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 Fig. S1: Heat transfer simulations with and without air convection 

 Fig. S2: Sequence of DMA measurements 
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Supplementary Figure S1 

 

Fig. S1. Heat transfer simulations with and without air convection. The purple line is the case including air cooling 

(i.e. air convection). We found that air cooling does not change our simulation result much. Note that the actual 

shape change in our bending experiments took 30~40 seconds. Up to this time, the air cooling does not make 

much difference in simulated temperatures – e.g., the temperature difference is about 1 ℃ around 40 s. Based on 

air convection simulations, we think that air cooling does not affect much the maximum bending angle of our 

sample. 

The heat transfer simulations were conducted with the COMSOL Multiphysics (heat transfer module). Using 

the laminar flow mode, we simulated the temperature of the blue shape memory fibers as the yellow fibers heated 

up over time. To investigate the effect of air cooling, air domains with rectangular shapes were added around the 

sample; the five sides of the sample were set to open boundary conditions except the surface beneath the sample. 

A thermal insulation condition was applied to this bottom surface, because the printing sample was placed on a 

Styrofoam in experiments for thermal insulation. 
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Supplementary Figure S2 

 

Fig. S2. Sequence of DMA measurements. Following the programming step in the period 1, the recovery ratio 

was measured in the period 2 (see Fig. 9 in the main text). The shape fixity can be estimated from measured 

parameters in the period 3. The estimated shape fixity is summarized in Table 1 in the main text. 

 


