against the base wall 88 of the socket, the pins 54 are fully seated in the 

slotted connectors SO and the 0-ring seal 60 is slightly compressed to form a suitable seal 

completely around the glass or other surface of the lamp 42 as part of a closed · 

environment defined by the socket This procedme is followed for both the fixed socket 

44 and the expansion socket 46, after which the two sockets are engaged with the clips 40,, 

30 . which have been suitably positioned on the base 38 so the lamp and socket assembly_ can 
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be supported on the base 38. 

After assembly, the fixed socket 44 (FIG. 5) and the expansion socket 46 (FIG. 8) 

form a socket and lamp combination wlieiein the insulator covers the end of the lamp and . 
the conductive pins in such a way that they inhibit the removal of the insulator from the 

5 lamp. The socket bas a socket body 48 including electrical connectors 50 for contacting . 

the OOnductors on the lamp. The socket body preferably.extends beyond the base of the 

pins mi the lamp to provide thermal and environmental protection for the lamp and for the 

lamp-socket connection. Also in the prefened embodiment, the socket provides moisture 

and thermal protection for the lamp, such as through the 0-ring seal 60, ·and also provides 

10 protection against vibration and other imPact forces. In the embodiment shown in FIGs. 4, 

.5 and 8, the socket and the 0-ring seal provide structural SUJ>i>ort for the lamp as well. The 

~grooves 66, 70 and 93 provide expansion ~".I ~on support for the socket 

and lamp assembly,. particularly where the base.38 may undergo significant contraction 

and expansion due to enviromDenial effects. For example, for a 72-inch lamp, the base 38. 

IS may contract or expand sevCra1 eighths of an inch between the clips holding the socket and 

lamp asseinbly, causing conventional sockets ~,.bend and possibly break or compromise 

the connecti9n between the lamp and socket in such a way that a high open circuit voltage 

could exist or cause arcing or overheating of the lamp or socket. Any expansion or 

contraction in the lighting assembly shown in FIG. 1 is accommodated by the expansion 

20 socket 46 and the relatively long groove 93 engaged by the clip 40 .. The fixed socket is 

preferably positioned in such a way to permit the_foreseeable contraction as well as 

expansion by positioning the clip holding the expansion socket in such a way as to permit 
-·· 

both contraction and expansion. The grooves also help to absorb some of the effects of 

vibration. The 0-ring seal and the socket also help to minimi:ie any relative movement 

25 between the lamp and the socket. 

The lamp and insulator assembly as well as the hmg> and socket assembly provide 

enhanced safety for personnel, customers, and technicians, and is more compatible with 

electronic ballasts. The assembly is relatively unaffected by longitudinal dimensional 

changes or variations either in installation, assembly or during operation, maintaining an 

30 . improved connection between the conductors and the lamp. The assembly is less likely to 
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be affected by contamination accompanying cleaning, moisture from humidity ~r other 

environmental elements and temperature changes. The sockets can be mounted on either 

one or both ends, but it.is..conceivable.tbat a.traditional socket can be used on one end of . 
the lamp while using the expansion socket, for example, on~ other end. In many 

S respects, the socket can be considered as part of the lamp, with very little movement, if 

any, between the socket and lamp under many circumstances. Depending on the methods 
-

of attachment of the clips to the base, universal positioning of lamps of many sizes and 

configurations can be accommodated with the socket and lamp arrangement of the present 

invention. This assembly can accommodate diffment center-to-center distances. The 

1 O design also permits lower labor and material costs~ easier repair and replacement less 

prone to error or damage. The positioning of the sockets need not·be OD a fixed center 

dictated by the lamp length, and the sockets can use clips, hangers, or other mounting 

elements for positioning the SOckets OD the lamps and supporting them on an appropriate 

base structure. The sockets also allow for variances in pin alignment or lamp length while 

15 providing good electrical contact between the lamp pins and the slotted connectors in the 
... 

socket. The electrical contact is preferably created by linear sliding contact and pin 

connection, producing, after complete connection, a good peripheral contact around the · 

pins. AdditioDally, the use o'the linear connection arrangenimt between the lamp pins 

and the slotted connectors provides for greater surface area of electrical contact, thereby 

20 reducing the cunent density flowing between the connectors and the lamp pins. Jberefore, 

for longer lamps and higher lamp currents, the connection is less subject to overheating, 

failure or other effects because of the higher current. The sockets can also accommodate 

different sized lmDps, such as T8, TS and TI lamps, as descn"bed more fully below, and the 

same features described with respect to the sockets can be used to make a socket that can 

25 accommodate ·both T-10 and T8 sized lamps, T-10 and T-12 sized lamps, or other 

combinations of lamp sizes and featmes. Additionally, the use of the insulators mininmes 

the possibility of an e~sed hbt lamp contact, even if the other end of the lamp is 

connected to a live socket. This minimi:zes the possibility of electrical shock due to high 

open circuit voltage. 

30 In an alternative embodiment, the insulator 94 can include metal or other spring-
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type disks or plates emhe<k:lecl in the membrane 104 to inhibit withdrawal of the insulator 

from the lamp. The plates include circular walls extending into the first bores 100 in order 

. . . to contact the lamp pms as they extend into the first counter bores 102. The plates or disks 

_ are preferably separated and unconnec:ted as to each other to ensure that no short occurs 

S between the two pins on~ lamp. The disks are intended to bite into the metal of the pins 

as the pins are inserted through the openings in the disks. The inside diameter of the 

. openings in the disks are preferably smaller than the outside diametet of the pins on the 

lamps so that the material of the disks flare upwardly in the direction of the insertion of the 

pins. The flared portions will then bite into the material of the pins and substantially 

10 inhibit removal of the insulator 94 from the lamp. In one preferred embodiment, each disk 

in the insulator:fullyencircles the first bore 100. Alternatively, each plate could be a semi­

circle or square plate positioned at the outer side of each first bore 100 so that the two 

plates are spaced as far apart from each other as possible,. thereby minjmjzing any possi"ble 

. . shorting between the two plates. The plates could be included in the membranes during 

15 molding or other production of the insulator. 

The insulator is preferably formed from a suitable plastic insulating material with 

sufficient structural integrity to withstand the environmental conditions experienced in 

such lighting fixtures and to withstand the currents and voltages'occurring in these 

fixtures. The insulator may be formed from the same material as the sOckets. The sockets 

20 are preferably formed from suitable plastics or other materials currently found in 

conventional sockets, for example those for fluorescent lamps. For example, rigid 

thermoplastics are preferred for the socket material for the body, particularly for ensuring 

the strength, ~ectric strength aitd mechanical integrity of the socket and~ would take 

advantage of properties of conventional thermoplastics suitable for socket design. 

25 Preferably, the socket is made from a material as rigid as conventional sockets, such as 

phenolics and urea and engineering thermoplastics capable of withstanding high 

temperatures, such as for example 600 0r 700 degrees F. The material known as·Erta'lite 

may be a suitable material for the socket and for the insulator and Lexan 500 and Ultem 

1000 are prefened materials as well. The 0-rings are preferably selected from a suitable 

30 material able to withstand the temperature extremes found in these li~ systems, for 
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example, silicone or Teflon 0-rings are available that withstand very wide temperature 

extremes. 

Key ways may also be used, if~ to assist in inserting the lamp and insulator 

into the sockets. For example, the internal smface of the wall of the socket can include a 

S key surface and the insulator can include a key groove for mating the insertion of the lamp 

and insulator withhl the socket. Indicator marks or lines can also be included on the socket 

to facilitate proper joinder of the socket and the lamp. The alignment and mating of the 

various parts may also be made easier by providing draft, sloped or ramped smfaces. For 

example, the counterbores 102 and 108 may each diverge toward their respective openings 

10 to make alignment with the socket connectors easier. . 

The fixed socket 44 and the expansion socket 46 can accommodate different si7.ed 

lamps,· such as a TS lamp in additio1_1 to a TS lamp. As shown in FIGs. 9 and 10, the fixed 

socket accepts an adapter having a cylindrical sleeve 114 and a flanged rim 116 for 
I 

engaging and~ in the bore of the fixed socket 44. The sleeve includes an inwardly . 

lS extending rim 118 for guiding and supporting the neck 120 of a TS lamp (FIGs. 9 md 10). 

A seal and tight fit are formed on the internal surtace of the rim 116, through an 0-ring 

122, which extends within an 0-ring groove 124 to provide support and a seal for the TS 

lamp 126. The sleeve 114 and the 0-rlng seal 122 have :fimctidns simUar to the wall 58 

and 0-ring seal 60 relative to the T8 lamp 42 described with respect to FIG. S. The 

20 adapter 112 is reliably held in place by the 0-ring seal 60 compressed between the 0-ring 

groo~ 62 and a complimentary 0-ring .groove 128 formed in the outer surface of the 

sleeve 114, below the rim 116. 

