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GHT STEM S-TRANSIT ICLEB

This is a continuation in part of aéplicatio_n
U.S. Ser. No. 08/471,395 filed June 6, 1995.

TECHNICAL FIELD

This invention relates to mass transit

vehicle lighting systems; more particularly, it

10 relates to a 1lighting system for the passenger
compartment of a bus using light pipes.

BACKGROUND OF THE INVENTION

15 Lighting systems for passenger seating areas
in mass-transit vehicles freguently include a
plurality of fluorescent lamps arranged in rows.
Bach row of lamps is commonly enclosed within an
elongated channel that forms part of an elongated

20 lamp housing. The elongated channel may be
connected to or integrally formed with an elongated
display panel for holding advertising cards. A lamp
housing of this type will also typically include an
elongated translucent or transparent light cover

25 disposed across the open side of the channel to aid
in controlling the distribution of light emitted
from the lamps.

Together, the lamp housing and display panel

30 make up an elongated light fixture. Such 1light
fixtures are typically manufactured in long sections

that mount end-to-end in the cornice areas above the
passenger seating areas and above the vehicle side
windows in mass-transit vehicles. U.S. Pat. No.
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passenger seating aredatandiabode3shetlehissuedidene 7, 1983 rigoRruas
mass-transit vehicles.gjgdiose T2bhtdRy systems of this type.

5 Fluorescent vehicle 1lighting systems are
inherently difficult to service and require a
considerable amount of maintenance. Fluorescent
lamps frequently burn out and require replacement.
When lighting systems use large numbers of lamps,

10 the odds that one of the lamps will burn out over a
given period of time increases. Therefore, the
larger the number of lamps that a lighting systems
uses, the more often that system will require bulb
replacement.

15

Lighting systems that use multiple lamps also
require multiple lamp sockets and complex wiring
harnesses. Wiring harnesses for multiple-lamp
lighting systems must connect every lamp socket to

20 an electrical power source. In addition, the
lighting fixtures housing the lamps must be designed
to allow easy access for the purpose of removing
burned-out lamps and installing new ones.

25 Systems using multiple lamps inherently leave
vdark spots®™ between lamps. Rows of fluorescent
lamps oriented end-to-end leave dark spots where the
ends. of each lamp plug into a socket. The dark
areas between the lamps are difficult to minimize

30 without extending the lengths of the lamps.

" When confronted with applications requiring
linear 1light sources, designers have sometimes
turned to fiber optics. Advances in fiber optic
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Pat. No. 4,387,415 issued June 7, 1983 to Domas di scl ose lighting
systens of this ta/!]'oe Fl uorescent vehicle htin &m
systens are 9:?lﬁherently difficult to service and requ?’Fé’"ﬁ 7731

technologir have made it possible to manufacture
linear light sources that can efficiently distribute
light both laterally from their circumferences as
well as longitudinally from their ends. This type

5 of product is known as a "side-light" or "side-fire"
optic or a "side-fire" light pipe.

Lumenyte International Corporation

manufactures a "side-fire" light pipe that includes

10 a solid acrylic core with either a circular or an
oval cross-section. The diameter of the core is
approximately one-half of an inch. A Teflon®
cladding surrounds the core and has an index of
refraction that causes the light pipe to emit light

15 laterally. A clear jacket surrounds the cladding to
' reflect a certain amount of light back into the
core.

Also available from Lumenyte International

20 Corporation is the LUMENYTE® STARBURST™ OPTIC - a
side-fire light pipe with small angled cuts along

its length. The cuts create optical discontinuities

along the length of the light pipe that increase the

amount of light emitted laterally. The depth, angle

25 and spacing of these cuts can be varied to customize
light distribution to suit a particular application.

The prior' art also includes fiber optic

lighting systems that have been proposed for use in

30 vehicular applications. An example of a proposed
vehicular application of fiber optic technology is
described in U.S. Pat. No. 4,947,293 issued to
Johnson et al. The Johnson et al. patent discloses

a clearance lighting system for a semi trailer cargo



consi der abl e amobunt of mai nt enance. Fl uor escent | anps frequently
burn out and require replacenent. When |ighting systens use | arge
nunbers of | anps, 10 the odds that one of the lanps will burn out over
a- gi ven period of tine increases. Therefore, the | ar ger
t he nunber of |WOPeRIHAt a |ighting systens uses, théﬁ“ﬂﬁ?@ﬂ?gn
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Li ghting systenms that use nmultiple | anps al so require multiple I anp
sockets and conplex wring har nesses. Wring harnesses for

mul tiple-Ilanp |l ighting systenms nmust connect every |anp socket to 20
an electrical power source. In addition, the lighting fixtures
housi ng the | anps nust be desi gnhed to4af|l ow easy access for the

~ purpose of renoving bur ned-out | anps and installing new ones. 25

- Systens using nultiple |lanmgs _inherent I "dar ts' t ween
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~areas between the | anpsydpa.di theCstiigs dveigtipport@a along HtH shdeandi ng

the lengths of the Ian§. a container body and emit 1light both
5 longitudinally and laterally. Another Johnson
patent, U.S. Pat. No. 5,122,933, discloses a similar
fiber optic lighting system that includes a message
panel. However, the lighting systems disclosed in
these two patents are not adapted to preferentially
10 distribute light into the passenger seating area of
a mass transit vehicle.

Another example of a vehicular application

for fiber optic technology is disclosed in U.S. Pat.

15 No. 4,740,870 issued to Moore et al. The Moore et

| al. patent discloses a fiber optic lighting systenm

for boats. The system includes a plurality of "end-

fire" fiber optic cables that each receive light at

one end from a central light source. The cables

20 conduct 1light longitudinally to 1light fixtures
located at remote locations within a boat.

Two other examples are disclosed in U.S. Pat.

No. 4,811,172 to Davenport et al. and U.S. Pat. No.

25 5,184,883 to Finch et al. Each of these patents
discloses a fiber optic lighting system for motor
vehicles. The systems include a light source that
end-illuminates a plurality of fiber optic

filaments. The filaments conduct the 1light
30 longitudinally to the vehicle head and tail lamp
fixtures.

There remains a need for 1lighting systems
that can supply sufficient illumination to meet
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lighting requirements in passenger seating areas of
mass-transit vehicles while reducing the amount of
lamps, wiring and maintenance that current systenms
require.

SUMMARY OF THE INVENTION

In accordance with this invention, an

improved lighting system is provided for

10 illuminating a passenger seating area in a mass

transit vehicle. The improved system replaces

fluorescent tubes with one or more optically-coupled

light pipes. The 1light pipes preferentially

distribute light into the passenger seating area

i5 while reducing the amount of lamps and maintenance
required.

Light pipes may be formed into segments much

longer than a fluorescent tube thus minimizing the

20 number of "dark spots" along the length of a light

fixture. Because they conduct light, several light

pipes may be arranged end-to-end, in series, to

extend from a single light source. As a result,

with the exception of the light source, there are no

25 lamps to burn out and require replacement. Such a

system does not need complex wiring harnesses

because there are fewer lamps and therefore fewer

lamp sockets requiring electrical power. Moreover,

light sources for illuminating light pipes can be

30 selected that do not require the heavy inverter
ballasts that fluorescent lamps require.

In accordance with a fifth embodiment of this
invention, a lighting system is provided which can
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Cor por ati on manuf actures a "side-fire" light pipe that includes 10
a=solid acrylic core with either a circular or an ova

cross-section. WR&MPheter of the core is appr oxi nat SIGFUSIHEH | 1
of an inch. A Teflon[err] ~ claddi ng surrounds the core and has an
i ndex of refraction that causes the light pipe to emt |ight 15

| aterally. A clear jacket surrounds the cladding to reflect a
certain amount of light back into the core. Al so
avai | abl e from Lunenyte International 20, Corporation is the LUVENYTEO
STARBURST[err] OPTIC - a side-fire ligh6é pipe with small angled cuts
al ong its length. The cuts create optical discontinuities

amtred Tatoral Iy The Respipea ke Jtenet” SR Bings on nElRoTerdentan b
varied to custom ze lamps.| i gite dsystanhuinaimdes auipluraddtyi ofl dkight
application. fixtures, each having a pair of end caps disposed at
either end of an elongated lamp housing. Each end
5 cap may include either a D-shaped through hole to
| receive a fluorescent bulb socket or a circular hole

to receive a light pipe.

To better understand and appreciate the

l0 invention, refer to the following detailed
description in connection with the accompanying
drawings:

BRIEF DESCRIPTION OF THE DRAWINGS

i5
FIG. 1 is a perspective view of a vehicle
interior having light fixtures according to the

invention;

20 FIG. 2 is a cross-sectional view of a vehicle
schematically showing the lighting pattern from the
fixtures according to the invention;

PIG. 3 is a partial-cutaway top view of the
25 vehicle shown in FIG. 1;

FIG. 4 is a cross-sectional end view of a
light fixture constructed in accordance with this
invention;

30
¥IG. 5 is a cross-sectional end view of a

second 1light fixture embodiment constructed in
accordance with this invention;
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FIG. € is a perspective view of a third light
fixture embodiment constructed in accordance with
this invention; )

5 PIG. 7 is a cross-sectional end view of a
fourth 1light fixture embodiment constructed in
accordance with this invention;

FIG. 8 is a fragmentary cross-sectional
10 bottom view of an alternative coupling means
constructed in accordance with this invention;

PIG. 9 is a fragmentary cross—sectional
bottom view of a coupling means constructed in
15 accordance with this invention;

FIG. 10 is a detail view of a light pipe
extending between two light sources;

20 ' FIG. 11 is a cross-sectional end view of an
alternative lamp housing, light pipe and indexing
plate;

FIG. 12 is a partial cross-sectional side
25 view of the alternative lamp housing, light pipe and
indexing plate;

FIG. 13 is a detail view of the light fixture
mounting pin and socket;

30 .
FIG. 14 is a perspective view of the mounting

clip;
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5 fifth 1light fixture embodiment constructed in
accordance with this invention;

PIG. 17 is a cross-sectional end view of an
alternative face panel;

10

FIG. 18 is a cross—-sectional end view of
another alternative face panel; and

PIG. 19 is a cross-sectional end view of yet

15 another alternative face panel.

FIG. 20 is a broken~-out cross~sectional end
view of the roll-in lens connector arrangement shown
in FIG. 16. '

20

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A first embodiment of a lighting system for

mass-transit vehicles is generally indicated at 20

25 and 20' in Figs. 1-4. The lighting system 20, 20!
is installed in a mass transit vehicle 22 that
includes a passenger compartment, generally
indicated at 24 in PFigs. 1-3. The passenger
compartment 24 is defined by two side walls 26, a

30 forward bulkhead 28 and an aft bulkhead 30, a floor
32 and a ceiling 40. The forward bulkhead 28 is

located at the forward end of the passenger
compartment and the aft bulkhead 30 is located at

the aft end. The passenger compartment 24 includes
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side windows 34 located in the side walls 26. The
floor 32 includes an aisle 36 extending along the
longitudinal axis of the vehicle 22 between two
passenger seating areas 38. The ceiling 40 extends

5 between the side walls 26 from the forward bulkhead
28 to the aft bulkhead 30. The passenger
compartment 24 includes two cornice areas defined as
the regions where the two side walls 26 join the
ceiling 40. Portion 20 of the lighting system is

10 supported in one cornice area and portion 20' is
supported in the opposite cornice area. An
elongated vehicle duct panel 70 may also be fixed
into the cornice area.

15 Because lighting system portions 20, 20' have
the same general construction, only lighting system
20 will be described in detail. As shown in Figs.
1, 2 and 3, the 1lighting system 20 includes an
elongated light fixture 42 installed longitudinally
20 in one of the cornice areas in the passenger
compartment 24 of the vehicle 22. One light source
74 is mounted at each end of the light fixture 42
adjacent a bulkhead 28, 30. Three elongated light
pipes 76, 78, 80 are opticaily-coupled end-to-end
25 and extend between the two light sources 74. (Other
embodiments may, of course, include a greater or a
smaller number of light pipes.) The light pipes 76,
78, 80 receive light from the light sources 74,
transmit it along their lengths and laterally emit
30 it from along their 1lengths into the passenger
compartment 24. The light fixture 42 also includes
an elongated segmented lamp housing 52 that runs
parallel to the 1light pipes 76, 78, 80 and
preferentially directs light into the seating area
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vehi cl es whil e reduci ng the anount of | anps, wiring and nai ntenance
that current systens require. 5 SUMVARY OF
THE | NVENTI ON In accordance wth this inventj , n
| nproved |ight ivﬁﬁgm%lfst em is’ provided for 10 il Ef#’hgﬁoﬁe?a
. passenger seating area in a mass transit vehicle. The i nproved
| system repl aces fluorescent tubes with one or nore optically-coupled
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| into the passenger seating area 15 whi | e reduci ng the amount of | anps
| and mai nt enance required. Li ght pipes may be forned
I into segnments much | onger than a f| vor¥scent tube thus m ni m zi ng
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Lixtuce, Secause they, 800Gk UhglhaoRE Bisks 18" 7s, so. RSRollel®
means 100 are supported at spaced locat;ons along
the lamp housing 52 to slidably support the
optically-coupled ends 84, 86, 88 of the light pipes
5 76, 78, 80.

As shown in Fig. 3, the light fixture 42
includes five face panels 44, 46, 48, 50, 50!
disposed end-to-end and longitudinally extending
10 above the seating area 38 from the aft bulkhead 30
to the forward bulkhead 28. The five panels include
a 12 foot-long forward face panel 44 disposed in the
forward end of the passenger compartment 24, a 12
foot-long aft face panel 46 disposed in the aft end.
15 of the passenger compartment 24, a center face panel
48 disposed between the forward 44 and aft 46 face
panels, a forward access face panel 50 abutting the
forward bulkhead 28, and an aft access face panel
50' abutting the aft 30 bulkhead. The length of the
20 center face panel 48 varies according to the length
of the passenger compartment 24. The face panels
44, 46, 48, 50, 50' have generally identical cross-
sections as viewed longitudinally down the length of

the passenger compartment 24.

25
As is best shown in Figs. 1 and 2, the
segmented lamp housing 52 is longitudinally disposed
in the light fixture 42. The segmented lamp housing
52 is made-up of five interconnecting lamp housing
30 ‘segments 52A, 52B, 52C, 52D, 52D', each shaped and
aimed to preferentially direct light to the seating
area 38 below and to minimize illumination of the
aisle 36 and side windows 34. The lamp housing
'\segments are aligned end-to-end to form the
This SheetH
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extend froma single light source. As a result, wi th the exception

of the Iight source, there are no 25 | anps to burn out and require
repl acenent. Such a system does not need conplex w ring harnesses
because there are fewer | anps and therefore fewer . | a socket s
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i1 l'um nating |ight pipes can be 30 sel ected that do not require the
heavy i nverter bal | asts that fluorescent |anps require. '
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segmented lamp housing. ‘Each segment 52A, 52B, 52C,
52D, 52D' of the lamp housing 52 is disposed in one
of the face panels 44, 46, 48, 50, 50'. A forward
lamp housing segment 52A is disposed in the forward
5 face panel 44, an aft lamp housing segment 52B is
disposed in the aft face panel 46, a center lamp
housing segment 52C is disposed in the center face
panel 48, and forward 52D and aft 52D' access panel
lamp housings are disposed in the forward 50 and aft
10 50' access panels, respectively. Each lamp housing
segment 52A, 52B, 52C, 52D, 52D' has the shape of a
concave channel with a parabolic cross-section. The
cross—-sectional shape of each lamp housing segment
~52a, 52B, 52C, 52D, 52D' may also be elliptical,
15 semi-circular or any other suitable shape. The
curved inner surface of each panel segment 52A, 52B,
52C, 52D, 52D' may include a 1light reflecting,
refracting, diffusing or absorbing surface -
depending on the amount of illumination desired for

20 a given application.

Each face panel 44, 46, 48, 50, 50' includes
a gently-curved display panel 54 and upper and lower
grooved borders 56 for holding advertising caxds.
25 The lower edges of each face panel 44, 46, 48, 50,
50!' include an elongated, downwardly-curved roll-in
hook 73 for mounting the panels 44, 46, 48, 50, 50!
in another embodiment. In the first embodiment, the
hooks 73 serve no purpose.
30
'BEach face panel 44, 46, 48, 50, 50' is made
as a pultrusion from opaque resin and glass fibers
so as to have an elongated shape of a uniform cross-
section along its length. Each segment of the lamp

A
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- 65 be used with either |ight pipes or fluorescent | anps.

The systemincludes a plurality of |ight fi xtures, each having a
pair of end caps disposed at either end of an elongated | anp

housi ng. Each end 5 cap may include either a D shaped through hole to
receive a fluor ¥R&BBul b socket or a circular hole t SCTUSHIB1 5
i ght pipe. To better understand and appreciate the 10

i nventi on, refer to the following detailed description in
connection with the acconpanyi ng dr awi ngs: BRI EF
DESCRI PTI ON OF THE DRAW NGS 15 FIG 1 is a perspective view
of a vehicle i nterior having light fixtures according to the

i nvention; 20 FIG 2 is a cross-sa@ ronal view of a vehicle

schematically showing the lighting pattern fromthe

housing 52 is integrally pultruded with one of the
face panels 44, 46, 48, 50, 50' to form a unitary
piece. As shown in Figs. 1, 2, and 4,'each lanp
housing segment 52A, 52B, 52C, 52D, 52D' is disposed
5 below the bottom edge of the display panel 54 in its
respective face panel 44, 46, 48, 50, 50°',

The light fixture 42 encloses and defines an
elongated air duct as shown at 68 in Figs. 1, 2 and
10 4. The face panels 44, 46, 48, 50, 50' serve as the
inner walls of the duct 68. The remainder of the
duct 68 is defined by the vehicle duct panel 70.
Each face panel 44, 46, 48, 50, 50!' is fastened
along its top and bottom edges to the vehicle duct
15 panel 70. As is shown in Figs. 5 and 12, spacers 72
are included between the face panels 44, 46, 48, 50,
50' and the vehicle duct panel 70 to allow
conditioned air, either heated or cooled, to pass
from the duct 68 into the passenger compartment 24.
20 In other embodiments, the face panels 44, 46, 48,
50, 50' may be fastened directly to the side wall 26
of the passenger compartment 24 in a cornice area
rather than to a vehicle duct panel 70.

25 Two light sources, shown at 74 in Figs. 3, 4,
5, 7, 10 and 15, are mounted in the vehicle 22
adjacent the passenger compartment 24. More
specifically, one light source 74 is mounted at each
end of the fixture 42 with each light source 74

30 disposed behind one of the two access face panels
50, 50' adjacent the forward 28 and aft bulkheads
30. The light sources 74 are mounted behind the
access face panels 50, 50' to allow easy access for
maintenance and replacement of 1light source

_—
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fixtures according to the invention; FIG 3is a
partial -cutaway top view of the 25 vehicle shown in FIG 1;
FIG 4 is a cross-sectional end view of a | ight fixture constructed

in accordance with this i nvention; 30 Fi '
cross-secti onal YW Bw of a second light fixture enbg\fff’i’g%'
constructed in accordance with this invention; VWO 96/ 39313
PCT/ US96/ 07731

components such as burned-out bulbs. In other
embodiments there may be more or fewer light scurces
74 and they may be mounted at any location within
the vehicle 22.

