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PANEL MAINTENANCE SYSTEM

This International Patent Cooperation Treaty Patent Application is a continuation of

United States Non-Provisional Patent Application No. 14/846,906, filed September 7, 2015,

hereby incorporated by reference herein.

I. TECHNICAL FIELD

A panel maintenance system including a panel maintenance assembly configured to

move over a plurality of panel modules to remove foreign matter from the panel face.

II. BACKGROUND

With the increase in solar and thermal collector efficiency and energy prices, and the

corresponding growth in the collector industry, there is a demand for auxiliary products to

maintain or increase the efficiency of solar and thermal collectors. Several studies have shown

that maintaining light transmissivity of solar and thermal collector panels is necessary in most

parts of the world to maintain the maximum output efficiency of the collectors. The industry is

quickly embracing more rigorous cleaning of the light transmissive panels of solar and thermal

collectors.

The World Academy of Science conducted a research project on the effects of

particulate on the performance of photovoltaic panels concluding that "[accumulation of dust

from the outdoor environment on the panels of solar photovoltaic (PV) system is natural. There

were studies that showed that the accumulated dust can reduce the performance of solar panels,

but the results were not clearly quantified. The objective of this research was to study the

effects of dust accumulation on the performance of solar PV panels. Experiments were

conducted using dust particles on solar panels with a constant-power light source, to determine

the resulting electrical power generated and efficiency. It was found from the study that the

accumulated dust on the surface of photovoltaic solar panel can reduce the system's efficiency

by up to 50%.' "

An article from Scientific American regarding obstacles to utility-scale solar projects in

the dessert said the following: "For photovoltaics (PV), water is only needed to clean the

panels, which brings up the second large problem with desert solar: dust. Solar panels and

mirrors need to be cleaned almost daily if efficiencies are to stay where they need to be. Dust is

not transparent, so even just one gram of dust per square meter of solar panel area can reduce



efficiency by around 40 percent. At that rate, it doesn ' t take long in a dusty desert for the

problem to become intractable. In the desert near Abu Dhabi in the United Arab Emirates the

Middle East's first large CSP plant recently faced down the dust issue. In order to reach the

100-megawatt-capacity goal of the Shams 1 plant, developers had to add substantially more

miiTors to the plant than planned due to dust in the atmosphere. . . the plant probably ended up

costing three times the initial estimate, thanks in part to dealing with that dust. And now that it

is built. Shams 1 sends a series of trucks up and down the lines of 250,000 mirrors every day,

using robot arms to spray that precious water and clean away the dust."

There would be an advantage in a panel module configured to include or including a

panel maintenance assembly, that moved over the light transmissive panels to reduce the

amount of foreign matter on the panel surface and con-espondingly increase the efficiency of

the panel module.

III. DISCLOSURE OF THE INVENTION

A broad object of particular embodiments of the invention can be to provide a frame

having an frame inner side configured to capture a light transmissive panel of a collector and

having an outer side including a track adapted to engage a panel maintenance assembly that

moves over the light transmissive panel or array of panels to remove or reduce foreign matter

on the light transmissive panel surface.

Another broad object of particular embodiments of the invention can be to provide a

panel maintenance assembly which can be engaged to frame having frame outer side including

a track to move over the light transmissive panel or array of panels to remove or reduce foreign

matter on the light transmissive panel surface.

Another broad object of particular embodiments of the invention can be to provide a

frame having an frame inner side configured to capture a light transmissive panel of a collector

and having an outer side including a track engaging a panel maintenance assembly including at

least one blade or sweeper that contacts the light transmissive panel or array of panels to

remove or reduce foreign matter on the light transmissive panel surface as the a panel

maintenance assembly moves along the track.

Another broad object of particular embodiments of the invention can be to provide a

frame having an frame inner side configured to capture a light transmissive panel of a collector

and having an outer side including a track engaging a panel maintenance assembly including at



least one blade or sweeper that contacts the light transmissive panel or array of panels to

remove or reduce foreign matter on the light transmissive panel surface as the a panel

maintenance assembly moves along the track.

Another broad object of particular embodiments of the invention can be to provide a

frame having an frame inner side configured to capture a light transmissive panel of a collector

and having an outer side including a track engaging a panel maintenance assembly including at

least two blades or sweepers or combination thereof that contact the light transmissive panel or

array of panels to provide a blade bounded channel in which an amount of fluid can pass to

remove or reduce foreign matter on the light transmissive panel surface as the a panel

maintenance assembly moves along the track.

Another broad object of particular embodiments of the invention can be to provide a

frame having an frame inner side configured to capture a light transmissive panel of a collector

and having an outer side including a track engaging a panel maintenance assembly including a

fluid reservoir adapted to contain an amount of fluid and fluid pump operable to deliver an

amount of fluid to the light transmissive panel surface as the a panel maintenance assembly

moves along the track.

Another broad object of particular embodiments of the invention can be to provide a

frame having an frame inner side configured to capture a light transmissive panel of a collector

and having an outer side including a track engaging a panel maintenance assembly including a

processor in communication with a memory element containing a panel maintenance program

executable convert a sensed amount of light transmissivity or amount of light reflectivity of the

light transmissive panel to a light transmissivity value or a light reflectivity value which can be

compared to one or more pre-selected light transmissivity threshold values or light reflectivity

threshold values to determine the amount of fluid to deliver to the light transmissive panel and

extent of movement of the panel maintenance assembly over the light transmissive panel.

Another broad object of particular embodiments of the invention can be to provide a

panel maintenance assembly which moves over the light transmissive panel to dock with a

docking station to couple matable portions of a fluid supply connector or a power supply

connector to supply an amount of fluid to a fluid reservoir or recharge a rechargeable power

source bom by the a panel maintenance assembly.

Naturally, further objects of the invention are disclosed throughout other areas of the

specification, drawings, photographs, and claims.



IV. BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of an embodiment of a panel maintenance system.

Figure 2 is an enlarged perspective cutaway view of a corner of a panel module.

Figure 3 is an enlarged perspective cutaway view of a corner of a panel module.

Figure 4 is an enlarged perspective view of a comer of panel module.

Figure 5 is a cross sectional view 5-5 of Figure 1 showing a panel having a plurality of

layers.

Figure 6 is a perspective view of an embodiment of a panel maintenance system for a

solar photovoltaics panel including a cutaway showing the elements of an illustrative solar

photovoltaics panel.

Figure 7 is a perspective view of an embodiment of a panel maintenance system for a

solar thermal collector panel including a cutaway showing the elements of an illustrative solar

thermal collector panel.

Figure 8 is a perspective view of an embodiment of a frame outer side configured to

include a track which matably engages the drive elements of a panel maintenance assembly.

Figure 9 is a cross sectional view 9-9 of an embodiment of a frame outer side configured

to include a track which matably engages the drive elements of a panel maintenance assembly.

Figure 10 is a perspective view of an embodiment of a frame outer side configured to

include a track which matably engages the drive elements of a panel maintenance assembly.

Figure 1 is a perspective view of an embodiment of a frame outer side configured to

include a track which matably engages the drive elements of a panel maintenance assembly.

Figure 12 is a cross sectional view 12-12 of an embodiment of the outer frame side

configured to include a track which matably engages the drive elements of a panel maintenance

assembly.

Figure 13 is a perspective view of an embodiment of a frame outer side configured to

include a track which matably engages the drive elements of a panel maintenance assembly.



Figure 14 is a perspective view of an embodiment of a frame outer side configured to

include a track which matably engages the drive elements of a panel maintenance assembly

further including an embodiment of a flexible track cover.

Figure 15 is a perspective view of an embodiment of a frame outer side configured to

include a track which matably engages the drive elements of a panel maintenance assembly

further including an embodiment of a flexible track cover.

Figure 16 is a perspective view of an embodiment of a frame outer side configured to

include a track which matably engages the drive elements of a panel maintenance assembly

including a sweeper.

Figure 17 is a top plan view of an embodiment of a panel maintenance assembly.

Figure 18 is an enlarged portion of the top plan view shown in Figure 17.

Figure 1 is a bottom plan view of an embodiment of a panel maintenance assembly.

Figure 20 is a first side elevation view of an embodiment of a panel maintenance

assembly matably coupled to a panel module.

Figure 2 1 is a second side elevation view of an embodiment of a panel maintenance

assembly matably coupled to a panel module.

Figure 22 is a first end elevation view of an embodiment of a panel maintenance

assembly.

Figure 23 is a second end elevation view of an embodiment of a panel maintenance

assembly.

