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Abstract 

The purpose of this article is to provide—on the basis of the literature review—the current state of knowledge 
concerning the experimental and numerical studies of selected types of batteries. The authors focused their actions on 
batteries that could to be the base for an energy storage system possible to apply in hybrid shunting locomotive. 
Following standards, e.g. IEEE 1625, IEEE 1725, UL 1973 and UL 2271 were taken into consideration within the 
context of the experimental research. Numerical analysis based mostly on the original solutions proposed by research 
teams. In recent times, the significant growth of interest in hybrid vehicles can be observed. Therefore, appropriate 
design of the energy storage system for each case is necessary. Moreover, the battery working process in hybrid vehicles 
is very specific, hence determination of their working conditions depending on the vehicle application is required. 
Very often, the experimental studies related with the batteries are based on the parameters recorded during the test 
conducted during the regular operation of the vehicle. Furthermore, research teams also carry out numerical analysis 
based on e.g. the finite element method (FEM). Such analyses can be focused on the thermal analyses of single cell or 
cells, analyses of the electrochemical effects as well as a coupled electro-thermal analyses. 
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1. Introduction

In recent times, the significant growth of interest in hybrid vehicles can be observed. Development 
of such vehicle entails many problems. An appropriate design of the energy storage system is the 
most notable of the these problems. Specificity of work of the energy storage system and the 
batteries themselves depends largely on the purposes of the vehicle use. Designer has to remember 
that not every type of battery can be used in hybrid vehicles. There are several types of batteries 
e.g. lead-acid batteries, nickel-cadmium batteries, nickel-metal hydride batteries, lithium-ion batteries 
and each of them has its pros and cons. therefore, it is necessary to determine the operating 
conditions for the batteries and perform appropriate laboratory tests and/or computer simulations 
to verify whether the selected battery type can be applied. Moreover, the typical batteries usually 
have a certain operating temperature, which retains their parameters, and the appropriate cooling 
system has to be designed to ensure the correct battery operation.  

2. Experimental tests of the batteries

Experimental tests depend on the type of considered batteries. For the nickel-cadmium batteries 
general recommendation is to conduct the tests for the already formed batteries and no older than 
four months. Moreover, the batteries have not been previously tested. The tests should be carried 
out in a temperature of 20°C ± 5°C and they include e.g. checking the electrical capacitance and 
the electrical capacitance at low temperatures, and checking the charge conservation.  

Lead-acid batteries are constructed of the lead electrode, the lead oxide (PbO2) electrode and 
37% of aqueous solution of sulphuric acid used as the electrolyte. The capacity test is supposed to 
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Fig. 1. Scheme of the calculation procedure used in thermal analysis described in [4] 
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Fig. 2. Geometry of the FEM model of the pack of lithium-ion batteries used in analysis (a) and location of thermo-
couples used in validation experimental tests (b) [5]  
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Fig. 3. Temperature grid for different meshes of the enclosure and the cells – fine (a), normal (b) and coarse (c) [5] 
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Fig. 4. Comparison of the time-histories of the temperature in different locations of the battery pack [5]  

Fig. 5. Scheme of the cylindrical Sony-18650 lithium-ion battery (a), temperature distribution at a discharge rate of 1C 
and SOC = 0.1 (b) and temperature time histories for different discharge rates (c) [6] 
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Fig. 6. The idea of MOR applied in electro-thermal simulation (ODE – ordinary differential equation) [7] 

Fig. 7. Electro-thermal battery coupling in Simplorer software [7] 
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Fig. 8. Li-ion battery scheme (a) and its FE model (b) used in analysis of the electrochemical process [9] 

Fig. 9. Contours of the lithium ions concentration (a) and potential in anode (b), cathode (c), electrolyte (d) at time 
1000 s [9] 
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