5
As shown in Figs. 4, 5 and 7, the 1light
sources 74 are disposed within the air duct 68 that
runs through the fixture 42. In operation, the flow
of cool air through the air duct 68 can help the

10 light sources 74 convectively reject heat.

The light sources 74, commonly known as
»light engines", are electrically-energized and
include halogen illuminators. The illuminators may
15 be guartz-halogen or may use a metal halide
illuminator such as that described in United States
patent 4,704,660 granted November 3, 1987 to Robbins
et al. Such light sources 74 are available from
General Electric Company and Lumenyte International
20 Corporation.

The lighting system 20 includes a switch
mounted in the wvehicle 22 and an electrical
energizing circuit that extends from the switch to

25 each light source 74. The switch may be of any
suitable type known in the art.

The lighting system 20 includes three

elongated light pipes, generally indicated at 76, 78
30 and 80 in Figs. 1-12 and 15. The light pipes 76,

78, 80 are coupled end-to-end in a series. The

’ series extends longitudinally above the seating area
38 and between two light sources 74 and runs

This Sheet Has Been Reilaced

R




FIG 6 is a perspective viewof a third |ight fixture enbodi nent

constructed in accordance with this invention; 5
FIG 7 is a cross-sectional end view of a fourth light fixture
embodi nent constructed in accordance with this inventiogn:
FIG 8 is a frQPM&ary cross-sectional 10 bottom vi eRFTEF6OZTI
alternative coupling neans constructed in accordance with this
i nventi on; FIG 9 is a fragnentary cross-sectional
bottom view of a coupling nmeans constructed in 15 accordance with this
I nventi on; FIG 10 is a detail view of a light pipe
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adjacent and parallel to the segmented lamp housing
52.
As is shown in Fig. 3, the three‘elongated
light pipes include a forward pipe 76 supported
"B within the forward face panel 44, a center pipe 78
supported within the center face panel 48 and an aft
pipe 80 supported within the aft face panel 46. The
forward 76 and aft 80 pipes receive light at one
end, transmit the light along their 1lengths and
10 longitudinally emit it from their other ends while
laterally emitting it from along their lengths into
the passenger compartment 24. The center pipe 78
receives light at both ends from the forward 76 and
aft 80 pipes and laterally emits it from along its
15 length into the passenger compartment 24.

When installing the lighting system 20 the

light sources 74 are installed before the light

pipes 76, 78, 80. Because the forward 76 and aft 80

20 pipes must insert into cylindrical receptacles 89 in
the light sources 74, the light sources 74 must be

moved out of the way when the forward 76 and aft 80

pipes are installed. To facilitate light source 74
movement, each light source 74 is supported within

25 the air duct 68 by a mounting bracket 69 that
includes elongated mounting holes 71. As shown in

Fig. 15, the elongated mounting holes 71 allow the

light sources 74 to be slid away from the 1light

pipes 76, 80. After the light pipes 76, 78, 80 are

30 installed, the light sources 74 are slid back inward
to engage and optically couple with the forward 76

and aft 80 pipes. Alternatively, the light sources

74 may be pre-mounted to the 1light pipes and

- This Sheet Has Been Re
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ext endi ng between two |ight sources; 20 FIG 11 is a

cross-sectional end view of an alternative |l anp housing, |ight pipe
and i ndexi ng pl at e; FIG 12 is a parti al
cross-sectional _side 25 view of the alternative |anp housin | i ght

pi pe and WO IRA®ng pl at e; " FIG 13 is afﬁagﬁﬁwg low
of the light fixture nmounti ng pin and socket; 30 Fl G
14 is a perspective view of the nounting clip; WO 96/ 39313
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fastened into place after the light pipes 76, 78, 80
are installed.

As shown in Fig. 3, the forward 76 and aft 80

5 light pipes have each have an input end 82 and an
output end 84. The center light pipe 78 has a
.forward input end 86 and an aft input end 88. Each

of the input ends 82 of the forward 76 and aft 80

light pipes is optically coupled to one of the two

10 light sources 74. The cylindrical receptacles 89 in
‘ the light sources 74 receive the input ends 82. Aas
shown in Fig. 15, heat=-shrink tubing 91 may be used

to secure the input ends 82 in the receptacles 89.

15 The output ends 84 of the forward 76 and aft
80 light pipes are optically coupled to the forward
86 and aft 88 input ends of the center light pipe
78, respectively. The optical couplings between the
light pipes 76, 78, 80 allow the forward 76 and aft

20 80 light pipes to transmit light from the 1light
sources 74 into the center light pipe 78.

Each elongated light pipe 76, 78, 80 is a
solid-core semi~rigid fiber optic. The core section
25 of each pipe 76, 78, 80 is made of a soft acrylic.
However, other embodiments may use other 1light-
transmissive materials in lieu of soft-cored semi-
rigid optics, e.g., Dupont Lucite® rods having
circular cross-sections and diameters of

30 approximately 5/8 of an inch.

The core of each light pipe 76, 78, 80 is
encased in a cladding having an index of refraction
which causes the cladding to emit light laterally.
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FIG 15 is a front view of the |ight engine shown in Fig. 4;

FIG 16 is a cross-sectional end viewof a b5 fifth light fixture

enbodi nrent constructed in_
FI'G 17 is a cross-sectional end view of an
WO96393133 | s 3 cross-sectional end view of PCT/USYF A e r

10

alternative face panel;

vi ew of yet 15

10

15

20

25

30

accordance with this invention;

and FIG 19 is a cross-sectional

anot her alternative face panel.

The cladding is made of Teflon®. However, in other
enmbodiments, the cladding may be made of other
materials with similar light dispersing
characteristics. A clear, semi-rigid Jjacket
surrounds the cladding to reflect a pre-determined
portion of the laterally-emitted light back into the
core. As is best shown in Fig. 11, each pipe 76,
78, 80 has an oval cross section oriented to
optimally concentrate the lateral emission of light.

A light pipe of the type -described above is
commonly referred to as an "optic." Optics that
include cladding to disperse light 1laterally are

. commonly referred to as "side-light" or "side-fire"

optics. This type of optical pipe is described in
United States patent number 4,957,347 granted
September 18, 1990 to Zarian, incorporated herein by
reference. Side-light optical pipes are available
from Lumenyte Corporation.

To provide controlled distribution of 1i§ht,
each pipe 76, 78, 80 also includes angled cuts 90
disposed along its length as shown in Fig. 10. The
cuts 90 create discontinuities in the pipes 76, 78,
80 that increase the amount of light emitted
laterally. The cuts 90 have depths, angles &
spacing optimized for even light distribution from
along the length of each pipe 76, 78, 80. Side-
light optical pipes with cuts or interruptions
fabricated into the optic are available from
Lumenyte Corporation under the trade name LUMENYTE®
STARBURST™ OPTIC.
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FIG 20 is a broken-out cross-sectional end view of the roll-in |lens
connect or arrangenent shown in FIG 16. 20 DETAI LED
DESCRI PTI ON OF THE PREFERRED ENMBODI MENT A first enbodi nment
of a lighting s&;ten1for mass-transit vehicles is general
i ndi cated at 20WSPBB ang 20' in Figs. 1-4. The lighting sy 713b (0
ris installed in a mass transit vehicle 22 that includes a
' passenger conpart nent, general ly indicated at 24 in Figs. 1-3.
: The passenger compartment 24 is defined by two side walls 26, a 30
i forward bul khead 28 and an aft bul khead 30, a fl oor 32 and a ceiling
| 40. The forward bul khead 28 is - | ocated at the forward end of the
| passenger conpartnment and the aft bulki@ad 30 is | ocated at
the aft end. The passenger conpartnment 24 includes
) A plurality of mounting clips, shown at 92 in
Figs. 4, 5, 6, 7 and 14, extend from the lamp
housing 52 to support the light pipes 76, 78, 80 at
spaced locations along their lengths and to hold the
5 pipes 76, 78, 80 a predetermined distance from the
inner reflective concave surface of the lamp housing
52. As is best shown in Fig. 14, the mounting clips
are split-ring force-fit snap-engagement mounting
clips. Other embodiments may use other means to
10 support the light pipes 76, 78, 80 such as wire or

- plastic slings.

The light fixture 42 also includes an

elongated translucent segmented fluted lens, shown

15 at 98 in Figs. 1, 2, 4, 5, 6 and 7. Each of five
fluted lens segments 98A, 98B, 98C, 98D, 98D' is

formed as a U-shaped channel. The lens segments

98A, 98B, 98C, 98D, 98D' are each supported on one

of the face panels 44, 46, 48, 50, 50' between a

20 light pipe 76, 78, 80 and the seating area 38. Each
lens segment 928A, 98B, 98C, 98D, 98D' brackets and

covers a U-shaped lamp housing segment 52A, 52B,

52C, 52D, 52D' to form an enclosed elongated light

pipe housing segment with open ends. As shown in

25 Figs. 8 and 9, end fittings 102 are installed in the
open ends of each pipe housing segment. The end
fittings 102 include holes to allow light pipe

passage as is described in greater -detail below. A

forward lens segment 98A covers the forward lamp

30 housing segment 52A, a center lens segment 98B
covers the center lamp housing segment 52B, an aft

lens segment 98C cover the aft lamp housing segment

52C, a forward access lens segment 98D covers the

forward access lamp housing segment 52D and an aft

SR
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-O- side windows 34 |ocated in the side walls 26. The fl oor
32 includes an aisle 36 extending along the | ongi tudi nal axis of the

vehicle 22 between two

i extends 5

''to the aft

b&VQRABhe side walls 26 fromthe forward bul k

“walls 26 join the
- 10 supported in one cornice area and portion 20" is supported
. in the opposite

. 70 may al so be fixed

10

15

20

25

30

bul khead 30. The passenger
_includes two cornice areas defined as

cornice area. An

conpartnent 24

into the cor n| ce 3dBe=m.

access lens segment 98D' covers the aft access lamp
housing segment 52D'. When the face panels 44, 46,
48, 50, 50' are installed and connected .together,

the pipe housing segments are aligned and joined.

together into a single dust-resistant light pipe
housing that runs the length of the passenger
compartment 24.

Two coﬁpler means, generally indicated at 100
in Figs. 8 and 9, are supported at spaced locations
along the lamp housing 52 and within the segmented
pipe housing to slidably support the optically
coupled ends 84, 86, 88 of the light pipes 76, 78,
80. One coupler means 100 is disposed at each
location where two light pipe ends 84, 86, 88 are
optically coupled. Therefore, each coupler means
100 slidably supports two optically-coupled light
pipe ends 84, 86, 88 .and maintains them in
longitudinal optical alignment. Each coupler means
100 facilitates optical light transmission between

passenger seating areas 38. The ceiling 40
ﬁggysmmgnl

the light pipes 76, 78, 80 while allowing the light

pipes 76, 78, 80 to expand and contract
longitudinally.

As shown in Fig. 9, each coupler means
includes two face panel end fittings 102. Each face
panel end fitting 102 is fixed at the end of a pipe
housing section between a lamp housing segment 523,
§2B, 52C and its attached lens segment 98A, 98B,
98C. The end fittings 102 are shaped to fit into
the cross-sectional area between the lamp housing 52
and fluted lens 98. The end fittings 102 may be
fixed in place by glue or any other suitable
fastening means.
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15 Because |lighting system portions 20, 20" have t he sane

general construction, only lighting system 20 will be described in
detail. As shown in Figs. 1, 2 and 3, the lighting system 20

i ncl udes an el ongated light fixture 42 installed |ongitudinally 20
in one of the cWPAFR®BI areas in the passenger conpar t nEnyU 1the
vehicle 22. One |ight source 74 is nmounted at each end of the |ight
fixture 42 adj acent a bul khead 28, 30. Three el ongated |ight

pi pes 76, 78, 80 are optically-coupled end-to-end 25 and extend between
the two light sources 74. (O her enbodi nrents may, of course,
include a greater or a smal | er nunber of light pipes.) The |ight

pi pes 76, 78, 80 receive light from =ha9l+ght sources 74,

tLansn}t ithalong their | engths and Iaterally emt 30 it fron1a|ong
their.lengths into the passenger artnent. 24. The |ight, fi ure
42 al so includes ongé&%ﬁ?@ﬁ§gnen Eﬂe?Eﬁﬁ}QNausﬂﬁg 529?55

parallel to the Ilghtlpngatudﬁnaﬂiy Btrough each fageepgnghtea¢|gitmimgns
light-into the seatinge3rea mhe tubular receptacles 104 are shaped to

receive the ends 84, 86, 88 of the light pipes 76,

5 78, 80. As shown in Fig. 9, each end fitting 102
includes either a male or a female tubular
receptacle 104 to allow adjacent lamp housing
segments 52A, 52B, 52C to slide together and
telescopically interconnect.

10

An o-ring seal 108 is seated within each

tubular receptacle 104. Bach o-ring seal 108
slidably and sealingly encircles one of the
optically-coupled light pipe ends 84, 86, 88. The

15 seals 108 Xkeep 'the space between the optically-
coupled light pipes 76, 78, 80 free of dust, insects
and other contaminants that would otherwise inhibit
light transmission.

20 Second, third, fourth, and fifth embodiments
of the lighting system are generally indicated at
20a, 20b, 20c, and 20f in Figs. 5, 6, 7 and 16
respectively. Reference numerals with the suffix
"a" in Fig. 5, "bY in Fig. 6, "c" in Fig. 7 and "f"

25 in Fig. 16 designate alternative configurations of
each element common to the first embodiment
described above. Unless otherwise indicated, we
intend the description of elements in the first
embodiment to apply equally to elements in the

30 second, third, fourth and fifth embodiments that
carry the same reference numerals, but with suffixes
llall’ llb"' llc" or llf!l.
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- 10 - 38 fromthe light pipes 76, 78, 80. Two coupler

nmeans 100 are supported at spaced | ocations al ong t he | anp housi ng

52 to slidably support the optical | y-coupl ed ends 84, 86 88 of t he

| i ght pipes 5 WO9%3931373 30. As shown in Fi §CTA

light fixture 42 I ncl udes five face panels 44, 46, 48, 50, 50

. di sposed end-to-end and | ongi tudi nally extending 10 above the seating
. area 38 fromthe aft bul khead 30 to the forward bul khead 28. The
five panels include a 12 foot-long forward face panel 44 disposed
in the forward end of the passenger conpartnment 24, a 12
. foot-long aft face panel 46 disposed in the=-af® end. 15 of the
passenger conpartnent 24, a center face panel
The second embodiment of the invention
includes a plurality of elongated air duct extension
" panels, generally indicated at 114 in Fig. 5. The
extension panels 114 space the face panels 44a, 46a,

5 48a, 50a, 50a' farther from _the passenger
compartment side walls 26a to increase the cross-
sactional area of the air duct 68a they enclose. As
with the face panels, each extension panel 114 is
made as a pultrusion from opagque resin and glass

10 fibers so as to have an elongated shape of a uniform

cross—-section along its length.

Each extension panel 114 has an elongated

groove 118 extending along its outer edge. Where,

15 as in Fig. 5, a vehicle duct panel 70 is installed
in the cornice area of the vehicle 22, the elongated

groove 118 of each extension panel 114 engages an
elongated duct receptacle 116 formed along the lower

edge of the vehicle duct panel 70. In applications

20 where no vehicle duct panel 70 is installed, the
outer edge fastens or hooks into a side wall
receptacle located just above the side windows 34,

An elongated, upwardly-curved roll-in hook

25 120 is formed along the inner edge of each extension

panel 114. An elongated vertical fin 122 extends

upward from along the inner edge of each extension

panel 114 adjacent the hook 120. A support strap

124 connects to each vertical fin 122 and extends

30 upward to connect to the vehicle duct panel 70 or
vehicle ceiling 40.

An elongated angled fin 126 extends upwardly
and outwardly from along the inner edge of each

*\— —_—
This Sheet

i~



48 di sposed between the forward 44 and aft 46 face panel s, a
forward access face panel 50 abutting the forward bul khead 28, and
an aft access face panel _ 50" abutting the aft 30 bul khead. The

| ength of the 20 center face panel 48 varies according to_the |enqgth
of the passengeWOAAPE2Et nent 24. The face panel s 44, USpe/oT
50' have generally identical cross- sections as viewed
| ongi tudi nally down the | ength of t he passenger conpartnent 24. 25
As is best shown in Figs. 1 and 2, the segnented | anmp housing 52 is
| ongi tudinal l'y di sposed in the light fixture 42. The segnented | anp
housi ng 52 is made-up of five interconnecting |anp housing 30
segnents 52A, 52B, 52C, 52D, 52D, each shapedzsnd ained to
preferentially direct light to the seating area 38 below and to
mnimze illumnation of the ai sle 36, and side wi ndows 34. _The |anp

housi ng segment extengion papedy 14 JaRiRceRE the hepk, 13¢e Each

angled fin 126 runs parallel to each corresponding
vertical fin 122 defining a wiring harness raceway
128.

The face panels 44a, 46a, 48a, 50a, 50'a in
the second embodiment are identical to those in the
first embodiment, but are installed differently. To
install each face panel 44, 46, 48, 50, 50!

10 according to the second embodiment, an installer
first installs the air duct extension panels 114.

The installer then hooks the downwardly-curved roll-

in hook 73 of each face panel 44, 46, 48, 50, 50!

_over the upwardly-curved roll-in hook 120 of each

i5 duct extension panel 114. In this way, each face
panel pivotally engages the inner edge of a duct
extension panel 114. The installer then pivots each

face panel 44, 46, 48, 50, 50' upward until its top

edge contacts the upper edge of the vehicle duct

20 panel 70. As shown in Figs. 5 and 13, cylindrical
sockets 112 are attached along the upper edge of the

vehicle duct panel 70. As is also shown in Figs. S

énd 13, at least one latch in the form of a mounting

pin 110 is attached to the upper edge of each panel

25 44, 46, 48, 50, 50' so as to align axially with the
cylindrical sockets 112 when each panel 44, 46, 48,

50, 50' is pivoted upward into contact with the

vehicle duct panel . 70. After pivoting each
individual panel upwards, the installer slides each

30 panel 44, 46, 48, 50, 50' laterally so that each of
the mounting pins 110 slide into one of the
cylindrical sockets 112. The latch need not be in

the form of a mounting pin 110, but may be of any
configuration that allows an installer to laterally
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- 11 - segnented | anp housi ng. Each segnent 52A, 52B, 52C,

52D, 52D of the lanp housing 52 is disposed in one of the face
panel s 44, 46, 48, 50, 50'. A forward | anp housi ng se nt 52A is
di sposed in the WO6RBE 5 face panel 44, an aft |anp hougﬂ’fﬂ SWOFFNt
52B i s di sposed in the aft face panel 46, a center |anp
housi ng segnent 52C is disposed in the center face " panel 48, and
forward 52D and aft 52D access panel | anp housi ngs are disposed in
the forward 50 and aft 10 50' access panels, respectively. Each |anp
housi ng segnment 52A, 52B, 52C, 52D, 52D has the shape of a
concave channel with a parabolic cross-sectiemz He cross-secti onal
shape of each | anp housi ng segnent 52A, 52B, 52C, 52D, 52D may

al so be elliptical,
slide each panel 44, 46, 48, 50, 50' into engagement

with the vehicle duct panel 70.