The adapter 112 also includes one or more key ways 130 for engaging the key 

surfaces 92 on the inside surface of the bore in the socket. The key ways 130 and the key 

25 surfaces 92 ensure proper orientation of the pins on the TS lamp with the appropriate 

slotted connectors in the socket The appropriate slotted connectors in the socket me the 

second set of two slotted connectors different than the first set of slotted conneCtors used 

by the pins on the TB lamp. The slotted connectors for the TS lamp are closer together and 

. have a smaller center-to-center distance than the spacing of the slotted connectors for the 

30 .TS lamp. 
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The TS lamp 126 (FIOs. 9 and 10) is combined with a TS insulator 132 having a 

pair of first boi.-es 134 for sliding over and engaging the corresponding pins on the end of 

the TS lamp. The internal diameter of the first bore is preferably approximately 0.076 

inches for an approximately 0.090. inch pin diameter to ensure a good friction fit. The TS 

5 insulator 132 also includes fust counter bores coaxial with the first bores 134 having 

similar internal diameters and lengths relative to the counter bores in the TB insulator 96. 

The counter bores are formed to accommodate the diameter of the slotted connectors in the 

socket. 

.Jbe TS insulator 132 also includes second grooves 136 and second counter grooves 

10 138 to accommodate the slotted connectors corresponding to the TB lamp connection. The 

second grooves 136. and~ counter grooves 138 ate hlduded to permit the TS lamp 

126 and TS lamp insulator 132 to engage the socket without having the slotted connectors 

corresponding to the TB lamps interfere with the connection between the TS slotted 

connectors and the TS pins dming seating of the lamp in the socket. The second grooves 

15 ~36 can be omitted entirely because there is no corresponding pin that will extend along 

the groove. The dimensions and spacing of the first bores and first counter bores 134 in 

the TS insulator are substantially the same as the second bores 106 and second counter 

bores 108 in the T8 lamp insulator 96. The same comments apply with respect to the 

grooves 136 and 138 relative to the.bores 100 and 102 in the TB insulator. The ovefatl 

20 outside diameter of the TS insulator 132 is smaller to permit insertion of the insulator and 

TS lamp into the adapter 112 to be sealed by the 0-ring 122 and to engage the socket as 

shown in FIG. 10. 

The adapter for the TS lamp can be replaced by the T8 insulator, attached to the TS 

lamp to insulate and protect the pins and end of the lamp. The T8 insulator and TS lamp 

25 can then be inserted into the socket and connection made. While the ().ring would not be 

contacting the lamp and ·therefore sealing the interior of the socket, the TS lamp would still 

have an insulator that would minimia the possibility of open circuit voltage shock and 

would still permit connection of the TS lamp to the socket. The other benefits of using the 

insulator ·anc1 sockets wi~ a TS lamp would then be_ achieved. 

30 Other key way or indicator arrangements may be provided for minimizing any 
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possibility of mismatch between two different lamp designs or two different lighting 

arrangements. For example, alternative embodiments could include a key mechanism 

between the internal surface of the socket bore and the outside surface of the TB lamp pin . 
insulator. Additionally, a similar key arrangement could be provided as described above 

S for the TS adapter when it is inserted in the bore of the socket An additional key · 

- arrangem• can be provided between the insulator for the TS lamp and the TS adapter to 
-

ensure the reliability of the fit between the TS adapter and the lamp. An indicator or key 

can also be provided on the outside of the TS adapter so that the pins of the TS lamp can 

be properly positioned in the socket so that proper electrical connection can be made. For 

10 example, an indicator can be placed around the perimeter of the rim 116 on the TS adapter 

to match up with an indicator on the end f8ce 64 of the socket. 

~a preferred embodiment, the engagement of a lamp pin 54 with a slotted 

connector SO expands the diameter of the slotted connector SO so that the barbs 78 press 

into and engage the wall of the insulator 94. (See FIG. 11). The engagement of the barbs 

15 with the insulator wall enbanc:es the integrity of the electrical connection and the lamp-

8ocket connection. The barbs inhibit the withdrawal of the slotted connector from the 

insulator, and therefore inhibit disconnection of the lamp ftom the socket. The 

combination of the barbs and the interference fit between the imulators and the lamp pins 

provide a further obstacle to disconnecting the lamp ftom the socket. The barbs inhibit 

20 removal of the lamp and insulator from the socket, the wiping action of the pins~ the 

slot connectors inhibit removal of the pins from the slot connectors, and the interference fit 

inhibits movement between the pins and the insulator. Overall, the use and the dimensions 

of the insulator, pins and connectors and the use of the barbs all combine to make 

disconnection more difficult. Moreover, the la1eral support provided to the electrical 

25 connection by the socket md lamp engagement, and the longitudinal support provided by · . 

the pins, split connectors, barbs and the insulator and the 0-ring seal all contribute to a 

stable connection that is more difficult to break or compromise. 

It should be noted that other configurations of a lamp insulator and socket are 

possible. For example, the insulator may be included with a sleeve and an 0-ring seal 

30 extending over a portion of the glass or other body portion of the ~p to provide the 
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environmental seal for the pins and contact portion of the lamp. Preferably, the lamp pin 

contacts are still recessed within an insulator to minjmin the possibility of electric shock 

from live contact, for example where the other end is connected to a live socket. A socket . 
having slotted connectors can then be coupled to the insulator portion engaging the contact 

S pins of the lamp, while preferably also forming a moisture seal between the socket· and the 

body of the insulator. For example, the seal can be formed by an 0-ring seal or an 

interference fit between plastic surfaces on the insulator portion and on the mating socket 

portion. Larger component diameters for the socket and/or insulator may be necessary in a 
. . 

configuration such as that just described. 

1 O Jn another alternative to the insulator and socket arrangement, the insulator may 

cover the end face and a portion of the sides of the lamp to prOvide the thermal and 

moisture banier descn"bed above, while also including an electrical transmission or 

interface co~r between the pins and a socket on the insulator for accepting a mating 

electrical plug from the conductors 52. In another form of an insulator, for example where 

15 it could cover at least the end of the lamp, the insulator could include an electrical 

connection socket, clamp or receptacle to which is attached the soli~ wires that are 

typically used in many lighting systems. With such an arrangement, the lamp can be 

assemblecJ with the combined insulator receptacle and sold, shipped; and thereafter 

installed as a unit by simply connecting the solid wiles to the appropriate receptacles. This 

20 is not as desirable as other configurations because change out of the lamp would require 

removal of the exposed wires from the receptacles, leaving exposed wires. 

Considering the clips 40 in more detail (FIG. 12), the clip includes a mounting 

surface or clip base 140·forbeing supported by, engaging or mounting to the base 38, 

preferably so it is fixed relative to the substrate. The clip~ includes a web or bridge 

2S 142 extending ftom the clip base 140 to the socket engagement arms 68 so that the lamp 

and sockets can be supported spaced from the base 38 while still permitting longitudinal 

and/or rotational movement of the sockets and lamp together. The bridge 142 can be 

jointed or rotatable relative to the clip base 140 so that the lamp orientation can be set 

independent of the positioning of the clip base 140 on the base 38. The clip 40 also 

30 _preferably includes wings 144 at the terminal ends of the attachment arms 68 to permit 
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grasping and spreading of the arms 68 for insertion or removal of the lamp and socket 

assembly. The attachment arms may take a number of different orientations, and the 

opening between them may be aliped '!rith the direction of the bridge 142, or may be 

directed at an angle thereto. For example, the arms may open at 90° from the diiection of 

S the bridge 142 to allow sideways insertion of a lamp and socket assembly. 

The clip 40 shown in FIG. 12 can be formed fiom any suitable material capable of 

resiliently holding a lamp and socket assembly while still allowing rotational and/or 

longitudinal movement of the socket/lamp in the environment intended for the lighting 
. . . 

system: For example, the material could be a thermoplastic or a metal sufficiently strong 

10 but resilient to releasably support the sockets and lamp and other hardware that might be 

included. 

The clip 4~ can be mounted to the base 38 in a track such as that shown in FIG. 13, 

- and held in position by suitable clips, ~ or blocks to limit me>Vement of the GIGlilD·p--­

within the track during normal operations. Positioning of the clip 40 and the track 146 

15 permits essentially universal adjustment of the clip 40 relative to the base 38 to 

accommodate different lamp lengths and also to more closely position the light somce 

relative to the item or items being illuminated. 1be track 146 in a prefem:d embodiment is 

. a longitudinally extending track mounted to the base 38 and preferably extending in a 

direction parallel to the direction that the lamp extends. The track can be continuous to 

20 nm the entire length of the lamp, plus some additional distance for adjustment, or 

segmented to have two units, a first one for supporting one clip, and a second one to 

support the other clip. Positioning of the clips in a longitudinally extending track permits 

almost universal positioning and variation in position of the clips 40. Alternatively,. clips 

40 can be mounted in one of a plurality of transversely extending tracks (not shown), 

25 whose length in the transverse direction is approximately the same as the width of the clip 

base 140 as shown in FIG. 12. This would allow the clip to be removed laterally along the 

track and repositioned into an adjacent or other like-oriented track spaced in one direction 

or another from the original track. The clip would then be moved laterally along the new 

track and centered on the base 38 so that the clips are again realigned to properly position 

30 ·the socket and lamp assembly. Such a track arrangement would provide for more discrete 
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rather than continuous positioning of the clips. 