Figure 24 is cross sectional view 24-24 of a first side elevation view of an embodiment

of a panel maintenance assembly matably coupled to a panel module as shown in Figure 7.

Figure 25 is cross sectional view 25-25 of a first side elevation view of an embodiment

of a panel maintenance assembly matably coupled to a panel module as shown in Figure 19.

Figure 26 is a cross sectional view 26-26 of a fluid outlet as shown in Figure 20.

Figure 27 is a cross sectional view 27-27 of a fluid outlet as shown in Figure 21.



V. MODE(S) FOR CARRYING OUT THE INVENTION

Generally, a panel maintenance system including a panel maintenance (1) assembly

configured to move over a plurality of panel modules (2). Specifically, a panel module (2) can

but need not necessarily, include a first frame (6) including a first plurality of frame members

(7) joined to enclose a first panel (8). The first plurality of frame members (7) including a first

frame inner side (14) configured to capture the first panel (8) within the first frame (6) and a

first frame outer side (15) configured to provide a first track (39) axially extending between

frame member first and second ends (10)(1 ) of at least one of the first plurality of frame

members (7). The first track (39) configured to engage a drive element (75) of a carriage (52)

which operates to move the carnage (52) over the first panel (8). The carriage (52) can, but

need not necessarily, bear one or more components which function to maintain the first panel

(8) .

Now referring primarily to Figure 1 which provides a general overview of a panel

maintenance system (1) including one or more of: a panel module (2), a panel maintenance

assembly (3) configured to move over the panel module (2), and a docking station (4) which

interfaces with the panel maintenance assembly (3). A first panel module (5) can include a first

frame (6) including a first plurality of frame members (7) joined to capture a first panel (8). As

to particular embodiments, each of the first plurality of frame members (7) can have a frame

member length (9) disposed between frame member first and second ends (10)(1 1).

Now referring primarily to Figures 1 through 4, the frame member first and second ends

(10)(1 ) can be configured to be directly joined or indirectly joined by mechanical fasteners

(12) or made as one-piece, to provide a rectangular frame (13). However, the example of a first

plurality of frame members (7) joined to form a rectangular frame (13) is not intended to

preclude a first plurality of frame members (7) formed or fabricated as one-piece or joined to

form a first frame (6) having any one of a wide variety of configurations, including as

examples: square, rectangle, triangle, circle, oval, elliptical or otherwise configured for

capturing a first panel (8).

Again referring primarily to Figures 2 through 5, the first plurality of frame members

(7) can have a first frame inner side (14) opposite a first frame outer side (15). The first frame

inner side (14) can be configured to capture the first panel (8) within the first frame (6). As

shown in the examples of Figures 2 and 3, an embodiment of the first frame inner side (14) can



be configured to provide a panel channel (18) having a panel channel base (19) which disposes

in opposed relation a distance apart a pair of panel channel sides (20)(21) which fixedly or

releasably receive the panel margins (22) of a first panel (8). As shown in Figure 5, a second

illustrative example includes a first frame inner side (14) configured as a flange (23) to which

the first panel (8) directly or indirectly couples whether by mechanical fasteners, adhesive, or

the like. However, these illustrative examples are not intended to preclude the first frame inner

side (14) from being configured in any manner which allows the first panel (8) to be captured in

fixed relation to the first frame (6).

Again referring primarily to Figures 2 through 5, a first panel (8) can include a panel

first side (24) and a panel second side (25) joined in opposed relation a thickness apart by a

peripheral edge (26). Embodiments of the first panel (8) can, but need not necessarily, include

flat or substantially flat panel first and second sides (24)(25) joined in parallel opposed relation

a thickness apart by a peripheral edge (26)(as shown in the examples of Figures 2, 3 and 5).

The peripheral edge (26) can bound a first panel (8) configured to have the panel margins (22)

captured by a first frame (6). However, the example of a first panel (8) having flat panel first

and second sides (24)(25) does not preclude embodiments in which neither or only one of the

panel first or second sides (24)(25) is flat and one or both of the panel first or second sides

(24)(25) can be arcuate in one or more directions. The first panel (8) can, but need not

necessarily, be made of or contain a light transmissive material (27), such as glass or plastic.

Now referring primarily to Figures 2 through 7, a first panel (8) can include only one

panel layer (28)(as shown in the example of Figures 2 through 4) or can include a plurality of

panel layers (29) between the panel first side (24) and the panel second side (25)(as shown in

the example of Figure 5). The plurality of panel layers (29) can, but need not necessarily, be

made of the same material or perform the same function.

Now referring primarily to Figures 6 and 7, as to particular embodiments, the first panel

module (2) can, but need not necessarily, be a solar photovoltaics panel (30) (as shown in the

example of Figure 6) which can include: a p-type silicone layer (31), a depletion layer (32), an

n-type silicon layer (33), and a light transmissive layer (34). As to particular embodiments, the

first panel module (2), can but need not necessarily, be a solar thermal collector panel (35)

which can include: an insulation layer (36), an absorber layer (37), flow tubes (38), and a light

transmissive layer (34).



Now referring primarily to Figures 8 through 11, the first frame outer side (15) can be

configured to include a first track (39) extending between frame member first and second ends

(10)(1 1) of at least one of the first plurality of frame members (7). As to particular

embodiments, the first track (39) can include a pair of tracks (40)(41) extending between

corresponding frame member first and second ends (10)(1 ) of a pair of the plurality of frame

members (42)(43) disposed in opposed relation in the first frame (6)(as shown in the example

of Figure 1). Typically, the first track (39) or the pair of tracks (40)(41) continuously axially

extend along the entire distance between the frame member first and second ends (10)(l l)(as

shown in the example of Figure 1); however, these illustrative examples are not intended to

preclude embodiments in which the first track (39) or pair of tracks (40)(41) extend between

frame member first and second ends (10)(1 ) but terminate a distance from one or both of the

frame member first or second ends (10)(1 1) or are not continuous, but rather discontinuous or

periodically interrupted or made of a plurality of spaced apart first track segments along the

frame member length (9). Moreover, while the embodiments illustrated show the first track

(39) or pair of tracks (40)(41) disposed on or in the first frame outer side edge (16), this is not

intended to preclude embodiments having the first track (39) or a pair of tracks (40)(41)

disposed on or in the first frame outer side face (17).

Now referring primarily to Figures 8 through 10, as to particular embodiments, the first

track (39) can, but need not necessarily include, a channel element (44) disposed in the first

frame outer side (15). The channel element (44) can have a pair of channel side walls (45)(46)

joined in spaced apart relation by a channel base (19).

As shown in Figures 1 and 1 , particular embodiments of the first track (39) can, but

need not necessarily, include a rail (48) coupled to the first frame outer side (15). The rail (48)

can have a pair of rail sidewalls (49)(50) projecting from the first frame outer side (15) joined

in spaced apart relation by a rail top (51).

Now referring to Figures 8 through 27, the panel maintenance system (1) can, but need

not necessarily, further include a panel maintenance assembly (3) configured to move over the

first panel module (5) or a plurality of panel modules (2) as shown in the example of Figure 1.

Embodiments of the panel maintenance assembly (3) can include a carriage (52) having a

carriage length (53) disposed between carriage first and second ends (54)(55) at least one of

which can, but need not necessarily, include a tracking element (56) configured to movably

engage, or be moveably engaged, with the first track (39) to directional guide the carriage (52)

over one or more panel modules (2). As to particular embodiments, each of the carriage first



and second ends (54)(55) can corresponding include a tracking element (56) configured to

movably engage, or be movably engaged, with a pair of first tracks (40)(41) extending between

corresponding frame member first and second ends (10)(1 1) of a pair of the plurality of frame

members (42)(43) disposed in opposed relation in the first frame (6)(as shown in the examples

of Figures 1, 20 and 21). As to particular embodiments, each of the carriage first and second

ends (54)(55) can include a pair of tracking elements (57)(58) each pair configured to movably

engage or be movably engaged with a corresponding pair of tracks (40)(41) extending between

corresponding frame member first and second ends (10)(1 1) of a pair of the plurality of frame

members (42)(43) disposed in opposed relation in the first frame (6).