The third embodiment of the lighting system

5 20 shown at 20b in Fig. 6 includes lamp housing

segments 52ab, 52Bb, 52Cb, 52Db, 52Db' disposed

along the top edge of each display panel 54b. The

fourth embodiment of the lighting system 20 shown at

20c in Fig. 7 includes lamp housing segments 52Ac,

10 52Bc, 52Cc, 52Dc, 52Dc' disposed along both the top
and bottom edges of each display panel 54c.

The fourth embodiment shown in Fig. 7 uses
four light sources 74c instead of two. In this
15 embodiment, two of the four light sources 74c are
mounted adjacent the forward bulkhead 28 and the
other two light sources 74c are mounted adjacent the
aft bulkhead 30.

20 Figs. 11 and 12 depict an alternative
embodiment of the face panels 44, 46, 48, 50, 50!
and the segmented lamp housing 52 at 44e, 46e, 48e,
S0e, 50e' and 52e, respectively. Reference numerals
with the suffix ve" in Figs. 11 and 12 designate the

25 alternative configuration of each element common to
the first embodiment. Unless indicated otherwise,
where reference numerals appear in the description
of the first embodiment without a suffix, we intend
the description to apply equally to elements in

30 Figs. 11 and 12 indicated by the same reference
numeral, but with the suffix "e".

Figs. 11 and 12 depict an alternative
segmented lamp housing 52e with lamp housing

——
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15 sem -circular or any other suitable shape. The curved

I nner surface of each panel segnment 52A, 52B, 52C, 52D, 52D may

i nclude a |ight reflecting, refracting, diffusing or absorbing
surface - 8end|ng on the amount of illum nation desired for 20

a given appl i caMi§33s1 Each face panel 44, 46, RSTUSHOTBY:

I ncl udes a gently-curved di splay panel 54 and upper and | ower
grooved borders 56 for hol ding advertising cards. 25 The | ower edges of
each face panel 44, 46, 48, 50, 50" include an el ongat ed,
downwar dl y-curved roll-in hook 73 for nounting the panels 44, 46,
48, 50, .50 I n anot her enbodinment. In the first enbodi nent, the
hooks 73 serve no purpose. 30 = Rachr face panel 44, 46, 48,
50, 50" is nmde as a pultrusion from opaque resin and glass fibers

- so as-to have an el ong&%ﬁgp %e%A%f aséggfoggbgroggbe' 52De’ %te op.&l ong

its length. Each segnen
formed separately and attached to their

corresponding face panels 44, 46, 48, 50, 50°'.
Figs. 11 and 12 show one end of a single exemplary
5 lamp housing segment 52Ae. Each segment of the lamp
housing 52e is supported in one of the face panels
44e, 46e, 48e, S0e, 50'e to pivot about a

longitudinal axis. An indexing means 657 is
operatively connected between each lamp housing
10 segment 522e, 52Be, 52Ce, 52De, 52De' and the face

panel 44e, 46e, 48e, 50e, 50e! it is mounted on.

The indexing means 57 allows an installer <to

incrementally adjust the direction that each segment

of the lamp housing 52e will reflect light into the
15 passenger compartment 24.

The indexing means 57 includes an indexing
plate 58 that is fixed to one or both ends of each
lamp housing segment 522e, 52Be, 52Ce, 52De, 52De’

20 and pivots with each lamp housing segment 52ae,
52Be, 52Ce, 52De, 52De' on a pivot pin 60. The
pivot pin 60 extends inwa:;d from the face panel 44e,
46e, 48e, 50e, 50'e. The indexing plate 58 includes
a plurality of plate holes 62 and the face panel '

25 44e, 46e, 48e, 50e,. 50'e includes a single indexing
hole 64 radially aligned with the plate holes 62
about the pivot pin 60. An indexing pin 66 or bolt
is insertable through the indexing hole 64 and any
one of the plate holes 62. To change the pivotal

30 position of a lamp housing segment 522Ae, 52Be, 52Ce,
52De, 52De', an installer need only remove the
indexing pin 66, rotate the lamp housing segment
52Ae, 52Be, 52Ce, 52De, 52De' and indexing plate 58
until a different plate hole 62 aligns with the
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- 12 - housing 52 is integrally pultruded with one of the
face panels 44, 46, 48, 50, 50" to forma unitary pi ece. As shown in
Figs. 1, 2, and 4, each lanp housi ng segnment 52A, 52B, C
52D is di sposedVO%¥B9B13 he| ow the bottom edge of the display gf"éi%?n
Its respective face panel 44, 46, 48, 50, 50', The
light fixture 42 encl oses and defines an el ongated air duct as
shown at 68 in Figs. 1, 2 and 10 4. The face panels 44, 46, 48, 50, 50
serve as the i nner walls of the duct 68. The renami nder of the

- 24 -

indexing hole 64, then insert the indexing pin 66 to
lock the indexing plate 58 and lamp housing segment
52hAe, 52Be, 52Ce, 52De, 52De’ against pivoting
relative to its associated face panel 44e, 46e, 48e,

5 50e, 50'e.

Also shown in Fig. 11 is an alternative
structure for supporting the light pipes 76e, 78e,
80e in the segmented lamp housing 52e. Instead of

10 using the split-ring clips for support, the 1light
pipes 76e, 78e, 80e in this embodiment include a
longitudinal extension 94 with a T-shaped cross-
section that integrally extends from along their

'lengths. The: T-shaped extensions 94 are adapted to

15 slide into a T-shaped channel 96 formed into the
concave inner surface of each lamp housing segment
522, 52B, 52C, 52D, 52D'.

An alternative coupler means is shown at 1004
20 in Fig. 8. Reference numerals with the suffix "4"
in Fig. 8 designate the alternative configuration of
each element common to the first embodiment. Unless
indicated otherwise, where the description of the
first embodiment refers to an element with a
25 reference numeral having no suffix, we intend the
description to apply egually to elements in Fig. 8 .
indicated by the same reference numeral, but with
the suffix "a". '

30 In the alternative embodiment depicted in
Fig. '8, the coupling means 100d includes a
cylindrical ciamp member 106. The clamp member 106
surrounds the tubular receptacles 104d of adjacent
end fittings 102d and binds them end-to-end. 1In
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duet 68 is defined by the vehicle duct panel 70. Each face panel

44, 46, 48, 50, 50' is fastened along its top and bottom edges to

t he vehicle duct 15 panel 70. As is shown in Figs. 5 and 12, spacers 72
are included between the face panels 44, 46, 48, 50, 50' and the
vehi cl e duct paf¥??@830 al | ow conditioned air, either (i
cool ed, to pass fromthe duct 68 into the passenger conpartnent 24.
20 I n other enbodinents, the face panels 44, 46, 48, 50, 50" nmay
be fastened directly to the side wall 26 of the passenger
conpartnment 24 in a cornice area rather than to a vehicle duct pane
70. 25 Two |ight sources, shown at 74 in Figs. 3, 4, 5,
7, 10 and 15, are nounted in the vehicle 22- 25 = adjacent the passenger
conpartnment 24. Mor e specifically, one light source 74 is nounted
at each end of the fixture 42 with each Iiéﬁn sqyrcg 74 30

di sposed behi nd one ofthifc alksrpative emppd sthe end g£ittings 102¢ ent

t he fgrvvard_ 28 and af tadeul iflentitcal to 3Jhe Tarotheht aswiur the 7¢ulular
mount éd behind the  recepfSEfas 'AfAA PAPE| 1cifher Othhfl Ald OknEasyiARC eSS
g
t

) ce)
for mal nt enance angi}re acenent o source
embodim

5
The f£ifth embodiment of the invention
includes a plurality of light fixtures of 1like
construction which are representatively illustrated
by the single light fixture generally indicated at
10 20f in Fig. 16. The lighting fixture 20f of the
fifth embodiment is similar in most respects to that
of the second embodiment described above with
several exceptions, e.g., the f£ifth embodiment is
adapted to accommodate either fluorescent lamps or
5 - fiber optic light pipes.

The representative lighting fixture 20f is
mounted in the cornice area of the vehicle above the
seating area 38 and includes a face panel, generally

20 indicated at 42f in Fig. 16. The face panel 42f
includes an upper edge 130 adapted to connect to the
vehicle ceiling 40. As with the second embodiment,
the light fixture 20f encloses and defines a portion
of an elongated air duct 68f and includes an air

25 duct extension panel, generally indicated at 114f in
Fig. 16. The air duct extension panel 1114f is
adapted to mount between the vehicle side wall 26f
and the face panel 42f to space the face panel 42f
from the side wall 26f. The air duct extension

30 panel 114f has an inner edge 132 adapted to connect
to a lower edge 136 of the face panel 42f, and an
outer edge 134 adapted to connect to the vehicle
side wall 26f.
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- 13 - conponents such as burned-out bul bs. I n ot her

enbodi nents there nmay be nore or fewer |ight sources 74 and t hey nay
be nmounted at agz | ocation within the vehicle 22. 5

shown in Figs. MWOBBE 7 the Iight sources 74 are d.SﬁE@Eﬂva?hln
the air duct 68 that runs through the fixture 42. I n operation, the
fl ow of cool air through the air duct 68 can help the 10 | i ght

sources 74 convectively reject heat.

The face panel 42f and duct extension panel
114f are each pultruded as unitary members £from
resin and glass fibers so as to have elongated
shapes with uniform cross sections along their

5 respective lengths. A lamp housing, generally
indicated at 52f in Fig. 16, is integrally formed as
a unitary piece with the face panel 42f and is
disposed adjacent and generally parallel to the face
panel lower edge 136.

10

The lamp housing 52f includes an elongated
concave portion 138 that opens in the direction that
the fixture will provide light to the seating area
38. The lamp housing '‘52f is disposed adjacent and

15 generally parallel to the face panel lower edge 136
and the duct extension panel inner edge 132. This
allows the lamp housing 52f to project light'from a
position sﬁaced laterally from the side windows 34f
and vertically from the ceiling 40. Because the
20 lamp housing 52f is spaced from the windows 34f, its
position minimizes side window illumination and
reflective glare. Because the lamp housing 52f is
spaced from the ceiling 40, its position is closer
, to the seating area 38 thus maximizing seating area
25 illumination and reducing the amount of 1light
dispersed into the aisle 36 and other portions of

the passenger compartment 24.

_ A male pivotal connector member 73f is
30 disposed along the face panel lower edge 136. The
male pivotal connector member 73f pivotally connects
the face panel 42f to the air duct extension panel
114f. A female pivotal connector member 126f is
disposed along the duct extension panel inner edge

-

e
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The light sources 74, cononly known as "light engines", are

el ectrically-energi zed and I ncl ude halogen illumnators. The
illumnators may 15 be -quartz-halogen or may use a netal halide
i 'l um nat or sucqﬁgﬁﬁég t described in United States pat ent
4,704, 660 grante er 3, 1987 to Robbins et al. P§G@ﬁ““ﬁ6ﬂt
. sources 74 are avail able from Ceneral Electric Conpany and Lunenyte
i International 20 Cor por ati on. The lighting system 20
- includes a switch mounted in the vehicle 22 and an el ectri cal
‘energizing circuit that extends fromthe switch to 25 each light source
- 74. The switch may be of any suitable type known in the art.
The lighting system 20 i ncl udes three = @%rmgated |ight pipes,
generally indicated at 76, 78 30 and 80 in Figs. 1-12 and 15. The

| i ght -pi pes 76, : EQQH e o-&hd sgéi?e

series extends | ongi tu%jgnal | y"above EL %iz?tggﬁ% area é&&. 1g§§ween

two |ight sources 74 XFeFeiyes the male pivotal connector member 73f in a
"roll-in"-type engagement.

5 ' A suspension member 124f provides support for
the duct extension panel 114f from the vehicle
ceiling 40 or other overhead structures. The
suspension member 124f has a lower end that connects
to the duct extension panel 114f adjacent the inner

10 edge 132, and an upper end that connects to the
vehicle ceiling 40 or structures attached to the
ceiling 40.

An elongated lens, generally indicategd at 98f
15 in Fig. 16, is supported between the lamp housing
52f and the seating area 38. The lens 98f is formed
as a U-shaped channel with first and second
laterally opposite lens edges. The first lens edge
includes a "roll-in"-type male lens connector member
20 140. The male lens connector member 140 pivotally
mounts the lens 98f to the face panel 42f adjacent
the first of two laterally opposite lamp housing
edges that border the elongated concave portion 138
of the lamp housing 52f. A female lens connector
25 member, shown at 142 in FIGS. 16-20, is integrally
formed in the face panel 42f adjacent the first lamp
housing edge. The female pivotal lens-connector
member 142 includes a receptacle 144 that receives
the male lens connector member 140 in a "roll-in"-

30 type engagement.

A catch 146 is disposed along the second lens
- edge and has the shape of a laterally-elongated
prong. A corresponding detent 148 is integrally

is Sheet Has Been Reﬁaced
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WO 96/ 39313 PCT/ US96/ 07731
- 14 - adj acent and parallel to the segnented | anp housing
52. . As is shown in Fig. 3, the three el ongated | i ght

pi pes include a forward pipe 76 supported 5
panel 44, a centW@%R%8 73

supported within the center™

and an aft pi pe 80 supported within the aft face panel 46. The

10

15

20

25

30

formed in the face panel 42f adjacent the second
housing edge and receives the catch 146 in a "snap-
fit"-type engagement. This allows the lens 98f to
be snapped into a closed position over the lamp
housing concave portion 138.

The "roll-in" lens connector members 140, 142
and "snap-fit" catch 146 and detent 148 arrangement
help prevent dust from entering the lamp housing
52f. The male lens connector member 140 has the
shape of a laterally-elongated hook. Moreover, the
snap connection between the catch 146 and the detent
148 is dust-resistant. The "roll-in" lens connector
members 140, 142 and “snap-fit" catch 146 and detent
148 arrangement help prevent dust from entering the
lamp housing 52f -along either of the laterally
opposite lens edges. A line-contact may be formed
between the lens connector members 140, 142 to
further reduce dust intrusion. The line contact may
be provided along a line where the lip of the female
pivotal lens-connector member 142 contacts the male

‘connector member 140. Alternatively, the line

contact may be provided along a line where the lip
of the male connector member 140 contacts the female
connector member 142.

An upper grooved border 152 extends
integrally outward from the face panel 42f. The
upper grooved border 152 lies adjacent and parallel
to the face panel upper edge 130. A lower grooved
border 154 similarly lies adjacent and parallel to
the face panel lower edge 136 and in opposition to

"the upper grooved border 152. The upper and lower
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forward 76 and aft 80 pipes receive light at one end, transmt the

| ight along their |engths and 10 longitudinally emt it fromtheir

ot her ends while laterally emtting it fromalong their lengths into
t he passenger conpartnment 24. The center pipe 78 receives |ight at
both ends from WeS6B#dard 76 and aft 80 pipes and | at BEHPH ts
it fromalong its 15 | ength into the passenger conpartnent 24.

When installing the lighting system 20 the | i ght sources 74 are
install ed before the |ight pi pes 76, 78, 80. Because the forward 76
and aft 80 20 pi pes nust insert into cylindrical receptacles 89 in

the light sources 74, the |ight sources 74 nust be noved out of the
way when the forward 76 and aft 80 pipe® are installed. To
facilitate |ight source 74 novenent, each light source 74 is

supported within 25 the air_duct 68 by a noupiin ragket .6 ha
i ncl udes el ongat ed o ARINES ol Rrders Asa’\slﬁomﬁoﬁggmgeg I%—?g. }Tg'dt t h%an
el ongat ed nounting holastvertisingwcahd between |them. sources 74 to be slid

amay35r0n1the | i ght pi pes 76, 80. After the light pipes 76, 78, 80
are installed, the Iight sources 74 .are s| C d to
engage and optically couple fdwﬂﬁpﬂmﬁb ign&g H’épmﬁ% Sormed

Al ternatively, 5he Ilgﬁﬂjanﬁmmcethe face panel upper edge 130.
mounting flange 156 includes fastener openings that

receive fasteners to connect the face panel 42f to
the ceiling 40. The fastener openings are located
between the upper 152 and lower 154 grooved borders
10 so that a card installed between the grooved borders
will cover the fastener openings 158 and provide a
more aesthetically-pleasing appearance. As shown in
Fig. 16, the mounting flange 156 is formed into a
channel shape with a triangular cross-section. The
15 mounting flange 156, or mounting "channel”, has a
channel lower wall 160 that lies flush with the face
panel 42f and a channel upper wall 162 designed to
contact the vehicle ceiling 40. The mounting
channel 156 includes two types of fastener openings:
20 a series of spaced interior fastener holes 164 and
an exterior fastener access slot 166. The fastener
access slot 166 extends through the mounting channel
lower wall 160 and provides tool and fastener access
to the mounting channel interior. The interior
25 fastener holes 164 extend through the mounting
channel upper wall 162 and receive and engage the
fasteners as they are installed through the mounting
channel 156 and into the vehicle ceiling 40.

30 For vehicle 'applications that do not use
advertising cards, a plug strip may be provided to
£il1 the fastener slot 166. The plug strip 168 may
be snap-fit, glued in place or fastened by any other
suitable method.

"l



74 may be pre-nounted to the |ight pipes and WO 96/ 39313

PCT/ US96/ 07731 - 15 -
fastened into place after the |ight pipes 76, 78, 80 are install ed.
As shown in Fig. 3, the forward 76 and aft 80 5 | i ght pi pes have each -
have an i nput eWO¥B%BRJ an output end 84. The cent ePCTUSHOTRIpe
78 has a

- 30 =

The face panel 42f has a panel back surface

and the lamp housing 52f has a housing back surface

that each face upward toward the vehicle ceiling 40

following installation. A first elongated retainer

5 tab 170 integrally extends longitudinally along the

entire length of the lamp housing 52f and laterally

from the housing back surface toward the panel back

surface. A second elongated retainer tab 172

integrally extends longitudinally along the entire

10 length of the face panel 42f and laterally from the

panel back surface toward the first retainer tab

170. The first 170 and second 172 retainer tabs

cooperate with the lamp housing 52f and face panel

42f back surfaces to partially enclose and define a

is wiring harness raceway 174. The retainer tabs 170,

172 laterally extend toward one another leaving a

longitudinal slot that runs between them along their

entire lengths. The slot provides an elongated

access opening for an installer to push wires or

20 wire bundles through and into the raceway as shown
at 180 in Fig. 16.