In a further embodiment of the clip and track combination, FIG. 13, the track 146 

preferably extends longitudina,ly in the same direction as the lamp. The clip 150 is 

preferably formed ·from a resilient, relatively strong material such as spring steel and 

5 biased in such a way that the base·portion 152 engages the track 146 when the lamp and 

socket assembly are held in place in such a way that the clip 150 remains stationary in the 

track 146. The base 152 includes a ftat portion 154 contacting the b8se of the track 146 

and extending laterally to respective bend portions 156 at the side edges of the track, 

which then bend backward and inWardly toward the center of the track. Befme the bend 

iO portions 156 meet, they ~ backwmlly and outwardly into respective curved portions 

158 which engage and C1D'Ve around the·grooves of the socket. The cmved portions 

terminate in circular end portions 160 used to grasp and hold the curved portions 158 so 

that the socket and lamp assembly can be inserted and removed. . The portions 160 also 

permit repositioning of the clip when the socket and lamp assembly is removed. This clip 

15 configuration allows for easy adjustment of the lamp centers. After the socket and lamp 

assembly is removed, the open ends of the clip are squeez.ed at the same time as pushing 

down slightly toward the track. The clip can then be slid along the track to the desired 

position, after which the socket and lamp assembly is reinstalled. This configuration may 

be used beneficially as well to optimize the illumination of objects based on lamp position. 

20 The clips 40 and 150 form spring biased holders mountable to a mounting suditce, 

such as the track. The clips permit the socket body and contacts to be aligned with the 

lamp and hold the sockets through resilient arms engaging the socket bodies, preferably 
' 

through grooves in the socket bodies. 

In the preferred embodiment, the inside diameter of the clip 40 is about one 

25 sixteenth of an inch smaller than the outside diameter of the first and second grooves in the 

fixed socket, to ensure a secure fit. For the expansion socket, the inside diameter of the 

top clip is preferably si7.ed to allow a slip fit between the groove and the clip, to allow 

appropriate movement between the expansion socket and its corresponding clip, while still 

holding the socket secmely in place. 

30 It should be understood that the drawings are dimensioned to adequately show the 
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features of the invention. However, the relative dimensions of the parts can be modified 

without departing from the spirit of the invention. For example, one~ of the 

invention·can be modified or its benefit.reduced·in order to accommodate another goal or 

function of another feature of the invention. For example, mechanical support of the bulb 

S by the socket and the 0-ring can be reduced somewhat by decreasing the overall length of 

the socket so that the 0-ring seals around the bulb closer to the meta! neck portion 110. 

Preferably, the soeket still provides some thermal insulation around the electmde portion 

of the lamp. Reducing the overall length of the socket.would also ensure that the 

maxim.Um amount of illumination from the lainp is achieved. Preferably, the length of the 

10 bore into which the lainp is inserted is sufficient to cover the pins and the end face of the 

lamp as well as covering part of the electrode area of the lamp for thermal insulation. 

Additionally, the socket material could be of a type, such as an acrylic, a polycarbonate or 

a Lexan material, that allows light to pass through ftom the lamp to· the outside, to help 

illuminate the target smface. Alternatively, only that portion of the socket that covers the 

15 illuminated part of the lamp could be made of such a translucent or clear material. 

The lamps, sockets, lamp and socket combinations, and the lighting fixtures 

described herein contribute to reducing or eliminating problems caused by contamination 

·from cleaning procedures, repair, replacement and installation piocedures and operations, 

and environmental conditions dming operation. It is believed that the inventions disclosed 

20 herein reduce the possibility of high open circuit voltage shock or damage and can.be used 

with equipment having higher operating voltages; higher frequencies and higher currents. 

It is also believed that the inventions described herein are particularly applicable to 

extreme environmental conditions, such as outdoors, :freezer mid storage applications, and 

the like. The expansion and contraction of hardware and the bending of sockets by 

25 thermal expansion and contraction or by damage from installation or repair, or by simple 

miscalculation in positioning is easily accommodated by the present inventions. 

Environmental conditions such as high humidity and icing are also minimiz.ed by the 

present inventions. The t;lescribed inventions also accommodate different lighting 

elements, different sizes of lighting elements and other variations in lighting systems. 

30 They also account for vibration and other mechanical effects, such as may be caused by 
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wind, heavy traffic, repair replacement and cleaning, stocking, and the like, wherein in the 

past such vibration or mechanical impact may have caused disconnection or withdrawal of 

~ lamp pins partially from sockets. It is believed that the present inventions maintain good . . . 

integrity electrical contact and damp any effects of vibration.: As a result, it is believed. 

5 that the effects of these problems in conventional systems such as arcing, potential electric 

shock, and the like, is reduced or eliminated. 

To assemble a lighting system such• that descn"bed herein, mounting clips 40 (or 

150) are attilched to or mounted Oil a substrate 38 either fixedly or adjustably, such as in a 
. . . . 

track 146 such as that shown in FIG. 13. An appropriately si7.ed lamp and correspoading 

10 insulator and socket are assembled by placing an insulator over each end of the lamp and 

ensuring the insulator is relatively fixed on each end of the lamp. A first end of the lamp 

is then inserted into the bore of a socket, using whatever indicators or guides may be 

provided until the pins of the lamp engage the slotted connectors in the base of the socket. 

A good wiping action is achieved as the pins enter the conductors 50 and the barbs 78 are 

15 pushed out to engage the material of the insulator, as shown in FIG. 11. Similar steps are 

followed ·With respect to the socket and insulator for the other end of the lamp. The socket 

and lamp assembly is then mounted through engagement with the clips 40 (or ISO) in such 

a way that the expansion socket engaging its clip has sufficient room•to move to 

accommodate any expansion or contraction of the substrate or base material 38. The 

20 procedure can be modified accordingly if the insulator is designed to also cover portions of 

the end of the lamp and a simple connector is to be used to connect the conductors 52 to 

the pins 54. 

To adapt to a lamp of a different or small size, such as a TS lamp, insulators are 

placed on or over the ends of the lamp and the respective sockets fitted with appropriate 

25 adapters. The fitting of the adapters to the sockets can be made easier by the use of ... . ,._. 

appropriate~ indicators or other signs for proper aligllment. The sockets and bulbs are 

then assembled and mounted to an appropriate substrate in a manner similar to that 

previously described. The length of the adapter is preferably sufficient to provide 

guidance for the TS lamp as well as the structural supPort for the end of the lamp. 

30 A lighting system for a refrigeration unit is one application of the embodiments of 
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the present inventions, and while it is 1epresentative of the extreme conditions in which a 

·lighting system is often operated, it is not the exclusive application for the present 

invention. The present inventions may .find application in lighting systems for outdoor 

ilJnmination, storage boxes, underground lighting systems, as well as cold storage rooms 

· 5 and other refrigeration units. Ho~, the description herein will be directed primarily to 

refrigeration units. While the lighting system is not limited in its use to refrigerated display 

cases, the discussion herein will be directed to lighting circuits in such cases because of 

the many considerations relevant to lighting circuits that are demonstrated by reference to 

such cases. Simply by way of illustration, th~ considerations include low temperature, 

1 O use of fluorescent lamps, use of electronic ballasts, humid environments, vibration, impact 

and jarring, as well as others. It should also be noted that, as mentioned above, the 

inventions can be combined together or be~ separately to achieve theif respective 

results. Many if not all are independently useful and do not necessarily depeqd for their 

usefulness and value on other aspects of the inventions, but they are also combinable to 

15 · provide results having greater benefit than· any one alone. However, combining several of 
·•·· 

the inventions has particular application to the area of reftigerated cases. 

Thus, in accordailce with one aspeCt of the present invention, the lighting system 

can be used in a refiigerated display case 170, typically includbig doors 172 set in a 

surrounding frame 174 for enclosing product (not shown).displayed oil shelves 176. Such 

20 display cases are commonly found in grocery stores, convenience markets, and the like. 

As shown in FIG. 15, the display case would include a lighting system 178 for 

illuminating product stored on the shelves 176 for display. Customers can access and 

:remove product through the doors 172 (shown schematically in FIG. 15). The lighting 

system typically includes a light source 180, such as a fluoiescent lamp having a cathode 

25 and anode and a discharge gas contamed in the tube between the cathode and the anode. A 

ballast 182 may be positioned inside a mullion 184 or elsewhere in the case to drive the 

fluorescent lamps. The ballast can be wired in the conventional manner, as knoWn. to those 

skilled in the art. In one fmm of the invention, the lighting system would include a socket 

and an insulator to help protect the lamp and socket connection over the life of the tixtme. 

30 .In a :further preferred form of the invention, the invention would include components ~ 
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structure ielected in Such a way that they were relatively matched with the ballast 

characteristics, and/or components Which meet or exceed the operating levels of the 

;, circuit. 

More specifically, a lighting ·syStem can be incorporated into a display case 200 
. . 

S (FIG. 16) to illuminate an area, such as a refrigemted display case including shelves or 

other product display ateas. The case 200 could be identical or similar to the case 170 

shown in FIG. 14 with any munber of applications, or could have any number of different 

configurations. The case 200 shown in FIG. 16 sho~ the metal or other frame elements 
. . 

202 which would be set into a net opening or into a case structure. The frame may include 

IO an upper horizontal frame member 204, a lower horimntal frame member 206, a left 

vertical frame member 208 and a right vertical frame member 210. The frame shown in 

FIG. 16 corresponds to a two-door frame and includes a mullion 212, providing a portion 
. . . 