Now referring primarily to the illustrative example of Figures 8 through 10, the tracking

element (56) can be a rotatable member (59) having a pair of member sides (60) joined by a

circumferential face (61). The rotatable member (59) can be configured to be received in the

channel element (44) to engage the circumferential face (61) or one of pair of member sides

(60) with one or more of the pair of channel side walls (45)(46) or the channel element base

(47). Now referring to the illustrative example of Figure 11 and 12, the rotatable member (59)

can further include an annular groove (62) disposed in the circumferential face (61). The

annular groove (62) can be configured to receive the rail (48) to engage a circumferential

groove face (63) or one of a pair of groove side walls (64)(65) with one or more of the pair of

rail sidewalls (49)(50) or the rail top (51). However, these illustrative examples are not

intended to preclude other configurations of the tracking element (56) which can be configured

to engage the first frame outer side (15) to guide the carriage (52) over the first panel (8)

captured by the first frame (6) along a path between an opposed second pair of frame members

(66)(67) of a first frame (6).

Now referring primarily to Figure 13, the tracking element (56) can further include a

plurality of guide members (68) coupled to the carriage (52) proximate one or both of the

carriage first and second ends (54)(55). The plurality of guide members (68) can concurrently

discretely engage the first frame outer side (15) or the first track (39), or a combination of the

first frame outer side (15) and the first track (39) to assist in disposing the carriage (52) in

movable fixed relation to the first frame (6). The plurality of guide members (68) includes a

first pair of guide members (69) disposed a distance apart each of which engages a channel

inner surface (70) of one of the pair of channel side walls (45)(46) of the channel element (44)

disposed in the first frame outer side (15) and a second pair of guide members (71) disposed a

distance apart each which engages a channel outer surface (72) of one of the pair of channel



sidewalls (45)(46) of the channel (39). One or a pair of tracking elements (57)(58) can be

coupled to each of the carriage first and second ends (54)(55) between corresponding first and

second pairs of guide members (69)(71) to concurrently engage the each of a pair of tracks

(40)(41) correspondingly coupled to a first pair of the plurality of frame members (42)(43)

disposed in opposed relation in the first frame (6).

Now referring primarily to Figures 10 and 12, the first track (39) or the first pair of

tracks (40)(41) can, but need not necessarily, include a first plurality of teeth (73) projecting in

spaced apart relation from the first track (39) or pair of tracks (40)(41). A second plurality of

teeth (74) can project in spaced apart relation from the corresponding tracking element (56) or a

pair or pairs of tracking elements (57)(58). The first plurality of teeth (73) can matably engage

the second plurality of teeth (74). As shown in the example of Figure 10, the first plurality of

teeth (73) can project in spaced apart relation from the channel element base (47) and the

second plurality of teeth (74) can project in circumferentially spaced apart relation from the

circumferential face (61) of the rotatable member (59). The first plurality of teeth (73) of the

first track (39) can matably engage the second plurality of teeth (74) projecting from the

circumferential face (61 ) of the rotatable member (59). As shown in the illustrative example of

Figure 12, the first plurality of teeth (73) can project in spaced apart relation from the rail top

( 1) and the second plurality of teeth (74) can project in circumferentially spaced apart relation

from a circumferential face (61) or a circumferential groove face (63). The first plurality of

teeth (73) projecting from the rail top (51) can matably engage the second plurality of teeth (74)

projecting from the circumferential groove face (63).

Again referring primarily to Figures 8 through 13, the carriage (52) can, but need not

necessarily, further include a drive element (75) configured to engage or be engaged, with the

first frame outer side (15). Operation of the drive element (75) results in movement of the

carriage (52) over the first panel (8) captured by the first frame (6) along a path between an

opposed second pair of frame members (66)(67) of a first frame (6). As to particular

embodiments, the drive element (75) can be discrete from the tracking element (56) or the

plurality of guide members (68) and operably engage the first frame outer side ( 5) to move the

carriage (52) over the first panel (8) captured in the first frame (6). As to particular

embodiments, the drive element (75) can comprise a rotatable member (59) having a pair of

member sidewalls (60) joined by a circumferential face (61). Any one or more of the pair of

rotatable member sidewalls (60) or the circumferential face (61) can be engaged with the first



frame outer side (15) and upon rotation of the rotatable member (59) the carriage (52) can move

over the first panel (8) captured in the first frame (6).

Again referring primarily to Figures 8 through 13, particular embodiments of the

carriage (52) can, but need not necessarily, include a driver (76) which operates to generate

motion in the drive element (75) engaged to the first frame outer surface (17) to

correspondingly move the carriage over the first panel (8) captured in the first frame (6). As to

other embodiments, the carriage (52) can lack a discrete drive element (75) and the driver (76)

can operate to generate motion in one or more of the tracking elements (56) to correspondingly

move the carriage over the first panel (8) captured in the first frame (6). As to particular

embodiments, the driver (76) can comprise an electric motor (77) having a shaft (78) which

rotates to directly or indirectly cause rotation of one or more of the tracking elements (56)

engaged with the first track (39). As to the particular embodiment shown in Figure 8, the driver

(76) comprises an electric motor (77) having a motor shaft (78) coaxially joined to one of a pair

of tracking elements (57)(58) to provide a driven tracking element (79) and an idler tracking

element (80) engaged with the first track (39). The driven tracking element (79) operable to

transmit rotational force to the first track (39) sufficient to move the carriage (52) over the first

panel (8) captured in the first frame (6) while the idler tracking element (80) operates to guide

the carriage (52) over the first panel (8) captured in the first frame (6). An illustrative example

of a driver (76) suitable for use with embodiments of the invention can be a direct current motor

made by Mabuchi, Part No. EM-400.

Now referring primarily to Figures 14 and 15, a track cover (171) can be configured to

in part or in whole cover the first track (39) to prevent or reduce exposure of the track (39) and

the tracking element (56) or drive element (75) engaged to the first track (39) to foreign matter.

As to the particular embodiment shown in the example of Figure 14, the track cover (171) can

include a resiliency flexible member (172) having a cover length (173) disposed between cover

ends ( 174) and a cover width (175) disposed between opposite first and second cover sides

(176)(177). The first cover side (176) can be connected to the first frame (6) along one side of

first track (39) allowing the resiliently flexible member (172) to extend over the first track (39)

to position the second cover side (177) against the first frame (6) along the other side of the first

track (39). The tracking element (56) or the drive element (75) engaged with the first track (39)

can correspondingly engage a portion of the track cover (171) causing that portion of the track

cover to resiliently flex moving the second cover side (177) away from the first frame (6). The



second cover side (177) can return toward the first frame (6) as the tracking element (56) or

drive element (75) disengages from that portion of the track cover (171).

As to the particular embodiment shown in Figure 15, the track cover (171) can include a

pair of resiliently flexible cover members (178)(1 79) each having a cover first side (180)

connected to the first frame (6) on opposite sides of the first track (39). Each of the pair of

resiliently flexible cover members ( 78)(1 79) can extend outward to terminate in abutted or

overlapping cover second sides (181)(182) to cover the first track (39). The tracking element

(56) or drive element (75) can be disposed between a portion of the abutted or overlapped cover

second sides (18 )(182) to resiliently flexibly deform the pair of resiliently flexible cover

members (178)(1 79) at that portion of the track cover (171). The cover second sides (181)(182)

can return toward the overlapped or abutted configuration upon disengagement of the tracking

element (56) or drive element (75).

Now referring primarily to Figures 16 through 27, a first blade (81) can, but need not

necessarily, be coupled to a first carnage face (82) of the carriage (52)(as shown in the example

of Figures 19 and 26-27). The carriage (52) coupled to the first frame outer side (15), as above

described, can move in relation to first panel (8) captured by the first frame (6) while

maintaining a substantially fixed distance between the first carriage face (82) and the opposing

first panel face (83) of the first panel (8). The first blade (81) can extend from the first carriage

face (82) to contact the first panel face (83) allowing the first blade (81) to wipe across the first

panel face (83) as the carriage (52) moves over the first panel (8). The first blade (81) can, but

need not necessari ly be linear or substantially linear having a first blade length (84) disposed

between first blade first and second ends (85)(86). As to particular embodiments, each of the

first blade (81) first and second ends (85)(86) can be disposed proximate the corresponding

carriage first and second ends (54)(55) such that the first blade (81) can, but need not

necessarily, wipably contact the first panel face (83) between a pair of opposed frame members

(42)(43).

