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1. INTRODUCTION

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.



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

du wr+ury —Igrry
up=u+rC—=———"—47-—
dt r+n




3. MATHEMATICAL MODEL
- simulated by Matlab

e-bike simulator E=36V R=3ohms C=0.0005 F L=0.0004 H
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Fig. 2. The mathematical approach for e-bikes batteries
with 36 V and 11 Ah




4. SIMULATION AND MEASUREMENT RESULTS
Pspice Schematic
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Fig. 3. The schematic model of the battery discharge at Lo Lo
constant current load.




5. Prototype - 1 DECEMBRIE 1918 University
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7. POWER ESTIMATION

[@Torque A @ Power A @ Efficiency A @ Load A

(AT Hp—
LU s

Hewton-Metres %4 Efficiency [ Torque A @ Pawer A @ EMiciency A ®load A | Watzs
5 : TR T PeEwtan-Metres By '.Huc:e‘u:.-.-
i : L aten oo o
LA A T0ER |5 &b
£ F oS0 B a
s [ixo m -
B I8 5
3] < i =
5 e e, 0 0 L%y
i i S 653 K2 S
e | el i
= . R B
- —a ; " 5 e
14 ’ -~ 35 o Td-
14+ _.'" - L o 124
10— - - 250 A 2
L. B e - 18 H
ﬁ: _."l i =i _d—f”'f L, '.-: 4
Y 2 4 o
v o -
£ 8 .42 ]
B L C 14 10
= - - - - 3 0
[+ g 1 1% 20 i ]
A: 34.6kph]
Fig. 10. The simulation result for a road Fig. 11. The simulation result for a road
with 2% grade with 7% grade
Human Pwr (W)Wheel Torg (Nm) Mtr Pwr (W)  Load (W) Eff (%) Speed (kph) Mtr RPM Mtr Current (A) Batt Pwr (W)
Batt Current (A)Batt Volts (V)  Acc (kph/s) Consump (Wh/km) Range (km) Overheat In (mins) Final Temp (°C)
96 17.7 552 648 80.9 370 297.6 20.7 682 199 343 -0.00 184 22 never 61
108 174 544 656 81.0 373 299.2 204 672 19.6 343 -0.02 180 22 never 60
120 171 539 662 81.1 374 3004 20.1 664 193 344 -0.02 178 23 never 59
132 169 533 668 81.2 376 301.6 19.8 656 191 344 -0.01 175 23 never 59
144 l6.6 527 675 81.2 37.7 3029 195 649 18.8 345 -0.01 172 24 never 58



8. POWER VALIDATION AND FUTURE WORK

e bike simulator Active and power losses
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Fig. 12. Power estimator as function of speed
and load
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