. . 
of the frame for the doors and providing a support for a portion of a lighting circuit. The 

number of doors in a case is generally determined by the size of the case and, likewise, the 

lS number of lamps is also determined by the size of the case. However, a given lighting 

circuit c0wd have as few as ~ lamp or two or more lamps, depending on the cirCuit 

configuration. In addition, each lighting circuit has its associated components, the nmnber 

of which will depend on the circuit and the design. For purposes of the present discussion, 

the description bCiein will be directed to a lighting circuit having three lamps. 

20 The lighting circuit is powered typically from line voltage provided by a standard 

electrical source represented by socket 214 from which electrical energy is obtained by a 

conventional cord or cable 216. The line source voltage may be 120 volts or 240 volts, 

depending OD the local standanl, operating at 60 or 50 Hz, iespectively, and drawing 

conventional currents. The frame OD the case may include a positive bus bar 218 to which 

25 is connected the hot cable from the power supply and a negative bus bar 220 to which is 

coupled the neu1ral cable. A ground strip 222 is also included for connecting to earth 

ground. The bus bars and the ground strip can be placed at any conventional location on 

the frame o~ elsewhere in the case. In addition to supplying electrical energy to other 

components in the case, the bus bars are the source of electrical energy for the one or more 

30 ballasts 182 mounted in a case. In the frame shown in FIG. 16, the ballasts are mounted in 
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a recessed cavity in the lower horimntal frame me_inber 206 with incoming conductors 224 

connecting the ballasts to the respective bus bars 218 and 220. 

The ballast or ballasts are preferably electronic ballasts such as those for driving TS 

and TS fluorescent lamps. These ballasts typically operate by producing a high voltagC 

S and. high iiequency output from the line voltage at the input. ~or example, the ballast can 

produce an oscillating ou1pUt signal as high as 60 or 160 kHz or more with an open circuit 

voltage as high as ·600 or 800 volts. The current draw ftom the bus bars could be as high 

. as one or two amp~ and the output current depends upon ballast design, which is a 
. ·- . .. . --- . . . . . . - - . . . . . 

function of the wattage of the lamp and the number of lamps to be powered by the ballast. 

10 It should be understood that other ballasts, including electromagnetic ballasts, can be used 

in these lighting circuits, but their use is typically. limited to Tl 0 and T12 lamps. 
In the case of electtonic ballasts, the ballast operates as a constant curieiit- ·- ----- --- ··-·- -· -· 

component for driving the _fluorescent lamps in order to~ a co~ current 

through the lamp under a variety of operating conditions. For example, in low temperature 

15 applications, the lamp exlu1>its a higher impedance, requiring a higher voltage to drive a 
.•.. 

current through the lamp to produce the desired amount of light. Additionally, as time 

passes, the light ·output gradually decreases and the impedance of the lamp may increase in 

such a way that the ballast tries to maintain the same current fldw, thereby resulting in an 

increased voltage on the output of the ballast. Consequently, it is believed to be important 

20 to reduce other possible sources of variation of the circuit in such a way that the lamp is 

the only component changing over time. Additionally, it is also believed to be important 

to match as closely as possible the components in the circuit to the ballast design so that 

the ballast does not overwork-in trying to drive the lamp. Additionally,. because some 

ballasts operate at relatively high voltages under some circumstances, it is desirable to 

25 ensure that the components of the ligh~ circuit are property rated 

Each ballast includes a plurality of output conductors, preferably 16 or 14 gauge 

solid wire or better, at least one of which is a hot conductor and one of which iS a neutral 

~r. The output conductors are generally designated 226. The ballast wires 226 

preferably tenninate at one or more Molex-type connectors 228 for providing a reliable, 

30 . high conductivity, low i1'llpPAlance, low resistance and high cmrent density-capable 
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connection for supplying electrical energy to the rest of the lighting circuit. Molex-type 

connectors are preferred for their ·improved electrical connection. However, other 

connections can be made for supplying electrical energy to the remainder of the lighting 

circuit. The Molex-tYJ>e or other conneCtors are preferably rated for the desired voltag~ 

S current and impedance or resistance to best match the circuit for the ballast and also to 

minimi7.e any adverse electrical effect on the ·lighting circuit due to these components. 

One mating half of the Molex ~ector 228 is coupled to the ballast conductors 

226 and the other mating half is coupled to mullion or frame conductors 230 forming part 
0 •• oO 0 0 o 00 ••o • o o ·-·-· •O•' -· •••o oO•OO ····--·-• ••- ••oo --· 0 "' Oo 0000 0 0 O•MOO-- 000 • 0 

of the li_ghting circuit and for carrying electrical energy between the respective ballast and 

1 O a respective lamp, descn"bed more fully below. The conductors are preferably rated for the 

desired voltage, ~t and resistance. The frame conductors 230 are in tum connected, in 

the preferred embodiment, to respective Molex-type connectors 232, pieferably having the 

same electri~ cbaracteristics as the connectors 228. While it is not necessary, each lamp 

preferably includes a panel-mounted connector 232 adjacent each end of the lamp (see 

15 FIG. 18) to facilitate installation and removal of the lamp and socket assembly. As shown 

in FIG. 18, one half of the connector or junction 232 is mounted through an opening 234 

formed in a wall or panel 236 to which it is relatively rigidly mounted, fastened or 

otherwise secured. Alternatively, the connector 232 may be tiee-tloating. The socket 

clips 40 are also preferably mounted to the wall 236. The connectors 232 form an 

20 electrical bridge between the frame conductors, ballast conductors, and the contacts in the 

lamp sockets. The connectors 232 pieferably have the same electrical and physical 

characteristics as the connectors 228. The stationery part of the connector 232 is identified 

as 232A. The other half of the connector, identified as 232B, is coupled to the conductors 

52 so that electrical energy can be supplied to the soc1cet·234 for energizing the lamp 42. 

25 The ballast 182, ballast conductor 226, ballast connector 228, frame conductor 230, 

frame connector 232, socket conductor 52, socket 234 and lamp 42, along with the 

complimentary components starting at the other end of the lamp form a lighting circuit for 

driving and illuminating the lamp. While two connectors 228 and 232 are included on 

each side of the circuit, it is conceivable and possible to e1iminate one or more of the 

30 connectors and still have an operating circuit. However, if all of the connectors are 
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eliminated, the lighting circuit would be essen1ially permanently wired and ballast failme 

or lamp socket failure in a theoretical circuit without any connectors would require 

.. complete replacement of the entire cin:uit or .irastallati0n of appropriate connectors upon . 
replacement of a ballast or a so.cket. The ballast connector is preferred so that ballasts can 

S be exchanged or replaced, and the frame connector 232 is Prefeued so that the lamp 

assembly oflamp 42 and socket 234 can be easily installed, removed and replaced or 

modified without affecting the balance of the lighting circuit. The fewer the additional 

components, the more likely it iS that the circllit functions as intended and without adverse 

· · · · · · ·---erectticafeft&tS on ilie'operaifOii c>rttie·bBiiaSt or-iamJ>, h1it wlieieaadltiomifcompc,ne1it1· · 
10 are added, they are preferably configured md designed so as to add as much conductivity 

and as little impedance, IeSistance and voltage drop to the circuit as possible. The result 

would be a circuit that bas improved ballast performance, lamp performance, longer ballast 

life, longer lamp life, lower component tem~ (such as for the ballast), and/or a 

better matched circuit. It is also poSSl"ble that any number of connectors can be used in the 

15 lighting circuit, but they preferably do not affect appreciably the impedance of the circuit 

as seen bY the ballast, result in minim8J voltage drop and are reliable circuit ~mponents. 

It should also be noted that the terminology used-for these components and parts of the 

·circuit, such as "ballast" conductor and "frame" conductor are bhosen for ease of . 

description and clarity, but do not indicate any :functional or design requirement or 

20 restriction. 

The sockets 234 and the lamps 42 are shown in phantom FIGS. 16 and 17 since 

they are on the interior sides of the frames. The frames shown in FIGs. 16 and 17 are 

schematic, as are the doors 172,-anc:I are ~tended to show the ~tin which the 

lighting circuits are placed and operated. Typical frames have additional hardware, 

25 smfaces and the like for being retained in an opening of a case and for other purposes. 

·.· ~ .:: : · ... _ .. ,,·~--

In addition tO the sockets 234, described more fblly below, the circuit between the 

respective ballast and its lamp, preferably has a low impedance, low voltage drop and 

relatively high conductivity and current density capability. Any number of means can be 

used to accomplish this purpose in the conductors and connectors between the ballast and 

30 the lamp. As to the conductors, 16 gauge solid wire is suitable and acceptable for.this 
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purpose. 

The hme assembly schematically shown in FIG. 17 includes an ·upper horimntal 

:frame member 240, lower horimntal ftame member 242 and a left vertical frame member 

244 and right vertical frame member 246. The ballasts 182 are mounted on the mullion 

s member 248 and supply elecmcal energy to the lamps 42 on the &ame end portions and on 

the mullion 248. 

