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SOLAR PANEL HANDLING SYSTEM AND METHOD THEREFOR
Field of the Invention
[0001] The present invention relates to solar panels handling system.  More specifically, the present invention relates to a system and method of handling solar panels in the fabrication process.
Background
[0002] 	In solar panels fabrications, the panels are undergone various steps of processing through different processing apparatus.  Accordingly, these panels are transferred from one processing apparatus to another.  
[0003] 	To ease the operation, the panels are loaded into magazines for transportation between apparatus.  In some processing, such as Plasma Enhanced Chemical Vapour Deposition (PECVD), etc, stacks of panels are to be processed simultaneously, and thus, magazines/pods are adapted to hold multiple panels in stacks.  Further, due to the differences in each processing stage and designs of the different apparatus, the magazines (if any) used for loading the panels are not compatible between the apparatus.  
[0004] 	The magazines are configured in at least two different ways: top loading (i.e. panels vertically loaded; top opened) and side loading (i.e. panels horizontally loaded; front opened).  Therefore, quite often than not, separate transport magazines are used for loading the panels for transportation only.  During each processing, the panels are unloaded from the transport magazines and transferred to the processing magazines of the respective processing apparatus.  Loading and unloading the panels are commonly done by robotic arms, but placing and removing the magazines at the dedicated station of the processing apparatus are done manually, and it is labor intensive and time consuming.  
[0005] 	US patent no. US8079797 discloses a wafer loading and unloading system between magazines automatically.  The system includes magazines loading section whereby a plurality of magazines with process/unprocessed panels can be loaded therein.  In this patent, the magazine used are front opened magazine whereby the panels are stored horizontally.  The handling system stores the magazines essentially on the same plane, which occupies spaces.
[0006] 	US patent no. US7134827 discloses a wafer handling system that has a batching station for storing the magazines in vertical orientations.  The plurality of wafer cartridges are arranged in two levels structure whereby a vertical track to move the cartridge when the cartridge is at the upper structure, a robot arm operably loads and unloads the wafer.
[0007] 	All of the above are adapted for handling magazines.  Throughout the fabrications, solar panels are transferred from magazines to another carrier for processing, and the magazines for transporting are not to be processed with alongside with the panels.  Hence, dedicated carriers are provided to hold panels in bulk for processing together.  For panels that are transported through a boat type of carrier, there is a need for different system and method of handling them.  Typically, transport magazines hold multiple panels in one magazine.  During the processing, the panels of multiple are loaded onto a larger carrier, aka boat, so that larger bulk of the solar panels can be processed at once. With such quantity, it is labor intensive for operator to handle manually.
Summary
[0008] 	In one aspect of the present invention, there is provided a handling system for handling a plurality of boats loaded with solar panels to be processed.  The handling system comprising a lower deck having a buffering station, wherein the buffering station includes shuttles for loading the boat thereon; an upper deck having a linear track with a tilter slidably mounted thereon;  a lift having a lifting arm adapted for lifting boat from the lower deck to upper deck.  Operationally, the plurality of boats are loaded onto the buffering shuttle, and the lift lifts one of the boat from the lower deck to the upper deck and place the boat on the tilter.  The tiler tilts the boat toward a robotic arm for loading and unloading the solar panels therefrom.
[0009] 	In one embodiment, the handling system further comprises a first linear track in the buffering station, wherein the shuttle is slidably mounted on the first linear track for shuttling the plurality of boats.  
[00010] 	In another embodiment, the lift is installed above the upper deck.
[00011] 	In yet a further embodiment, the boat is top opened for inserting the solar panel. 	
[00012] 	In another aspect of the present invention, there is provided a method of handling a plurality of boat loaded with solar panels to be process.  The method comprises loading the plurality of boats on a buffer shuttle disposed on a lower deck of a handling system; shuttling the buffer shuttle to a lifting area below a lift having lifting arm; lifting the boat with the lifting arm from the lower deck to the upper deck; shuttling the tiler to position underneath the lift; placing the boat on the tilter and releasing the boat from the lifting arm; tilting the boat towards a robot arm, wherein the robot arm loads/unloads the solar panels therefrom.
