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ROTARY SPRAY JET CLEANING SYSTEM AND METHOD THEREFOR


Field of the Invention
[0001] The present invention relates to cleaning system.  More specifically, the present invention relates to a system and method cleaning voice coil motor with a rotary spray jet cleaning module.
Background
[0002] 	Voice Coil Motor (VCM) is widely used in micro-size imaging equipment due to its simplicity in design.  One advantage of the VCM is that the motor can be configured with a hollow center to mount an optical lens thereon to perform zoom and focus for the imaging equipment.  The VCM can be adapted in a very small size, which is highly suitable for smart phone deployment.  
[0003] 	In such micro application, fabrications of the components it is critical that the components are kept clean.
Summary
[0004] 	In one aspect of the present invention, there is provided a cleaning system for a component having a center through hole.  The cleaning system comprises a closable chamber having a cavity space therein for loading the component to be cleaned; and a nozzle assembly having a nozzle tip that extended into the closable chamber to reach the center hole of the component, wherein the nozzle assembly is connected to an air source and a water source.  Operationally, the nozzle tip simultaneously provides spinning jet sprays to clean the component, wherein the spinning jet sprays comprises air spray and water spray in an alternate manner.
[0005] 	In one embodiment, the nozzle assembly is configured to operationally move the nozzle tip in a reciprocal manner within the cavity space when cleaning the component.
[0006] 	In another embodiment, the closable chamber further comprises an exhaust vent connected to a vacuum means for actively exhausting cleaning wastes during the cleaning process.
[0007] 	In a further embodiment, the nozzle assembly further comprises outer spray nozzles channeled out from above the nozzle tip and disposed around the component within the cavity space, wherein the outer spray nozzles spin along with the nozzle tip operationally.
[0008] 	In yet another embodiment, the cleaning system further comprises a valve controller controlling the air spray and water spray alternatively.
[0009] 	In yet a further embodiment, the air source is clean dry air (CDA) source, and the water is pressurized water source.
[00010] 	In another aspect of the present invention, there is also provided a method for cleaning voice coil motor having a center through hole.  The method comprises loading a component within a cavity space of a closed chamber; sealing the cavity space of the closed chamber with a nozzle tip of the nozzle assembly extending into the closed chamber to reach the center hole of the component; spraying the component; spinning the nozzle tip of the nozzle assembly when spraying the component; and moving the nozzle tip reciprocally when spinning and spraying the component,  spraying the component comprising spraying air and water in an alternate manner.  
[00011] 	In yet a further embodiment, the method further comprises exhausting waste with a vacuum means from the bottom of the closed chamber. 
[00012] 	In another further embodiment the method comprises spraying an outer surface of the component through outer spray nozzles extended from above the nozzle tip.  
Brief Description of the Drawings
[00013] 	This invention will be described by way of non-limiting embodiments of the present invention, with reference to the accompanying drawings, in which:
[00014] 	FIG. 1A illustrates a perspective view of a cleaning system in accordance with an embodiment of the present invention;
[00015] 	FIG. 1B illustrates a crossed sectional view of the cleaning system of FIG. 1A in accordance with an embodiment of the present invention;
[00016] 	FIG. 1C illustrates another crossed sectional view of the cleaning system of FIG. 1A in accordance with an embodiment of the present invention;
[00017] 	FIG. 1D illustrates perspective view of the nozzle assembly and clamp assembly (without the chamber) of FIG. 1A in accordance with an embodiment of the present invention;
[00018] 	FIG. 1E illustrates an enlarged crossed sectional view A of the cleaning system FIG. 1B showing spray flows in accordance with an embodiment of the present invention;
[00019] 	FIG. 2 illustrates a perspective crossed sectional view of a nozzle tip in accordance with an embodiment of the present invention; and
[00020] 	FIG. 3 illustrates a control flow diagram of a cleaning system 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] 	FIG. 1A illustrates a perspective view of a cleaning system 100 in accordance with an embodiment of the present invention.  The cleaning system 100 comprises a nozzle assembly 110 and a cleaning chamber 120 adapted for cleaning components 105, one at a time.  Such components usually configured in a ring shape with a center through hole.  In one example, not limitations, the component can be a voice coil motor (VCM).
