


















































26 

CLAIMS 

 

We claim: 

 

1. A semi-automatic precision positioning robot apparatus, comprising: 

a gear system, the gear system comprising:  

a plurality of gear chains; 

a workpiece holding unit gear, wherein the workpiece holding unit gear is  

coupled to the plurality of gear chains; and 

a workpiece holding unit, wherein the workpiece holding unit is coupled to the workpiece  

holding unit gear; 

wherein the gear system is configured to position a workpiece, by positioning the 

workpiece holding unit, relative to a tool, the tool configured to facilitate 

performance of a manufacturing operation on the workpiece;  

wherein the tool comprises a needle guide and a tensioning device configured to facilitate 

stitching;  

wherein the needle guide comprises: 

a rotary actuator configured to rotate the needle guide relative to the workpiece 

holding unit; and 

a guidance structure configured to removably receive and guide a stitching needle 

to a predetermined location on the medical device; and 

wherein the tensioning device comprises: 

a magnetic head configured to removably couple with a stitching thread; and 

a base configured to position the magnetic head in proximity to the needle guide 

and the workpiece holding unit. 

 

2. The semi-automatic precision positioning robot apparatus of claim 2, wherein the tool 

is configured to facilitate stitching associated with a medical device.   

 

3. The semi-automatic precision positioning robot apparatus of claim 1, wherein 

the plurality of gear chains individually comprises:  

a rotary actuator, 

a gear shaft, wherein the gear shaft is coupled to the rotary actuator, 



27 

a worm wheel, wherein the worm wheel is coupled to the gear shaft, 

a worm gear, wherein the worm gear is coupled to the worm wheel, and 

an end gear, wherein the end gear is coupled to the worm gear;  

wherein the workpiece holding unit gear is coupled to the end gear of each of the  

plurality of gear chains. 

 

4. The semi-automatic precision positioning robot apparatus of claim 3, wherein 

the end gear further comprises a bevel gear. 

 

5. The semi-automatic precision positioning robot apparatus of claim 1, wherein 

the workpiece holding unit gear further comprises a bevel gear.  

 

6. The semi-automatic precision positioning robot apparatus of claim 1, further 

comprising: 

a support frame, wherein the support frame further comprises: 

a frame base, 

frame posts coupled to the frame base, and 

a frame cover coupled to the frame posts; 

a plurality of linear actuators, wherein an individual linear actuator comprises: 

at least one slide track, wherein the at least one slide track is fixedly coupled to the 

support frame; and 

a slidable base configured to be actuated to move along the at least one slide track, 

wherein the slidable base has at least one movable platform receiving groove, the 

at least one moveable platform receiving groove extending within the slidable 

base in an angled direction away from the slide track; and 

a moveable platform coupled to the plurality of linear actuators, wherein the gear system 

is coupled to the moveable platform.  

 

7. A method for assembling a semi-automatic precision positioning robot apparatus, the 

method comprising: 

assembling a gear system, assembling the gear system comprising:  

assembling a plurality of gear chains; and 

coupling a workpiece holding unit gear to the plurality of gear chains;  



28 

assembling the tool, assembling the tool comprising:  

assembling a needle guide and a tensioning device; and  

coupling the needle guide and the tensioning device to the semi-automatic precision 

positioning robot apparatus, the needle guide and the tensioning device 

configured to facilitate stitching; and 

coupling a workpiece holding unit to the workpiece holding unit gear; 

wherein the gear system is configured to position a workpiece, by positioning the 

workpiece holding unit, relative to a tool, the tool configured to facilitate performance 

of a manufacturing operation on the workpiece;  

wherein assembling the needle guide comprises: 

coupling a rotary actuator to the semi-automatic precision positioning robot 

apparatus, the rotary actuator configured to rotate the needle guide relative to 

the workpiece holding unit; and 

coupling a guidance structure to the rotary actuator, the guidance structure 

configured to removably receive and guide a stitching needle to a 

predetermined location on the medical device; and 

wherein assembling the tensioning device comprises: 

coupling a magnetic head to a base, and coupling the base to the semi-automatic 

precision positioning robot, the magnetic head configured to removably couple 

with a stitching thread; and the base configured to position the magnetic head 

in proximity to the needle guide and the workpiece holding unit. 

 

8. The method of claim 7, wherein the needle guide and the tensioning device are 

configured to facilitate stitching associated with a medical device.   