[00013] 	In one embodiment, the method further comprises removing the boat with processed solar panel from the upper deck.
Brief Description of the Drawings
[00014] 	This invention will be described by way of non-limiting embodiments of the present invention, with reference to the accompanying drawings, in which:
[00015] 	FIG. 1 illustrates a perspective view of a handling system in accordance with an embodiment of the present invention;
[00016] 	FIG. 2 illustrates a block diagram of the handling system of FIG. 1 in accordance with an embodiment of the present invention;
[00017] 	FIG. 3A illustrates a side view of the handling means of one embodiment; 
[00018] 	FIG. 3B illustrates a perspective view of the handling means of FIG. 3A;
[00019] 	FIG. 4 illustrates an operational process of the boat handling in accordance with an embodiment of the present invention; and
[00020] 	FIG. 5 illustrates a robotic arm adapted for handling solar panels in accordance with an embodiment of the present invention.  

Detailed Description
[00021] 	In line with the above summary, the following description of a number of specific and alternative embodiments are provided to understand the inventive features of the present invention. It shall be apparent to one skilled in the art, however that this invention may be practiced without such specific details.  Some of the details may not be described at length so as not to obscure the invention. For ease of reference, common reference numerals will be used throughout the figures when referring to the same or similar features common to the figures. 
[00022] 	The present invention provides a handling system is adapted as an intermediate handling module for transferring solar panels, multiples at a time, to carriers for further process flow.  Typically, the unprocessed solar panels, in a form of wafer that are loaded in input magazines are to be transferred onto a large carrier, also known as “boat” for processing the panels in bulk.  During the transferring process (i.e. from the input magazines to the boat), the processed panels are to be removed from the boat and transferred to output magazines.  Each boat can be adapted to load volume of solar panels of several magazines together.  During the fabrication process, such as a curing process, the boat load of unprocessed solar panels from several input magazines are bulk processed on the boat Once the panels on the boat are processed, the boat with the processed panels are returned to the handling system for transferring the processed panels to the output magazines.  
[00023] For better clarify, the input magazine refers to a magazine loaded with unprocessed panels or panels to be processed, and the output magazine refers to a magazine with processed panels.  The term input and output are used only to distinguish the contents that are loaded within the magazine.  The input magazine and output magazine may or may not however be of same design and configuration.  
[00024] 	To efficiently handle the solar panels with minimal or no human involved, a plurality of boats can be loaded on the handling equipment, whereby one of the boat is conveyed to a loading/unloading bay and a robotic arm is configured to load/unload the solar panels between the boat and the magazines.  While one boat is parked at the loading/unloading bay for loading/unloading operations, the remaining boats park at buffering area.  Such buffering area allows the boats to be handled without human intervention.  The buffering area is adapted right beneath the loading/unloading bay forming a two-tiers boat loading bay to reduce footprint of the entire system.  
[00025] 	Further, the boat at the loading/unloading is tilted towards the robotic arm to ease the loading and unloading operation.  The robotic arm is equipped with a multiple-panels picking head that is adapted to pick up multiple solar panels simultaneously.
[00026] 	FIG. 1 illustrates a perspective view of a handling system in accordance with an embodiment of the present invention.  The handling system 100 comprises a boat station 110 and a picking station 120.  The boat station 110 is adapted to handle and maneuver the plurality of boats in two-tier decks, which comprises a boat buffer area and a boat loading bay.  The boat station 110 further comprises conveyors for shuttling the boats laterally and a lifter for lifting the boats from the bottom and top tier decks.  The picking station 120 comprises a multi-axial robotic arm with a solar picking means for picking the solar panels.  The picking station also comprises docking station for holding input/output magazines thereon. 
[00027] 	Optionally, the handling system 100 may further comprise a window 105 which give an easy access to operators 101 for maintenance purpose.
[00028] 	The boat is a type of panels carrier having a longitudinal body having slot array of rows and columns of slots to receiving the panels.  In this embodiment, the boat is a top opened carrier.  In the current embodiment, each column is adapted to hold one magazine of panels.  