A second blade (87) can, but need not necessarily, be coupled to the first carriage face

(82). The second blade (87) can extend from the first carriage face (82) to contact the first

panel face (83) allowing the second blade (87) to wipe across the first panel face (83) as the

carriage (52) moves over the first panel (8). The second blade (87) can, but need not

necessarily, be linear or substantially linear having a second blade length (88) disposed between

second blade (87) first and second ends (85)(86). As to particular embodiments, each of the

second blade first and second ends (85)(86) can be disposed proximate the corresponding



carnage first and second ends (54)(55) such that the second blade (87) can, but need not

necessarily, wipably contact the first panel face (83) between a pair of opposed frame members

(42)(43). The first and second blade (81)(87) can be disposed along a longitudinal axis (89) of

the first carriage face (82) a distance apart to allow each of the first and second blades (81)(87)

to wipably contact the first panel face (83) between opposed frame members (42)(43). The first

and second blades (81)(87) coupled to the carriage first face (82) a distance apart defines a

blade bounded passage (90) enclosed by contact of the first and second blades (81)(87) with the

first panel face (83).

The first and second blades (81)(87) (or a plurality of blades each coupled to the

carriage first face (82)) can be produced from a variety of conventional elastomers to provide a

sufficient amount of flexure to wipingly engage the first panel face (83). The elastomers can,

but need not necessarily, include or consist of one or more of: general purpose rubber such as

silicone base rubber, natural rubber, chloroprene rubber, dimethyl silicone raw rubber, methyl

vinyl silicone raw rubber, methyl phenyl vinyl silicone raw rubber, fluorosilicone raw rubber,

or the like. As one illustrative example the first or second blade (81)(87) can be similar to

wipers by Bosch, Part No. 208820004 or by Watts Squeeges, 2000 Series.

Now referring primarily to Figure 17, 19 and 26, a fluid outlet (91) can be disposed to

deliver an amount of fluid (92) to the first panel face (83) wipingly engaged by the first blade or

the second blade (81 )(87) (or a plurality of blades) as the carriage moves over the first panel

(8). As to particular embodiments, the fluid outlet (91) can, but need not necessarily, be

disposed to deliver an amount fluid (92) into the blade bounded passage (90) enclosed by

contact of the first and second blades (81)(87) with the first panel face (83). As to those

embodiments in which the first and second blades (81)(87) contact the first panel face (83) with

the first and second blades (81)(87) having first and second ends (85)(86) corresponding

disposed proximate opposed frame members (44)(45), the amount of fluid (92) can flow in

contact with the first panel face (83) within the blade bound passage (90) between opposite

passage ends (93)(94).

The amount fluid (92) delivered to the first panel face (83) can be any type of fluid

compatible with the material(s) included in the first panel (8), first panel frame (6), panel

maintenance assembly (3), or docking station (4). As illustrative examples, the amount of fluid

(92) can include or consist of one or more of: water, alcohol, denatured alcohol, isopropanol,

ethanol, methanol, mineral acids, hydrochloric acid, sulfuric acid, acetic acid, citric acid,

sodium hydroxide, potassium hydroxide, sodium hypochlorite, ammonia, chelants, sodium



bicarbonate, tetrachlorethylene, carbon dioxide, trisodium phosphate, acetone, amyl nitrate,

xylene, anionic detergent, ionic detergent, zwitterionic detergent, or the like.

Now referring primarily to Figure 19, a passage first end cap (95) can, but need not

necessarily, be mounted between the first and second blades (81)(87) and adjacent the carriage

first face (82) and disposed adjacent the first panel face (83) when the first and second blades

(81)(87) contact the first panel face (83) to close or substantially reduce an open area (96) of the

blade bound passage (90) at a passage first end (97). The fluid outlet (91) can, but need not

necessarily, be disposed in the first passage end cap (95) or in the carriage (52) to deliver the

amount of fluid (92) into the blade bound passage (90). As to a particular embodiment, the first

passage end cap (95) can, but need not be a flange (98) extending from the carnage first face

(82) proximate the carriage first end (54) toward the panel face (83). The first and second blade

ends (85)(86) can abut the flange (98) to close or substantially reduce the open area of the blade

bound passage (90) at the passage first end (97).

Now referring primarily to Figures 19, 25 and 27, a fluid collection element (99) can,

but need not necessarily, be mounted between the first and second blades (81)(87) and adjacent

the carriage first face (82) and disposed adjacent the first panel face (83) when the first and

second blades (81)(87) contact the first panel face (83) to close or substantially reduce the open

area of the blade bounded passage (90) at a passage second end (100). The fluid collection

element (99) can be configured as fluid collection container (101) having a container open end

(102) facing toward the passage first end (97) of the blade bounded passage (90). When the

first and second blades (81)(87) engage the first panel face (83) a portion of the fluid collection

container (101) can contact the first panel face (83) between the first and second blades

(81)(87). The portion of the fluid collection container (101) contacting the first panel face (83)

can resiliently flex to generate a seal against the first panel face (83) and to flex as the carriage

(52) moves over irregularities in the first panel face (83) or in the first frame (6). An amount of

fluid (92) delivered into the blade bounded passage (90) proximate the passage first end (97)

can flow toward the passage second end (100). The amount of fluid (92) flowing through the

blade bounded passage (90) can be captured in the fluid collection element (99) proximate the

passage second end (100).

Now referring primarily to Figures 17, 20, 24 and 25, a fluid reservoir (103) can, but

need not necessarily, be coupled to the carriage (52). The fluid reservoir (103) can contain an

amount of fluid (92). As to particular embodiments, the fluid reservoir (103) can be mounted to

a carriage second face (104) facing outward of the first panel face (83). The fluid outlet (91) can



be can be fluidicly coupled to the fluid reservoir (103) to allow the amount fluid (92) to flow

from the fluid reservoir (103) to the fluid outlet (91). The fluid reservoir (103) can, but need

not necessary, include a fluid supply connector (105) having a fluid supply inlet and outlet ports

(106)(107). An amount of fluid (92) can be introduced into the fluid reservoir (103) through

the fluid supply inlet (106) and overfill of the amount of fluid (92) can egress from the fluid

supply outlet port (107).

Now referring primarily to Figures 17, 20 and 21, a first fluid flow generator (108) can,

but need not necessarily, be fluidicly coupled to the fluid flow reservoir (103) and the fluid

outlet (91). The first fluid flow generator (108) can operate to generate a flow of an amount of

fluid (92) from the fluid reservoir (103) to the fluid outlet (91) with sufficient fluid pressure for

delivery from the fluid outlet (91) onto the first panel face (83). As an illustrative example, the

first fluid flow generator (108) can be a positive displacement pump (109) similar to Cole-

Parmer, Part No. GO 79600-06.

Again referring to Figures 17, 20 and 21, a second fluid flow generator ( 110) can, but

need not necessarily, be fluidicly coupled to the fluid collection element (99) and the fluid

reservoir (103). The second fluid flow generator ( 1 10) can operate to generate a flow of the

amount of liquid (92) from the fluid collection element (99) to the fluid reservoir (103). As an

illustrative example, the second fluid flow generator ( 10) can be similar to an ABS, Part No.

102EX1 DC12V DM-1BZ.

Now referring to Figures 24 and 27, a fluid filter ( 111) can, but need not necessarily, be

disposed between the fluid collection element (99) and the second fluid generator ( 110) to

remove particles ( 112) from the first amount of fluid (92) prior to delivery to the second fluid

generator ( 110). As an illustrative example, the fluid filter ( 1 ) can be similar to Norgren, Part

No. 4LF-01 0-0000.

Now referring primarily to Figure 16 and 19, a first sweeper ( 113) can, but need not

necessarily, extend from the carriage first face (82) to contact the first panel face (83). The first

sweeper ( 1 13) can extend, in whole or in part, between the carriage first and second ends

(54)(55) to sweep the first panel face (83). As to particular embodiments a second sweeper

( 1 14) can, but need not necessarily, extend from the carriage first face (82) to contact the first

panel (8). The second sweeper ( 114) can in whole or in part extend between the carriage first

and second ends (54)(55) to sweep the first panel face (83). The first sweeper ( 1 3) or the

second sweeper ( 114) can be disposed adjacent the first blade (81) or the second blade, or both



whether inside the blade bounded passage (90) or outside the blade bounded passage (90). As

shown in the illustrative example of Figure 19, a first and second sweeper ( 13)(1 14) are

correspondingly disposed adjacent a first blade (81) and a second blade (87) outside of the

blade bound channel (18). Both of the first sweeper and second sweeper ( 113)(1 14)

continuously extend between proximate the carriage first end (54) to proximate the carriage

second end (55). A sweeper ( 113)(1 14) suitable for use with embodiments of the invention can

be similar to Har-tru/Lee, Part No. 0100-136-3669.