 

9. The method of claim 7, wherein assembling the plurality of gear chains comprises, for 

an individual gear chain:  

providing a rotary actuator, 

coupling a gear shaft to the rotary actuator, 

coupling a worm wheel to the gear shaft, 

coupling a worm gear to the worm wheel, and 

coupling an end gear to the worm gear;  

wherein the workpiece holding unit gear is coupled to the end gear of each of the  
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9. The method of claim 7, wherein assembling the plurality of gear chains comprises, for 

an individual gear chain:  

providing a rotary actuator, 

coupling a gear shaft to the rotary actuator, 

coupling a worm wheel to the gear shaft, 

coupling a worm gear to the worm wheel, and 

coupling an end gear to the worm gear;  

wherein the workpiece holding unit gear is coupled to the end gear of each of the  

plurality of gear chains. 

 

10. The method of claim 9, wherein the end gear comprises a bevel gear. 

 

11. The method of claim 7, wherein the workpiece holding unit gear further comprises a 

bevel gear.  

 

12. The method of claim 7, further comprising: 

assembling a support frame, wherein assembling the support frame comprises: 

providing a frame base, 

coupling frame posts to the frame base, and 

coupling a frame cover to the frame posts; 

providing a plurality of linear actuators, wherein an individual linear actuator comprises: 

at least one slide track; 

fixedly coupling the at least one slide track to the support frame; 

coupling a slidable base to the at least one slide track, the slidable base configured to be 

actuated to move along the at least one slide track, wherein the slidable base has at 

least one movable platform receiving groove, the at least one moveable platform 

receiving groove extending within the slidable base in an angled direction away from 

the slide track;  

coupling a moveable platform to the plurality of linear actuators; and 

coupling the gear system to the moveable platform.  
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13.  A method of using a semi-automatic precision positioning robot apparatus for heart 

valve stitching, comprising: 

providing a semi-automatic precision positioning robot apparatus comprising a gear 

system, wherein the gear system comprises: 

a plurality of gear chains, and 

a valve holding unit bevel gear, wherein the valve holding unit bevel   

gear is coupled to the plurality of gear chains; 

coupling a valve holding unit to the valve holding unit bevel gear; 

providing a needle guide, wherein the needle guide includes a needle guide rotary 

actuator  

and a guidance structure; 

positioning the valve holding unit relative to the needle guide by actuating the plurality of 

gear chains to turn or move the valve holding unit bevel gear; 

aligning, by actuating the plurality of gear chains, a needle held by the needle guide to a 

stich point on a heart valve held by the valve holding unit;  

tensioning a stitching thread with a tensioning device of the semi-automatic precision 

positioning robot apparatus such that the thread has a desired amount of tension, the 

tensioning device comprising a suture tensioning arm with a magnetic end and a metal 

disc magnetically attachable to the magnetic end; and 

guiding, with the needle guide, completion of a stitch for the heart valve. 

 

14. The method of claim 13, wherein the semi-automatic precision positioning robot 

apparatus comprises: 

a support frame, wherein the support frame further comprises: 

a frame base, 

frame posts coupled to the frame base, and  

a frame cover coupled to the frame posts; 

a plurality of linear actuators, wherein the plurality of linear actuators further comprises: 

 a slide track, wherein the slide track is fixedly attached to the support frame and 

 a plurality of slidable bases that can be actuated to move along the slide track  

wherein the plurality of slidable bases has at least one movable platform receiving  

groove; and 

a moveable platform with at least one connecting portion that is received by the at 



31 

least one movable platform receiving groove, wherein the gear system is mounted on 

the  

moveable platform; 

wherein the method further comprises: 

positioning the valve holding unit by actuating at least one of the plurality of 

linear actuators, wherein at least one of the plurality of slidable bases moves in a 

direction along the slide track to position the valve holding unit; and 

coupling the needle guide to the support frame. 

 

 

15. The method of claim 13, further comprising determining a coordinate system, and one 

or both of: 

(1) positioning the valve holding unit relative to the needle guide by actuating the 

plurality of gear chains to turn or move the valve holding unit bevel gear based on the 

coordinate system; and 

(2) aligning, by actuating the plurality of gear chains, the needle held by the needle guide 

to the stich point on the heart valve held by the valve holding unit based on the 

coordinate system. 

 

16. The method of claim 13, further comprising displaying one or more images of the 

stitch point on the heart valve on a display of the semi-automatic precision positioning 

robot apparatus.   
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