
Evaluation and optimization of the performance of frame geometries for lithium-ion
battery application by computer simulation
D. Miranda, F. Miranda, C. M. Costa, A. M. Almeida, and S. Lanceros-Méndez 
 
Citation: AIP Conference Proceedings 1738, 370010 (2016); doi: 10.1063/1.4952155 
View online: http://dx.doi.org/10.1063/1.4952155 
View Table of Contents: http://scitation.aip.org/content/aip/proceeding/aipcp/1738?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Parameter optimization for high speed remote laser cutting of electrodes for lithium-ion batteries 
J. Laser Appl. 28, 022006 (2016); 10.2351/1.4942044 
 
Multiscale modeling and characterization for performance and safety of lithium-ion batteries 
J. Appl. Phys. 118, 072017 (2015); 10.1063/1.4927817 
 
Silicon nanowires used as the anode of a lithium-ion battery 
AIP Conf. Proc. 1667, 020008 (2015); 10.1063/1.4922564 
 
Toward practical solid-electrolyte lithium-ion batteries 
Phys. Today  
 
A path to better lithium-ion battery performance 
Phys. Today ; 10.1063/PT.5.7288 
 

 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions IP:  193.137.65.100 On: Mon, 07 Nov 2016 11:04:28

http://scitation.aip.org/content/aip/proceeding/aipcp?ver=pdfcov
http://scitation.aip.org/search?value1=D.+Miranda&option1=author
http://scitation.aip.org/search?value1=F.+Miranda&option1=author
http://scitation.aip.org/search?value1=C.+M.+Costa&option1=author
http://scitation.aip.org/search?value1=A.+M.+Almeida&option1=author
http://scitation.aip.org/search?value1=S.+Lanceros-M�ndez&option1=author
http://scitation.aip.org/content/aip/proceeding/aipcp?ver=pdfcov
http://dx.doi.org/10.1063/1.4952155
http://scitation.aip.org/content/aip/proceeding/aipcp/1738?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/lia/journal/jla/28/2/10.2351/1.4942044?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/118/7/10.1063/1.4927817?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.4922564?ver=pdfcov
http://scitation.aip.org/content/aip/magazine/physicstoday/news/news-picks/towrdprcticlsolidelectrolytelithiumionbtteries-a-news-pick-post?ver=pdfcov
http://scitation.aip.org/content/aip/magazine/physicstoday/news/10.1063/PT.5.7288?ver=pdfcov


Evaluation and Optimization of the Performance of Frame 
Geometries for Lithium-Ion Battery Application by 

Computer Simulation 

D. Mirandaa,c, F. Mirandab,c, C. M. Costaa, A. M. Almeidaa  
and S. Lanceros-Méndeza 

aCentro/Departamento de Física, Universidade do Minho, 4710-057 Braga, Portugal 
bCIDMA, Universidade de Aveiro, Aveiro, Portugal 

cInstituto Politécnico de Viana do Castelo, Viana do Castelo, Portugal 

Abstract. Tailoring battery geometries is essential for many applications, as geometry influences the delivered capacity 
value. Two geometries, frame and conventional, have been studied and, for a given scan rate of 330C, the square frame 
shows a capacity value of 305,52 Ahm-2, which is 527 times higher than the one for the conventional geometry for a 
constant the area of all components. 
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INTRODUCTION 

Current society, with constant mobility and rapid technological advances, lead to an increasing need of batteries 
with large autonomy for applications such as mobile-phones, computers, e-labels, e-packaging and disposable 
medical testers, among others, as well as for hybrid electric vehicles (PHEVs) or electric vehicles (EVs). [1]. 

Typically, in order to increase the performance of a battery (power and energy density), new materials for 
electrodes (cathode and anode) and separators are developed and new geometries are explored. It has been shown 
that an interdigitated geometry is a possible way for developing with high-power and high-energy density batteries 
[2]. 