Now referring primarily to Figure 17 and 20. a rechargeable power source ( 1 5) can be

coupled to the carnage (52). The rechargeable power source ( 15) can be electrically coupled

to one or more of the driver (76), the first fluid flow generator (108), or the second fluid flow

generator ( 110) to supply power to one or more of these or other components. As to particular

embodiments, the rechargeable power source ( 1 15) can be a five volt to twelve volt

rechargeable battery ( 1 16). A rechargeable power source ( 1 15) suitable for use with

embodiments of the invention can be similar to Tenergy, Part No. 11245.

Now again referring primarily to Figures 1, 17 and 21, a carriage position end limit

sensor ( 17) can be coupled to the carriage (52) or the first frame (6) to sense first and second

end limits ( 18)(1 19) of carriage (52) movement across the first panel (8). As to particular

embodiments, the carriage position end limit sensor ( 1 17) can include an end limit switch (120)

switchable from a first switch condition to a second switch condition by manual pressure due to

engagement with a first or second end limit elements (121 )(122) to electrically close or open a

circuit to reverse direction of a drive element (75) or a driven tracker element (79). Removal of

manual pressure can return the end limit switch (120) to the first switch condition. As to other

embodiments, the carriage position end limit sensor ( 117) can include an end limit switch (120)

switchable from a first switch condition to a second switch condition by sensing an applied

magnetic field (123) generated by the first or second end limit elements (121)(122) to

electrically close or open a circuit to reverse direction of a drive element (75) or a driven

tracker element (79). These illustrative examples are not intended to preclude other

embodiments of the carriage position end limit sensor ( 1 17) capable of generating reciprocal

directional movement of the carriage (52) between the first and second end limits ( 118)( 119)

over the first panel (8).

Now referring primarily to Figures 1 and 24, a fluid level sensor (124) can, but need not

necessarily, be fluidicly coupled to the fluid reservoir (103). The fluid level sensor (124) can

operate to sense a fluid level (125) of the amount of fluid (92) in the fluid reservoir (103). An



illustrative example, a fluid level sensor (124) similar to Uro, Part No. 17137524812 can

used with embodiments of the invention.

Now referring primarily to Figures 1 and 17, a light transmissivity sensor (126) or a

light reflectivity sensor (127) can be coupled to the carriage (52) to sense an amount of light

transmissivity or an amount of light reflectivity of the first panel (8). The light transmissivity

sensor (126) can generate a light transmissivity signal (128) that varies based on amount of

light transmissivity of the first panel (8) or the light reflectivity sensor (127) can generate a light

reflectivity signal (129) that varies based on an amount of light reflected by the first panel (8).

Each signal can be correspondingly transformed into a light transmissivity value (130) or a light

reflectivity value (131) which can be compared to light transmissivity or light reflectivity

threshold values (145) to initiate one or more of: movement of the carriage (52) over the first

panel (8), delivery of an amount of fluid (92) from the fluid outlet (91) to the first panel (8), or

operation of the first or second fluid flow generators (108)(1 10). As one illustrative example, a

light reflectivity sensor (127) suitable for use in embodiments of the invention can be similar to

an Omron, Part No. #EE-SPY301. A light transmissivity sensor (126) suitable for use with

embodiments of the invention can be an Autonics, Part No. BYD30-DDT-T.

Now referring primarily to Figures 17 and 18. embodiments can but need not

necessarily include, a controller (132) including a processor (133) coupled to a memory element

(134). The memory element (134) can contain a panel maintenance program (135) executable

to control movement of the carriage (52) over the first panel (8). As to particular embodiments,

the panel maintenance program (135) can be executed to control operation of the driver (76) to

generate movement of the carriage (52) over the first panel (8) based on exceeding one or more

threshold values including or consisting of: an elapsed time threshold value (141), a fluid level

threshold value (143), a light transmissivity threshold value (144), a light reflectivity threshold

value (145), a first light transmissivity threshold value (146), first light reflectivity threshold

value (147), a second light transmissivity threshold value (148), second light reflectivity

threshold value (149), an energy level threshold value (153) relating to one or a combination of:

an elapsed amount of time (136), an amount of light transmissivity (137) of the first panel (8),

an amount of light reflectivity (138) of the first panel (8), an amount of energy (152) remaining

in the rechargeable power source ( 5), or an amount of fluid (92) remaining in the fluid

reservoir (103).

Accordingly, as to particular embodiments, the controller (132) can further include a

timer (140) and the panel maintenance program (135) can be executed to periodically analyze



an elapsed amount of time (136) from occurrence of the prior movement of the carriage (52)

over the first panel (8). The panel maintenance program (135) can be further executed to

compare the elapsed amount of time (136) from occurrence of the prior movement of the

carriage (52) to an elapsed time threshold value of (141) for carriage movement. Where the

elapsed time threshold value (141) for carriage movement has been exceeded, the panel

maintenance program (135) can be further executed to generate movement in the carriage (52)

over the first panel (8). As to those embodiments inclusive of sweepers ( 113)(1 14), movement

of the carriage (52) results in sweepable engagement of the sweepers ( 113)(1 14) with the first

panel face (83) to displace foreign matter () such as: snow, rain, leaves, paper, particulates, or

other debris from the first panel surface (83).

The panel maintenance program (135) can be further executed to compare the elapsed

amount of time (136) from occurrence of the prior operation of the first or second fluid flow

generators (108)(1 10) to an elapsed time threshold value of (141) for fluid delivery to the first

panel (8). Where the elapsed time threshold value (141) for fluid delivery to the first panel (8)

has been exceeded, the panel maintenance program (135) can further executed to operate the

first or second fluid flow generators (108)(1 10) to deliver an amount of fluid (92) to the first

panel face (83) and coordinate movement in the carriage (52) over the panel (). As to those

embodiments inclusive of a first or second blade (8 1)(87), delivery of an amount of fluid (92) to

the first panel face (83) and movement of the carriage (52) results in wipable engagement of the

first or second blades (81)(87) with the first panel face (83) to displace the amount of fluid (92)

delivered to the first panel face (83) and displace foreign matter () such as: snow, rain, leaves,

paper, particulates, or other debris from the first panel face (83).

The panel maintenance program (135) can be further executed to continuously or

periodically analyze a fluid level signal (142) from a fluid level sensor (124) to determine a

fluid level (125) remaining in the fluid reservoir (103). As to particular embodiments, the panel

maintenance program (135) can be further executed to compare the fluid level (125) to a fluid

level threshold value (143), and where the fluid level threshold value (143) has been exceeded,

prohibit delivery, or reduce the amount of fluid (92) delivered, from the fluid outlet (91) onto

the first panel face (83).

The panel maintenance program (135) can be further executed to continuously or

periodically analyze the light transmissivity signal (128) from the light transmissivity sensor

(126) or light reflectivity signal (129) from the light reflectivity sensor (127)(or both) to

determine a light transmissivity value (130) or light reflectivity value (131)) of the first panel



(8). As to particular embodiments, the panel maintenance program (135) can be further

executed to compare the light transmissivity value (130) or the light reflectivity value (131) to

one or more a light transmissivity threshold value (144) or light reflectivity threshold value

(145), and for example, where a first light transmissivity threshold value (146) or first light

reflectivity threshold value (147) has been exceeded generate movement of the carriage (52) to

sweep the first panel face (83), and where a second light transmissivity threshold value (148) or

second light reflectivity threshold value (149) has been exceeded deliver an amount of fluid

(92) onto the first panel face (83) coordinated with movement of the carriage (52) to wipably

remove the amount of fluid (92) from the first panel face (83).

The panel maintenance program (135) can be further executed to continuously or

periodically analyze an energy sensor signal (150) from and energy level sensor (151)

electrically coupled to the rechargeable battery ( 116) to determine an energy level (152)

remaining in the rechargeable battery ( 116). As to particular embodiments, the panel

maintenance program (135) can be further executed to compare the energy level value (152) to

an energy level threshold value (153) and where the energy level threshold value (153) has been

exceeded prohibit or reduce the amount of movement of the carriage (52) or prohibit or reduce

the amount of fluid (92) delivered from the fluid outlet (91) onto the first panel (8).

