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1. The encapsulation mold 

In order to fully encapsulate the cylindrical hydrogel, a special sleeve and cover molds 

were printed using a fused deposition 3D printer (CP-01, Shenzhen Chuangxiang 3D 

Technology Co., Ltd.) with polylactic acid wires (Figures S1a and S1b). The inner diameter of 

the hollow tube part of lower sleeve and upper cover is 17 mm and 20.5 mm, respectively, and 

their heights are both 18 mm. Figure S1c is a schematic diagram of the assembled mold. The 

printing speed was 50mm/s, the temperature of the print head and printing platform was 200 °C 

and 45 °C, respectively. In order to prevent the mold from shifting during the printing process, 

masking tape was laid on the printing platform to increase friction and improve the printing 

accuracy. 

 

Figure S1. (a) Schematic diagrams of upper cover; (b) Schematic diagrams of lower sleeve; 

(c) Schematic diagrams of the assembled mold 

 

2. lap-shear test 

 

Figure S2. Scheme illustration of the lap-shear test 
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3. long-term cyclic step strain test 

 

Figure S3. The relative resistance change of the hydrogel-based sensor in the cyclic step 

strain tests for different periods 

 

4.  

 

Figure S4. The image of the assembled hydrogel-based sensor during loading- unloading 

process 
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5. The output signals of the hydrogel-based sensor before and after encapsulation upon 

different compression speeds. 

 

Figure S5. (a) The relative resistance change of the the hydrogel-based sensor before 

encapsulation upon cyclic compression under different compression speeds; (b) The relative 

resistance change of the hydrogel-based sensor after encapsulation upon cyclic compression 

under different compression speeds 

 

6. Hydrogel-based sensor with conductive carbon tape as electrode 

 

Figure S6. (a) Relative resistance change of the hydrogel-based sensor with conductive 

carbon tape as electrodes; (b) The connection between conductive carbon tape and hydrogel  
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7. The 3D depth-of-field image of cylindrical hydrogels 

 

Figure S7. The 3D depth-of-field image of cylindrical hydrogels 

 

8. The establishment of the simulation analysis model 

The standard/explicit module of Abaqus was used to build and analyze the model. The 

overall size of the hydrogel and Ecoflex layer in the model were consistent with the actual size 

of the encapsulated hydrogel. Figures S8a and S8b are the model images after “view cut” 

operation from the X-plane and Z-Plane planes, respectively. It can be seen that the hydrogel 

was completely encapsulated in the Ecoflex, and the electrodes were placed on the upper and 

lower surfaces of the hydrogel. For the material property setting, the Young's modulus of the 

hydrogel, Ecoflex, and nickel-chromium wire were set as 0.012 MPa, 0.2 MPa, and 2240 GPa, 

respectively, their Poisson's ratios were set as 0.49, 0.45, and 0.3, respectively. The Poisson’s 

ratio of nickel chromium wire was obtained by querying the manufacturer. In order to obtain 

the Poisson’s ratio of hydrogel and Ecoflex, an electronic universal testing machine was 

employed to compress the prepared cylindrical hydrogel and Ecoflex to 20% strain, and then 

the transverse strain was measured by Vernier caliper. Finally, Poisson’s ratio was calculated 

by the transverse strain and the strain in the compression direction. For the boundary condition 

setting, as shown in Figure S8d, a boundary condition (U1= U2= U3= UR1= UR2= UR3= 0) 
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was created on the lower surface of the model. A vertical load was applied to the upper surface 

of the model, resulting in a 20% strain in the model. Eight-node linear hexahedral element 

(C3D8) was selected as the three-dimensional finite element model of hydrogel and Ecoflex; 

Two-node linear three-dimensional truss element (T3D2) was selected as the three-dimensional 

finite element model of nickel-chromium wire. The approximate global size was set to 0.5, and 

the maximum deviation factor was 0.1. The meshing result is shown in Figure S8c and 8e.  

 

Figure S8. (a) The image of the model after “view cut” operation from the X-plane; (b) The 

image of the model after “view cut” operation from the Z- plane; (c) Schematic diagram of 

meshing of electrodes; (d) Schematic diagram of boundary conditions; (e) Schematic diagram of 

meshing of hydrogel and Ecoflex 

 

9. The comparaion of the theoretical and simulated values 
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Figure S9. The curves of the Load-Depth obtained from simulation and theoretical analysis 