[00023] 	The cleaning chamber 120 is adapted to hold the component 105 within a cavity space of the chamber 120 and provide a seal space during the cleaning operation.  As shown, the chamber 120 comprises a bottom chamber 121, a top chamber 122 and a clamp assembly.  The bottom chamber 121 is a fixture mounted on the cleaning system 100.  The top chamber 122 is disposed on top of the bottom chamber 121 supported by a supporting frame 126 over a guiding rail, whereby the top chamber 122 can be lifted up and down relative to the bottom chamber 121 operationally.  When the top chamber 122 is moved up (as shown in the figure) exposing an inner cavity space of the chamber 120, it gives a clearance to operator to load the component 105 to be cleaned therein.  Further as shown, there is provided a component clamp 124 to hold the component 105 in suspending within the cavity space.  Preferably, the clamp 124 is operable through a clamp assembly 125 externally.  The clamp 124 may comprise a plurality of clamp fingers to secure the component 105 in place.  
[00024] 	The upper rim of the bottom chamber may comprise a seal/gasket, whereby when the top chamber 122 is lowered to close the cavity space, it provides a seal chamber to clean the component 105 therein.
[00025] 	The nozzle assembly 110 is mounted above of the top chamber 122 through a separate mounting support 119, whereby the nozzle assembly 110 is also movable linearly and vertically alongside with the top chamber 122.  The nozzle assembly 110 comprises a nozzle tube (not shown) extending through the top chamber 122 into the cavity space.  
[00026] 	Once the component 105 is properly loaded and clamped in placed, the cleaning system 100 lowers the top chamber 122 together with the nozzle assembly 110 towards the bottom chamber 121 to close and seal the cavity space.  The tip (not shown in this figure) of the nozzle tube 116 remains in the cavity space to perform the cleaning.
[00027] 	FIG. 1B illustrates a crossed sectional view of the cleaning system 100 of FIG. 1A in accordance with an embodiment of the present invention.  Similarly, FIG. 1C illustrates a crossed sectional side view of the cleaning system of FIG. 1A.  As shown in FIG. 1B and FIG. 1C, the nozzle assembly 110 comprises a driver 112, a driving belt 113, the nozzle tube 116, a nozzle tip 117 and an outer spray nozzle 118.  The nozzle tube 116 is oriented vertically and extending through the top chamber 122.  Operationally, the nozzle tube 116 spins about its longitudinal axis driven by the driver 122 through the driving belt 113.  The nozzle assembly 110 is mainly mounted on the support 119 slidably up and down on a rail of the support 119.  It is desired that the movement of the top chamber 122 is controlled independently from the movement of the nozzle assembly 110.  Movements of the system 100 will be explained later in this description. 
[00028] 	Returning to the nozzle assembly 110, the outer spray nozzle 118 is extended from lower section of the nozzle tube 116 and above the nozzle tip 117 under the top chamber 122.  The outer spray nozzle 118 comprises a plurality of nozzle fingers extended from the nozzle tube 116 that are equally distributed circumferentially.  It is desired that the outer spray nozzle 118 is fixed to the nozzle tube 116 such that it moves (including spin/rotate) together with the nozzle tube 116.  In another embodiment, the outer spray nozzle 118 and the nozzle tube 116 are one uni-body.  
[00029] 	The cleaning process will be carried out under a closed space with the top chamber 122 coupled on top of the bottom chamber 121.  The bottom chamber 121 further include an exhaust vent 128 at the bottom of the chamber to discharge the waste from the cleaning process.  Preferably, the exhaust vent 128 is further connected to a vacuum means as active discharge means to discharge the waste.  Such discharge means is more effective than passive discharge means.  
