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Supplementary Information 

 
We have controlled 3D-CMF pen manually when applying process to a complicated shape such as hands and dogs 

in Figure 2.  

We have confirmed the process to be effective in the area of manual process beforehand. Manually 3D-CMF 

processed in a state that the pen shape does not change. The tip shape changes when the pressing force is larger 

than 1.568N. It processed a lateral aspect of 3D printed cubic automatically controlling the pressing force at 0.1N 

and 1.568N. And it processed 8 times in both directions.  

The results are shown in Supplementary Figure S1. This result shows that as the pressing force stays in the area 

between 0.1N and 1.568N, the process is effective.  

Although it depends on the strength of the pressing force, we have confirmed that up until a certain amount of 

times processed, surface roughness is improved by the process, but after that certain times, surface roughness does 

not change.  

Manually 3D-CMF processed the hand and dog structure 10 times keeping pressing force under 1.568N.  

However in minute structure, 3D-CMF process diminishes the minute structure if the process times are more than 

needed to improving surface roughness. Therefore minute structure requires close monitoring when processing. We 

have processed minute structure such as dog eye and base of finger gently 15 times while watching the surface 

micro structures. 
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Supplementary Figure S1. Surface displacement by automatic control of 3D-CMF ((a):Pressing force was 0.1 N 

(b)Pressing force was 1.568 N) 
 

 

 


