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Abstract
Built-in stiffness control of 3D printed structures using heat has been difficult due to high voltage requirements and 

low heating efficiency. We propose a new dynamic stiffness controlled structure whose hardness can be efficiently 
modulated by heating only the part of the structure where stress is concentrated. As a proof-of-concept, we have fabricated 
a small Joule heater using carbon nanomaterial heating paint and demonstrated efficient dynamic stiffness control method 
by attaching the heater to the pillar of a 3D printed H-beam structure. We experimentally showed that the proposed 
structure can sustainably control the buckling strength and thus stiffness with a voltage of less than 10 V. 
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