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Table. S1 Geometry of the jellyroll

Parameters Values Source
3D geometry of the jellyroll

jt 5.6 mm Measured
jw 18.2 mm Measured

c 0.122 mm Measured
a 0.247 mm Measured
se 0.018 mm Measured
pc 0.015 mm Measured

nc 0.012 mm Measured

Table. S2 The main equations of the governing computational framework [1–7]
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Table. S3 The material parameters of the SIBs
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Parameters Unit Cathode Separator Anode

Density 3kg m
 2770Al 

 [a] 2900c 
[c]817.7se 

2770Al 
[a]800a 

Elastic constants MPa  [c]2275cE   [c]555seE   [c]2260aE 
Poisson’ ratio 1 0.3cv  0.3sev  0.3av 

Electrical 
conductivity S/m [8]50c  0.7325se  [8]256a 

Diffusion 
coefficient

2m s [b] NNMF
cD c 101.81 10seD   [b] HC

aD c
Maximum 

concentration
3mol m [a]15148c

eqc  [a]8357a
eqc 

Equilibrium 
potential V [9] NNMF

c
eqE c [8] HC

a
eqE c

Rate constant m s [b] NNMF
ck c [b] HC

ak c

[a] Directly from manufacturer's data or calculated 

[b] Calibrated by experimental results

[c] Measured 

Fig. S1 Model validation of sodium-ion batteries. (a) Comparison between experimental 
measurements and one-dimensional (1D) model predictions of voltage evolution during charge–
discharge at 0.1C. (b) Experimental and simulated voltage profiles at a higher rate of 0.5C, 
demonstrating the model's capability to capture rate-dependent electrochemical behavior. Here, 
normalization is performed using the full-cycle duration at the corresponding C-rate.
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Fig. S2 Evolution of swelling force and cell voltage as a function of time during cycling under a 
preloading force of 45 N and a current of 10 mA. The force signal exhibits periodic variation that 
correlates with the charge-discharge process, while the voltage profile shows the corresponding 
electrochemical cycling behavior over repeated cycles.

Fig. S3 Evolution of volumetric strain in the anode and cathode particle as a function of state of 
charge, highlighting monotonic anode expansion and cathode shrinkage during cycling.
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