Now referring primarily to Figure 1, the panel maintenance system (1) can, but need not

necessarily include, a docking station (4) which interfaces with the panel maintenance assembly

(3). As to particular embodiments, the docking station (4) can be disposed in relation to the

first frame (6) to allow the carriage (52) to move over the first panel (8) and dock with the

docking station (4) to engage matable portions of the fluid supply connector (105). As to

particular embodiments, the fluid reservoir inlet and outlet ports (106)(1 07) of the fluid

reservoir (103) can be configured to achieve an open condition (155) only upon mated

engagement with the docking station inlet and outlet ports (156)(157). Separation of the fluid

reservoir inlet and outlet ports (106)(107) and the docking station inlet and outlet ports

(156)(157) can achieve the closed condition (158) of the fluid reservoir inlet and outlet ports

(106)(107) and the docking station inlet and outlet ports ( 156)(1 57). Particular embodiments of

the docking station (4) can further include matable portions of a power supply connector

( 159)( 160) which matably engage when the carriage (52) docks with the docking station.

Again referring primarily to Figures 1 and 18, the panel maintenance program (135) can

be further executed to continuously or periodically analyze the fluid level (125) in the fluid

reservoir (103) or the energy level (152) remaining in power source ( 115) and based on



comparison of the amount of fluid remaining in said fluid reservoir (103) or the amount of

energy (139) remaining in the power source ( 115) to a fluid level threshold value (143) or an

energy level threshold value (153) to cause the carriage (52) to dock with the docking station

(4) to supply an amount of fluid (92) or recharge the rechargeable power source ( 15).

Now referring primarily to Figures 1 and 10, the panel maintenance system (1) can, but

need not necessarily, include a second frame (163) including a second plurality of frame

members (164) joined to enclose a second panel (165). The second plurality of frame members

(164) can include a second frame inner side (166) configured to capture the second panel (165)

within said second frame (163) and a second frame outer side (167) configured to provide a

second track (168) axially extending between first and second ends (10)(1 ) of at least one of

the second plurality of frame members (164). The second track (168) can be configured as

above explained to engage a tracking element (56) or a drive element (75) to move the carriage

(52) over the second panel (165).

The term second frame (163) is intended to mean one additional frame or a plurality of

frames depending upon the application. As to particular embodiments, the first and second

frames (6)(1 63) can be disposed a distance apart (169) with said first and second tracks

(39)(1 68) axially aligned but discontinuous between the first and second frames (6)(1 63). As to

these embodiments, the drive element (75) can comprise a pair of drive elements ( 83)(1 84)

coupled proximate carriage first and second ends (54)(55), as above described, to engage the

first track (39) a distance apart sufficient to allow a first one of the pair of drive elements (183)

to drive the carriage (52) to a location over the first panel (8) at which a second one of the pair

of drive elements (184) can engage the second track (168) of the second frame (163). The

second one of the pair of drive elements (184) can operably engage the second track (168) to

draw the carriage (52) over the distance between the first and second frames (6)(1 63).

Again referring primarily to Figures 1 and 10, an embodiment including a first and

second frame (6)(163) can further include a track bridge (170) disposed to span the distance

between the first and second tracks (39)( 168). The track bridge (170) can be configured to

engage a drive element (75) to move the carriage (52) between the first track (39) and the

second track (168).

As can be easily understood from the foregoing, the basic concepts of the present

invention may be embodied in a variety of ways. The invention involves numerous and varied



embodiments of a panel maintenance system and methods for making and using such panel

maintenance system including the best mode.

As such, the particular embodiments or elements of the invention disclosed by the

description or shown in the figures or tables accompanying this application are not intended to

be limiting, but rather exemplary of the numerous and varied embodiments generically

encompassed by the invention or equivalents encompassed with respect to any particular

element thereof. In addition, the specific description of a single embodiment or element of the

invention may not explicitly describe all embodiments or elements possible; many alternatives

are implicitly disclosed by the description and figures.

It should be understood that each element of an apparatus or each step of a method may

be described by an apparatus term or method term. Such terms can be substituted where

desired to make explicit the implicitly broad coverage to which this invention is entitled. As

but one example, it should be understood that all steps of a method may be disclosed as an

action, a means for taking that action, or as an element which causes that action. Similarly,

each element of an apparatus may be disclosed as the physical element or the action which that

physical element facilitates. As but one example, the disclosure of a "wiper" should be

understood to encompass disclosure of the act of "wiping" - whether explicitly discussed or not

~ and, conversely, were there effectively disclosure of the act of "wiping", such a disclosure

should be understood to encompass disclosure of a "wiper" and even a "means for door

wiping." Such alternative terms for each element or step are to be understood to be explicitly

included in the description.

In addition, as to each term used it should be understood that unless its utilization in this

application is inconsistent with such interpretation, common dictionary definitions should be

understood to be included in the description for each term as contained in the Random House

Webster's Unabridged Dictionary, second edition, each definition hereby incorporated by

reference.

All numeric values herein are assumed to be modified by the term "about", whether or

not explicitly indicated. For the purposes of the present invention, ranges may be expressed as

from "about" one particular value to "about" another particular value. When such a range is

expressed, another embodiment includes from the one particular value to the other particular

value. The recitation of numerical ranges by endpoints includes all the numeric values

subsumed within that range. A numerical range of one to five includes for example the numeric



values 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, and so forth. It will be further understood that the endpoints

of each of the ranges are significant both in relation to the other endpoint, and independently of

the other endpoint. When a value is expressed as an approximation by use of the antecedent

"about," it will be understood that the particular value forms another embodiment. The term

"about" generally refers to a range of numeric values that one of skill in the art would consider

equivalent to the recited numeric value or having the same function or result. Similarly, the

antecedent "substantially"' means largely, but not wholly, the same form, manner or degree and

the particular element will have a range of configurations as a person of ordinary skill in the art

would consider as having the same function or result. When a particular element is expressed

as an approximation by use of the antecedent "substantially," it will be understood that the

particular element forms another embodiment.

Moreover, for the purposes of the present invention, the term "a" or "an" entity refers to

one or more of that entity unless otherwise limited. As such, the terms "a" or "an", "one or

more" and "at least one" can be used interchangeably herein.

Thus, the applicant(s) should be understood to claim at least: i) each of the reciprocally

telescoping door stops herein disclosed and described, ii) the related methods disclosed and

described, iii) similar, equivalent, and even implicit variations of each of these devices and

methods, iv) those alternative embodiments which accomplish each of the functions shown,

disclosed, or described, v) those alternative designs and methods which accomplish each of the

functions shown as are implicit to accomplish that which is disclosed and described, vi) each

feature, component, and step shown as separate and independent inventions, vii) the

applications enhanced by the various systems or components disclosed, viii) the resulting

products produced by such systems or components, ix) methods and apparatuses substantially

as described hereinbefore and with reference to any of the accompanying examples, x) the

various combinations and permutations of each of the previous elements disclosed.

The background section of this patent application provides a statement of the field of

endeavor to which the invention pertains. This section may also incorporate or contain

paraphrasing of certain United States patents, patent applications, publications, or subject

matter of the claimed invention useful in relating information, problems, or concerns about the

state of technology to which the invention is drawn toward. It is not intended that any United

States patent, patent application, publication, statement or other information cited or

incorporated herein be interpreted, construed or deemed to be admitted as prior art with respect

to the invention.



The claims set forth in this specification, if any, are hereby incorporated by reference as

part of this description of the invention, and the applicant expressly reserves the right to use all

of or a portion of such incorporated content of such claims as additional description to support

any of or all of the claims or any element or component thereof, and the applicant further

expressly reserves the right to move any portion of or all of the incorporated content of such

claims or any element or component thereof from the description into the claims or vice-versa

as necessary to define the matter for which protection is sought by this application or by any

subsequent application or continuation, division, or continuation-in-part application thereof, or

to obtain any benefit of, reduction in fees pursuant to, or to comply with the patent laws, rules,

or regulations of any country or treaty, and such content incorporated by reference shall survive

during the entire pendency of this application including any subsequent continuation, division,

or continuation-in-part application thereof or any reissue or extension thereon.

Additionally, the claims set forth in this specification, if any, are further intended to

describe the metes and bounds of a limited number of the preferred embodiments of the

invention and are not to be construed as the broadest embodiment of the invention or a

complete listing of embodiments of the invention that may be claimed. The applicant does not

waive any right to develop further claims based upon the description set forth above as a part of

any continuation, division, or continuation-in-part, or similar application.



VI. CLAIMS

I claim:

. A panel module, comprising:

a first frame including a first plurality of frame members joined to capture a first panel,

said first plurality of frame members including:

a first frame inner side configured to capture said first panel within said first

frame; and

a first frame outer side configured to provide a first track axially extending

between frame member first and second ends of at least one of said first plurality of frame

members, said first track configured to engage a drive element of a panel maintenance assembly

adapted for movement over said first panel.