[00030] 	FIG. 1D illustrates perspective view of the nozzle assembly 110 and clamp assembly (without the chamber) of FIG. 1A in accordance with an embodiment of the present invention.  In the present embodiment, the outer spray nozzle comprises four nozzle fingers.  As shown, when a component 105 is place on the clamp, the clamp assembly moves the clamp fingers to secure the component 105 in place as movement.  The top chamber is then lowered together with the nozzle assembly 110 towards the bottom chamber 121 to close the cavity space. When the chamber is closed, the nozzle tip 117 should reach through the center through hold of the component 105 with the outer spray nozzle 118 disposed around the outer surface of the component 105 to be cleaned.  During the cleaning process, the nozzle tube 116 spin together with the outer spray nozzle 118 while spraying (air/water) within the sealed cavity space.  It is also desired that, operationally, the nozzle assembly 110 (i.e. the nozzle tube 116) moves reciprocally to provide better cleaning process.  The spinning speed and the reciprocal movement speed can be determined according to the application.  The speed can be variable speed or fix speed throughout the cleaning operation.
[00031] 	It is understood to a skilled person that the top chamber 122 is provided as a cover to close the bottom chamber 121 such that the cleaning is carried out under a closed space.  The configuration and structure of the top and bottom chamber 121 may be in other forms without departing the scope of the invention.  
[00032] 	FIG. 1E illustrates an enlarged crossed sectional view A of the cleaning system FIG. 1B showing spray flows in accordance with an embodiment of the present invention.  As shown, the spray source comes from the upper end of the nozzle tube 116.  The spray source can be air or compressed air source, and water or compressed water source.  When the spray source are injected thorough the hollow tube 116, and when it reaches the holes channeling the spray to the outer spray nozzle, the spray splits with one main stream of spray directed all the way down to the nozzle tip end.  When the spray reaches the nozzle tip 117, it is sprayed out through the nozzle holes.  In this embodiment, nozzle holes are provided in several locations in different directions, which allows the spray to spray in all directions.  As shown in the figure, the spray from the nozzle tip 117 and the outer spray nozzles 118 are able to cover the inner and outer surface of the component 105.
[00033] 	It is desired that during the cleaning operation, i.e. jet spraying, the nozzle tube 116 spins together with the outer spray nozzle 118 to provide a better cleaning performance. It is further desired that the nozzle tube 116 moves vertically in a reciprocal manner to maximize the cleaning coverage area.  
[00034] 	The cleaning operation is carried out in a closed cavity space under the top and bottom chamber 122, 121.  
[00035] 	Returning to the nozzle tube 116, it comprises a cylindrical shaped middle hollow body and two truncated conical shaped hollow parts of which each is integrally disposed onto the ends of the cylindrical shaped middle body, where a plurality of holes are formed on the hollow body and hollow parts so that water or air can flow from the hollow center to the surroundings through the holes; in certain embodiments, the plurality of holes are equally distributed circumferentially on the body and parts.  The other end of the nozzle tube is connectable to a spray source.  In one embodiment, the spray source comprises an air source and a water source that jointly channelled to the nozzle tube 116, whereby corresponding valves are provided to control the flow of the spray.  
[00036] 	FIG. 2 illustrates a perspective crossed sectional view of a nozzle tip 200 in accordance with an embodiment of the present invention.  The nozzle tip 200 comprises a cylindrical hollow body with one end being integrally disposed a cone-shaped hollow part 202, where a plurality of holes 204 are formed on the body and part so that water or air can flow from the hollow center to the surroundings through the holes 204; in certain embodiments, the plurality of holes 204 are equally distributed circumferentially on the body and parts. In certain embodiments, some of the holes 204 are formed on the body with an oblique orientation so that water or air can be flown in a direction that is not vertical to the surface of the body.
