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Objectives

• Introduction

• Mathematical model

• Simulation by MatLab

• Psice model for discharge

• Prototype produced by University

• Measured results

• Power estimation

• Power validation and Future work

• Conclusion



- This paper presents a study on the mathematical equations of discharge 
and optimal operation of batteries used in modern travel systems; 

- Use in real operating conditions is very difficult due to the multiple 
parameters that affect their performances; 

- The paper aims to operate a methodology for evaluating and estimating 
the most important parameters that affect their performance;

- The article will review the relevant aspects of the practical realization 
and the main challenges due to the measurements and experimental 
validation.

1. INTRODUCTION



2. MATHEMATICAL MODEL

Fig. 1. The mathematical model of the battery discharge at constant 
load a). and constant current b).

𝑢𝐵 = 𝑢 + 𝑟𝐶
𝑑𝑢

𝑑𝑡
=
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𝑟 + 𝑟1 (5)

𝑢𝐵 = 𝑢 + 𝑟𝐶
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3. MATHEMATICAL MODEL

– simulated by Matlab
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Fig. 2. The mathematical approach for e-bikes batteries 

with 36 V and 11 Ah



Fig. 3. The schematic model of the battery discharge at 

constant current load.

(36V11Ah) Experimental Simulated

Io=1A 12 h 16 h

Io=3.5A 6 h 8 h

Io=11A 1.5 h 1.8 h

4. SIMULATION AND MEASUREMENT RESULTS    

Pspice Schematic 



5. Prototype  - 1 DECEMBRIE 1918 University 



6. MEASUREMENT and RESULTS



7. POWER ESTIMATION 

Fig. 10. The simulation result for a road 

with 2% grade

Fig. 11. The simulation result for a road 

with 7% grade



8. POWER VALIDATION AND FUTURE WORK 

Fig. 12. Power estimator as function of speed

and load
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