Taking into account that computer simulations of battery performance based on theoretical models at different 
scales [3] are critical for optimizing geometries before experimental battery fabrication [4-5], in this work, a finite 
element method simulation has been carried out in order to quantitatively evaluate the performance of a frame 
geometry for lithium-ion batteries at different scan rates. The optimization of the frame structure was carried out 
taking into account the length of the side maintaining a constant area for the different components.  

The performance of two batteries with different geometries has been evaluated: a conventional geometry and a 
frame geometry (Figure 1). These geometries are illustrated in Figure 1 (a) for a conventional geometry and in 
Figure 1 (b) and (c) for two frame geometries: square frame and rectangular frame geometries, respectively.  

All simulations are based on the Finite Elements Method and by applying the Doyle/Fuller/Newman model [6]. 
The equations of this model describe the physical and electrochemical phenomena that occur along the operation of 
batteries in two dimensions [6]. In order to perform a comparative evaluation of the performance of the batteries 
with different geometries, the same area was maintained for the different components of the batteries (electrodes, 
separator and current collectors). Further, the variables dc and dm are defined, respectively, by the distance between 
collectors and the maximum distance of lithium ions in relation to the collectors position, as illustrated in Figure 1. 
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FIGURE 1.  Geometries implemented in the simulations and corresponding geometrical parameters (maximum distance, dm and 
distance between collectors, dc): (a) conventional geometry, (b) square frame geometry and (c) rectangular frame geometry.  

 
The first part of the study is focused in the evaluation of the capacity value at low, medium and high discharge 

rates (from 1C up to 500C).  For the conventional geometry, the thickness of the anode (L_an) was fixed at 200 m, 
the thickness of the cathode (L_cat) at 400 m and the thickness of the separator (e_s) at 90 m. In the square 
frame, it was used a value for the length (L) of 100 m.  The influence of the side length for the square frame on the 
performance of the battery was evaluated at higher discharges rates (500C). The optimal value of the side length of 
the frame geometry was obtained by adjusting the obtained capacity values as a function of length by a Quadratic 
Regression Polynomial using the Least Square Method. For the determination of the optimal length value (L), it was 
used the area (A) for each component (electrodes and separator) shown in Table 1. Finally, it was determined the 
capacity value of the square frame and rectangular frame geometries with a given maximum distance (dm), equal 
distance between collectors (dc) and the same area of all components in both geometries at 500C of discharge rate. 
The side length (L) for the square frame is 200 m and the base (b) and height (h) of the rectangular frame geometry 
are 300 m and 100 m, respectively. 

 
Table 1 shows the parameters used in the battery models for the different geometries.  

 
TABLE 1. Parameters used in the simulations of the batteries with different geometries: conventional, square and 

rectangular frame 
Parameter Unit Anode (LixC6) Separator Cathode (LixMn2O4)

CE,i,0 mol/m3 14870  3900 
CE,i,max mol/m3 26390  22860 
CL mol/m3  1000  
r m 12,510-6  810-6 
Li m 20010-6 9010-6 40010-6 
ki S/m (6,510-1) 0,3571,5 (6,510-1) 4,8410-2 (6,510-1) 0,4441,5 
Di m2/s (4,010-10) 0,3571,5 (4,010-10) 4,8410-2 (4,010-10) 0,4441,5 
DLI m2/s 3,910-14  110-13 
Brugg or p  1,5 8,5 1,5 
f,i  0,172  0,259 
i  0,357 0,70 0,444 
   3,8  
i S/m 100  3,8 
i1C

 
A/m2  17,5  

T K  298,15  
Ai m2 4,010-8 1,810-9 8,010-8 
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The choice of the frame geometry is due to the availability of empty space at the center of the battery, as shown 
in Figure 1 (a). This empty space allows applicability in various portable technologies. Thus, it is important to 
compare the performance of this geometry with the conventional geometry that is commonly used in commercial 
batteries.   

