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(a) (b) (c) 

Figure 28. Experimental deburring results for multifaceted edges of automobile steering booster
housing: (a) top facet; (b) distal side facet; (c) proximal side facet.

 

Figure 29. Experimental deburring results of target planning path and actual tool path of top facet.

 

Figure 30. Experimental deburring results of target planning path and actual tool path of distal
side facet.
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Figure 31. Experimental deburring results of target planning path and actual tool path of proximal
side facet.

 

Figure 32. Deviation results of target planning path and actual tool path of experimental deburring for
top facet.

 

Figure 33. Deviation results of target planning path and actual tool path of experimental deburring for
distal side facet.
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Figure 34. Deviation results of target planning path and actual tool path of experimental deburring for
proximal side facet.

 
(a) (b) 

Figure 35. Deviation results of target planning path and actual tool path of experimental
deburring for top facet (polar representation): (a) facet edges deburring deviation; (b) orifice edges
deburring deviation.

  
(a) (b) 

Figure 36. Deviation results of target planning path and actual tool path of experimental deburring
for distal side facet (polar representation): (a) facet edges deburring deviation; (b) orifice edges
deburring deviation.
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(a) (b) 

Figure 37. Deviation results of target planning path and actual tool path of experimental deburring
for proximal side facet (polar representation): (a) facet edges deburring deviation; (b) orifice edges
deburring deviation.

7. Conclusions

A new five-DOF hybrid robot manipulator and two experimental platforms were developed.
For this robot manipulator, a new robotic deburring methodology for robotic deburring tool path
planning and robotic deburring process parameter control was presented. The major contributions of
this article can be summarized as follows:

1. The design structure and the physical structure of the robot manipulator for the original
experimental platform and the improved one were developed, and the property characterizations
of the dexterous manipulation reachability and the superior deburring capability in one setup
were demonstrated. The robot manipulator can provide a good solution for the selection of the
manufacturing equipment, such as deburring of the complex shaped parts.

2. A robotic deburring tool path planning method was proposed for the robotic deburring tool
location (position and orientation) planning and the robotic layered deburring planning. Also,
a robotic deburring process parameter control method based on fuzzy control for the robotic
deburring was proposed, which represents the optimization property, convenience, simplicity,
and implementation with automatic-online errors correction. These methods can be extended to
handle similar problems for other types of the robot manipulators.

3. A dexterous manipulation experiment was conducted to verify the dexterous manipulation and
the orientation reachability of the robot manipulator, especially the dexterous manipulation
of a certain processing point. Furthermore, two robotic deburring experiments, i.e., a disc
deburring experiment of an automobile hub and a multifaceted edges deburring experiment of
an automobile steering booster housing, were conducted on the experimental platforms, and the
effectiveness of the two proposed methods was verified, and the highly efficient and dexterous
manipulation and deburring capacity of the robot manipulator for multifaceted deburring in one
setup was also fully demonstrated.

In future work, several meaningful attempts need to be carried out, such as offline path correction,
compensation for vibrations and/or chattering, backlash of ball screws and robot manipulator structural
deformations, suppression for high frequency oscillations, and structural rigidity improvement
of the robot manipulator. The two proposed methods are expected to provide some insight into
the foundational aspects of robotic deburring tool path planning and robotic deburring process
parameter control.
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