2. The panel module of claim 1, wherein said first track comprises a channel disposed in

said first frame outer side, said channel having a pair of channel side walls joined in spaced

apart relation by a channel base, said drive element comprising a rotatable member configured

to engage said channel to drive said panel maintenance assembly over said first panel.

3 . The panel module of claim 1, wherein said first track comprises a rail coupled to said

first frame outer side, said rail having a pair of rail side walls joined in spaced apart relation by

a rail top, said drive element comprising a rotatable member configured to engage said rail to

drive said panel maintenance assembly over said first panel.

4 . The panel module of any one of claims 2 or 3, wherein said first track continuously

axially extends between said frame member first and second ends of said at least one of said

first plurality of frame members.

5. The panel module of any one of claims 2 or 3, further comprising:

a first plurality of teeth projecting in spaced apart relation from said first track; and

a second plurality of teeth projecting in circumferentially spaced apart relation from said

drive element, said first plurality of teeth matably engage said second plurality of teeth.

6. The panel module of claim 5, wherein said first plurality of teeth project in spaced apart

relation from said rail, said second plurality of teeth project in circumferentially spaced apart

relation from said rotatable member.



7. The panel module of claim 5, wherein said first plurality of teeth project in spaced apart

relation from said channel base, said second plurality of teeth project in circumferentially

spaced apart relation from said rotatable member.

8. The panel module of claim 1, wherein said drive element of said panel maintenance

assembly engages said first track, said drive element operable to move said panel maintenance

assembly over said first panel.

9. The panel module of claim 8, further comprising a driver coupled to said drive element,

said driver operable to rotate said drive element engaged to said track to move said panel

maintenance assembly over said first panel.

10. The panel module of claim 9, further comprising a first blade coupled to said panel

maintenance assembly, said blade extending said panel maintenance assembly to contact said

first panel.

1. The panel module of claim 9, further comprising a first sweeper coupled to said panel

maintenance assembly, said sweeper extending from said panel maintenance assembly to

contact said first panel.

12. The panel module of claim 9, further comprising a fluid reservoir coupled to said panel

maintenance assembly, said fluid reservoir coupled to a fluid outlet having a location on said

panel maintenance assembly to deliver an amount of fluid onto said first panel.

13. The panel module of claim 12, further comprising a first fluid pump coupled to said

fluid reservoir, said fluid pump operable to deliver said amount of fluid to said fluid outlet.

14. The panel module of claim 13, further comprising a fluid collection element coupled to

said panel maintenance assembly, said fluid collection element configured to collect said

amount of fluid delivered onto said first panel.

15. The panel module of claim 14, further comprising a second fluid pump, said second

fluid pump operable to return said amount of fluid collected by said fluid collection element to

said fluid reservoir.

16. The panel module of claim 15, further comprising a filter element fluidicly coupled to

said second fluid pump, said filter element filtering said amount of fluid collected by said fluid

collection element.



17. The panel module of claim 16, further comprising a second blade coupled to said panel

maintenance assembly, said second blade extending from said panel maintenance assembly to

contact said first panel at a distance from said first blade, said fluid outlet located to deliver said

amount of fluid onto said first panel in a blade bounded passage between said first and second

blades.

18. The panel module of claim 17, further comprising a second sweeper coupled to said

panel maintenance assembly, said second sweeper extending from said panel maintenance

assembly to contact said first panel at a distance from said first sweeper.

19. The panel module of claim 18, wherein said first and second sweepers disposed on said

panel maintenance assembly adjacent sides of said first and second blade outside of said blade

bounded passage.

20. The panel module of claim 15, further comprising a rechargeable power source coupled

to said panel maintenance assembly, said rechargeable power source electrically coupled to one

or more of said driver, said first fluid pump, and said second fluid pump.

21. The panel module of claim 20, further comprising a fluid level sensor fluidicly coupled

to said fluid reservoir, said fluid level sensor sensing a fluid level of said amount of fluid in said

fluid reservoir.

22. The panel module of claim 21, further comprising a panel sensor coupled to said panel

maintenance assembly, said panel sensor configured to sense an amount of light transmissivity

of said first panel or an amount of light reflectivity of said first panel, said panel sensor

generating a panel sensor signal that varies based on said amount of light transmissivity or light

reflectivity of said first panel.

23. The panel module of claim 22, further comprising a controller including a processor

coupled to a memory element, said memory element containing a panel maintenance program

executable to control said driver to generate movement of said panel maintenance assembly

over said panel between sensed first and second end limits.

24. The panel module of claim 23, wherein said panel maintenance program is further

executable to control said driver to generate movement of said panel maintenance assembly

over said panel based on comparison of an amount of elapsed time to an elapsed time threshold

value.



25. The panel module of claim 24, wherein said panel maintenance program is further

executable to control said driver to generate movement of said panel maintenance assembly

over said panel based on comparison of said light transmissivity value or said light reflectivity

value to pre-selected light transmissivity threshold value or light reflectivity threshold value,

wherein exceeding said light transmissivity threshold value or said light reflectivity threshold

value causes movement of said panel maintenance assembly over said first panel.

26. The panel module of claim 25, wherein said panel maintenance program is further

executable to operate said first fluid pump to deliver said amount of fluid through said fluid

outlet onto said first panel upon occurrence of said light transmissivity value or said light

reflectivity value exceeding said light transmissivity threshold value or said light reflectivity

threshold value.

27. The panel module of claim 26, wherein said panel maintenance program is further

executable to operate said second fluid pump to return said amount of fluid collected by said

fluid collection element to said fluid reservoir.

28. The panel module of claim 27, wherein said panel maintenance program is further

executable to periodically determine said amount of fluid remaining in said fluid reservoir.

29. The panel module of claim 28, wherein said panel maintenance program is further

executable to periodically determine an amount of energy remaining in said power source.

30. The panel module of claim 29, further comprising a docking station to which said panel

maintenance assembly docks, said docking station and said panel maintenance assembly

correspondingly including matable portions of a fluid supply connector, said fluid supply

connector having a fluid reservoir inlet port and a fluid reservoir outlet port which achieve an

open condition upon mated engagement with a corresponding docking station inlet port and a

docking station outlet port.

3 1. The panel module of claim 30, wherein said docking station and said panel maintenance

assembly correspondingly include matable portions of a power supply connector.

32. The panel module of claim 31, wherein said panel maintenance program is further

executable to dock said panel maintenance assembly with said docking station based on

occurrence of an energy level remaining in said power source exceeding an energy level



threshold or based on occurrence of a fluid level remaining in said fluid reservoir exceeding a

fluid level threshold value.

33. The panel module of claim 1, further comprising a second frame including a second

plurality of frame members joined to enclose a second panel, said second plurality of frame

members including:

a second frame inner side configured to capture said second panel within said second

frame; and

a second frame outer side configured to provide a second track axially extending

between first and second ends of at least one of said second plurality of frame members, said

second track configured to engage said drive element of said movement module of said panel

maintenance assembly driven over said second panel captured by said second frame inner side

of said second frame, said first and second frames disposed a distance apart with said first and

second tracks axially aligned and discontinuous between said first and second frames.

34. The panel module of claim 33, wherein said drive element comprises a pair of drive

elements coupled to said panel maintenance assembly to engage said first track a distance apart,

said distance sufficient to allow a first one of said a pair of drive elements to drive said panel

maintenance assembly to a location over said first panel at which a second one of said pair of

drive elements engages said second track, said second one of said pair of drive elements

operably engaged with said second track to move said panel maintenance assembly over said

distance between said first and second frames.

35. The panel module of claim 34, further comprising a track bridge disposed to span said

distance between said first and second tracks, said track bridge configured to engage said drive

element of said drive element between said first track and said second track.

36. The panel module of claim 1, wherein said first panel includes at least one layer having

an outer face extending to said first frame inner side.

37. The panel module of claim 1, wherein said first panel comprises a solar photovoltaics

panel.

38. The panel module of claim 1, wherein said first panel comprises a solar thermal

collector panel.



AMENDED CLAIMS
received by the International Bureau on 04 January 2017 (04.01.2017)

1claim:

1. A panel module, comprising:

a first frame including a first plurality of frame members joined to capture a first panel,

said first plurality of frame members including:

a first frame inner side configured to capture said first panel within said first

frame; and

a first frame outeT s e edge configured to provide a first track axial y extending

between frame member first and second ends of at least one of said first plurality of frame

members, said first track comprises a channel disposed in said first frame outer side edge, said

channel including a pair of side walls joined in spaced apart relation by a channel base, said

channel configured to directly engage a drive element which drives a panel maintenance

assembly over said first panel.