In order to improve the conductivity and electrical characteristics of~ connection 

between the ballast circuit and the lamp, the conductors S2 (FIGS. 21 and 22) are 

electrically coupled to lamp connectors with a high contact surface area, low impedance 

1 O and low resistance coupling, so that the ballaSt does not see an appieCiable impedanc.e 

relative to the lamp. To that end, conductors 52 are preferably coupled to intermediate 

· conductors 250 and 252 in FIG. 21 and 254 and 256 in FIG. 22 through preferably 

mechanical contact and/or through solder 2S8/2S9. While the electrical coupling can be 

made in other ways, this configuration of the conductors and solder is believed to provide 

IS - a relatively high conductivity and current density capability, low impedance and low 

voltage· drop between the conductors 52 and the lamp. The higher conductivity reduces 

the likelihood of socket heating, and ballast problems. In one preferred embodiment, the 

conductors 52 extend downwardly through the opening in the ehd cap 80, and one 

conductor S2A is bent to extend into and rest in one of the wireways 76 (see FIG. 7) and 

20 the other conductor 52B is also bent to extend into and rest in the other wireway 76. The 

conductor 250 is also bent, and one leg of the conductor 250 preferably contacts and 

extends alongside the exposed nietal conductor of conductor S2A, both of which are 

surrounded by solder 258. The other leg of_tbe conductor 250 extends into and is clamped 

or otherwise crimped or contacted by a contact 260 for maximizing the surface area of 

25 contact and the concluctivity of the connection. The exposed conductor 52A also 

preferably contacts and is electrically coupled to the conductor 254, which is bent and has 

one leg which rests in and extends along the same wireway as conductor 250 •. The first leg 

of conductor 254 _also prefembly contacts the conductor 52A and is surrounded by the 

solder2S8. 

30 The exposed conductor of S2B also is bent and extends into and rests in tJae 
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opposite wireway 76. The conductor 252 is preferably bent into two legs, one of which 

extends into the other wireway 76 (FIG. 20) contacting and electrically coupling with the 

exposed conductor of S2B .as well as~ surrounded by solder 259. Likewise, 

conductor 256 is bent into a first leg portion which extends into and along the same 

5 wireway as conductor 252 and preferably contacts and electrically couples with the 

exposed conductor 52B and is surrounded by the solder 259. The second leg of conductor 

·252 preferably contacts and is clamped, crimped, or otherwise held in the connector 262 

for maximizing the surface area of contact between cmiductor 252 and _the contact 262 for 

maxinlizing the surface area of contact between the elements and the conductivity of the 

1 O connection. The second leg of conductor 254 is also~ or~ held in the 

contact 264 also to maximize the sur&ce area of contact and conductivity. The secOnd leg 

of conductor 256 is also clamped, crimped or ~se held in contact 266, also to 

maximize the surface area of contact and conductivity. It is desired to maximize the 

smface area of contact between the conductors 52 and their respective contacts in order to 

15 increase conductivity in the connection and to minimi?.C any impedance that may arise due 

to low surface area of contact, to maximize the current density capability of the connection 

and to provide a more reliable electrical connection between the conductors 52 and the 

socket 234. It. is believed that the higher surface area of cont'act between the conductors 

and the socket contributes to a lower temperature of the socket during operation and a 

20 lower ballast temperature as well. It is believed that a better electrical connection between 

$e ~uctors and the socket reduces any apparent impedance as seen by the ballast, -

either as occurs at initial startup or after extended operation. The conductors 750 and 2S4 

and the conductors 252 and 256, respectively, may be the same conductors bent into a 

square-shaped U configuration, the legs of which extend into the respective contacts and 

25 the bases of which rest in~ respective wireways. 

An alternative connection arrangement for the conductors 52 may include the 

exposed conductive portion of the conductor 52A extending into one of the contacts, such 

as contact 260, and being crimped. The conductor 254 in the other like-polarity portion of 

the socket would be crimped in contact 264 and have-its leg extend outwardly into and 

30 · along the wireway 76. Preferably the leg of conducto~ 254 would contact the exposed 
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conductor of S2A and be smrounded by the solder 2SB to ensure adequate electrical 

couplilig between the conductor 52A and conductor 254. ·For the opposite polarity, the 

exposed conductor of 52B extends into and is crimped by the contact 262. The conductor 

256 extends into and is crimped by coniact 266, the other leg of the contact extending into 
. . . . . 

S and along the other wireway 76, preferably con1actin.g the exposed conductor 52B· and 

10 

· being surrounded by the solder 259. Other electrical coupling arrangements between the 

conductors 52 and socket 234 are possible for increasing the sur&ce-area of contact and 

the conductivity but extended longitudinal and circumferential or arcuate electrical contact 

is prefe:rred. 

To maintain the higher conductivity in the socket conductors between conductors 

52 and the lamp pins 54, the con1acts 260, 262, 264 and 266 extend to longitudiully and 

c~y contact respective lamp pin extensions 268, 270, 272 and 274. The 

contacts 260, 262, 264 and 266 are preferably identical to the contacts SO of the FIGS. 2, 

4-6, .10 and 11, except for possibly the length thereof. Where the connectors 260-266 are 

1 S cylindrical but split comiectors, the contact is not a full 360° around the circumference of 

the pin eXtensions. However, it is prefeued that the maximum smface area of contact be 

achieved to increase the conductiVity and cmrent density capability of the connection, to 

minimfae any contribution of the socket to any impedance as seen by the ballast, and to 

provide~ acceptable linear wiping action as the connection is made between the lamp 

20 assembly and the socket. It should be noted that similar benefits can be achieved by 

omitting the pin extensions 268-274 and connecting the lamp pins 54 directly to the 

contacts 260-266, as represented by the connections shown in FIGS. S, 10 and 11. 

However, use of the pin extensions provides for components and an assembly with a 

higher voltage rating, as discussed mme fully below. 

25 In the preferred embodiment, the pin extensions 268-274 are mounted on and fully 

enclose the pins 54 on the lamp. As with the connection between the contacts 260-266 and 

the pin extensions 268-274, the surface area of contact and the tightness of the contact 

between the pin extensions and the lamp pins are pieferably inaximiml in order to 

maximize the conductivity, cmrent density capability, reduce any impedance as seen by 

30 _the ballast, and enhance the a~ility of the connection to be maintained under operating 
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conditions. Preferably, electrical coupling betweeit the conductors 52 and the lamp pins 

54 is accomplished in such a way that the surface area of contact, conductivity and Clll'l'ellt 

density capability are maximized, the voltage drop is minimi7.ed and/or the resistance . 
across the socket is mbrimim:I, preferably resulting in a mbrimal impedance attributable to 

5 the Socket as seen by the ballast. 

It is believed that one or more of these functions and pmposes are achieved in the 

sockets 44 and 234. In the socket 234, the contacts 260, 262, 264 and 266 are preferably 

comparable to the contacts SOA and SOB in the sodcet 44, having a substantial crimp area 

shown at 276 in FIG. 1 for ensming a relatively high surface area of contact extending 

10 both cilCumferentialy and longitudinally. The con~ 260-266 are positioned in the base 

56 of the socket and extend outwardly past the end wall 88 in the embodiment shown in 

-FIGS. 21 and 22. Whether or not the contacts extend outwardly of the. end wall 88 will 

depend upon the dimensions of the base 56, the lengths of the contacts, and the relative 

dimensions of the pins 54, the pin extensions 268, the· lamp insulator, described ~ore fully 

15 below, and the existence or non-existence of contact barriers, also described more fully 

below. 

The pin extensions 268, 270, 272 and 274 are included in order to elisure good 

electrical coJitact between the socket and the lamp pins 54 wheh a higher voltage rating is 

desired. The pin extensions accomplish this electrical.coupling by forming a 

20 circumferential and longitudinally extending smface area of contact between~ pin 

extensions and the respective contacts 260-266, as Wen as a similar form of contact 

between the pin extensions and the lamp pins 54. It is believed that it is the material of the 

contacts and pins as well as the extent of the contact surface area that will determine the 

quality of the contact", the conductivity and the voltage drop across the connection, and the 

25 impedance as seen by the ballast attributable to the connection. It should be understood, 

however, that the pin extensions can be eliminated or reduced in size while the socket can 

still have an electrical connection having the desired characteristics, for example by 

increasing the length of the lamp pins, or somewhat increasing the length of the contacts 

260-.266. Additionally, the pin extensions can be eliminated, while leaving the lengths of 

30 . the lamp pins and the contacts 260-266 substantially unchanged and still achieve electrical 
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contact which is'impi'Oved over conventional lamp contacts. 

As seen in FIGS. 19, 21, and 22, the pin extenders preferably have a bullet-shaped 

portion 278 for engaging the internal surface area of the iespective contact, such as contact 

260. The forward portion of the pin extension pieferably includes a rounded ~p for 

S filcilitating engagement between the pin extension and the corresponding con1aCt 260. The 

forward section terminates in the other direction in a base section 280 (FIG. 21) from the 

bottom of which extends a cylindrical sleeve 282 for encircling and eontacting a respective 

lamp pin, such as lamp pin 54 (FIG. 21) on the larger-si7.ed iapip. The cylindrical portion 

282 preferably extends entirely around and contacts the entire circumferential smface of 

10 the pin S4 for as much of the longiuHnal length of the pin contacted by the pin extension. 

