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Nomenclatures

Roman Letters

C, concentration of lithium ion in solid, mol m™

concentration of lithium ion in electrolyte, mol m™

heat capacity, J/K

diffusion coefficient of lithium ion in solid electrode particles, m? s™!

diffusion coefficient of lithium ion in electrolyte, m? st

Faraday’s constant, 96487C mol

Volumetric source of the electric charge for charge transfer lithium ion, A/m3

reaction rate constant, m?° mol-%° s

length, m

heat source, W/ m?

gas constant, 8.3145J mol* K1
radius of electrode particle, um
time, sec

Temperature, K

transference number of lithium ion
open circuit voltage, V

Spatial coordinate, m

Vil A



Greek Letters

Ds
D
Oj

Ki

Solid volume fraction

volume fraction of electrode
transfer coefficient

density, kg m3

Overpotential, V

potential in solid phase, V
potential in electrolyte phase, V

conductivity of solid, S m*

conductivity of electrolyte, S m™

Subscripts

eff effective

ref

n

reference

negative electrode
positive electrode
anode

separator

cathode
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Table 2.1 Summary of governing equation on MSMD
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9 09 .
lid P ial _ ?ff SU Y _ g — 0
Solid Potentia Fp ; % Jx
o _ d 9,.\ o dlnC,\ .
Liquid Potential FP kerr We’l + a( gff Fp e) +j, =0
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Table 2.2 Parameters used in EDM

Parameter Anode Separator Cathode
Electrode thickness (um) 84 88
Separator thickness (um) 20
Collector thickness (um) 10 20
Initial exchange 36 2%
current(m* mol~1 s71)
Conductivity (s m™1) 100 10
Average particle radius (um) 7 7
Cs maximum (mol m=3) 30555 45000
Electrolyte volume fraction 0.397 0.43 0.401
Polymer matrix volume fraction 0.007 0 0.066
Conductive filler volume fraction 0.044 0 0.043
Transference number 0.353
Solid diffusion coefficient 14 14
2 1 1.5e 4.0e
(m?s™1)
Electrolyte diffusion coefficient 30e-11
e

(m?s71)
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Fig3.4~3.11 B 3o A e Yo &% Hxkel A7 WEE 08, 0.5,

0.2, 0.1 SOC “FEfollA contour® H] 3} T}

Tab Number oCcVv 1tab 2tab 4tab 8tab Continuous
Capacity(Ah) 10.73Ah 9.50Ah 9.65Ah 9.69Ah 9.73Ah 9.92Ah
Resistance(Q) 0.0686Q 0.0682Q 0.0668Q 0.0667Q 0.0638Q

Table 3.1 Capacity and resistance of tab number condition
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Tab Position ocv 1tab(in) 1tab(middle) Itab(out)
Capacity(Ah) 10.73Ah 8.98Ah 9.50Ah 9.21Ah
Resistance((2) 0.0734Q 0.0686Q 0.0712Q

Table 3.2 Capacity and resistance of tab position condition
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Tab Number oCcv 1tab(in) Itab(middle) Itab(out) Typel Type2s
Capacity(Ah) 10.73Ah 8.98Ah 9.50Ah 9.21Ah 9.07Ah 9.12Ah
Resistance(Q) 0.0734Q 0.0686Q 0.0712Q 0.0726Q 0.0722Q

Table 3.3 Capacity and resistance of tab model
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Abstract

A Numerical Study on Performance Effects of Tab Design
in Cylindrical Lithium Ion Batteries

Hyeon-Gyu LEE

School of Mechanical Engineering
The Graduate School

Seoul National University

Lithium-Ion battery is expected to play a major role in the energy industry
for near future because of their large energy storage capacity and eco-friendly
characteristics. However, as the size of the battery cell increases to store high-
capacity energy, the internal resistance caused by overvoltage increases and
performance of the battery decreases. Internal resistance is affected by the cell
potential and temperature imbalance and shape design of the tab is directly

related to these factors.

In this paper, the tab design and performance effect were studied through
the performance analysis of the cylindrical Lithium-Ion battery, which is most
affected by internal resistance. Battery shape was designed into eight types
with the number and location of tabs as variables, and the performance was
evaluated by using a numerical analysis model. Numerical analysis used the
Multi-Scale Multi-Domain(MSMD) model and derived the battery’s
performance, internal current density, and temperature distribution by

calculating the 3 dimensional electrochemical reaction.

Internal resistance of the Lithium-lon battery increased when the
imbalance grew up according to the shape of the tab. At the periphery of the
tab, local imbalance of current density and temperature distribution occurs
and the degree is aggravated when the number of tabs is small and located
inside the cylindrical battery. In addition, based on the preceding trend, to
reduce the imbalance inside the Lithium-Ion battery, the tab shape Typel and

+ 1 & +1
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Type2, which were designed with the location as a variable under the same
number condition, were analyzed and compared with the existing models and
the tendency of increase was reconfirmed. Therefore, in this paper, the
relationship between the tab shape and the performance degradation of
Lithium-Ion battery was verified. It concluded that it is possible to increase
the performance of the Lithium-Ion battery with an appropriate tab shape

design.

Keywords: Lithium-lon battery, Numerical analysis method, Cylindrical battery,
Tab shape, Internal resistance, Internal imbalance
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