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Supplementary Figure 1 

 

Figure S1. (a) Experimental setup for mechanical stretching of a TFN in the radial direction. (b) 

Optical images of a TFN at the initial stage (top) and with the applied strains (bottom). The testing 

sample was mounted on the mechanical tester at the glue locations (red lines). (c) Summary of 

the radial stretching of three TFN membranes; values show the electrical resistance change 

according to the applied strains of 500%. (d) Graphs of three trials of the mechanical testing. 

Arrows indicate the change of electrical resistance when a TFN was stretched and relaxed. 
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Supplementary Figure 2 

 

Figure S2. (a) Experimental setup for mechanical stretching of a TFN in the longitudinal (axial) 

direction. (b) Optical images of a TFN at the initial stage (top) and with the applied strains (bottom). 

The testing sample was mounted on the mechanical tester at the glue locations (red lines). (c) 

Summary of the longitudinal stretching of three TFN membranes; values show the relative 

increase of electrical resistance according to the applied strains. (d) Graphs of three trials of the 

mechanical testing.  
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Supplementary Figure 3 

 

Figure S3. (a) Experimental setup for a biaxial mechanical stretching of a TFN on a cylindrical 

block. (b) Optical images of a TFN at the initial stage (top) and with the applied strains (bottom). 

The testing sample was wrapped on a cylindrical block at the glue locations (red lines). (c) 

Summary of the biaxial stretching of four TFN membranes; preload strain shows the applied 

strains in the radial direction and fracture strains occur in the longitudinal direction. (d) Graphs of 

four trials of the mechanical testing.   
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Supplementary Figure 4 

 

Figure S4. (a) Experimental setup for a mechanical bending test with the rotation from 0 to 180 

degrees. (b) Summary of the bending test. The change of electrical resistance is negligible with 

less than 0.2%. 

 

  



6 
 

Supplementary Figure 5 

 

Figure S5. (a) The meshed model for a TFN membrane in ANSYS Static Structural 15.0. (b) The 

quality of the meshed elements; the value close to 1 represents high quality. (c) Graph of force 

convergence based on the Newton-Raphson method. 
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Supplementary Figure 6 

 

Figure S6. (a) The meshed model for a TFN membrane in ANSYS Static Structural 15.0. (b) 

Boundary conditions for the modeling; red arrows represent the loading directions (radial 

direction). (c) The relationship between the calculated maximum principle strains (%) according 

to the applied strains (%). 
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Supplementary Figure 7 

 

Figure S7. (a) The meshed model for a TFN membrane in ANSYS Static Structural 15.0. (b) 

Boundary conditions for the modeling; red arrows represent the loading directions (longitudinal 

direction). (c) The relationship between the calculated maximum principle strains (%) according 

to the applied longitudinal strains (%). 
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Supplementary Figure 8 

 

Figure S8. (a) The meshed model for a TFN membrane in ANSYS Static Structural 15.0. (b) 

Boundary conditions for the modeling; red arrows represent the longitudinal loading, while blue 

arrows show the radial loading. (c) The relationship between the calculated maximum principle 

strains (%) according to the applied strains (%). 
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Supplementary Figure 9 

 

Figure S9. (a) The meshed model for a TFN membrane in ANSYS Static Structural 15.0. (b) 

Boundary conditions for the modeling; blue rollers in the top view represent the unconstrained 

motion along the direction, while the red arrow in the front view shows the applied force direction 

and the blue triangles shows the constraints. (c) The relationship between the calculated 

maximum principle strains (%) according to the applied forces (N). 