The fixture includes at least one end cap,
generally indicated at 176 in Fig. 16, mounted
25 within the lamp housing concave portion 138. The
end cap 176 has peripheral edges that engage the
lamp housing concave portion 138 and the 1light
cover. The end cap 176 also includes a through-~hole
178 shaped to receive a fluorescent bulb socket.
30
Possible variations on the fifth embodiment
of the present invention include the lamp housing
52f being integrally formed as a unitary piece with
the duct extension panel 114f instead of the face

uumi \‘iii\'f il



farward i nput end 86 and an aft input end 88. Each of the input
ends 82 of the forward 76 and aft 80 light pipes is optically
coupl ed to one of the two 10 | i ght sources 74. The cylindrical
receptacles 89 in the light sources 74 receive the input ends 82.
As showWVQ 333 15 heat-shrink tubing 91 may be use&CTUSISNTISL; o
. secure the input ends 82 in the receptacl es 89. 15 The out put
. ends 84 of the forward 76 and aft 80 light pipes are optically

. coupled to the forward 86 and aft 88 input ends of the center |ight
" pi pe 78, respectively. The optical couplings between the

| ight pipes 76, 78, 80 allow the forward 76 and aft 20 80 light pipes
to transmt light fromthe |ight sour 838s=74 into the center |ight

. pi pe 78. Each el ongated light pipe 76, 78, 80 is a

solid-core seni-rigid fiber ic. The (e, section 25 of each_pipe 76,
78, 80 is nade of a sé?af‘eicr%%t. In' add er® %eﬁ'@rlee nﬁﬂ&'}réy use
- other light- t rromnecory enberr 142 suay) be cintegradiy- Cormed shmia
| rigidroptics, e.g., DyonhohUsk & Nahp AGSs1y 53¢ rather au,fg_harface_
. Cross-sections and di netgrs of. 30 %&RFOXIH&tel 5 of an inch.
. panel 42f so that the male s connector member 140
5 may mount to a portion of the lamp housing 52f
adjacent and parallel to the first lamp housing edge
instead of to the face panel 42f. Also, the "snap-
in" lens attachment detent 148 may be integrally
formed in or attached to the lamp housing 52f rather

10 than the face panel 42f.

In another possible variation on the fifth
embodiment, the end cap 176 may include a through-
hole shaped to receive a light pipe rather than a
15 fluorescent bulb socket. Where 1light pipes are
optically-coupled to one another and are supported
end-to-end through a series of adjacent 1lighting
fixtures, the end cap 176 may also comprise a
portion of a coupler adapted to slidably support the
20 optically-coupled ends of two adjacent light pipes.
Examples of couplers of this type are shown at 1004
and 100 in Fig.s 8 and 9, respectively. To support
the light pipe at spaced locations along its length,
a plurality of mounting clips or holes for receiving
25 mounting clips may be included in the lamp housing
52f. An example of such a mounting clip is shown at

92 in Fig. 14.

The face panel 42f of the fifth embodiment

30 may be modified for use without the duct extension
panel 114f. For attachment directly to a vehicle

side wall 26f or other associated structures, the

face panel 114f may be modified at its lower edge as

shown at 132g, 132h, and 132i in Figs. 17, 18 and

This Sheet Has Bee,
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The core of each light pipe 76, 78, 80 is encased in a cl adding

havi ng an index of refraction whi ch causes the cladding to emt
light laterally. WO 96/ 39313

PCT/ US96/ 07731 - 16 - The
cladding is nmad®QA639¥8| on[err]. However, in ot her enbOUPFIATEL ¢ he

cl addi ng may be nade of ot her

19, respectively. The upper edge 130 may also be
modified as shown in Fig. 18. Figs. 17, 18 and 19
show different upper 130 and lower 132 edge
configurations suited to particular vehicle
5 applications. Other combinations of the upper 130
and lower 132 edges shown in Figs. 16, 17, 18, 19
~may be used to adapt a face panel 42 to fit various
vehicle interior configurations. For example, the
upper edge 130h shown in Fig. 18 may be included on
i0 the face panel 42f of Fig. 16. Reference numerals
with the suffix "g" in Fig. 17, "h" in Fig. 18 and
njiv in Fig. 19 designate alternative configurations
of each element common to the fifth embodiment
. described above. Unless otherwise indicated, we
15 intend the description of ‘elements in the fifth
embodiment to apply equally to elements shown in
Figs. 17, 18 and 19 that carry the same reference
numerals, but with suffixes "g", "h" or "iv.

20 - This is an illustrative description of the
invention using words of description rather than of
limitation. Obviously, many modifications and
variations of this invention are possible in light
of the above teachings. Within the scope of the

25 claims one may practice the invention other than as
described.
TG




materi al s wth simlar l'i ght di spersing characteristics.
A clear, sem-rigid jacket 5 surrounds the cladding to reflect a
pre-determ ned: portion of the laterally-emtted |ight back into the

_core. As is best shown in Fig. 11, each pipe 76, 78, Egaggibéﬂ%loval
. Cross section oM MERY3t o optimally concentrate the

em ssion of light. 10 A |ight pipe of the Type described

above is commonly referred to as an "optic." Optig
i nclude cladding to disperse light laterally are Iim};mnﬂluull}""ﬂd
. to as "side-light" or "side-fire" 15 optics. This type ef optsc pI pe
~is described in United States patent nunber 4,957,347 granted

. Septenber 18, 1990 to Zarian, incorporated MeB8i m by r ef er ence.

- Side-light optical pipes are avail able from Lunmenyte Corporation.

- 20 . To provide ngrell di st i bution of |ight, each
pi pe 76, 78, 80 al so incl ude?gﬁﬁgfﬁo"%dﬁﬁ’?%&s' di sposed along its
| ength as shown in Fig. 10. The cuts 90 create discontinuities in

the pi‘pes 76, 78, 25 80 jthatrpi ner gas8-tPEnsP#EOUEhicdle hadiMged tted
for Ceven’l i ght i otri RRARBRIRF oFpmpareibt, Wich side yiShars." B laigld 7
78, 80. Side- 5 extending along the longitudinal axis of the vehicle
and a passenger sgating area on one side of the
aisle, a 1lighting system for preferentially
illuminating the seating area and minimizing the
illumination of the aisle and side windows, said
1o lighting system comprising:

a light fixture including an elongated
light director panel longitudinally disposed in the
passenger compartment above the seating area for

15 preferentially directing 1light into the seating
area;

a light source mounted in the vehicle
adjacent said passenger compartment;
20
an elongated light pipe having an input
end optically coupled to said light source to
receive light therefrom, said light pipe extending
from .said light source into the passenger
25 compartment and longitudinally extending above the
seating area adjacent said light director panel,

said light pipe being adapted to conduct

light along its length while laterally emitting

30 light from along its length into the passenger
compartment.



l'i-ght optical pipes wth cuts or interruptions 30 fabricated into

the optic are available from Lunmenyt e Corporation under the
trade nane LUVENYTE[ err] STARBURST[ err] OPTI C. WO 96/ 39313
PCT/ US96/ 07731 -17- A

gé?rggiégdoirgﬁg?izﬁ?:ﬁLips’ Shomﬂoagigs gg to supporig?ﬁéﬂnggzgztzzgfgﬁL
o A 0 i

‘2. A lighting system as defined in claim 1
wherein said elongated light pipe comprises a solid-
core semi-rigid side-light fiber optic.

5 3. A lighting system as defined in claim 2
wherein said light fixture has a lower edge and
vhere said light director panel is disposed adjacent

said lower edge.

10 4. A lighting system as defined in claim 3
wherein said light fixture has an upper edge and
where said light fixture includes 'a second light
director panel disposed adjacent said upper edge.

15 5. A lighting system as defined in claim 2
wherein said light fixture has an upper edge and
where said light director panel is disposed adjacent
said upper edge.

20 6. A lighting system as defined in claim 1
wherein said fixture includes a plurality of
mounting clips extending from said light director
panel to support said light pipe at spaced locations
along its length.

25
7. A lighting system as defined in claim 2
wherein said 1light pipe includes angled cuts
disposed along its length and where said cuts have
depths, angles & spacing optimized for even light

30 distribution from along its length.

8. A lighting system as defined in claim 1
wherein said light fixture includes an elongated



spaced | ocations along their lengths and to hold the 5 pi pes 76, 78,
80 a predeterm ned distance fromthe i nner reflective concave
surface of the |anp housing 52. As is best shown in Fig. 14, the
nounting clips are split-ring force-fit snap-engagenent

clips. Oher eMR¥WHts nay use other neans to 10 supportr aﬁgﬁﬁkﬁht
~ pipes 76, 78, 80 such as wire or pl astic slings:

"~ The light fixture 42 also includes an : el ongat ed
. segnented fluted [ ens, shown 15 at 98 in Figs. 1, 2,“ | gﬁﬂ% |“"_
© Each of five fluted | ens segnents 98A, 98B, 98C + *

. formed as a U-shaped channel. The | ens segnents 98A, 98B, 98C,
: 98D, 98D are each supported on one ©f3& e face panels 44, 46, 48,
50, 50' between a 20 | ight pipe 76, 78, 80 and the seating area 38.

Each - | ens segnent 98A, 98B 9 98D, 98D brackets and
covers a U shaped | anp>f®%sSHEP 8“5‘2’&3“52‘5"1‘1 £ ghie é@ e BBy (o

form an encl osed eIongaeetﬁnggynea. pi pe housi ng segnent with open
ends. *As shown in 25 Figs. 8 and 9, end fittings 102 -are installed in

t he open ends of each, pip S T n

fittings 102 include hol es t(l;ballglvliﬁ' @#‘.9% %%Eem as ngg s% e -0 ¢ 8

described in gré&ater dekexeimasaid ldght fixture encloses and defines an
elongated air duct.

10. A lighting system as defined in claim 9
vherein said light source is disposed within said
10 air duct and where a mounting bracket is connected
to said light fixture and supports said light source
inside said duct.

11. A lighting system as defined in claim 1
15 wherein said 1light source comprises a halogen
illuninator.

12. In a mass-transit vehicle having a
passenger compartment with walls and side windows,
20 an aisle extending along the longitudinal axis of
the vehicle and a passenger seating area on one side
of the aisle, a lighting system for preferentially
illuminating the seating area and minimizing the
illumination of the aisle and side windows, said

25 lighting system compriéing:

a light fixture including an elongated
light director panel longitudinally disposed in the
passenger compartment above the seating area for

30 preferentially directing light to the seating area;

a light source mounted in the wvehicle
adjacent said passenger compartment;



forward | ens segnment 98A covers the forward |anp 30 housi ng segnent
52A, a center |ens segnent 98B . covers the center |anp housing
segnent 52B, an aft | ens segnment 98C cover the aft | anp housing
segnent 52C, a forward access | ens segnent 98D covers the

forward access VéOP3¥4si ng segment 52D and an aft WECHER%ET8E
PCT/ US96/ 07731 : - 18— access

| ens segment 98D covers the aft access |anp ”!Imc,m',L”"J”,IL””m

- 36 =

a plurality of elongated light pipes
each having two opposite ends, said light pipes
coupled end-to-end and extending from said light
source into the passenger compartment and

5 longitudinally extending above the seating area
adjacent said light director panel, each said light
pipe being adapted to receive light at one of said
ends and to transmit it along its length and
longitudinally emit it from the other said end while

10 . laterally emitting it from along its length into the
passenger compartment;

one of said ends of at least one of said

light pipes optically coupled to one of said ends of

15 another of said 1light pipes to receive 1light
therefrom;

coupler means supported at spaced

locations along said light director panel for

20 slidably supporting said optically coupled ends to

facilitate optical light transmission between light

pipes while allowing said light pipes to expand and
contract longitudinally.

25 13. A lighting system as defined in claim 12
wherein said fixture includes a plurality of
elongated face panels disposed end-to-end and
longitudinally extending into the passenger
compartment above the seating area. '

30

14. A lighting system as defined in claim 13
wherein said fixture includes a top edge and a
bottom edge and where said fixture includes a



heusi ng segnent 52D . \Wen the face panels 44, 46, 48, 50, 50' are
i nstall ed and connect ed -t oget her, t he pi pe housi ng segnents are
aligned and joined 5 together into a single dust-resistant |ight pipe
housi ng that runs the | ength of the passenger conpartnent 24,

Two coupl er meaMO%g®¥2rally indicated at 100 10 in Figs. PEVEREOY31 51 e
supported at spaced | ocations along the |anp housi-ng—52—and—w-thin—

t he segnented pi pe housing to slidably support th cal
coupl ed-ends 84, 86, 88 of the light pipes 76, 78, II@J

means 100 is disposed at each 15 | ocati on where two "mmwﬂm
86, 88 are optically coupled. Therefore, each coupler neans

100 slidably supports two optically-coupl ed- Bght pi pe ends 84, 86,
88 and mamintains themin | | ongi tudi nal optical alignment. Each

. coupl er nmeans 20 100 fg&oﬁl [ tat es 0 t cal, Iigh% t{:ansm' S n bet ween
the light pipes 76, 7&1B@IMY| 8% /8R p ghe & sPa"e% gega ‘?%“s 78,
"'80 to expand and cdjacant said top(mgi thotitowl edges. 25

shown*in Fig. 9, each coupler nmeans

15. A lighting system as defined in claim 13
5 wherein each said face panel includes a bottom edge
and where each said panel includes pivotal
connecting means disposed along said bottom edge for
pivotally mounting each said panel to the passenger
compartment wall.
10
16. A lighting system as defined in claim 15
wherein said pivotal connecting means includes an
elongated air duct extension panel disposed between
each said face panel and the vehicle side wall.
15 -
17. A lighting system as defined in claim 15
wherein each said face panel includes a top edge and
where each salid panel includes a latch disposed
adjacent said top edge.
20
18. A lighting system as defined in claim 13
vherein each said face panel is made as a pultrusion
from resin and glass fibers so as to have an
elongated shape of a uniform cross—section along its,
25 lengtl{ .

19. A lighting system as defined in claim 13
wherein said 1light director panel includes a
plurality of elongated light director panel sections
30 aligned end-to-end and where each light dJirector
panel section is iritegrally pultruded with one of

said face panels to form a unitary piece.



I ncl udes two face panel end fittings 102. Each face panel end

fitting 102 is fixed at the end of a pipe housi ng section between a
| anp housi ng segment 52A, 52B, 52C and its attached | ens segnent
98A, 98B, 30 98C. The end fittings 102 are shaped to fit into
the cross-secti o3P bet ween the anp housing 52 afETUSMVPY ens
98. The end fittings 102 nay be fixed in place by glue or any other
- suitable f ast eni ng neans. WO 96/ 39313
- PCT/ US96/ 07731 - 19 -
| | 0L
: . * C L M S *

20. A lighting system as defined in claim 19
wherein each said light director panel section is
supported in one of said face panels to pivot about
a longitudinal axis and where said fixture includes

5 indexing means- operatively connected between said
light director panel section and said face panel for
incrementally changing the direction that said light
director panel section reflects light from saiad
light pipe into the passenger compartment.

10 '

21. A lighting system as defined in claim 13
wherein each said face panel includes two face panel
ends and where said coupler means include face panel
end fittings fixed to said face panel ends.

15 _ _ _
' 22. A lighting system as defined in claim 21
wherein said coupler means include a tubular
receptacle extending longitudinally through each
face panel end fitting.

20

23. A lighting assembly as defined in claim
22 vherein said coupler means include an o-ring seal
fixed within each tubular receptacle and where each
said o-ring seal slidably and sealingly encircles

25 one of said optically-coupled light pipe ends.

24, In a mass-transit vehicle having a
passenger compartment with a ceiling, side walls,
cornice areas, side windows, an aisle extending

30 along the longitudinal axis of the vehicle and a
' passenger seating area on one side of the aisle, a
lighting system for preferentially illuminating the

seating area and minimizing the illumination of the



A:  tubul ar receptacl e 104 ext ends | ongi tudi nal l'y through

each face panel end fitting 102. The tubul ar receptacles 104 are
shaped to receive the ends 84, 86, 88 of the |ight pipes 76, 5

78, 80. As shown in Fig. 9, each end fitting 102 i ncl udes elther a
nmal e or a femal WOEFHR4, receptacle 104 to all ow adja

housi ng segnents 52A, 52B, 52C to slide togetheL—anﬂ

tel escopically interconnect. 10 An seal 108 is seated
within each tubul ar receptacle 104. Each o- rglmuﬁwtl(lmﬂ!!"llm
slidably and sealingly encircles one of the opti ht
pi pe ends 84, 86, 88. The 15 seal s 108 keep the space bet ween t
optically- coupl ed light pipes 76, 78,380-free of dust, insects

and ot her contam nants that woul d otherw se inhibit Iight

t ransm ssi on. 20 Second, third, fourth, and fifth enbodlnents

of the Iighting systePi&te fbr S198 | WiNGQWEd oFaid lichhyng r@ystem: and
20f in Figs. 5, 6, 7 ectpiising: respectively. Reference nunerals wth
the suffix _ "a" in Fig. 5 "b" in Fig. 6, "c" in Fig. 7 and "f" 25
in Fig. 16 designate alternatlveapongggigalogixture mounted in the
5 cornice area above the seating area, said fixture
comprising a face panel having an upper edge and a
lower edge, said upper edge adapted to be supported

by the vehicle roof;

10 said fixture additionally comprising an
air duct extension panel adapted to mount between
the vehicle side wall and said face panel to space

" the face panel from the side wall, said air duct
extension panel -having an inner edge adapted' to

15 connect to said face panel lower edge, and an outer
edge adapted to connect to the vehicle side wall;
and

an elongated lamp housing integrally
20 formed as a unitary piece with one of said face
panel and said duct extension panel, said lamp
housing including an elongated concave portion
opening in the direction that the fixture will
provide light, said lamp housing disposed adjacent
25 and generally parallel to one of said face panel
lower edge and said duct extension panel inner edge
to project light from a position spaced laterally
from the windows and vertically from the ceiling to
minimize side window illumination and maximize

30 seating area illumination.

25. A lighting system as defined in claim 24
wherein said face panel and duct extension panel are
each pultruded as unitary members so as to have

Has Been Reraced
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each el enent common to the first enbodi nent descri bed above. Unl ess

ot herwi se indicated, we I ntend the description of elenents in the
first enbodi ment to apply equally to elenents in the 30 second,
third, fourth and fifth enbodi nents that carry the sane reference
nurmeral s, but wiWR%3MBI xes "a", "b"', "c¢" or "f". PCT/US96(j7y31
96/ 39313 PCT/ US96/ 07731
- 2|0 d I The second enbodi nent of the invention
includes a plurality of elongated air duct extension

| RN Y O

- 40 -~

elongated shapes with uniform cross sections along
their respective lengths.

26. A lighting system as defined in claim 25
5 wherein said lamp housing is integrally formed as a
unitary piece with said face panel and is disposed
adjacent and generally parallel to said face panel

lower edge.

10 27. A lighting system as defined in claim 25
wherein said face panel includes a male pivotal
connector flange disposed along said bottom edge,
said male pivotal connector flange adapted to
pivotally connect said face panel to said air duct

15 extension panel; and where said duct extension panel
includes a female pivotal connector flange disposed
along said inner edge, said female pivotal connector
flange adapted to recelve said male pivotal
connector flange in a "roll-in"-type engagement.

20

28. A lighting system as defined in claim 25
wherein said fixture includes a suspension member
having a lower end connected to said duct extension
panel adjacent said inner edge, said suspension

25 member having an upper end adapted to connect to the
vehicle ceiling.

29. A lighting system as defined in claim 285

wherein said light fixture includes an elongated

30 lens supported between said lamp housing and the
seating area.