It is believed that the high surface area of contact achieved by the circumferential or at 

least extended or substantial arcuate contact between the pin extensions and the lamp pins, 

as well as between the arcuate surfaces of the pin extensions and the contacts 260-266, 

increase the co~vity and the current density capability of the socket, reduce the 

15 voltage drop across and resistance of the socket as well as the impedance of the socket as 

seen by die ballast. The arcuate contact between the crimp portions 276 of the contacts 

and the conductors 250-256 also contribute to this result 

Other configurations of the contacts between the conduCt:ors 52 ancl"the pins 54 are 

possible in <,lrder to achieve the high eonductivity, contact surface area, and current density 

20 capability, and low resistance, low voltage drop and low impedance. For example, the pin 

·extensions can take the form of a two-ended cylindrical sleeve, one end to engage the lamp 
• 

pin and the other cylindrical sleeve to engage a complimentarily-sbaped pin electrically 

coupled to a respective conductor 52. Preferably, however, one or more of the benefits is 

achieved in order to provide a more reliable socket for fluorescent lamps, especially those 

25 used with electronic ballasts. 

In the prefeued embodiment, the socket 234 also includes a small pin hole 284 

preferably only large enough to permit passage of air oui of the interior of the socket barrel 

as the lamp is being inseded into the barrel. The socket housing is sealed sufficiently well, 

· and the 0-ring seal is close enough to limit or entirely preclude air passage out of the 

30 _socket. Upon lamp insertion, sufficient pressure could build up inside the socket to inhibit 
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complete connection or which may bias the lamp outwardly of the socket. The pin hole 

284 can be placed in a number of different locations, and may be placed in one of the 

grooves 66 or 70 so that the clip~ up1he hole after the socket is inserted in the clip. 

Addi1ionally, the pin hole can be placed in the 0-ring groove so that the 0-ring can serve 

S as a slight impedim~t to passage of ~culates ~ moistme. The pin hole may-be 

piacCd adjacent the comer 286 of the groove farthest from the rim of the socket. · 

The socket 234 ·shown in FIG. 21 is connected to a larger-siml lamp, such as a T8 

lamp discussed previously. The socket 234 is shown in FIG. 22 as connecting to a Smaller 
lamp, such as a TS lamp using an adapter 288. The embodiment of the adapter 288 shown 

10 in FIG. 22 includes a ·first outer 0-ring 290 in an 0-ring groove 292 and a second 0-ring 

294 in a respective 0-ring groove 296. The dimensions of the 0-rings and the 0-ring 

grooves can be identical, or the second 0-ring groove 296 can be slightly shallower where 

the lamp end cap 298 bas an outside diameter slightly less than the outside diameter of the 

glass envelope 300 of the lamp. 

15 As with the socket 44, the socket 234 shown in FIGS. 19, 21 and 22 can be formed 
. . . 

or assembled in a nwnber of ways. The socket can be molded or machined in three parts, 

as shown in FIGS. 19, 21 and 22, or the base and barrel can be molded or machined as one 

Piece and the end cap mounted, fastened or adhered onto the remainder of the socket m 
another step. The entire socket can also be molded as a single part, and the adaptor 

20 molded separately. As with the socket 44, the socket 234 can also have a number of 

shapes while still achieVing one or more of the intended results. 

The lamp pins 54 are protected by an insulator 302 having .generally the same 

characteristics as the insulator 94 shown in FIG. 4, but having slightly longer dimensions 

as discussed more fully below. The insulator includes a first opening 304 (FIG. 19) and a 

25 second opening 306 for accepting the pins 54 on a larger lamp, such as a TB lamp. The · 

. insulator also includes opening 308 and opening 310 for accepting the pins S4' of a 

smaller lamp such as a TS lamp. See FIGS. 21 and 22. The openings 304-310 Pass 
through a membrane 312 (FIG. 21) to counterbores 314 and 316 for accepting the contacts 

. 260 and 262, and their respective protectors (described more :fully below) :&om the socket. 

30 .The openings 308 and 310 extend to an oval-shaped counterbore 318 (FIG. 20) for 
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accepting the contactS 264 and 266 and their respedi~ protector (described more fully 

below) from the socket. The openings 304-310 are preferably si7.ed to form an 

interference fit around the respective lamp pins. Where an adapter such as 288 is used 

with a TS lamp, the openings 308 and 310 can be omitted since the insulator 302 would 

5 not be used with a TS lamp. Instead, a smaller insulator 320 (FIG. 22) would be used to 

protectthe_pins 54' of the TS lamp. The respective openings in the membrane 322-cfth.e 

10 

TS lamp protector 320 are also piefembly si7.ed so as Jo.provide an mterference fif witli the " 

lamp pins 54'. The external shape of the TS insulator 320 is approximately the same as · · 

that for the TS insulator 132 shown in FIG. 9, but somewhat longer. 

The bases 324 (FIG. 19) of the pin extendCrs 278 prefembly bottom out and seat 

against the membrane 312 in order to hold the insulator 302 in place on the TB lamp. The 

fiictional enpgement between the sleeves 282 of the pin extenders about the pins 54 help 

to hold the lamp protector 302 in place. The bases 326 of the pin extenders for the TS 

lamp bottom out and seat against the membrane 322 of the TS lamp protector 320 to hold 

15 the lamp protector 320 in place on the TS lamp. The frictional engagement between the 

sleeve portions 228 of the TS lamp pin extenders help to bold the TS lamp protector in 
. ·• 

place. . 

In one preferred embodiment, a lamp and a contact protector such as protector 302 

or 320, form a lamp assembly. The lamp includes a surface, such as smface 328 (FIG. 21) 

20 from which the pins S4 extend. As in conventional bi-pin lamps, the pin surface for 

electrical contact extends substantially completely around an axis 330, thereby providing a 

large surface area for electrical contact. The contact protector 302 shown in FIG. 21 and 

protector 320 shown in FIG. 22 extend completely around the pins 54 and S4', 

respectively, and extend from the base of the lamp. The contact protectors extend a 

25 distance from the base parallel to the axis 330, prefenbly, and in such a way that the 

contact is accessible for elec1rical coupling substantially completely around the entire. 

circumference of the contact For the protector 302, such as shown in FIG. 20, the internal 

diameters of the counterbores 314 and 316 are preferably sufficiently large to 

accommodate both the contacts 260 and 262, and also their respective protectors, 

30 . described more fully below. Preferably, the pins 54 are circular cylindrical and the 
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portions of the contacts 260 and 262 which engage the pin extenders are also circular 

cylindrical. While, other shapes and configurations are possible, complimentary mating 

shapes are ptefen'ed. 

In order to improve a lighting circuit, such as may be·used iil a refrigerated display 

S case, especially those for use with fluorescent lamps and/or electronic ballasts, · 

components in 1tie ckuit are prderably designed to opetate under the extremes of 

...... · ·roleseeable circuit conditions to be expected for ihe circuit. Preferably, the components 

such as sockets 44 and 234 are capable of operating at the cunents, vol~es and 

frequencies of the circuits in which they are placed. In ordinary electromagnetic ballast 

1 O and fluorescent lamp circuits, cm1ents are in the milliamp and amp range, voltages in the 

120 or 240 range and frequencies are line ftequencies such as 60 or SO Hz. With 

fluorescent lamps using electronic ballasts, the circuit connected to the ballast output sees 

voltages as high as 600 and 800 volts, cmrents a,s high as one or more amps, and 

frequencies as high as 130 or 160 kHz (kiloHertz). 

1 S The protectors 302 and 320 are preferably formed and dimensioned to be Iated for 

1,000 volts. Additionally, the pins 54 and 549 and/or the~ extensions 268-274, to the 

extent they are used, are recessed a sufficient amomt tO protect personnel from shock or 

other injury if a lamp end is live. Therefore, the ·length of each' protector 302 and 320, 

along the longitudinal axis, is preferably sufficient tO have the pin extenders recessed by 

20 approximately 0.246 inches below the respective surfaces of the insulators. The contacts 

lire recessed in amounts sufficient to prevent contact by a probe 0.205 inches in diameter. 

The protectors are preferably molded of an insulating material, and may be ~ .. same 

material as thatiiom which the socket is fonnecl. The pin extenders in FIGS. 19, 21, and 

22 are preferably recessed the 0.246 inches below the surface of the protector for both the 

25 T8 and TS pin extenders. If the lamp pins were longer, so that pin extenders can be 

eliminated, the same recessed distance is preferably incorporated into the dimensions of 

the.protector. The amount of the recess is determined by the desired depth-over-surface 

distance (at least 0.50 inch for a 1000 volt mting) that an electric arc would have to travel 

to reach an opposite terminal. In the socket described, the shortest distance will be 

30 . between ~e tips of the TS contacts in the socket and across the surface of the material of 
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the protector between them. 

'The pin potectors 302 and 320 shown in the drawings are relatively substantial 

cylindrical manes. However, the protector or insulator for each pin can be separate 

insulators such as sleeves positioned orformed around the pins. Additionally, other 

s configurations of protectors can be considered, but it is still pefened to provide full 
. . 

circumferential contact around the lamp pins in order to have a relatively large smface area 

of cont8ct between the pins and the so~ The pin protector can be a plastic sleeve, shaft, 

tube or other shape, and can be circular cylindri~ oval or have other shapes. 

