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 Implement the current algorithm for different size 
of APs 

 Improve the algorithm to achieve a higher volume 
fraction and decrease the execute time with the 
method suggested by [2]

Further work 
 The maximum volume fraction the algorithm 

can achieve is 0.465 for single size balls and 
0.456 for two size balls

 Setting a random arrangement as the initial 
configuration is advantageous to reach a 
higher volume fraction 

Conclusion

1. APs with same size

 The overlap function decreases as particles move around and reaches to 
zero eventually 

 Torquato, S. [1] suggested that starting with a hexagonal arrangement may 
be more efficient than a random arrangement to attain high densities  

 Two possible initial configurations:

 To simulate high energy density cathode in ABAQUS, our desired algorithm 
is to achieve the volume fraction as high as possible 

 Setting the initial configuration as a random arrangement may be more 
advantageous to used than a hexagonal arrangement 

2. APs with two sizes 

 Random arrangements were chosen for generating initial configuration 

 For 40 APs, the achieved maximum volume fraction is 0.456

* The radius was selected according to the experimental observations by [3]  

Radius (𝜇𝜇𝑚𝑚) 3&5 5&8

Maximum Archieved
Volume Fraction 0.456 (40 balls) 0.426 (20 balls)

Ratio 1:3 4:1

Excuate Time (s) 356 11

Parameters:
• Size of cathode = 30×40×30 (𝜇𝜇𝑚𝑚3)
• Radius of APs = 3&5, 5&8 (𝜇𝜇𝑚𝑚)
• The minimum distance between two APs = 0.15 (𝜇𝜇𝑚𝑚)

Random Arrangement Hexagonal Arrangement 

Maximum Archieved 
Volume Fraction 0.465 (32 balls) 0.451 (31 balls)

Excuate Time (s) 76 41

Figure

Initial configuration 

Final configuration 

Parameters:
• Size of cathode = 30×40×30 (𝜇𝜇𝑚𝑚3)
• Radius of APs = 5 (𝜇𝜇𝑚𝑚)
• The minimum distance between two APs = 0.15 (𝜇𝜇𝑚𝑚)

Results

 Assumptions: APs are considered as idealised spherical shapes

 Build an algorithm to find an optimal arrangement for spheres (APs) in a box 
(cathode)

 The importance of choosing 𝛿𝛿: A large value might cause most steps to be 
rejected whereas a small value might make the system evolve slowly. 

 𝛿𝛿 exploration: 
The maximum step size 𝛿𝛿 changes in every 10,000 iterations. 

*𝑓𝑓 𝑥𝑥 = overlap function 
𝑛𝑛 = the number of ball pairs overlapped 

𝛿𝛿 = 5 𝛿𝛿 =
𝑓𝑓(𝑥𝑥)
𝑛𝑛

Methods

 Aim:
Find an arrangement for APs in the cathode with an algorithm and achieve 
the volume fraction as high as possible. 

ABAQUS is a software that can 
simulate diffusion mechanics for 
lithium-ion batteries (LIBs). However, 
drawing 3d shapes manually to model 
cathode and active particles (APs) in 
the software is inefficient.
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