30. A lighting system as defined in clainm
28, wherein said lamp housing has first and second

This Sheet Has Been Ileﬂlaced




panel s, generally indicated at 114 in Fig. 5. The

ext ensi on panel s

114 space the face panels 44a, 46a, 5 48a, 50a, 50a' farther from
the passenger compartnent side walls 26a to increase the cross-
Sectional area of the air duct 68a they enclose. As - with the face
panel s, each exXVORePB# panel 114 is made as a pul trusiX¥ Bbaque

resin and glass 10

_**_—“Tﬁ‘Triﬁﬁ4+#4n
cross-section along its |ength. Each exte
has an el ongat ed groove 118 extending along its ou?ﬂlﬂﬂ#ﬂﬁi ” t”ﬂ”

fibers so as to have an el ongated shape

15 as in Fig. 5 a vehicle duct panel 70 is installed

cornice area of the vehicle 22, the el ongated groove 118 of each

extensi on panel 114 engages an el ongat ad duct receptacle 116 for
edge of the vehicle duct panel 70 I n applications
20 . where no vehicle duct_panel 70 is installed, th out er , edge

al ong the | ower

fastens or hooks into kateradlyaiqpposite heusin

si de wi ndows 34.
25 120 is for

114. An el ongat ed vertlca

5

10

15

20

25

30

ned

elongated cofvaeéopgrticn apdesalid - lens chias ofirst

said lens includes a male pivotal connector flange
disposed along said first lens edge, said male
pivotal connector flange adapted to pivotally mount
said lens to one of said face panel and said lamp
housing adjacent and parallel to said first lamp
housing edge; and where said fixture includes a
female pivotal connector flange integrally formed in
one. of said face panel and said lamp housing
adjacent said first lamp housing edge, said female
pivotal connector flange adapted to receive said
male pivotal connector flange in a "roll-in"-type
engagement; and where said lens includes a catch
disposed along said second lens edge, said catch
adapted to snap said lens into a closed position
over said lamp housing concave portion; and where
said fixture includes a detent integrally formed in
one of said face panel and said lamp housing
adjacent said second housing edge, said detent
adapted to receive said catch in a "snap-fit"-type
engagement.

31. A lighting system as defined in claim 25
wherein said male pivotal connector flange comprises
a hook flange 'having a front side and a back side
and where said hook flange front and back sides each
includes a line contact.

32. A lighting system as defined in claim 25
wherein said face panel includes an upper grooved
border adjacent and parallel to said upper edge and
a lower grooved border adjacent and parallel to said
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upward from al ong the inner edge of each extension panel 114

adj acent the hook 120. A support strap

f_i n 122 and extends 30 upward to connect to the vehicle duct panel

or

ext ends upwar dl YO 96393

vehi cl e ceiling 40.

WD 96/ 39313
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13 and outwardly fromalong the inner e
PCT/ US96/ 07731

lower edge, said upper and lower grooved borders
adapted to hold an advertising card between them.

33. A lighting system as defined in claim 32
wherein said face panel includes a top mounting
flange formed adjacent said top edge, said mounting
flange including fastener openings adapted to
receive fasteners to connect said face panel to the
roof, said fastener openings disposed between said
upper and lower grooved borders.

34. A lighting system as defined in clainm 25
wherein said face panel has a panel back surface and
where said lamp housing has a housing back surface,
and where said fixture includes first and second
elongated retainer tabs, said first retainer tab
integrally extending from said housing back surface
toward said panel back surface and said second
retainer tab integrally extending from said panel
back surface toward said first retainer tab, said
first and second retainer tabs partially enclosing
and defining a wiring harness raceway with said
housing and panel back surfaces.

35. A lighting systen as defined in claim 25
wherein said fixture includes at least one end cap
mounted within the lamp housing concave porticn,
said end cap having peripheral edges that engage the
housing and the light cover.

36. A lighting system as defined in claim 35
wherein said end cap includes a through-hole adapted
to receive a fluorescent bulb socket.

124 connects to each vertical

70

An el ongated angled fin 126
Bmselntat

%07l
HM RNy o o
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ext ensi on panel 114 adjacent the hook 120. Each angled fin 126
runs parallel to each correspondi ng vertical fin 122 defining a
W ring harness raceway 128. 5 The face panel s 44a,
46a, 48a, 50a, 50'a in t he second enbodi nent are identical to those
in the f WAIAEBodi nent, but are installed different| yPCHESH607731

- install each face panel 44, 46, 48, 50, 50' 10 aéEBTdfﬂg\LQ\ngbisggnd

enbodi nent, an installer first installs the ai t extensi

panel s 114. The installer then hooks the down ,m?, ﬂi
ll4

I n hook 73 of each face panel 44, 46, 48, 50, 50
upwar dl y-curved roll-in hook 120 of each 15 duct extenS|on'bane
In this way, each face panel pivotakl ¢3emgages the i nner edge of a

- duct extension panel 114. The installer then pivots each

' face panel 44, 46, 48, 50, 5Q' upyard til its to ed ontacts
. the upper edge of the vehicl 87 cx%h%q %‘ie“‘zag dﬁi‘éﬁﬂ) eﬁ |:E—'1’ é
" and 13, cylindrical Whereins%%i@mdleepM%&cﬂ@%@gﬂ’he iu%si}iz's:taﬂedge

of thé vehi cl adlueteptach Y{ghtpipe.al so shown in Figs. 5
and 13, at least one latch in the formof a nounting pin 110 is

attached to the upper edge of each panel
38. A lighting system as defined in claim 37

wherein said fixture includes a plurality of
mounting clips extending from said lamp housing,
said plurality of mounting clips adapted to support
a light pipe at spaced locations along its length.

10
39. A lighting system as defined in claim 37
vherein said end cap comprises a coupler adapted to
slidably support one end of a light pipe.
15 40. A lighting system as defined in claim 25

wherein said light fixture encloses and defines an
elongated air duct.
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25 44, 46, 48, 50, 50' so as to align axially with the

cylindrical sockets 112 when each panel 44, 46, 48, 50, 50" is
pi voted upward into contact with the - . vehicl e duct panel 70.
After pivoting each i ndi vi dual panel upwards, the &g;&g@hS%F
slides each 30 WO9%/393Bel 44, 46, 48, 50, 50' laterally so th
the mounting pins 110 slide into one of the cylindrical sockets
112. The latch need not be in - t he i?rj\r}sff a nounting pin 110, but
may be of any configuration that allfo an installer to laterally
WD 96/ 39313 PCT/ US96/ 07731
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-.22 - slide each panel 44, 46, 48, 50, 50' into engagenent

with the vehicle duct panel 70. The third enbodi nent of the
lighting system 5 20 shown at 20b in Fig. 6 includes | anmp housing
segnents 52Ab, 52Cb, 52Cb, 52Db, 52Db' di sposed al o cg&&ﬁaﬁﬁghedge
of each di spl ayWP28@m1%4h. The fourth enbodi nent of t g
system 20 shown at 20c in Fig. 7 includes |anp housing segnents
52Ac, 10 52Bc, 52Cc, 52Dc, 52Dc' di spo@ed hlPpng both the top -
and bottom edges of each display panel 54c. ' The fourth
enbodi nrent shown in Fig. 7 uses f | i ght sources 74c instead of
t wo. In this 15 enbodi nent , i qe—~f-ou ~ght sources 74c are
nount ed adj acent the forward b%p’ : }m ;th-"‘g?\\other two |ight
sources 74c are nounted adjaczk ; B bul KRRARS 20
Figs.. 11 and 12 depict a¥ N
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enbodi nrent of the face panels 44, 46, 48, 50, 50 and the segnented

| anp housing 52 at 44e, 46e, 48e, 50e, 50e' and 52e, respectively.
Ref erence nuneral s with the suffix "e" in Figs. 11 and 12 designate
the 25 ath@B%B%%X configuration of each el enent comon to t
first embodi ment. %s indicated otherwise, wher e r SIGERET31
nunmeral s appear in the description Zof qthe first enbodi ment without a
suffix, we intend the description to apply equally to elements in-30
Figs. 11 and 12 indicated by the sane reference nunmeral , but with
the suffix "e". Figs. 11 and 12 depict an alternative
segnented | anp housing 52e with | anp housi ng WO 96/ 39313

PCT/ US96/ 07731
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--23 - segnents 52Ae, 52Be, 52Ce, 52De, 52De'
f or med separately and attached to their
face panels 44, 46, 48, 50, 50'.

that are

correspondi ng
Figs. 11 and 12 show one end of a

single exenplar§, 5 | anp housi ng segnent 52Ae. Each segmeply £§£ Ianp
housi ng 52e is ¥d in one of the face panel s 44e,

50e, 50'e to pivot about a Iongitugiqu axi s. An i ndexing neans
57 is operatively connected betwe&nfe d | anp housing 10 -

segnent 52Ae, 52Be, 52Ce, 52De, 52De' and the face
48e, 50e, 50e' it is nounted on.
installer to

panel 44e, 46e,
The i ndexi ng neans 57 allows an
I ncrenental |y adj ust the-difection that each segnent

of the | anmp housing 52e w | Jis gflect light into the 15 passenger
conpartment 24. ¢ Yhe |ndeX|ng means 57 includes an indexing
plate 58 that is fixed to orffe or bot‘ oys_ofg each
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| anp housi ng segnent 52Ae, 52Be, 52Ce, 52De, 52De' 20 and pivots with

each | anp housi ng segnent 52Ae, 52Be, 52Ce, 52De, 52De' on a pivot
pin 60. The pi vot pin 60 extends inward fromthe face panel 44e,
46e, 48e, 50e, 50'e. The indexing plate 58 includes a plurality of
pl ate hol es 62 WRABRES f ace panel 25 44e, 46e, 48e, 50e, 9 lides
a single indexing hole 64 radially aligned with the plate holes 62
- about the pivot pin 60. An indexing pin 6650(%b3|t is insertable
t hrough the indexing hole 64 and any one of the plate holes 62. To
change the pivotal 30 position of a |anp housing segnent 52Ae, 52Be,
. 52Ce, 52De, 52De@ an installer neeg only renove the I ndexi ng
 pin 66, rotate the | anp®ousing segnﬂét Q 52Ae, 52Be, 52Ce, 52De,
52De' and indexing plat@ 58 unlj

deent plate hole 62 aligns

> P

with 4he
PCT/ US96/ 07731
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I ndexi ng hol e 64,
| ock the indexing plate 58 and | anp housi ng segnent
52Ce, 52De, 52De'
panel 44e,

then insert the indexing pin 66 to
agai nst pivoting

_ 46e, 48e

Is an alternati

52Ae, 52Be,
relative to its associ ated face
S 50e, 50'e. Al so shown in Fig. 11
WQ9A913 ot ycture for supporting the |ight HQPASWRL 7ge
80e in the segnented | anp housi ng 52e. Instead of 10 using the
split-ring clips for support, the |ight
enbodi nent include a | ongi t udi nal
Cross- section that

1 pipes 76e, 78e, 80e in this.
extension 94 with a T-shaped
integrally extends fromalong their
| engths. The T-shaped extensions @4 are adapted to 15
T- shaped channel 96 forned gnto t
| anp housi ng segnent :

slide into a
concave i nner surface of each
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52A, 52B, 52C, 52D, 52D . . An alternative coupler neans is

shown at | ood 20 in Fig. 8. Reference nunerals with the suffix "d"
in Fig. 8 designate the alternative configuration of each el enent
common to the first enbodi ment. Unl ess i ndi cat ed ot herw se, where
t he descri pti onVOPspNE first embodinent refers to an RS th a
25 ref erence nuneral having no suff|>7 V\E ntend t he .
description to apply equally to elements ‘ t) i ndi cated by the
same reference nuneral, but with the SUffIX "d". 30 I n
the alternative embodi ment depicted in Fig. 8, the coupling neans
100d i ncludes a cylindri cggggl anp nmenber 106. The clanp nenber 106
surrounds the tubul ar receptacl edOO¢Ad of adj acent endﬁttl ngs
102d and bi nds t hem end- tlﬂ.ﬁdﬁd /j /524(!,526‘0!

L Z !/ Z

526,

N
N
N
Pl

AN A AN

FIG-8 | 764,80d

528

76,80
C




WD 96/.39313 PCT/ US96/ 07731
-, 25 - this alternative enbodi nent the end fittings 102d
€re identical to one another and the tubular receptacl es 104d are

Fonger than in the first enbodinent. 5 LLIh
enbodi nent  of WPy ention includes a plurality &%ﬁﬂ{"}él

fixtures of like construction \t@ysi ?Jr,e representatively
illustrated by the single IightYfiXxtlure generally indicated at 10 :
20f in Fig. 16. The lighting fixture 20f of the fifth enbodi nent
Is simlar in nost respects to that of the second enbodi nent

descri bed above with several exceptions, e.g., the fifth enbodi nent
S adapted to acconmpdat e eit hd#6\uor escent Iﬁps or

S2e
S2Ae
62~ N B2
66
FIG-/2 524e 526

Frrllrl Ll Ll L LSS a7

44e,46e,48¢,
-50¢

76e,78e,80e

- = #a
|W / - Il ! i l'll 44, ?
\, III.“ 2 / . ||“ 110 -|i| || —T 48,50,
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15 fiber optic Iight pipes. The representative |ighting
fixture 20f is mounted in the cornice area of the vehicle above the
. %eating area 38 and includes a face panel, generally 20 i ndi cated at

+ 42f in Fig. 16. The face panel 42f i ncl udes an upper_edge 130
adapted to conn¥O9BH he vehicle ceiling 40. As V\jtrrcfrﬂ& nd
enbodi nment the light fixture 20f encl oses and defines a portion
of an elongated air duct 68f and includep ap qir 25 duct extension
panel, generally indicated at 114f in ig. 16. The air duct
extensi on panel 114f is adapted to nount between the vehicle side

- wal | 26f and the face panel 42f to space the face panel 42f

- fromthe side wall 26f. The air duct extension 30 - panel 114f has an

i nner edge 132 adapted to connect to a |l ower edge 136 of the face
panel. 42f, and an outer edge 134 adapted to connect to the vehicle
side wall 26f.

) 7 |
m:Ey

—~ 74

3




VIO 96/ 39313 PCT/ US96/ 07731

-.26- : The face panel 42f and duct extension panel

%14f are each pultruded as unitary nenbers from resin and gl ass
fibers so as to have el ongated shapes with uniformcross sections
along their ‘5 WO9%/3%Bpective |engths. A lanp housing, gen®CEUS 1

I ndi cated at 52f in Fig. 16, is integfélly formed as a unitary piece
with the face panel 42f and is iddoded adjacent and generally
parallel to the face panel | ower edge 136. 10 The | anp
housi ng 52f includes an el ongated concave portion 138 that opens in
the direction that the fixture wll [Népﬂde light to the seating
area

o
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38. The | anp housing 52f is di sposed adjacent and 15 generally parallel .

to the face panel |ower edge 136 and the duct extension panel inner
.edge 132. This allows the | anp housing 52f to project light froma

"~ position spaced laterally fromthe side w ndows 34f and vertically
fromthe ceilinyo2§3%B1Because the 20 | anp housing 52f is BHRHOTMom
the wi ndows 34f, its position fihipiz¢s side wi.ndow il lum nation and
reflective glare. Because the | anp housing 52f is spaced fromthe
ceiling 40, its position is closer to-the seating area 38 thus
maxi m zi ng seating area 25 illumnation and reducing the anount of
| i ght di spegsed_into ihe aisle 36 and other portions of t he
passenger conpart @t R~ N o A mal e pivotal connector nenber
73f is 30 disposedﬁﬁi&;e #é&éace panel |ower edge 136. The mal e
pi vot.al connect or yepey N P ally connects the face panel 42f
to the air duct e%!ensiii74¢ el 114f. A femal e pivotal connector

marrber_ 120f is oiuo‘.“o‘ gong the duct extension panel inner edge

194

This Sheet Has Been

LT



L]

WO 96/39313 PCT/ US96/ 07731
-.27 -, 132. The f,emal e pivotal connector rﬁnj 120f '
recei Ves the nal e pivotal connector nenber 73f in a Pfc S rolt +i @?t?p} 1
engagenent . 5 A suspensi on nmenber 124f quﬂaﬁﬁg apnglnf r

t he duct extension panelr 114f fromthe vehicle ' é? G Or.Dt

over head structures. The suspensi on nenber 124f has a | ower end
t hat connects to the duct extension panel 114f adjacent the inner
10 edge 132, and an upper end that connects to the vehi cl e
~ceiling 40 or structures attached to the

38 from the light pipes 76, 78, 80. Two coupler

means 100 are supported at spaced locations along

the lamp housing 52 to slidably support the

optically-coupled ends 84, 86, 88 of the light pipes
5 76, 78, 80.

As shown in Fig. 3, the 1light fixture 42
includes five face panels 44, 46, 48, 50, 50!
disposed .end-to-end and longitudinally extending
10 above the seating area 38 from the aft bulkhead 30
to the forward bulkhead 28. The five panels include
a 12 foot-long forward face panel 44 disposed in the
forward end of the passenger compartment 24, a 12
foot-long aft face panel 46 disposed in the aft end
15 of the passenger compartment 24, a center face panel
48 disposed between the forward 44 and aft 46 face
panels, a forward access face panel 50 abutting the
forward bulkhead 28, and an aft access face panel
50' abutting the aft 30 bulkhead. The length of the
20 center face panel 48 varies according to the length
of the passenger compartment 24. The face panels
44, 46, 48, 50, 50' have generally identical cross-
sections as viewed longitudinally down the length of

the passenger compartment 24.

25
As is best shown in Figs. 1 and 2, the
segmented lamp housing 52 is longitudinally disposed
. in the light fixture 42. The segmented lamp housing
52 is made-up of three interconnecting lamp housing
30 segments 52A, 52B, 52C, each shaped and aimed to

preferentially direct light to the seating area 38
below and to minimize illumination of the aisle 36
and side windows 34. The lamp housing segments are
aligned end-to-end to form the segmented lamp

’
e ..
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ceiliﬁb 40.» An el ongated | ens, generall I ndi cat ed at 98f

15  in<ig. 16, is supported between the Ianp housi n /
the seating area 38. The lens 98f is forned as a é%
with first and second. | aterally opposite | ens edg 6t L %997

edge includes a "roll-in"-type nmal e | ens connector nenber 20

140. The male | ens connector nenber 140 pivotally nmounts the | ens
98f to the face panel 42f adjacent the first of two laterally
opposite | anp housi ng edges that border the el ongated concave
portion 138 of the lanmp housing 52f. A female | ens connector 25
menber, shown at 142 in FIGS. 16-20, is integrally fornmed in the
face panel "42f adjacent the first [anp housi ng edge. The femal e
pi votal | ens-connect or menber 142 includes a receptacle 144 that
receives trmbusingLemﬂanhwungnenteshar BB, ns2Cc" odl [then" 1amp

' fgﬁg engagerrgg'ée an%ulgling ¥ a e c?é ﬁeraﬁ Pgl éﬁgsggfgdgggeige‘liecond
~ A correspondi ng det@&nt 4848 |§ i ﬁpygaaﬂl ylamP houslng Segment 52a -'l-s
disposed in the forward face panel 44, an aft lamp
5 housing segment 52B is disposed in the aft face
panel 46, a center lamp housing segment 52C is
disposed in the center face panel 4. Each lamp
housing segment S52A, 52B, 52C has the shape of a
concave channel with a parabolic cross-section. The
10 cross—-sectional shape of each lamp housing segment
52A, 52B, 52C may also be elliptical, semi-circular
or any other suitable shape. The curved inner
surface of each panel segment 52A, 52B, 52C may
include a light reflecting, refracting, diffusing or
15 absorbing surface - depending on the amount of
illumination desired for a given application.