[00029] 	In one embodiment, the handling system 100 can be adapted as a modular system for handling solar panels and the carrier or boat therefor.  The handling system 100 is adapted for handling boat carrier that carries solar panels thereon.  By way of handling, embodiments of the present invention are adapted with a boat buffering station for transferring solar panels (unprocessed/processed) between the boat carrier and the processing magazines of the processing apparatus, without human supervisions.
[00030] 	FIG. 2 illustrates a block diagram of the handling system 100 of FIG. 1 in accordance with an embodiment of the present invention.  The handling system 100 comprises a boat supply 210, a boat buffer 220, a boat loading bay 230 and an input/output magazine module 240.  At start, boats 212 having the solar panels to be processed are loaded onto the boat supply 210.  The boat supply 210 may be connected to a processing system.  The boats 212 are shuttled to the boat buffer 220.  In the present embodiment, the boat buffer 220 is adapted at a lower deck of the handling system 100 to keep the footprint of the handling system 100 trimmed.  Depending on the space available, the boat buffer 220 may be adapted to park two or more boats thereon.  The boat 212 is shuttled to a dedicated end, whereby a lift installed above the upper deck at the loading bay 230 is adapted to lift the boat from the boat buffer 220 at the lower deck up to the upper deck of the handling system 100. At this point, the boat 212 can be empty boat or boat loaded with processed panels.  Once it is properly parked, the boating loading bay 230 that comprises a tilter tilts orientation the boat 212towards a robotic arm (not shown) for easy access.  The robotic arm can then remove the processed solar panels from the boat and transfer them to output magazine 240 and transfers the unprocessed solar panels from the input magazines 240 onto the boat at the boat loading bay 230.  After the boat 212 is loaded with the unprocessed solar panels from the input magazines 240 and all the earlier processed panels are transferred to the output magazines 240, the boat is lowered down by the lift to park at the lower deck 220.  After that, the boat 212a loaded with processed panels is lifted up to boat loading bay 230 whereby the above process is repeated to transfer the processed panels out from the boat and loaded the unprocessed panels onto the boat.  The above process is carried out automatically.  
[00031] 	FIGs. 3A and 3B illustrate various means adapted for handling boats in accordance with an embodiment of the present invention.
[00032] 	FIG. 3A illustrates a side view of the handling means 300 of one embodiment.  FIG. 3B illustrates a perspective view of the handling means 300 of FIG. 3A.  The handling means 300 includes a robotic arm 310 having a panel picker 315, a lower deck track 322, a buffer boat shuttle 324, an upper deck track 332, a tilter 334 and a lift 350 having lifter arms 352 and pickers 354.  The robotic arm 310 is a multi-axial robotic arm and the panel picker 315 is a multi-panel picker to pick multiple solar panels at one go.  The lower deck track 322 is a linear track that come with a pair at the lower deck of the handling system.  The buffer boat shuttle 324 slidable on the pair of lower deck track 322.  In this embodiment, the buffer boat shuttle 324 is adapted to hold two boats 212 thereon.
[00033] 	The lifer 350 comprises two lifting towers installed above the upper deck of the handling system 100, wherein the lifter arms 352 are reachable between the upper deck and the lower deck.  The pickers 354 are installed at the lower ends of the lifter arms 352, for engaging with the two ends of the boat and to lift it from the lower deck to the upper deck.  
[00034] 	At the upper deck, the tilter 334 is slidably installed on the upper deck track 332, which comprises a pair of linear tracks.  When the tilter 334 is shuttled to the end of the upper deck track 332 away from the robotic arm 350, it gives way to the lifter arms to reach the lower deck to pick up the boat 212.  Then pickers 354 then picks the boat and lifts up to the upper deck.  The tilter 334 then move towards the other end of the upper track 332 nearer to the robotic arm 350 to receive the boat hanging on the lift 350.  The lift 350 then lowers the boat to sit thereon.  The tilter 350 then tilts the boat 212 toward the robotic arm 350.  The robotic arm 350 then extend the panel picker 315 to pick the solar panels and place them on the magazine 240 for further processing as shown in FIG. 3B.  The processed panels on the magazine 240 are also withdrawn and transferred to the empty slots of the boat 212.