RESULTS AND DISCUSSION 

The Figure 3 (a) shows the capacity values obtained at different discharges rates for the conventional and square 
frame geometries. The results (Figure 3 (a)) show that the square frame geometry presents a higher performance in 
comparison with the conventional geometry at different discharge rates. For the conventional geometry, the capacity 
value is 0,58 Ahm-2 for 330C. For the same scan rate, the square frame shows a capacity value of 306,00 Ahm-2 (527 
times higher than the conventional geometry). It is also observed that the conventional geometry does not work for 
discharge rates above 330C but, on the other hand, the square frame geometry can operate at higher discharges rates 
up to 500C. At higher discharge rates it is required a higher ionic flow between electrodes and high ion insertion 
capacity in the cathode. The square frame geometry contains these requirements as this geometry shows a thin 
separator and a higher surface contact area between the electrodes.  
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FIGURE 2. (a) Delivered capacity as a function of scan rate for conventional and square frame geometries. (b) Delivered 
capacity as a function of side length of the square frame geometry at 500C. Fitting of the capacity values as a function of side 
length through a Quadratic Regression Polynomial using Least Square Method. (c) Thickness of the separator and maximum 
distance as a function of the side length of the square frame geometry.  

Figure 2 (b) shows the influence of side length of the square frame in the capacity value at 500C. The length of 
the side was changed from 20 m to 600 m. In the length range from 20 m to 100 μm it is observed an increasing 
capacity value, but in the range of lengths from 100 m to 600 m it is verified a decrease in the capacity value. For 
20 μm of side length the capacity value is 187,01 Ahm-2 and 188,72 Ahm-2 of capacity value for 100 μm of side 
length. At 600 m of side length the capacity value is 68,00 Ahm-2. Side length increase implies an increasing of the 
maximum distance of the most distant ions to the collectors positions and the distance between the collectors and the 
thickness of the separator decrease. The increasing of maximum distance implies higher paths for charge movement 
(electrons and ions), leading to ohmic losses and a reduction of the capacity value. In the range of lengths from 100 
m to 600 m it is observed an increasing of maximum distance from 200 m to 1200 m (Figure 2 (c)). Increased 
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side length leads to a decreasing thickness of the separator (smaller distance between the collectors) and the ionic 
flow is facilitated through the separator as shown in Figure 2 (c). This effect leads to a gain in the capacity value. In 
the case of a side length from 100 m to 600 m, the losses of capacity value associated to a high maximum 
distances, are larger than the gains of capacity value associated a lower distance between collectors due to the lower 
thickness of the separator. The inverse effect occurs in the range of side lengths from 20 m to 100 m. The 
maximum distance is decreased, leading to a decrease of the ohmic losses. Further, the thickness of the separator and 
the distance between collectors are increased. It is concluded that the gains associated to the decreasing of maximum 
distance, thickness of separator and distance between the collectors are an important contribution for increasing the 
capacity value of battery. The optimal value of side length for the square frame geometry, obtained by Quadratic 
Regression Polynomial using Least Square Method, as illustrated in Figure 2 (b), is around 88 μm, leading to a 
capacity value of 189,40 Ahm-2. Finally, it was compared the capacity value of two the square frame and rectangular 
frame geometries with the same maximum distance, distance between of collectors and thickness of the separator. 
Both geometries present the same capacity value of ~186,00 Ahm-2 at 500C. It is thus concluded that the same 
capacity is obtained using different geometries if the same maximum distances, distance between collectors and 
thickness of the separator are maintained.  

CONCLUSION  

The choice of battery geometry is important to improve the battery performance and allows to optimize the 
available space and shape in portable technologies where these batteries are applied. When the same area is 
maintained for all components, it should be taken into account the influence of geometrical parameters such as 
maximum distance, thickness of the separator and distance between collectors in the final balance of capacity value 
of the battery. In this work, the capacity value of the battery is evaluated as a balance between gains and losses of 
capacity value associated to geometrical parameters. When the geometrical parameter (side length of a square 
frame) is optimized according to the area, a higher performance at high discharges rates is obtained with respect to a 
conventional battery. Maintaining the same area for all components, the square frame geometry improves around 
305,42 Ahm-2 the capacity value in comparison to the conventional geometry for high discharge rates (330C).  
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