Each face panel 44, 46, 48, 50, 50' includes

a gently-curved display panel 54 and upper and lower
20 grooved borders 56 for holding advertising cards.

The lower edges of each face panel 44, 46, 48, 50,

50' include an elongated, downwardly-curved roll-in

hook 73 for mounting the panels 44, 46, 48, 50, 50'

in another embodiment. In the first embodiment, the
25 hooks 73 serve no purpose.

Each face panel 44, 46, 48, 50, 50' is made
as a pultrusion from opaque resin and glass fibers
so as to have an elongated shape of a uniform cross-

30 section along its length. Each segment of the lamp
. housing 52 is integrally pultruded with one of the
face panels 44, 46, 48, 50, 50' to form a unitary

piece. As shown in Figs. 1, 2, and 4, each lamp
housing segment 52A, 52B, 52C is disposed below the
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. 28 - , formed in the face panel 42f adjacent trﬂ'mg’ngépé 0773 1

housi ng edge and receives the catch 146 in a "snap-

engagement. This allows the lens 98f to be snappedlpENUSHi'PﬁB 1997

position over the lanp 5 housi ng concave portion 138.
The "roll-in" | ens connector nenbers 140, 142 and "snap-fit" catch
146 and detent 148 arrangenent hel p prevent dust fromentering the
| anp housi ng

- 12 -

10

15

20

25

30

bottom edge of the display panel 54 in its
respective face panel 44, 46, 48, 50, 50'.

The light fixture 42 encloses and defines an
elongated air duct as shown at 68 in Figs. 1, 2 and
4. The face panels 44, 46, 48, 50, 50' serve as the
inner walls of the duct 68. The remainder of the
duct 68 is defined by the vehicle duct panel 70.
Each face panel 44, 46, 48, 50, 50' is fastened
along its top and bottom edges to the vehicle duct
panel 70. As is shown in Fig. 4, spacers 72 are
included between the face panels 44, 46, 48, 50, 50!
and the vehicle duct panel 70 to allow conditioned
air, either heated or cooled, to pass from the duct
68 into the passenger compartment 24. In other
embodiments, the face panels 44, 46, 48, 50, 50' may
be fastened directly to the side wall 26 of the
passenger compartment 24 in a cornice area rather
than to a vehicle duct panel 70.

Two light sources, shown at 74 in Figs. 3, 4,
5, 7, 10 and 15, are mounted in the vehicle 22
adjacent the passenger compartment 24. More
specifically, one light source 74 is mounted at each
end of the fixture 42 with each 1light source 74
disposed behind one of the two access face panels
50, 50' adjacent the forward 28 and aft bulkheads
30. The light sources 74 are mounted behind the
access face panels 50, 50' to allow easy access for
maintenance and replacement of 1light source
components such as burned-out bulbs. In other
embodiments there may be more or fewer light sources
74 and they may be mounted at any location within
the vehicle 22.



10 - 52f., The nmamle | ens connector nenber 140 has th
| ateral I y- el ongat ed hook. Nbreover, the snap ¢
catch 146 and t he detent 148 i s dust-resistant.

@ewéérh 23 1

n..J
connect or members 140, 142 and "snap-fit" catch Ekfrlﬁé JtYent €§997

148 arrangenent hel p prevent dust fromentering the

. l'anp housi ng

52f along either of the laterally opposite |l ens edges. A
| i ne-contact nay be forned bet ween the | ens connector nenbers 140,
142 to further reduce dust intrusion. The line contact may 20

be provided along a line where the lip of the fenale

pi vot al

| ens-connector nmenber 142 contacts the nalejs - connector nenber 140.
Al-ternatively, the line contact may be provided along a |ine where
the lip of the mal e connector nenber 140 contacts the fenmale 25
connect or nember 142, As shown in Afigsippé; Syranded, buhaerliqlslz

%LZpdarooved boLgsz?‘gﬁal l Iy'fg %\%J eé?%%g@h%}?gﬁ? aﬁg%lézém:t Tgf ace

panel upper edge 18@ns thioweh thedistture 42. phEpdepensiicnpi the|{19¥es
adj acent and paral ,gl cBBl air thPSudrCenBanglr |y éddeahdherid the

opposi tion éo t he upper grooved border_152.

T

light sources 74 convec 1ve1y rejec

e ggger and | ower

The light sources 74, commonly known as
"]ight engines", are electrically-energized and
include halogen illuminators. The illuminators may .
a metal halide

10 be quartz-halogen or may use

15

.20

25

30

illuminator such as that described in United States
patent 4,704,660 granted November 3, 1987 to Robbins
et al. Such light sources 74 are available from
General Electric Company and Lumenyte International
Corporation. .

The lighting system 20 includes a switch
mounted in +the vehicle 22 and an electrical
energizing circuit that extends from the switch to
each light source 74. The switch may be of any
suitable type known in the art.

The 1lighting system 20 includes three
elongated light pipes, generally indicated at 76, 78
and 80 in Figs. 1-12 and 15. The light pipes 76,
78, 80 are coupled end-to-end in a series. The
series extends longitudinally above the seating area
38 and between two 1light sources 74 and runs

adjacent and parallel to the segmented lamp housing

52.

As is shown in Fig. 3, the three elongated
light pipes include a forward pipe 76 supported
within the forward face panel 44, a center pipe 78
supported within the center face panel 48 and an aft

T IRRMRME A e
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advertising card between them An upper | - 'ge 156
s s}

n
is formed 5 adj acent the face panel upper edge 130. |PEﬁ|ﬁﬁS0? =R 1997
mounting flange 156 includes fastener openings that recelrve '
fasteners to connect the face panel 42f to the ceiling 40.- The

f ast ener openings are | ocated
- 14 -

pipe 80 supported within the aft face panel 46. The
forward 76 and aft 80 pipes receive light at one
end, transmit the light along their 1lengths and
longitudinally emit it from their other ends while
5 laterally emitting it from along their lengths into
the passenger compartment 24. The center pipe 78
receives light at both ends from the forward 76 and
aft 80 pipes and laterally emits it from along its
length into the passenger compartment 24.
10
When installing the lighting system 20 the
light sources 74 are installed before the 1light
pipes 76, 78, 80. Because the forward 76 and aft 80
pipes must insert into cylindrical receptacles 89 in
15 the light sources 74, the light sources 74 must be
moved out of the way when the forward 76 and aft 80
pipes are installed. To facilitate light source 74
movement, each light source 74 is supported witﬁin
the air duct 68 by a mounting bracket 69 that
20 includes elongated mounting holes 71. As shown in
Fig. 15, the elongated mounting holes 71 allow the
light sources 74 to be slid away from the 1light
pipes 76, 80. After the light pipes 76, 78, 80 are
installed, the light sources 74 are slid back inward
25 to engage and optically couple with the forward 76
and aft 80 pipes. Alternatively, the light sources
74 may be pre-mounted to the 1light pipes and
fastened into place after the light pipes 76, 78, 80
are installed.
30
. As shown in Fig. 3, the forward 76 and aft 80
light pipes have each have an input end 82 and an
output end 84. The center light pipe 78 has a
forward input end 86 and an aft input end 88. Each
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flush with the face panel 42f and a channel upper wall 162 designed
to contact the vehicle ceiling 40. The mounti ng cha
156 includes two types of fastener openings: 20 a series of spaced

i nterior fastener
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‘fasfened by any,ot
to secure the input ends 82 in the receptacles 89.

The output ends 84 of the forward 76 and aft
80 light pipes are optically coupled to the forward
86 and aft 88 input ends of the center light pipe
78, respectively. The optical couplings between the
light pipes 76, 78, 80 allow the forward 76 and aft
80 1light pipes-to'txansmit light from the 1light
sources 74 into the center light pipe 78.

Each elongated light pipe 76, 78, 80 is a
solid-core semi-rigid fiber optic. The core section
of each pipe 76, 78, 80 is made of a soft acrylic.
However, other embodiments may use other 1light-
transmissive materials in lieu of soft-cored semi-
rigid optics, e.g., Dupont Lucite® rods having
circular cross-sections and diameters of
approximately 5/8 of an inch.

The core of each light pipe 76, 78, 80 is
encased in a cladding having an index of refraction
which causes the cladding to emit light laterally.
The cladding is made of Teflon®. However, in other
embodiments, the cladding may be made of other
materials with similar light dispersing
characteristics. A clear, semi-rigid jacket
surrounds the cladding to reflect a pre-determined
portion of the laterally-emitted light back into the
core. As is best shown in Fig. 11, each pipe 76,

AVENDED SHEET
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The face panel 42f has a panel back surface and the ng._.

52f has a housing back surface that each face upwar %ﬁﬁq— EB 1997
. vehicle ceiling 40 following installation. A first elongated

retainer 5 tab 170 integrally extends |longitudinally along the

entire length of the | anp housing 52f and laterally fromthe

housi ng back surface toward the panel back surf ace. A second

el ongated retainer tab 172
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78, 80 has an oval cross section oriented to
optimally concentrate the lateral emission of light.

A light pipe of the type described above is
commonly referred to as an "optic." Optics that
include cladding to disperse light laterally are
commonly referred to as "side-light" or "side-fire"
optics. This type of optical pipe is described in
United States patent number 4,957,347 granted
September 18, 1990 to Zarian, incorporated herein by
reference. Side~light optical pipes are available
from Lumenyte Corporation.

To provide controlled distribution of light,
each pipe 76, 78, 80 also includes angled cuts 90
disposed along its length as shown in Fig. 10. The
cuts 90 create discontinuities in the pipes 76, 78,
80 that increase the amount of 1light emitted
laterally. The cuts 90 have depths, angles &
spacing optimized for even light distribution from
along the length of each pipe 76, 78, 80. Side-
light optical pipes with cuts or interruptions
fabricated into the optic are available from
Lumenyte Corporation under the trade name LUMENYTE®
STARBURST™ OPTIC.

A plurality of mounting clips, shown at 92 in
Figs. 4, 5, 6, 7 and 14, extend from the lamp
housing 52 to support the light pipes 76, 78, 80 at
spaced locations along their lengths and to hold the
pipes 76, 78, 80 a predetermined distance from the
inner refleétive concave surface of the lamp housing
52. As is best shown in Fig. 14, the mounting clips
are split-ring force-fit snap—engagement mounting

MIENNEN QUEET
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integrally extends |ongitudinally along the entire 10 | ength of the

face panel' 42f and laterally fromthe panel bac wa

fi rstpret ainer tab >1/70. The first 170 and second a|9r1 y:ﬂt??BI
cooperate with the |lanmp housing 52f and face panel Q FEJ 1997
surfaces to partially enclose and define a 15 W ring harness raceway

174. The retainer tabs 170, 172 laterally extend toward one anot her

| eavi ng a | ongi tudi nal slot that runs between them along their

entire | engths. The sl ot provides an el ongated access opening for

an installer to push wires or 20 wire bundl es through and into the

raceway as shown at. 180 in Fig. 16. The fixture

i ncl udes at’ | east one end cap, generélly indicated at 176 in Fig.

16, mounted 25 within the | anp housing concave portion 138. The

end cap 176 has peghhppgr.al Géﬂéf elitoalnensa t‘k@r use oth@¥ Héuisd Ndo
concave portion 138 and th cqver he end cap 176,al so

i ncl udes a t hr oughSHEPETt gfﬂ?@sﬁ%ﬁﬁ?t%ﬁ¢é@%«v%° s??%o?%sﬂéﬁ? BEl b

socket. 30 plasticPeddnbise variations on the fifth enbodi nment
of the present invention include the | anp housing 52f being
integrally fornmed as a unitary piece with t he duct extension panel

114f instea8 of the face The light fixture 42 also includes an
elongated t:anslucent segmented fluted lens, shown
at 98 in Figs. 1, 2, 4, 5, 6 and 7. Each of five
fluted lens segments 98A, 98B, 98C, 98D, 98D' is
formed as a U-shaped channel. The lens segments
10 98A, 98B, 98C, 98D, 98D' are each supported on one
of the face panels 44, 46, 48, 50, 50' between a
light pipe 76, 78, 80 and the seating area 38. Each
lens segment 98A, 98B, 98C, 98D, 98D' brackets and
covers a U-shaped lamp housing segment 523, 528, 52C
15 to form an enclosed elongated light pipe housing
segment with open ends. As shown in Figs. 8 and 9,
end fittings 102 are installed in the open ends of
each pipe housing segment. The end fittings 102
include holes to allow 1light pipe passage as is
20 described in greater detail below. A forward lens
segment 98A covers the forward lamp housing segment
52A, a center lens éegment 98B covers the center
" lamp housing segment 52B, an aft lens segment 98C
cover the aft lamp housing segment 52C, a forward
25 access lens segment 98D covers the forward access
lanmp housing segment 52D and an aft access lens
segment 98D' covers the aft access lamp housing
segment 52D'. When the face panels 44, 46, 48, 50,
50' are instailed and connected together, the pipe
30 housing segments are aligned and joined together
into a single dust-resistant light pipe housing that
runs the length of the passenger compartment 24.
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panel 42f. In addition, a fenale | eh?CTAusn oo 7
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attachnent detent 148 may be integrally
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Two coupler means, generally indicated at 100
in Figs. 8 and 9, are supported at spaced locations
along the lamp housing 52 and within the segmented
pipe housing to slidably suppéert the optically
coupled ends 84, 86, 88 of the light pipes 76, 78,
80. One coupler means 100 is disposed at each
location where two light pipe ends 84, 86, 88 are
optically coupled. Therefore, each coupler means
100 slidably supports two optically-coupled 1light
pipe ends 84, 86, 88 and maintains them in
longitudinal optical alignment. 'Each coupler means
100 facilitates optical light transmission between
the light pipes 76, 78, 80 while allowing the light
pipes 76, 78, 80 to expand and contract
longitudinally.

As shown in Fig. 9, each coupler means
includes two face panel end fittings 102. Each face
panel end fitting 102 is fixed at the end of a pipe
housing section between a lamp housing segment 524,
52B, 52C and its attached lens segment 98A, 98B,
98C. The end fittings 102 are shaped to fit into
the cross—-sectional area between the lamp housing 52
and fluted lens 98. The end fittings 102 may be
fixed in place by glue or any other suitable
fastening means.

A tubular receptacle 104 extends
longitudinally through each face panel end fitting
102. The tubular receptacles 104 are shaped to
receive the ends 84, 86, 88 of the light pipes 76,
78, 80. As shown in Fig. 9, each end fitting 102
includes either a male or a female tubular
receptacle 104 to allow adjacent 1lamp housing



formed in or attached to the |l anp housing 52f rather 10 than the face
panel 42f .. I n anot her possible variati o’ﬁcq'zgge ﬁg%t,hQ? 7 3 1
enbodi nent, the end cap 176 may include a through- S éd 1o’

receive a Ilght pi pe rather than a 15 fluorescent bulb .
| i ght pipes are optical |l y-coupl ed to one anot her an&F§3§6g§é%Zﬁ?gg?lggT

end-to-end through a series of adjacent |ighting fixtures, the end
cap 176 may al so conprise a portion of a coupler adapted to slldably
support the 20 optical |l y-coupl ed ends of two adjacent |ight pipes.
Exanpl es of couplers of this type are showmn at 100d and 100 in Fig.s
8 and 9, “respectively. To support &heel ght pi pe at spaced | ocations
along its I'ength, - a plurality of nounting clips or holes for

recei ving 25 mounting clips may be included in the | anp housing

52f. An exanpl e ofsegmeénts S22 ng52Bi p $2Cshbon stide togethen Fapd 14.
The face panel 42ftofebbiolohilycfiediaBahedd. My be modified for use

wi t hout the duct extension panel 114f. For attachnent directly to a
vehicl e side wall 26f or other associated structures, the
An o-ring seal 108 is seated within each
5 tubular receptacle 104. Each o-ring seal 108

slidably and sealingly encircles one of the
optically-coupled light pipe ends 84, 86, 88. The
seals 108 keep the space between the optically-
coupled light pipes 76, 78, 80 free of dust, insects

10 and other contaminants that would otherwise inhibit
light transmission.

Second, third, fourth, and fifth embodiments
of the lighting system are generally indicated at
15 20a, 20b, 20c, and 20f in Figs. 5, 6, 7 and 16
respectively. Reference numerals with the suffix
*a" in Fig. 5, "b" in Fig. 6, "c" in Fig. 7 and "f"
in FPig. 16 designate alternative configurations of
each element common to the first embodiment
20 described above. Unless otherwise indicated, we
intend the description of elements in the first
embodiment to apply equally to elements in the
second, third, fourth and fifth embodiments that
carry the same reference numerals, but with suffixes
25 naw, nbn" Nt Ay NN

The second embodiment of the invention
includes a plurality of elongated air duct extension
panels, generally indicated at 114 in Fig; 5. The

30 extension panels 114 space the face panels 44a, 46a,
' 48a, S0a, 50a! farther from the passenger
compartment side walls 26a to increase the cross-
sectional area of the air duct 68a they enclose. As

with the face panels, each extension panel 114 is

@
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face pénel 114f may be nodified at its | ower edge as shown at 132g,
132h, .and 132i in Figs. 17, 18 and WD 96/ 39313 -

PCT/ US96/ 07731 - 323Jp]£_,s e ég/ 07731
respectively. The upper edge 130 nay al so be E;dﬁfh

Fig. 18. Figs. 17, 18 and 19 show di fferent upper n'1$21997
edge configurations suited to particular vehicle

applications. O her conbinations of the upper 130 and | ower 132

edges shown in Figs. 16, 17, 18, 19 may be used to adapt a face

panel 42 to fit various

made as a pultrusion from opagque resin and glass
fibers so as to have an elongated shape of a uniform
cross-section along its length.

5 : Each extension panel 114 has an elongated
groove 118 extending along its outer edge. Where,
as in Fig. 5, a vehicle duct panel 70 is installed
in the cornice area of the vehicle 22, the elongated
‘groove 118 of each extension panel 114 engages an

10 elongated duct receptacle 116 formed along the lower
edge of the vehicle duct panel 70. In applications
where no vehicle duct panel 70 is installed, the
outer edge fastens or hooks into a side wall
receptacle located just above the side windows 34.

15 -

An elongated, upwardly-curved roll-in hook
120 is formed along the inner edge of each extension
panel 114. An elongated vertical fin 122 extends
upward from along the inner edge of each extension

20 panel 114 adjacent the hook 120. A support strap
124 connects to each vertical fin 122 and extends
upward to connect to the vehicle duct panel 70 or
vehicle ceiling 40.

25 An elongated angled fin 126 extends upwardly
' and outwardly from along the inner edge of each
extension panel 114 adjacent the hook 120. Each
angled fin 126 runs parallel to each corresponding
vertical fin 122 defining a wiring harness raceway

30 128.