The 0.246 inch recess of the pins below the surface of the protector provides, 

10 especially for~ TS lamp pin spacing, the U:Unimum distance which an me would have to 

travel in order to go ftom one TS lamp pin to the other. That distance is preferably large to 

.minimi?.e the possibility of arcing. For the TS lamp and protector assembly, the distance 

would extend from the tip of one pin or pin extender, if used, to the surface of the 

insulator, across the surface of the insulator to the counterbore for the other pin or pin 

15 extender and then down to the tip of the pin or pin extender, if used. This distance would 

be the shortest distance between the contacts on the TS lamp. The same path would also 

define the shortest distance between the pins or pin extenders for a TS lamp, but the 

shortest distance to a pin of opposite polarity would be to the nearest adjacent TS. pin of 

·opposite polarity. The p1efened distance ofO.S inch total surface distance and 0.246 inch 

20 recess apply to a 1,000 volt rating, and other distances may apply for ratings for different 

voltages. 

The socket 234 also preferably includes contact protectors to reduce the possibility 

of electric shock or other injury to personnel or property. As sbo\vn :in FIGS. 19, 21, and 

22, the base 56 includes a contact sleeve 332 for smro1111Cting and extending beyond the 

25 respective contact 260, and a protector, sleeve, tube or other enclosme 334 for protecting 

the respective contact 262. Where the respective contacts 260 and 262 are split sleeve 

hollow contacts, the protectors preferably fit snugly around the outside ~of the 

contacts, since no clearance is necessary between the contacts and the protectors. In the 

case where the socket is designed to accommodate different sized lamps, or in any case 

30 where other contacts are included, additional protectors are included as needed. In the 
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socket 234, designed to accommodate two differelit si7.ed lamps, an additional protector · 

336 extends around and beyond the ends of the contacts 264 and 266. The socket contact 

protectors can take any number of shapes and configmations, but preferably accommodate . 
the shapes of the contacts within and ac:mmmodate the shapes of the equipment or 

s comjJonents they engage. For ex&mple, as shown in FIGS. 19 and 20, the outer . 

configmations of tlie protectors 332, 334 and 336 compliment the shapes of the 

counterbores 314, 316 and 318 in the ~ 302. The protectors 332-336 extend from 

the surface 88 of the base, a distance sufficient to pn>vide the desired recess for the 

contacts. where the desired recess is 0.246, ~the configuration of the sockets shown in 

10 FIGS. 19, 21 and22, the amount of recess is determined by the spacing between the two 

TS contacts. Since the TS contacts are closest together, compared to the ';I'S contacts, the 

desired voltage rating will determine the amount of recess of the TS contacts. The amo1Dlt 

ofn:cess of the Tl contacts is preferably the same so tbat tbe amoilnt ofeieCtncal contact 

between the contacts 260 and 262 with the pins or pin extenders on the lamp is the same as 

1 S the amount of electrical contact surJBce area for the TS connectms and pins. The 

proteetoiS provide a barrier between the contacts so that they are separated by an 

unobstructed path no less than the defined arc path length. 

The socket 234 also prefembly includes a barrier wall 3a8 (FIGS. 19-22) for 

increasing the arc path length between opposite conductors in the base 56. The wall 

20 preferably includes a plurality of channels 340 to accommodate the dimensions of the 

insulated condlictors 52, on each side of the wall 338. The wall preferably extends a 

distance above the wireway 76 to define the minimum arc path length desired for the given 

voltage rating. An opening 342 in the end cap 80 is si7.ed and shaped sufficient to 

accommodate the barrier wall 338 and the conductors 52, while still maintaining strain 

25 relief for the conductors S2 and while still permitting a sufficient seal or closme for the 

end of the socket 

Each of these ban'iers conttibute to a more reliable and longer life compbnent when 

used in the environment for whieh it is designed. For a .1,000 volt rating, where the 

lighting and ballast chcuit does not exceed 1,000 volts, there is less likelihood that the 

30 . socket would 8rc or.short out because of high voltage potential between relatively closely 
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adjacent contacts. While the barriers around the. contacts in the socket are preferably 

cylindrical, they could also be semicylindrical or have other shapes where the shortest path 

length for an arc is still maintained according to requirements. For example, the protectors 

332 and 334 could be formed each as half cylinders facing each other with the open sides 

S facing away from each other, as long as the shortest arc path length is still maintained, 

depending upon the voltage rating. 

The socket and protector material, including for the lamp, ~y be made from the 

same material as the socket 44 and protectors described wi1h respect to FIGS. 1-10, one 

examp!e being Ertalyte. The material coUld also be Hyttel, Ultem-GE, a polycarbonate, 

10 Lexan such as Lexan ?OO, urea, or other materials preferably having the same rate and 

tooling capability for molding. The contacts and other metal components are preferably 

formed from a suitable material to.have the desired conductivity, current density and low 

impedance such as gold plated brome phosphate or the like. The Molex-type connectors 

are commercially available, and high quality conductive materials are commercially 

15 . avBnable as weli. The surface area of contact.for the connectors could be in the range of 

0.09 square inches for each pin, but the actual surface area of contact may vary according 

to the lengths and diameters of the pins, contacts, and other components~ 

The bmrier wall 338 is pieferably approximately 1/4 inch high and approximately 

1/16 inch thick. For a 1,000 volt ratin& the barrier wall should be a minimum of 0.246 

20 inch above the level of the solder. 

FIG. 25 shows~ alternative socket configuration having many of the same 

characteristics as the sockets 44 and 234 described previously, but having a shorter profile 

· and having a bus bar arrangement for supplying electrical energy to the cylindrical 

connectors. The socket 344 includes a laterally extended receptacle housing 346 

25 extending to one side of the socket 344 for housing and covering a pair of cylindrical 

contacts 348. Only one contact 348· is shown in FIG. 25. Tite housing 346 is mounted to, 

formed integrally with or otherwise positioned adjacent the external surface of the socket 

barrel so that the cylindrical contacts 348 ·extend longituctinaJJy of the socket, thereby 

providing a relatively low profile connection for a complimentary mating plug 350 for 

30 coupling electrical energy from the ballast to the socket through receptacle 346. 
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The housing 346 is preferably formed~ the same material as the socket body 

and accepts a cylindrical shield 352 on the plug 350 while the cylindrical contact 348 

accepts the conesponding connector pin 354. The protector 352 and the plug 350 may be 
. . 

~ed from the same material as the socket. 

5 mectrical energy is provided to the socket cmmectors by a bus bar 356 (FIG. 27) 

having a first arm 358 coupled to the cylindrical coilnector 348, a common arm 360 for 

transfening energy from the arm 3S8 to a second arm 362 for one oithe TB and TS 

contacts in the socket, and a third arm 364 for contacting the other of the TS or TB contacts 

having .the same polarity. A comparable bus bar 356 is also used to connect the remaining 

1 O contacts of the TB and TS contacts of the other polarity to its respective contacts. 

Preferably, the contacts are mounted to the respective arms of the bus bar 356 by suitable 

crimping, bonding or other reliable contact for maximmn conductivity. The contacts and 

the bus bar are preferably metallic, with the bus bar preferably roll formed from bronze 

phosphate and gold plated. The socket, including the receptacle and plug may be fonned 

· 15 from the same material as the sockets described previously. 

Because the sockets are no longer radially symmetrical, due to the laterally 

extended receptacle 346, sockets for opposite ends of the lamps are preferably mirror 

images of each other so that the connectors line up with the pin positions on the lamp. The -· •·· 
. . . .. i ;,::-::.P.~: .. 

sockets can be molded, ·fabricated or formed in any other conventional way. The sockets .· 

20 344, as well as the sockets 44 and 234 are preferably formed to be substantially and 

relatively rigid and non-resilient, except to the extent of the use of a resilient 0-ring for 

sea1ing, in order to ensure that the sockets remain positioned on the lamp as originally 

placed. A relatively rigid and non-resilient stmcture also reduces the possibility of 

misalignment between the lamp and socket, incomplete lamp pin connection and the like. 

25 In order to provide adequate spacing for a 1,000 voh rating, the ends of the 
. ·. . ... · 

common element 360 of the bus bar adjacent the first arm 358 is preferably bent outwanlly · 

relative to the adjacent bus bar so that the adjacent ends of the bus bars diverge relative to 

each other. The common ann of the bus bar 360 is accommodated in the socket in a 

fabricated part by grooves formed in the cap 366 and in the end of the socket. 

30 The ballast circuit, the components of the ballast circuit, the lamp assembly and its 
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components described herein include elements, pne or more of which contribute to 

improved components and systems. The socket reduces the effects of vibration dming 

shipment, use and servicing, reduces the possibility of inadvertent disconnect or 

incomplete connection, as well as the effects of differences in manufacturing tolerances 

S and dimensions in components such as lamp length, lamp pin alignment, socket molDlting 

arrang~ent, and the like. As a result, lamps from different manufacturers having 

different dimensions or tolerances may be~ interchangeably. The effects of different 

installation procedures from one technician to another is also reduced and the effects of 

~in the connection and in the circuit over the lifetime of a lamp are also reduced. 

