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Table. S1 The discharge capacity for each cycle in conditional test and their average capacity

1%t cycle discharge capacity 21 cycle discharge capacity Average
Cell #1 195.3 mAh 195.5 mAh 195.4 mAh
Cell #2 193.8 mAh 194 mAh 193.9 mAh
Cell #3 196.4 mAh 196.5 mAh 196.45 mAh
Cell #4 197.1 mAh 197.2 mAh 197.15 mAh
195.725 mAh

Table. S2 Geometry of the jellyroll and 1D model

Parameters Values Source

3D geometry of the jellyroll

t 5.6 mm Measured
w’ 18.2 mm Measured
o° 0.122 mm Measured
o’ 0.247 mm Measured

o 0.018 mm Measured



ore 0.015 mm Measured

o 0.012 mm Measured
H’ 30 mm Measured
)4 265 mm Measured

Geometry of the 1D model

)ia (5 c—o" )/ 2 Estimated
1 (5 ‘-0 )/ 2 Estimated
I 5% Estimated
S/ 2L H, Estimated

Table. S3 The material parameters of the SIBs

Parameters Unit Jellyroll Ball
Heat capacity J / (kg K ) C’/ =242532 [b] Cchl = 4751
k; =33.84
Thermal conductivity W/(m K) _ [b] Kl =44 .51
k/ =1.7056
Heat transfer coefficient ‘
W/(m? K) h™ =25[b]
of air
Surface emissivity 1 Epr =0.9[b]

Ambient temperature °C T,,=26.3695[c]




Parameters Unit Cathode Anode Jellyroll Ball
Al A
p'=2770 4 =2770 /1 =1212.5
Density ke /m’ 0 =817.7[c] r P L _ 7850
p°=2900 [a] p* =800 [a] c]
Elastic , .
MPa E° =2275 [c] E* =555 [c] E*=2260 [c] E’'=430[c] E" =207000
constants
Poisson’ ratio 1 =03 v =03 v =03 v =03
Strain / A* =200.31MPa
hardening n* =0.518[d]
Electrical
. S/m K =502 x* =0.7325 K =2562
conductivity
Diffusion : ;
| m’[s D* (eer )? D* =1.81x10™" D* (cye )?
coefficient
Maximum 3 . ;
_ mol/m ct, =15148a] ¢! =8357a]
concentration
Equilibrium c B
: M E;, (Cxoanr )’ Ey (cuc )
potential
Rate constant m/s k¢ (CNVPF )2 k* (CHC )2




[a] Directly from manufacturer's data or calculated

max _ 36 mem

Cl,m = F > m = {n5 p}
max 0.8x10°[ g/m* |x280[mAh
e = 3.6M = 8 _g/m s [m /g] = 8357.78[m01/m3}
’ F 96485[C/mol |
mx 2.9%10° * |x140[mAh
e 236200 5627 Lg/m’ Jx140[ /g]=15148.47[mol/m3]
% 96485[C/mol ]
cathode pc (56 B 5‘”6 )+ pAlgpc
P = 5°
_ 2900[kg/m3 ] x(0.122[mm]~0.015[mm )+ 2770[kg/m3 ] x0.015[mm]  2884.020kg /']
0.122 [mm]
o _ pa (5[1 _5nc )+ pA/é-nc
é‘a
_ 800] kg/m’ |x(0.247 [mm]-0.012[mm )+ 2770 kg/m’ |x0.012 [mm] _ 89571[kg /']
0.247 [mm]

[b] Estimated based on ref. 4
[c] Measured
[d] Based on the experimental fit

Table. S4 The main equations of governing computational framework 410

3D mechanical model

Function name Function

2
Governing equation Yo, Z—? =V, (F,S)+F,
¢

1D electrochemical model

Solid potential i =—c"Vg
, . 20¢"RT(, dn
Electrolyte potential i =—0""Vg +—= I+ f (I1-¢,)Vinc,
F dlnc,

T rt in solid o _pLof0%
ranSport i soli at s ’/2 ar ar



Boundary conditions

Transport in electrolyte

Reaction rate

Overpotential

Initial condition

- |r:0: 0 > _Ds - |r:rx =
or or alF
oc,

86

e = Jo 4 €X a”nk —ex —_(ZPSUF
Jroe = Jo ) XD RT P RT

=V-(DVe +% 1—t¢
: Ve (1)

3D Thermal model

Governing equation

Total heat

Total heat dissipation

pC, (%+uATj+V-q=Q q=—-kVT

Qs = chzz + Q1sc

qloss = qconv + qrad

Convection Gy =W, —T)
Radiation 9vaa = €pr98-D (T =T*)
ISC model
_ Ecu
ISC current Iige = Ry +R.,
ISC heat O =1 ISCZRISC¢)
Battery heat Ocar =1 12sc “Reoy

ISC resistance

Ry =R,(1-¢.)
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Fig. S1 Schematic of indenter position and K-type thermocouple placement for ball indentation testing
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Fig. S2 Stress-strain curve for (a) the compression test of jellyroll (b) the tensile test of cathode (c) the tensile

test of anode (d) the tensile test of separator (machine direction).
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Fig. S3 The experiment data and computation data of discharge voltage-time curve

Supplementary Videos

Video 1. Ball indentation test of sodium-ion pouch cell at 100% SOC.
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