The face panels 44a, 46a, 48a, 50a, 50'a in
the second embodiment are identical to those in the
first embodiment, but are installed differently. To
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vehicl & interior configurations. For exanple, the upper edge 130h -
shown in Fig. 18 may be included on 10 the face par\%‘WﬂSof F q2731
Ref erence nuneral s with the suffix "g" in Fig. 17 3,

and “"i" in Fig. 19 designate alternative configurat m§0 ofcn 4997
each el enent comon to the fifth enbodi nent describ §

ot herw se indicated, we 15 intend the description of elenents in the

fifth enbodi ment to apply equally to el enents shown in Fi gs.

17, 18 and 19 that carry the sane reference nuneral s, but with

suffixes "g", "h" or "i". 20 This is an illustrative

description of the I nvention using-wpids of description rather than

of - lI'imtation.- Cbviously, many nodifications and

variations of this invention are possible in |ight of the above

teachings. Wthin instatbpeeatht EaQE panel ai4rk, oS nmaytgw acifce 0k
invention other thaf@Sding to 4ARE' kREEnd embodiment, an installer

first installs the air duct extension panels 114.
The installer then hooks the downwardly-curved roll-
5 in hook 73 of each face panel 44, 46, 48, 50, 50!
over the upwardly-curved roll-in hook 120 of each
duct extension panel 114. In this way, each face
panel pivotally engages the inner edge of a duct
extension panel 114. The installer then pivots each
10 face panel 44, 46, 48, 50, 50' upward until its top
edge contacts the upper edge of the vehicle duct
panel 70. As shown in Figs. 5 and 13, cylindrical
sockets 112 are attached along the upper edge of the
vehicle duct panel 70. As is also shown in Figs. 5
15 and 13, at least one latch in the form of a mounting
pin 110 is attached to ﬁhe upper edge of each panel
44, 46, 48, 50, 50' so as to align axially with the
cylindrical sockets 112 when each panel 44, 46, 48,
50, 50' is pivoted upward into contact with the
20 vehicle duct panel 70. After pivoting each
individual panel upwards, the installer slides each
panel 44, 46, 48, 50, 50' laterally so that each of
the mounting pins 110 slide into one of the
cylindrical sockets 112. The latch need not be in
25 the form of a mounting pin 110, but may be of any
configuration that allows an installer to laterally
slide each panel 44, 46, 48, 50, 50' into engagement

with the vehicle duct panel 70.

30 The third embodiment of the lighting system
' 20 shown at 20b in Fig. 6 includes a segmented lamp
housing S52b disposed along the top edge of each
display panel 54b. The fourth embodiment of the
lighting system 20 shown at 20c in Fig. 7 includes

RBAICRIOPron MY (e
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-33- : What is clained is: . .
-~ mass-transit vehicle having a passenger corrpartw?seTIUShaaiﬂe( 07731
w ndows, an aisle 5 extending al ong the | ongitudinal af
vehicl e and a passenger seating area on one side of msqf? FEB 1997

aisle, a lighting system for preferentially i1 lumnating the
seating area and mnim zing the illumnation of the aisle and side
w ndows, said 10 | i ghting system conpri sing: a

|l ight fixture including an el ongated
- 22 -

lamp housing segments 52Ac, 52Bc, 52Cc, 52Dc, 52Dc’
disposed along both the top and bottom edges of each
display panel 54c.

5 The fourth embodiment shown in Fig. 7 uses
four light sources 74c instead of two. In this
embodiment, two of the four light sources 74c are
mounted adjacent the forward bulkhead 28 and the
other two light sources 74c are mounted adjacent the

- 10 aft bulkhead 30.

Figs. 11 and 12 depict an alternative

embodiment of the face panels 44, 46, 48, 50, 50!

and the segmented lamp housing 52 representatively

15 shown at 44e, respectively. Reference numerals with

the suffix "e" in Figs. 11 and 12 designate the

alternative configuration of each element common to-

the first embodiment. Unless indicated otherwise,

where reference numerals appear in the description

20 of the first embodiment without a suffix, we intend

the description to apply equally to elements in

Figs. 11 and 12 indicated by the same reference
numeral, but with the suffix “e".

25 Figs. 11 and 12 depict an alternative
segmented lamp housing 52e with three lamp housing
segments representatively indicated at 52Ae. The
lamp housing segments 52Ae that are formed
separately and attached to corresponding face panels

30 44, 46, 48. Figs. 11 and 12 show one end of a
single exemplary lamp housing segment 52Ae. Each
segment of the lamp housing 52e is supported in one
of the face pénels 44e to pivot about a longitudinal
axis. An indexing means 57 is operatively connected



| i ght ‘director panel |ongitudinally disposed in the passenger .
conpartment above the seating area for 15 preferenti I rectin

light into the seating ar ea; ' ht‘.?sodrglg?}f
mounted in the vehicle adj acent sai d passenger co S070FEB 1997
an elongated |ight pipe having an input end optically coupled to

said |light source to receive light therefrom said |ight pipe

ext endi ng fromsaid |ight source into the passenger 25

conpartment and | ongitudi nally extendi ng above the
adj acent said |ight director panel,

bei ng adapted to conduct | i ght al orgaits |en
enitting 30 light-fromalong its length into th

seating area
said |light pipe
gth while laterally
e passenger

conpart ment .
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between each lamp housing segment 52Ae and the face
panel 44e it is mounted on. The indexing means 57
allows an installer to incrementally adjust the
direction that each segment of the lamp housing 52e
will reflect light into the passenger compartment
24. :

The indexing means 57 includes an indexing
plate 58 that is fixed to one or both ends of each
lamp housing segment 52Ae and pivots with each lamp
housing segment 522Ae on a pivot pin 60. The pivot
pin 60 extends inward from the face panel 44e. The
indexing plate 58 includes a plurality of plate
holes 62 and the face panel 44e includes a single
indexing hole 64 radially aligned with the plate
holes 62 about the pivot pin 60. An indexing pin 66
or bolt is insertable through the indexing hole 64
and any one of the plate holes 62. To change the
pivotal position of a lamp housing segment 523e an
installer need only remove the indexing pin 66,
rotate the lamp housing segment 52Ae and indexing
plate 58 until a different plate hole 62 aligns with
the indexing hole 64, then insert the indexing pin
66 to lock the indexing plate 58 and lamp housing
segment 52Ae against pivoting relative to its
associated face panel 44e.

Also shown in Fig. 11 is an alternative
structure for supporting the light pipes 76e in the
segmented lamp housing 52e. Instead of using the
split-ring clips for support, the light pipes 76e in
this embodiment may each include an elongated
mounting fin 94 with a T-shaped cross-section that
integrally extends from along their lengths. The T-

AR PIA I e, Ay com o
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-34- . 2. Alighting systemas defined

wherein said elongated |ight pipe conprises a SO|Id- ﬂ&?{d§/ U77
- AT

- sem -rigid side-light fiber optic. 5 @ ;HT:
~as defined in claim?2 wherein said |ight flxture has a | ower edge”
- and where said light director panel is disposed adjacent
sai d | ower edge. 10 4. A lighting systemas defined in claim
3
- 24 -

shaped mounting fins 94 are adapted to slide into a
T-shaped channel 96 formed into the concave inner
surface of each lamp housing segment 52Ae.

5 An alternative coupler means is shown at 1004
in Fig. 8. Reference numerals with the suffix "gv
in Fig. 8 designate the alternative configuration of
each element common to the first embodiment. Unless
indicated otherwise, where the description of the

I 10 first embodiment refers to an element with a
reference numeral having no suffix, we intend the
description to apply equally to elements in Fig. 8
indicated by the same reference numeral, but with
the suffix "qa©. '

15
In the alternative embodiment depicted in
Fig. 8, the céupling means 100d includes a
cylindrical clamp memhér 106. The clamp member 106
surrounds the tubular receptacles 104d of adjacent
20 end fittings 102d and binds them end-to—-end. In
this alternative embodiment the end fittings 1024
are identical to one another and the tubular
receptacles 104d are 1longer than in the first
~embodiment.
25
The fifth embodiment of the invention
includes a plurality of light fixtures of 1like
construction which are representatively illustrated
by the single light fixture generally indicated at
30 20f in Fig. 16. The lighting fixture 20f of the
| fifth embodiment is similar in most respects to that
of the second embodiment described above with
several exceptions, e.g., the fifth embodiment is

R .



wherein saisd |ight fixture has an upper edge and ere said |
fixture includes a second |ight di rector panel 9 ]' 4;E?¢é
sai d upper edge. 15 5. A lighting system as ned

wherein said |ight fixture has an upper edge and}

077

n clam
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said light director panel is disposed adjacent sai d upper edge.

20 6. A lighting systemas defined in claim1 wher ei n
said fixture includes a plurality of nmounting clips extending from
said light director panel to support said |ight pipe at spaced

| ocati ons along its length. 25 7. A lighting system

as defined in claim?2

wherei n sai d < igght= pi pe i ncl udes angl ed cuts

di sposed along its |l ength and where said cuts have dept hs, angles &

spacing optimzed for even light 30

8. A lighting sysadapiedidid razcommedaten either fluprescentalampsglor
fixture includes apige@N@Rt8d 1ight pipes.
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The representative lighting fixture 20f is
mounted in the cornice area of the vehicle above the
seating area 38 and includes a face panel, generally
indicated at 44f in Fig. 16. The face panel 44f
includes an upper edge 130 adapted to connect to the
vehicle ceiling 40. As with the second embodiment,
the light fixture 20f encloses and defines a portion
of an elongated air duct 68f and includes an air
duct extension panel, generally indicated at 114f in
Fig. 16. The air duct extension panel 114f is
adapted to mount between the wvehicle side wall 26f
and the face panel 44f to space the face panel 44f
from the side wall 26f. The air duct extension
panel 114f has an inner edge 132 adapted to connect
to a lower edge 136 of the face panel 44f, and an
outer edge 134 adapted to connect to the vehicle
side wall 26f.

The face panel 44f and duct extension panel
114f are each pultruded as unitary members from
resin and glass fibers so as to have elongated
shapes with uniform cross sections along their
respective lengths. A lamp housing, generally
indicated at 52f in Fig. 16, is integrally formed as
a unitary piece with the face panel 44f and is
disposed adjacent and generally parallel to the face
panel lower edge 136.

The lamp housing 52f includes an elongated

concave portion 138 that opens in the direction that
the fixture will provide light to the seating area

ARSI A At s

distribution fromalong its |ength.

31
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-.,35 - - | ens supported between said |ight pipe -
seating area. 9. A lighting system as Sﬁé
5 wherein said |ight fixture encloses and defines an dt

air duct.

38. The lamp housing 52f is disposed adjacent and
generally parallel to the face panel lower edge 136
and the duct extension panel inner edge 132. This
allows the lamp housing 52f to project light from a
5 position spaced laterally from the side windows 34f
and vertically from the ceiling 40. Because the.
lamp housing 52f is spaced from the windows 34f, its
position minimizes side window illumination and
reflective glare. Because the lamp housing 52f is
10 spaced from the ceiling 40, its position is closer
to the seating area 38 thus maximizing seating area
illumination and reducing the amount of 1light
dispersed into the aisle 36 and other portions of
the passenger compartment 24.
15
A male pivotal connector member  73f is
disposed along the face panel lower edge 136. The
male pivotal connector member 73f pivotally'connects
the face panel 44f to the air duct extension panel
20 114f. A female pivotal connector member 120f is
disposed along the duct extension panel inner edge
132. The female pivotal connector member 120f
receives the male pivotal connector member 73f in a
"roll-in*-type engagement.

25
A suspension member 124f provides support for
the duct extension panel 114f from the vehicle
ceiling 40 or other overhead structures. The
suspension member 124f has a lower end that connects
30 to the duct extension panel 114f adjacent the inner

edge 132, and an upper end that connects to the
vehicle ceiling 40 or structures attached to the
ceiling 40.



10. Al ght?i ng systemas defined in claim9 wher e} MI |
source is-disposed wthin said 10 air duct and WnerePB r@@/a&@t]} ]

" is connected to said light fixture and supports s
~inside said duct. 11. A lighting system amﬁmﬁﬁa 11997

1 15 wherein said [|ight source conprises a hal ogen

i llum nator. ~ 12. In a nmass-transit vehicle having a

" passenger conpartnent with walls and side w ndows, 20 an aisle
extendi ng al ong the | ongitudi nal axis of t he vehicle and a passenger
seating area on one side of the aisle, a lighting systemfor
preferentially illumnating the seatia®y-area and mnim zing the
iltum nation of the aisle and side wi ndows, said 25 |l ighting system
conpri si ng: a light fixture including an el ongated
i ght director panel |ongi®uglRBaEREedi 48BSeddeReraLlY 1ndl°aEﬁé gﬁ%

. conpartnent above tie siapl i g, ai8asu@Pported between the lamp housing
' 52f and the seating area 38. The lens 98f is formed
as a U-shaped channel- - with first and second
5 laterally opposite lens edges. The first lens edge
includes a "roll-in"-type male lens connector member
140. The male lens connector member 140 pivotally
mounts the lens 98f to the face panel 44f adjacent
the first of two laterally opposite lamp housing
o 10 edges that border the elongated concave portion 138
of the lamp housing 52f. A female lens connector
member, shown at 142 in FIGS. 16-20, is integrally -
formed in the face panel 44f adjacent the first lamp
housing edge. The female pivotal lens-connector
15 member 142 includes a receptacle 144 that receives
the male lens connectof member 140 in a "roll-in"-
type engagenment.

A catch 146 is disposed along the second lens

.20 edge and has the shape of a laterally-elongated

prong. A corresponding detent 148 is integrally

formed in the face panel 44f adjacent the second

housing edge and receives the catch 146 in a "snap-

fit*-type engagement. This allows the lens 98f to

25 be snapped into a closed position over the lamp
housing concave portion 138.

The "roll-in" lens connector members 140, 142

.and “snap-~fit" catch 146 and detent 148 arrangement

30 help prevent dust from entering the lamp housing
' 52f. The male lens connector member 140 has the
shape of a laterally-elongated hook. Moreover, the

snap connection between the catch 146 and the detent

148 is dust-resistant. The "roll-in" lens connector



30 i preferentially directing light to the seating area;

a light source nmounted in the vehicle adj acent 3@'””835?”89/ 07 7 3 j_

conpart ment ; WO 96/ 39313

- PCT/ US96/ 07731 -36- i BIQ A -0 1QQ
a plurality of elongated |ight pipes each having l(PV\gAéyﬁ‘bEi't e ‘er?d§9,97
said |ight pipes coupl ed end-to-end and extending fromsaid |ight

source into the passenger conpartnment and

members 140, 142 and "snap-fit" catch 146 and detent

148 arrangement help prevent dust from entering the

lamp housing 52f along either of the laterally

opposite lens edges. A line-contact may be formed

5 between the 1lens connector members 140,_ 142 to

further reduce dust intrusion. The line contact may

be provided along a line where the lip of the female

pivotal lens-connector member 142 contacts the male

connector member 140.  Alternatively, the 1line

- 10 contact may be provided along a line where the 1lip

of the male connector member 140 contacts_fhe female
connector member 142.

An upper grooved border 152 extends

15 integrally outward from the face panel 44f. The

upper grooved border 152 lies adjacent and parallel

to the face panel upper edge 130. A lower grooved

border 154 similarly lies adjacent and parallel to

the face panel lower edge 136 and in opposition to

20 the upper grooved border 152. The upper and lower

grooved borders are positioned to hold an
advertising card »etween them.

An upper mounting flange 156 is formed

25 adjacent the face panel upper edge 130. The
mounting flange 156 includes fastener openings that
receive fasteners to connect the face panel 44f to

the ceiling 40. The fastener openings are located
between the upper 152 and lower 154 grooved borders

30 so that a card installed between the grooved borders
' will cover the fastener openings 158 and provide a
more aesthetically-pleasing appearance. As shown in

Fig. 16, the mounting flange 156 is formed into a

channel shape with a triangular cross-section. The

“MA BeQimAsE AL e
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5 1onghtudinally ext endi ng above the seating area adj acent said

| i,ght director panel, each said |ight pi pe bei ng to recey

| i ght "at one of said ends and to transmt it alopn er@@/;ﬁiye?} 1
. longitudinally emt it fromthe other said end while 10 141 N
~emtting it fromalong its length into the passeng n@ﬂﬁehtﬁs 1997
i one of said ends of at |east one of said |l i ght pipes optically
. coupl ed to one of said ends of 15 another of said Ilight pipes to

receive |ight t herefrom coupl er neans

supported at spaced | ocations along said |light director panel for

20 slidably supporting said optically«@gpled ends to facititate

optical light transm ssion between |ight pi pes while allow ng said

i ght pipes to expand and contract longitudinally. 25

13. Alighting syspuntisgddiliange 15€) abm m@unting “Whargiel'Saikiasi ature
includes a pluralithafhel 1ower®h2092166 {ic€ PRE!A WS R9tadtARIrhBeENd

and
panel 44f and a channel upper wall 162 designed to

contact the vehicle ceiling 40. The mounting
5 channel 156 includes two types of fastener openings:
a series of spaced interior fastener holes 164 and
an exterior fastener access slot 166. The fastener
access slot 166 extends through the mounting channel
lower wall 160 and provides tool and fastener access
- 10 to the mounting channel interior. The interior
fastener holes 164 extend through the mounting
channel upper wall 162 and receive and engage the
fasteners as they are installed through the mounting
channel 156 and into the vehicle ceiling 40.
15
For vehicle applications that do not use
advertising cards, a plug strip may be provided to
£ill the fastener slot 166. The plug strip 168 may
be snap-fit, glued in place or fastened by any other
20 suitable method.

The face panel 44f has a panel back surface

and the lamp housing 52f has a housing back surface

that each face upward toward the vehicle ceiling 40

25 following installation. A first elongated retainer
tab 170 integrally extends longitudinally along the

entire length of the lamp housing 52f and laterally

from the housing back surface toward the panel back
surface. A second elongated retainer tab 172

30 integrally extends longitudinally along the entire
' length of the face panel 44f and laterally from the
panel back surface toward the first retainer tab

170. The first 170 and second 172 retainer tabs
cooperate with the lamp housing 52f and face panel

N L T L L P



| ongi t udi nal | y extending into the passenger conpar t ment above

the seating area. 30 14. A lighting syste | ned |? 7
claim13 wherein said fixture includes a top edggb@%ﬂjé t 73 1
bott om edge and where said fixture incl udes a AT 7
PCT/ US96/ 07731 -37- ibﬁiﬁsu, -5 199

plurality of spacers disposed at spaced | ocations adj acent said top
and bott om edges.

44f back surfaces to partially enclose and define a
wiring harness raceway 174. The retainer tabs 170,
172 laterally extend toward one another leaving a
longitudinal slot that runs between them along their

5 entire lengths. The slot provides an elongated
access opening for an installer to push wires or
wire bundles through and into the raceway as shown
at 180 in Fig. 16.

- 10 The fixture includes at least one end cap,
generally indicated at 176 in Fig. 16, mounted
within the lamp housing concave portion 138. The
end cap 176 has periphéral edges that engage the

. lamp housing concave portion 138 and the 1light
15 cover. The end cap 176 also includes a through-hole
178 shaped to receive a fluorescent bulb socket.