IO The impedance of the circuit as seen by the ballast is reduced and the operating 

temperatures of one or more components, such as the ballast, is reduced. Lamp output is 

increased as well. Higher conductivity and current densities can be achi~ and the 

circuit and components are more reliable and easier to use. The components maintain 

good·etedrical contact and are safer and easier to manufacture. It is believed that 

15 component life and lamp life may be extended, including ballast lifetime. 

ltis to be understood that the embodiments of the invention disclosed herein are 

illustrative of the principles of the invention and that other modifications may be 

employed which are still within the scope of the invention. Accordingly, the present 

invention is not limited to those embodiments precisely shown and described in the 

20 specification. 
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1. A socket for a lighting assembly, the socket comprising: 

a rigid socket body with a base wall and a unitary second wall extending a first 

distance from the base wall for defining ail encl?sure and a rim at an end of the second wall 

such that a lighting element with a pin contact can extend past the rim into the enclosure; and 

at least one cylindrical electrical output contact having a portion extending from the 

second wall for contacting a connector on a lighting element. 

2. The socket of claim 1 further comprising an input circuit for receiving 

electrical energy wherein the input circuit includes first and second conductors and wherein 

the socket further includes a non-conductive barrier separating the first and second 

conductors. 

3. The socket of claim 2 further including a wall defining an opening for the first 

and second conductors and a seal for the conductors so that the conductors are sealed within 

the opening. 

4. The socket of claim 3 further including a cap for covering the opening. 

5. The socket of claim 4 further including a seal between the cap and the socket 

body. 

6. The socket of claim 5 wherein the seal includes an 0-ring. 

7. The socket of claim 1 furth.er comprising an input circuit for receiving 

electrical energy, wherein the input circuit includes first and second conductors and wherein 

at least one of the first and second conductors extends to the side of the socket body. 

8. The socket of claim 7 wherein each of the first and second conductors extend 

to the side of the socket body and terminate in a connector assembly. 
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9. The socket of claim 8 wherein the connector assembly extends in a direction 

substantially parallel to the socket body. 

10. The socket of claim 8 wherein the connector assembly includes an insulated 

housing. 

11. The socket of claim 10 wherein the connector assembly includes first and 

second terminals each positioned in a respective insulating housing. 

12. The socket of claim 11 wherein the tenninals are split sleeve terminals. 

13. The socket of claim 11 wherein the terminals are recessed below a rim of the 

respective insulating housing. 

14. The socket of claim 1 wherein the socket body includes an axis and wherein 

the at least one cylindrical electtical output contact is aligned substantially parallel to the axis. 

·-· 

15. The socket of claim 14 comprising a plurality of cylindrical contacts wherein 

each contact is aligned substantially parallel to the axis. 

16. The socket of any of claims 1-1 S further including a second electrical output 

contact and a substantially nonconductive bmTier between the first and second contacts 

wherein the contacts are separated from each other by the bmTier over an unobstructed path 

no less than 0.96 inch. 

17. The socket of claim 16 wherein the first and second output contacts are 

substantially cylindrical output contacts. 

18. The socket of any of claims 1-17 further including third and fourth output· 

contacts. 
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19. The socket of claim 18 wherein the first and second output contacts are 

configured to contact bi-pins of a TS-sized lamp and wherein the third and fourth output 

contacts are sized to contact pins of a TS lamp. 

20. The socket of claim 18 wherein ~e output contacts ·are cylindrical. 

21. The socket of claim 18 wherein the first and second and the third and fourth 

output contacts are oriented in an approximate criss-cross pattern. 

22. The socket of claim 18 wherein the first and second output contacts are 

positioned equidistant from a center of the socket body, and the third and fourth output 

contacts are positioned equidistant from a center of the socket body. 

23. The socket of claim 18 wherein the output contacts are positioned within 

respective insulated cylindrical housings. 

24. The socket of claim 18 wherein the output contacts extend in a direction 

parallel to each other. 

25. The socket of any of the foregoing claims wherein each cylindrical electrical 

output contact includes an insulator around a portion of the contact. 

26. The socket of claim 25 wherein each insulator surrounds a side surface of the 

respective cylindrical contact. 

27. The socket of claim 26 wherein each insulator is an insulating sleeve. 

28. The socket of claim 27 wherein there is a space between the adjacent 

insulating sleeves. 

29. The socket a claim 27 wherein each contact is recessed below an end of the 

respective insulating sleeve. 
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30. The socket of claim 27 wherein each contact is radially spaced from its 

respective insulating sleeve. 

31. The socket of claim 27 wherein ~h output eontact is a substantially hollow 

cylindrical contact. 

32. The socket of any of the preceding claims 1-31 wherein the rigid socket body 

further includes a support surface for engaging a support element for supporting the socket. 

33. -The socket of claim 32 wherein the support surface includes a groove 

extending about a circumference of the second wall of the socket body. 

34. The socket of claim 32 wherein the support surface has a longitudinal width 

and wherein the socket further includes a support for supporting socket including a support 

element having a longi~dinal width approximately the same as the longitudinal width of the 

support surface. 

35. The socket of claim 32 wherein the support surf~e has a longitudinal width 

. and wherein the socket further includes a support for supporting the socket including .a 

support element having a longitudinal width smaller than the longitudinal width of the 

support surface. 

36. The socket of claim 32 wherein the support surface is at least two grooves 

spaced longi~ally relative to each other. 

37. Socket of claim 32 wherein the support surface is a groove extending about a 

circumference of the second wall. 

38. The socket of any of claims 1-37 further including a holder for the socket and 

movable at least one of rotatably and longitudinally relative to the socket body and the holder 

further. including a mounting element for mounting the holder to a mounting surface. 
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39. The socket of claim 38 wherein the socket is separable from the holder. 

40. The socket of claim 38 wherein the holder includes a resilient holding element 

for engaging and releasably holding the socket .. 

41. The socket of ~laim 38 wherein the bolder mounting element is a spring biased 

mounting element. 

42. The socket of claim 38 further including a mounting surface to which the 

holder is mounted and positioned for supporting the socket, wherein the holder is movable to 

another position relative to the mounting surface. 

43. The socket of claim 42 wherein the mounting surface includes a track. 

44. The socket of claim 42 wherein the holder mounting element is a spring biased 

mounting element and wherein the mounting surface includes a track and the spring biased 

mounting element engages the track. 

· 45. The socket of claim 38 further including an engagement surface for the holder 

. having at leas~ two grooves spaced longitudinally relative to each other. 

46. The socket of any of claims 1-45 further including a seal for sealing around the 

lamp. 

47. The socket of claim 46 wherein the seal includes a seal element in the second 

wall and is compressible against the second wall. 

· 48. The socket of claim 46 wherein the seal is substantially circular. 

49. The socket of claim 46 wherein the seal is 0-ring seal element positioned 

adjacei:it a rim in the socket body. 

111111111111111111:11111111111 
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SO. The socket of claim 49 wherein the second wall includes an interior surface 

and wherein the 0-ring seal is positioned on the interior surface of the wall. 

S 1. ·The socket of claim 46 further D!cluding an 0-ring groove and an 0-ring in the 

groove adjacent the rim for sealing between the lamp and the socket wall. 

52. The socket of any of claims 1-51 wherein the rim defines an opening in the 

socket having a first diameter and further comprising an adapter for reducing ~e size of the 

opening in the socket for accepting a lamp having a smaller diameter. 

53. The socket of claim 52 wherein the adapter includes a sealing element on an 

internal surface for forming a seal between the lamp and the adapter. 

54. The socket of claim S3 wherein the socket includes a key surface and wherein 

the adapter further includes a key way for engaging the key surface on the socket . 

... 

SS. The socket of any of claims 1-S4 wherein the at least one cylindrical connector 

is spaced from the second wall and extends into the enclosure from the base wall only part . 

way to the rim of the enclosure for contacting a connector on a lighting element wherein the 

second wall extends past the end of the cylindrical connector. 

56. The socket of claim SS wherein the base wall is substantially flat. 

57. The socket of claim SS whelein the second wall extends from the base wallet 

least twice the length of the cylindrical connector. 

58. The socket of any of the preceding claims 1-57 further comprising a lamp 

having two pins for engaging respective electrical output contacts in the socket. 

S9. The socket of claim 58 further comprising an insulator covering an end of the 

lamp .. 
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60. The socket of"Claim 59 wherein the insulator iiicludes a wall defining an 

opening in at least one surface of the insulator having a diameter greater than the diameter of 

the pin to provide an interference fit. 

· 61. The socket of claim 59 wherein the electrical contact includes engagement 

means for engaging the insulator on the lamp. 

62. The socket of claim 61 wherein the engagement means includes a barb. 

63. -The socket of claim 59 wherein the electrical contact includes a projection on 

the contact biased outwardly into the ~ulator. 

64. The socket of claim 59 wherein the socket includes four contacts, each of 

which includes a projection in the form of a barb engaging insulator. 

65. The socket of claim 58 wherein the electrical output contact engages a 

respective pin of the lamp over a substantial portion of the contact. 

66. The socket of claim 58 further ~eluding a: second socket on a second end of 

the lamp and wherein the second socket includes a support surface defined by a groove 

having a width different than a groove on a support surface of the first-recited socket. 
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