2 . The panel module of claim , wherein said drive element comprises a rotatable member

directly engaged to said channel to drive said panel maintenance assembly over said first panel.

3. The panel module of claim 2, wherein said channel further comprises a rail coupled to

to said channel base, said rail having a pair of rail side walls joined in spaced apart relation by

a rail top, said rotatable member directly engaged to said channel, said rotatable member

configured to engage said rail coupled to said channel base to drive said panel maintenance

assembly over said first panel.

4. The panel module of any one of claims 2 or 3, wherein said first track continuously

axially extends between said frame member first and second ends of said at least one of said

first plurality of frame members.

5. The panel module of any one of claims 2 or 3, further comprising:

a first plurality of teeth projecting in spaced apart relation from said channel base or

said rail top; and

a second plurality of teeth projecting in circumferentially spaced apart relation from

said drive element, said first plurality of teeth matably engage said second plurality of teeth.

6 (canceled).



7 (canceled).

8 (canceled).

9. A panel module comprising:

a first frame including a first plurality of frame members joined to capture a first panel,

said first plurality of frame members including:

a first frame inner side configured to capture said first panel within said first

frame; and

a first frame outer side configured to provide a first track axially extending

between frame member first and second ends of at least one of said first plurality of frame

members;

a drive element of a panel maintenance assembly engaging said first track; and

a driver coupled to said drive element, said driver operable to rotate said drive element

engaged to said first track to move said panel maintenance assembly over said first panel.

1 . The panel module of claim 9, further comprising a first blade coupled to said panel

maintenance assembly, said blade extending from said panel maintenance assembly to contact

said first panel.

. The panel module of claim 9, further comprising a first sweeper coupled to said panel

maintenance assembly, said sweeper extending from said panel maintenance assembly to

contact said first panel.

12. The panel module of claim 9, further comprising a fluid reservoir coupled to said panel

maintenance assembly, said fluid reservoir coupled to a fluid outlet having a location on said

panel maintenance assembly to deliver an amount of fluid onto said first panel.

13. The panel module of claim 12, further comprising a first fluid pump coupled to said

fluid reservoir, said fluid pump operable to deliver said amount of fluid to said fluid outlet.

4. The panel module of claim 1 , further comprising a fluid collection element coupled to

said panel maintenance assembly, said fluid collection element configured to collect said

amount of fluid delivered onto said first panel.



15. The panel module of claim 14, further comprising a second fluid pump said second

fluid pump operable to return said amount of fluid collected by said fluid collection element to

said f id reservoir.

16. The panel module of claim , further comprising a filter element fluidicly coupled to

said second fluid pump, said filter element filtering said amount of fluid collected by said fluid

collection element.

17. The panel module of claim 10, further comprising:

a second blade coupled to said panel maintenance assembly, said second blade

extending from said panel maintenance assembly to contact said first panel at a distance from

said first blade, a fluid outlet located to deliver an amount of fluid onto said first panel in a

blade bounded passage between said first and second blades from a fluid reservoir; and

a fluid collection element located in said blade bounded passage between said first and

second blades to collect said amount of fluid delivered onto said first panel.

. The panel module of claim 17, further comprising a first sweeper coupled to said panel

maintenance assembly, said first sweeper extending from said panel maintenance assembly to

contact said first panel.

19. The panel module of claim , further comprising a second sweeper, said first and

second sweepers disposed on said panel maintenance assembly adjacent sides of said first and

second blade outside of said blade bounded passage.

20. The panel module of claim 5, further comprising a rechargeable power source coupled

to said panel maintenance assembly, said rechargeable power source electrically coupled to

one or more of said driver, said first fluid pump, and said second fluid pump.

1. The panel module of claim 20, further comprising a fluid level sensor fluidicly coupled

to said fluid reservoir, said fluid level sensor sensing a fluid level of said amount of fluid in

said fluid reservoir.

22. The panel module of claim 21, further comprising a panel sensor coupled to said panel

maintenance assembly, said panel sensor configured to sense an amount of light transmissivity

of said first panel or an amount of light reflectivity of said first panel, said panel sensor



generating a panel sensor signal that varies based on said amount of light transmissivity or light

reflectivity of said first panel.

23. The panel module of claim 22, further comprising a controller including a processor

coupled to a memory element, said memory element containing a panel maintenance program

executable to control said driver to generate movement of said panel maintenance assembly

over said panel between sensed first and second end limits.

24. The panel module of claim 23, wherein said panel maintenance program is further

executable to control said driver to generate movement of said panel maintenance assembly

over said panel based on comparison of an amount of elapsed time to an elapsed time threshold

value.

25. The panel module of claim 24, wherein said panel maintenance program is further

executable to control said driver to generate movement of said panel maintenance assembly

over said panel based on comparison of said light transmissivity value or said light reflectivity

value to pre-selected light transmissivity threshold value or light reflectivity threshold value,

wherein exceeding said light transmissivity threshold value or said light reflectivity threshold

value causes movement of said panel maintenance assembly over said first panel.

26. The panel module of claim 25, wherein said panel maintenance program is further

executable to operate said first fluid pump to deliver said amount of fluid through said fluid

outlet onto said first panel upon occurrence of said light transmissivity value or said light

reflectivity value exceeding said light transmissivity threshold value o said light reflectivity

threshold value.

27. The panel module of claim 26, wherein said panel maintenance program is further

executable to operate said second fluid pump to return said amount of fluid collected by said

fluid collection element to said fluid reservoir.

28. The panel module of claim 27, wherein said panel maintenance program is further

executable to periodically determine said amount of fluid remaining in said fluid reservoir.

29. The panel module of claim 28, wherein said panel maintenance program is further

executable to periodically determine an amount of energy remaining in said power source.



30 (original). The panel module of claim 29, further comprising a docking station to which

said panel maintenance assembly docks, said docking station and said panel maintenance

assembly correspondingly including matable portions of a fluid supply connector, said fluid

supply connector having a fluid reservoir inlet port and a fluid reservoir outlet port which

achieve an open condition upon mated engagement with a corresponding docking station inlet

port and a docking station outlet port.

3 1. The panel module of claim 30, wherein said docking station and said panel maintenance

assembly correspondingly include matable portions of a power supply connector.

32. The panel module of claim 31, wherein said panel maintenance program is further

executable to dock said panel maintenance assembly with said docking station based on

occurrence of an energy level remaining in said power source exceeding an energy level

threshold or based on occurrence of a fluid level remaining in said fluid reservoir exceeding a

fluid level threshold value

33 A panel module comprising:

a first frame including a first plurality of frame members joined to capture a first panel,

said first plurality of frame members including:

a first frame inner side configured to capture said first panel within said first

frame; and

a first frame outer side configured to provide a first track axially extending

between frame member first and second ends of at least one of said first plurality of frame

members, said first track configured to engage a drive element of a panel maintenance assembly

adapted for movement over said first panel;

a second frame including a second plurality of frame members joined to enclose a

second panel, said second plurality of frame members including:

a second frame inner side configured to capture said second panel within said

second frame; and

a second frame outer side configured to provide a second track axially extending

between first and second ends of at least one of said second plurality of frame members, said

second track configured to engage said drive element of said movement module of said panel

maintenance assembly driven over said second panel captured by said second frame inner side

of said second frame, said first and second frames disposed a distance apart with said first and

second tracks axially aligned and discontinuous between said first and second frames.



34. The panel module of claim 33, wherein said drive element comprises a pair of drive

elements coupled to said panel maintenance assembly to engage said first track a distance apart,

said distance sufficient to allow a first one of said a pair of drive elements to drive said panel

maintenance assembly to a location over said first panel at which a second one of said pair of

5 drive elements engages said second track, said second one of said pair of drive elements

operably engaged with said second track to move said panel maintenance assembly over said

distance between said first and second frames.

35. The panel module of claim 34, further comprising a track bridge disposed to span said

distance between said first and second tracks, said track bridge configured to engage said drive

i0 element of said drive element between said first track and said second track.

36. The panel module of claim wherein said first panel includes at least one layer having

an outer face extending to said first frame inner side.

37. The panel module of claim , wherein said first panel comprises a solar photovoltaics

panel.

5 38. The panel module of claim 1, wherein said first panel comprises a solar thermal

collector panel.
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