[00037] 	FIG. 3 illustrate a control flow diagram of a cleaning system in accordance with an embodiment of the present invention.  The cleaning system comprises a chamber controller 302, a clamp controller 304, an air valve controller 306, a water valve controller 308, water filter, 
[00038] 	Operationally, the clamp controller 304 close its clamp to hold a component to be cleaned in place.  Preferably, the component has a center through hole, such as a voice coil motor.  The clamp controller 304 may detect the presence of the component, and if no component is placed, or is not properly placed, the clamp controller 304 may alert the operator.  
[00039] 	When the component is properly secured on the clamp, the chamber controller 302 closes a bottom chamber 321 by lowering down a top chamber 322.  When the top chamber 322 is lowered down to close the bottom chamber 321 defining a sealed space containing the component therein.  When the top chamber 321 is lowered down, the nozzle assembly follows with the nozzle tip end remains within the sealed space of the chamber.  
[00040] 	When the nozzles are all set, the cleaning process starts.  The cleaning process start with a first air spray process.  As the process start, a vacuum mean connected to the bottom of the chamber is activated.  The air valve controller 306 releases the air valve to inject air through the nozzle tube.  It is desired that clean dry air (CDA) is used for the cleaning system 300.  As the air is passing through the nozzle tube, the nozzle tube also starts spinning.  It is also desired that the nozzle tube is also moving vertically and reciprocally around the component.  The first air spray process provide a first round of cleaning to remove some debris from the component. 
[00041] 	After the first air spray process, the air valve controller 306 turn off the air valve, and in turn the water valve controller 308 opens the water valve to inject the water into the nozzle tube to start the water spray process.  It is desired that pressurized water is used for the cleaning system 300.  In one embodiment, pressurised water can can be used.  In another embodiment, a pump may be used to inject pressurized water into the nozzle tube.  The water spray process should clean up the component completely.  
[00042] 	Once the water spray process is completed, a second air spray process is followed to dry the components.   
[00043] 	Throughout the above three steps process, the nozzle tube remains spinning to provide continuous spinning jet spray to clean the component.  It is further provided that the nozzle tube moves the nozzle tip reciprocally within the cavity space.
[00044] 	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 cleaning system for a component having a center through hole, the cleaning system comprising:
	a closable chamber having a cavity space therein for loading the component to be cleaned;	
	a nozzle assembly having a nozzle tip that extended into the closable chamber to reach the center hole of the component, wherein the nozzle assembly is connected to an air source and a water source;
	wherein operationally, the nozzle tip simultaneously provides spinning jet sprays to clean the component, wherein the spinning jet sprays comprises air spray and water spray in an alternate manner.
2. The cleaning system according to claim 1, wherein the nozzle assembly is configured to operationally move the nozzle tip in a reciprocal manner within the cavity space when cleaning the component.
3. The cleaning system according to claim 1, wherein the closable chamber further comprising an exhaust vent connected to a vacuum means for actively exhausting cleaning wastes during the cleaning process.
4. The cleaning system according to claim 1, wherein the nozzle assembly further comprising outer spray nozzles channeled out from above the nozzle tip and disposed around the component within the cavity space, wherein the outer spray nozzles spins along with the nozzle tip operationally.
5. The cleaning system according to claim 1, further comprising a valve controller controlling the air spray and water spray alternatively.
6. The cleaning system according to claim 1, wherein the air source is clean dry air (CDA) source, and the water is pressurized water source.
7. A method for cleaning voice coil motor having a center through hole, the method comprising:
loading a component within a cavity space of a closed chamber;
sealing the cavity space of the closed chamber with a nozzle tip of the nozzle assembly extending into the closed chamber to reach the center hole of the component;
spraying the component;
spinning the nozzle tip of the nozzle assembly when spraying the component; and
moving the nozzle tip reciprocally when spinning and spraying the component,
wherein spraying the component comprising spraying air and water in an alternate manner.  
8. The method according to claim 7, further comprising exhausting waste with a vacuum means from the bottom of the closed chamber. 
9. The method according to claim 7, further comprising spraying an outer surface of the component through outer spray nozzles extended from above the nozzle tip.  