Possible variations on the fifth embodiment

of the present invention include the lamp housing

20 52f being integrally formed as a unitary piece with
the duct extension panel -114f instead of the face

panel 44f. In addition, a female lens roll-in
connector member 142 may be integrally formed in a
portion of the lamp housing 52f rather than the face

25 panel 44f so that the male lens connector member 140
may mount to a portion of the lamp housing 52f
adjacent and parallel to the first lamp housing edge

instead of to the face panel 44f. Also, the "snap-

in" lens attachment detent 148 may be integrally

30 formed in or attached to the lamp housing 52f rather

. than the face panel 44f.

In another possible variation on the fifth
embodiment, the end cap 176 may include a through-

"ARREAINIER At r—



15. ATIighting system as defined in claim1l3 5 wherein each said face
panel includes a bottom edge and where each qgrﬁgJ nej .
i ncl udes pivotal connecti ng nmeans di sposed al on ' gbg Q)A] Q(]g@? 3 1

. for pivotally nmounting each said panel to the passga@qr -
. conpart nent wal | . 10 16. A lighting system :MU&MWEB 1997

claim 15 wher ei n said pivotal connecting nmeans includes an

el ongated air duct extension panel disposed between each said face
panel and the vehicle side wall. 15 17. Alighting system as
defined in claim15 wherein each said face panel includes a top edge
and wher e each sald panel i ncl udes<asghatch di sposed adj acent
said top edge. 20 ' 18. Alighting systemas defined in claim
13 wherein each said face panel is nmade as a pul trusion from

resin and gl ass fibole shaged ddaveceive a ligbtopjmeccatlepe tihian aniform
cross-section al On@lth:e%éefg bl B99EBcket . Where li&l’?t %'lﬂe@“ ap8

systemas defined in ¢
optically-coupled to one ancther and are supported

end-to-end through a series of adjacent lighting
5 fixtures, the end cap 176 may also comprise a
portion of a coupler adapted to slidably support the
optically-coupled ends of two adjacent light pipes.
Examples of couplers of this type are shown at 1004
and 100 in Fig.s 8 and 9, respectively. To support
o~ 10 the light pipe at spaced locations along its length,
. a plurality of mounting clips or holes for receiving
mounting clips may be included in the lamp housihg
52f. An example of such a mounting clip is shown at
92 in Fig. 14.
15 .

The face panel 44f of the fifth embodiment
may be modified for use without the duct extension
panel 114f. For attachment directly to a vehicle
side wall 26f or other associated structures, the

20 face panel 44f may be modified at its lower edge as
shown at 136g, 136h, and 136i in PFigs. 17, 18 and
19, respectively. The upper edge 130 may also be
modified as shown in Fig. 18. Figs. 17, 18 and 19
show different upper 130 and lower 136 edge
25 configurations suited +to particular vehicle
applications. Other combinations of the upper 130
and lower 136 edges shown in Figs. 16, 17, 18, 19
may be used to adapt a face panel 42 to fit various
vehicle interior configurations. For example, the
30 upper edge 130h shown in Fig. 18 may be included on
the face panel 44f of Fig. 16. Reference numerals
with the suffix "g" in Fig. 17, "h" in Fig. 18 and
"i" in Fig. 19 designate alternative configurations
of each element common to the fifth embodiment

AR Ay e wnon, M1 gem unem,



wherein said | i ght director panel includes a plurality of el ongated
1eg]

| i-ght director panel sections 30 al i gned end-to-end Me 2 .
| i ght director panel section is integrally pultrud 0§Z07‘73"
said face panels to forma unitary piece. WO 96/ ~rn

PCT/ US96/ 07731 O 2e PEAUSOT FEB 1997
20. Alighting systemas defined in claim19 wherei n each said

| ight director panel section is

- 32 =

described above. Unless otherwise indicated, we

intend the description of elements in the <fifth

embodiment to apply equally to elements shown in

Figs. 17, 18 and 19 that carry the same reference
5 numerals, but with suffixes "g", "h" or “iw.

This is an illustrative description of the
invention using words of description rather than of
limitation. Obviously, many modifications and

10 variations of this invention are possible in light
of the above teachings. Within the scope of the
claims one may practice the invention other than as
described.



supported

e panels to pivot about a Iongltudlna

7731

axi s and vrmmHml e includes 5 i ndexi ng er@tiv,éls
connect ed | i ght director panel sectl ,Lage
panel for m Ehm aI |y changing the direction t Ssﬁlght‘.\ 1597
di rector panel sectlon reflects light fromsaid Ilght pi pe into the
passenger conpartnment. 10 21. Alighting system as defined

in claim13 _ wherein each said face panel includes two face panel

ends and where said coupl er neans |nclude face panel end fittings

fixed to said face panel ends. 15
defined in claim 21

fitting.

and sealingly encircles 25

ends.

20

10

15

20

25

30

24. In a mass-transit vehicle having a
a lighting fixture mounted in the

cornice area above the seating area, said fixture
comprising an elongated lamp housing with an
elongated concave  portion that opens in the
direction that said fixture will provide light;

said fixture additionally comprising an
air duct extension panel having an outer edge
adapted to connect to the vehicle side wall, said
lamp housing supported adjacent and generally
parallel to an inner edge of said duct extension
panel opposite said duct extension panel outer edge
to space said lamp housing laterally inward from the
side wall and windows to minimize side window

‘illumination;

said fixture additionally comprisihg a
face panel having an upper edge adapted to connect
to the vehicle ceiling and a lower edge adapted to
connect to said inner edge of said duct extension
panel adjacent said lamp housing to space said lamp
housing downward from the ceiling and closer to the
seating area to maximize seating area illumination;

said elongated lamp housing integrally
formed as a unitary piece with one of said face
panel and said duct extension panel to strengthen
said 1light fixture while reducing attachment
hardware requirements and simplfying assembly and
installation. |

7| o o @ran B4 amremenn

22. A lighting system as
wherein said eospl er neans include a tubul ar
receptacl e 'extendi ng |l ongitudinally through each face panel end

' 23. A lighting assenbly as defined in claim
22 wherein said coapsde neads sddeud@imdoys,i ngalh lightingf|segstemt hin
each tubul ar recepggmppiadigwhere each said o-ring seal slidably
one of said optically-coupled |ight pipe
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passenger conpartnment with a ceiling, side walls, cornice areas,

Venrcf e HANBANTINR) MMM croer "Seat' g area on e, LIS, A6 0F P31

lighting systehfdr Preferentially illumnating the REAI are _'é
mnimzing the illumnation of the WD 96/ 39313 * U&}b
PCT/ US96/ 07731 - 39 - aisle
and side wi ndows, said |lighting system _ conpri si ng: -

- 40 =

10

15

20

25

30

25. A lighting system as defined in claim 24
wherein said face panel and duct extension panel are
each pultruded as unitary members so as to have
elongated shapes with uniform cross sections along
their respective lengths.

26. A lighting system as defined in claim 25
wherein said lamp housing is integrally formed as a
unitary piece with said face panel and is disposed
adjacent and generally parallel to said face panel
lower edge.

27. A lighting system as defined in claim 25
wherein said face panel includes a male pivotal
connector flange disposed along said bottom edge,
said male pivotal connector flange adapted to
pivotally connect said face panel to said air duct
extension panel; and where said duct extension panel
includes a female pivotal connector flange disposed
along said inner edge, said female pivotal connector
flangé adapted to receive said male pivotal
connector flange in a "roll-in"-type engagement.

28. A lighting system as defined in claim 25
wherein said fixture includes a suspension member
having a lower end connected to said duct extension
panel adjacent said inner edge, said suspension
member having an upper end adapted to connect to the
vehicle ceiling.

29. A light_ing system as defined in claim 25
wherein said light fixture includes an elongated
lens supported between said lamp housing and the
seating area. |

'AMENDED SHEET

a7
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a lighting Tixture nounted in the 5 corni ce area above the seating -
area sald onprising a face panel having ep ed e
Hmmmnml“mmmpper edge adapted to be supp.omg) 9 g 1?;?1?3 1

-vehlc e roo said fixture addition rﬂgrﬂg—a
air duct extension panel adapted to nount between aH%EA€EH$ Yl s*dqugT

wal | and said face panel to space the face panel fromthe side wall,
said air duct ext ensi on panel having an inner edge adapted to 15
connect to said face panel |ower edge, and an outer edge adapted to
connect to the vehicle side wall; ~and an

el ongated | anp housing integrally 20 forgepd. as a unitary piece with one
of -said face panel and sai d duct extension panel, said |anp

housi ng i ncl udi ng an el ongated concave portion opening in the

direction that the fixturegoylla 1i htlmog?-deehi HY . aéfinked iR lkQWSn0
di sposed adjacent 23 = . ANk IS E ié’mﬁaﬁous%gt Rag"g125e52hd e RAne!

laterally opposite housing edges bordering said
elongated concave portion and said lens has first
S and second laterally opposite lens edges, and where
said lens includes a male pivotal connector flange
disposed along said first lens edge, said male
- pivotal connector flange adapted to pivotally mount
said lens to one of said face panel and said lamp
10 housing adjacent and parallel to said first lamp
housing edge; and where said fixture includes a
female pivotal connector f£lange integrally formed in
one of said face panel and said lamp housing
adjacent said first lamp'housing'edge, said female
15 pivotal connector flange adapted to receive said
male pivotal connectorfflange in a "“roll-in"~type
engagement; and where said lens includes a catch
disposed along said second lens edge, said catch
adapted to snap said lens into a closed position
20 over said lamp housing concave portion; and where
said fixture includes a detent integrally formed in
one of said face panel and said lamp housing
adjacent said second housing edge, said detent
adapted to receive said catch in a "snap-fit"-type

25 engagement.

31. A lighting system as defined in claim 25

wherein said male pivotal connector flange comprises

a hook flange having a front side and a back side

30 and where said hook flange front and back sides each
includes a line contact.

32. A lighting system as defined in claim 25
wherein said face panel includes an upper grooved

O m en s om, 5 as



| ower edge—&nd—s—ard—dm‘é’Tenm on panel inner edge ~ to project

froma positi

fromthe ¢
30 sea sum=nat i on 25. Ali ' t gm.as,
defined in cI aim 24 wherein said face panel and duMﬁ nt‘pa’.heﬂ997

each pultruded as unitary nenbers so as to have

are
96/ 39313

10

15

20

25

30

PCT/ US96/ 07731
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border adjacent and parallel to said upper edge and
a lower grooved border adjacent and parallel to said
lower edge, said upper and lower grobved borders
adapted to hold an advertising card between them.

33. A lighting system as defined in claim 32
wherein said face panel includes a top mounting
flange formed adjacent said top edge, said mounting
flange including fastener openings adapted to
receive fasteners to connect said face panel to the
roof, said fastener openings disposed between said
upper and lower grooved borders.

34. A lighting system as defined in claim 25
wherein said face panel has a panel back surface and
where said lamp housing has a housing back surface,
and where said fixture includes first and second
elongated retainer tabs, said first retainer tab
integrally extending from said housing back surface
toward said panel back surface and said second
retainer tab integrally extending from said panel
back surface toward said first retainer tab, said
first and second retainer tabs partially enclosing
and defining a wiring harness raceway with said
housing and panel back surfaces.

35. A lighting system as defined in claim 25
wherein said fixture includes at least one end cap
mounted within the lamp housing concave portion,
said end cap having peripheral edges that engage the
housing and the light cover.

i ght.

MM - o 2 PSR 207,23 1



-40- L el ongat ed shapes with uniform cross sectd al ong

their respective Iengths, | 26.Al'htw g 7

i“n(alclrair espﬁimlﬂve R Si n said lanp housing is i n!t ggral ?y. (rare@dﬁg Q(}”?(B 1

uni tar y”m “"’“’mmﬂf ace panel and is disposed %739"{5 7997
10

generally pardi| &l $o said face panel . | ower edge.

27. A lighting systemas defined in claim?25 wherein said face
panel includes a male pivotal connector flange disposed al ong said
bott om edge, said nmal e pivotal connector flange adapted to
pivotally connect said face panel to said air duct 15 ext ensi on panel ;
and where said duct extension panel ~ 4Nct udes a fenmal e pivotal
connector f1ange di sposed al ong said i nner edge, said fenmale

pi votal connector flan%e adapt.ed to receive_ sajd el e pivotal
connector flange in a "rol3&4 n& MGRtdNG. F¥FERP asdefined in claim 3§ A

l'i ghting system as wiRiddiafl saidckadncdp includes a through~hole adapted
to receive a fluorescent bulb socket.

5 37. A lighting system as defined in claim 35
wherein said end cap includes a through-hole adapted
to receive a light pipe.

38. A lighting system as defined in claim 37
10 wherein said fixture includes a plurality of
mounting clips extending from said lamp housing,
said plurality of mounting clips adapted to support
a light pipe at spaced locations along its length.

15 39. A lighting system as defined in claim 37
wherein said end cap comprises a coupler adapted to
slidably support one end of a light pipe.

40. A lighting system as defined in claim 25

20 wherein said light fixture encloses and defines an
elongated air duct.

ARATMIMEA fy srpean’



wherein''sdid fixture includes a suspensi on nenber havi ng a | ower

end connected to said duct extension panel adja aigd -i nn@r/7 7
edge, sai d suspension 25 - menber having an upper tngrma%t ed to cfo'nneé I
to the vehi cl e ceiling. 29. A lg'%gg@ i)’/’v‘st.‘etmra-BST
defined in claim25 mherein.sai% ggght fixture incTudés an ' =~
el ongated 30 | ens supported betwee / id | anp housing and the
seating area. 30. Alighting.systemas defined in claim
28, wherein said | anp housi ng Q@s first and second WO 96/
PCT/ US96/ 07731 N
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=41 2 v | ateral |y opposite housi ng edges bordering said
el ongat ed, concave portion and said |l ens has first g "C% $eé})r,igf P7 73 1
laterally opposite | ens edges, and where said | ens UES“Fa,nabp
pi votal connector flange 5 di sposed al ong said fi rstl- EH ée’, ;s“é1.:d1997
mal e pi votal connector flange adapted to pivotally nount sai d
l ens to one of said-face panel and sai d4/Bhp housi ng adj acent and
parallel to said first |anp housi ng edge; and where said fixture
i ncludes a 10 femal e ghvotal connector flange integrally fornmed in
one of said face panel a ¥ anp housi ng adj acent said first
| anp housi ng edge, said fenal e i votal connector flange adapted to
recei ve said mal e pi vot al cofnewNor E%nge ina"roll-in"-type 15
engagenent; and where safjd lens in d a caych di sposed al ong said
second | ens edge, said cgtch dapted to snap said lens into a cl osed
position over saifgd lanp h g ncave portion; and where
said fixture includes a fletent iogtegyall R forned in
\ <
\ N
\ o
\ < Q
=] ! v
(b N
© X % f
5 S
! ¥
\ ©
S \ S
N 0
EE \ ) )
s S [v4)
\ Lo o
\ © S
\ . S &
{F N
\ - o
N * = (B 3 \l Qb‘
\ & ! o
= . :
= !
= 1
¥ T
= S 1 = Q
N S © =
A\
N
1
Ty
v.
I

116

18



"

20 * ‘one of said face panel and said | anp housing adj acent said

second housi ng edge, said detent adapted to rece j@ catchy im
"snap-fit" -type engagenent. 25 31. PQWﬂﬁt i‘ﬁgﬁg{yéfzw 3 1
as defined in claim25 ‘wherein said nale pivotal c 148 f Fangen
conpri ses a hook flange having a front side and a 35’%@‘3@* ot 1997
and where said hook flange front and babKlki des each includes a |line
contact. 30 {Q 32. Alighting systemas defined in claim25

wherein said face p%el i ncl udes an EQpper Qr oowed bor der adj acent

and parallel to saigyupper edge and % a | ower_grooved border adjacent

and parallel to sai Q
PCT/ US96/ 07731 -

96/ 89333
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- 42 - ¢ - | ower edge, said upper and | ower grooved borders

adapted t.o hold an advertising card between them _ 3F. 7
Tighfing systemas defined in claim32 5 wher ei n sg%%gqa&I’ W : 3 1
a

i ncludes a top nounting flange forned adjacent s dbé,?éﬁidSS?
nmount-i ng flange including faste Zr openi ngs adapted to
receive fasteners to connect said face g Yel to the roof, said
f ast ener openi ngs di sposed bet n said 10 upper and | ower grooved
bor ders. 5334. AWi ghting systemas defined in claim?25
wherein said face panel a paphel back surface and where said | anp
housi ng has a housi ng back = nd whege said fixture includes
fi.rst and secon e e )
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el ongat €d retainer tabs, said first retainer tab integrally

ext endi ng f rom sai d housi ng back surface toward'lslTMneg aa/:lo.?_?} 1
surface and said second retainer tab integrally eXt ng from said
panel 20 back surface toward said first retainer tab, s R
first and second retainer tabs partially _enclosing MQ$Q1J‘§;5 1997
W ring harness raceway with said -8 sing and panel back surfaces.

25 35. Alighting systemas defined in claim?25 wherein

said fixture includes at |east one end &&p mounted within the | anp

housi ng concave portion, sai d ENO |~§IZeraI edges that
engage the housi ng and t hg24+ 36. A

lighting system as defined in claim 3§ id end cap includes

a t hrough-hol e adapt ed ' to recefi@ ul b socket.
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- 43 - 37. Alighting systemas defin ai{p 3

Wherein said end cap includes a through-hol e adapt ed W ?(,Q/QZ?} 1
| i ght pipe. 5 38. A lighting system as defi |

wherein said fixture includes a plurality of nmountin BWFSEB 1997

extending fromsaid | anp housi ng, 107a1d plurality of nmounting clips
adapted to support a light pipe at spaced | ocations along its

| ength. 10 39. Allghtlng systen@s defined in claim37
wherein said end cap conprises a caypl er apt B slidably support

one end of a |ight pipe.
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15 0 s 40. A lighting systemas defined in claim25 wherein -
gaid light fixture encloses and defines an el onmlrms gjgt/ 0773 1
. : 4
PEAUS 07 FEB 199;
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(57) Abstract

A lighting system for
preferentially  illuminating  the

seating area (38) of a mass-transit

vehicle (22) includes a light

fixtwe (42) with an elongated 20
lamp housing (52) longitudinally

disposed above the seating area a2

(38). Electrically-energized

light sources (74) are mounted

at each end of the light fixture

(42). Three solid-core semi-rigid

light pipes (76, 78, 80) extend

end-to-end between the light

sources (74) and are optically 3¢
coupled to each other and to the

light sources (74). ‘The outer

two pipes (76, 80) receive light

from the light sources (74) and 26
transmit it along their lengths

and into the center pipe (78).

All three pipes (76, 78, 80) emit

light laterally into the passenger

compartment (24). The pipes (76,

78, 80)nmparallelmthelamg

housing (52) between the lamp

housing (52) and the seating area 24
(38) so the lamp housing (52)

can direct laterally emitted light

from the pipes (76, 78, 80) into.

the seating area (38). Couplings

22
o 7 .
= Y
76
28
56
“a2a
507 s80, %8
34
34
38
3% J,

(100) with rubber seals (108) allow the pipes to expand and contract longitudinally while preventing dust and insects from entering the

couplings and inhibiting light transmission.