[00035] 	FIG. 4 illustrates an operational process of the boat handling in accordance with an embodiment of the present invention.  At step 410, a boat 212 loaded on the buffer boat shuttle 324 at the lower deck moves towards the robotic arm 350.  The buffer boat shuttle 324 is adapted to park two boats 212.  At this stage, the boat 212 can be loaded with the processed solar panels.  At step 420, the buffer boat shuttle 324 stops right below the lift 350 with the boat 212 (unprocessed panels loaded) aligns beneath with lift 350, the lift 350 then lowers down the lifting arms.  At step 430, the lift 350 picks up the boat 212 and lifts it to the upper deck.  Up until these steps, the tilter 334 is parked at far end (from the robotic arm) of the upper deck.  At step 440, the tilter 334 moves toward the robotic arm and stops right beneath the boat 212, and the lift 350 lowers the boat 212 to park onto the tilter 324.  At step 450, the tilter 334 tilts the boat 212 towards the robotic arm 310 and the lift 350 lifts up the lifting arms to clear obstructions.  At this stage, the buffer boat shuttle 324 can be loaded with another boat 212 loaded with processed panels.  At step 460, the robotic arm 310 extends toward the boat 212 to pick up the solar panels therefrom.  
[00036] 	During the above process, it is desired that at least one (processed panels) boat 212 is parked at the buffer station so that there is no idle period in the loading process.  Once the boat 212 is loaded with the unprocessed panels with a vacant space of the buffer boat shuttle 324 aligns with the lift, the above process is reversed to park the boat 212 now loaded with unprocessed panels onto the vacant space at the lower deck.  Thereafter, the boat 212 can be shuttled to the processing system for further processing.
[00037] 	FIG. 5 illustrates a perspective view of a robotic arm adapted for handling solar panels in accordance with an embodiment of the present invention.  The robotic arm 500 is a multi-axial robotic arm adapted for picking multiple solar panels and transferring them from one place to another.  Specifically, the robotic arm comprises a picker 520 having an array of vacuum suction plates 522 attached thereto, each vacuum suction plate is adapted to pick up individual solar panel 501.
[00038] 	While specific embodiments have been described and illustrated, it is understood that many changes, modifications, variations and combinations thereof could be made to the present invention without departing from the scope of the invention. 


Claims
1. A handling system for handling a plurality of boats loaded with solar panels to be processed, the handling system comprising:
	a lower deck having a buffering station, wherein the buffering station includes shuttles for loading the boat thereon;
	an upper deck having a linear track with a tilter slidably mounted thereon; 
	a lift having a lifting arm adapted for lifting boat from the lower deck to upper deck;
	wherein operationally, the plurality of boats are loaded onto the buffering shuttle, and the lift lifts the boat from the lower deck to the upper deck and place the boat on the tilter, the tiler tilts the boat toward a robotic arm for loading and unloading the solar panels therefrom.
2. The handling system according to claim 1, further comprises a first linear track in the buffering station, wherein the shuttle is slidably mounted on the first linear track for shuttling the plurality of boats.
3. The handling system according to claim 1, wherein the lift is installed above the upper deck.
4. The handling system according to claim 1, wherein the boat is top opened for inserting the solar panel. 
5. A method of handling a plurality of boat loaded with solar panels to be process, the method comprising:
loading the plurality of boats on a buffer shuttle disposed on a lower deck of a handling system;
shuttling the buffer shuttle to a lifting area below a lift having lifting arm;
lifting the boat with the lifting arm from the lower deck to the upper deck;
shuttling the tiler to position underneath the lift;
placing the boat on the tilter and releasing the boat from the lifting arm;
tilting the boat towards a robot arm, wherein the robot arm loads/unloads the solar panels therefrom.
6. The method according to claim 5, further comprises removing the boat with processed solar panel from the upper deck.

