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Abstract : In traditional vehicles, a great amount of energy is dissipated by braking. In electric vehicles (EVs),
however, electric motors can be controlled to operate as generators to convert kinetic and potential energy of vehicles
into electrical energy and store it in batteries. In this paper, the relationship between regenerative braking factor and
battery final SOC is derived and the final SOC from the relationship is compared to that from simulation. Two types of
braking algorithms are introduced and applied to an EV, and the final SOC derived from simulation is compared to that
derived from the relationship.
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Fig. 1 Traction and braking energy in FTP75 urban driving
cycle (regenerative braking factor = 0.75)
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Table 1 Parameters of the vehicle

Item Value

Vehicle total mass (kg) 1000
Final drive gear efficiency (%) 90

Tire radius (m) 0.318

Aerodynamic drag coefficient 0.294
Vehicle frontal area (mz) 1.5
Air density (kg/m") 123
Rolling resistance coefficient 0.01
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Fig. 2 Battery final SOC for different regenerative braking
factors (FTP75 urban driving cycle)

Table 2 Comparison of battery final SOC

Regenerative

. 0% 25% | 50% | 75% | 100%
braking factor

Energy required
forthe vehiln (x 10°y)| 33224 [ 29639 2:60542.2469 18584
Final SOC 0.3808 [0.3976|0.4143 [0.43110.4479
(relationship)
Final SOC

0.3808 |0.3975| 0.414 0.4302|0.4461

(simulation)
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Fig. 3 Forces acting on the vehicle during braking3)

Table 3 Explanation of each symbol

Symbol Explanation
M Vehicle total mass
j Vehicle deceleration rate
L Wheel base
L, Distance from gravity center to front wheel center
Ly Distance from gravity center to rear wheel center
hg Gravity center height
Fy Braking force acting on front axle
Fy Braking force acting on rear axle
Wy Normal load on front axle
w, Normal load on rear axle
I=—77 A3)
Mg J
w, —T(La—hgg) “4)
My J
W=7 (Lths ) 5)
F;)f_ VI/}_ Lb+hq]/g (6)
F, W, L,—hglg
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Fig. 4 Two types of braking algorithms

Fig. 5 Flowchart of braking algorithms

Table 4 Comparison of two braking algorithms

Regenerative | Regenerative
. . Battery final
braking energy | braking factor S0C
(<10°0) (%)
Algorithm1 1.1177 77.94 0.4264
Algorithm2 0.8476 59.12 0.419

Table 5 Comparison between simulation and relationship

results
Algorithm1 Algorithm2
Simulation 0.4264 0.419
Relationship 0.4331 0.4205
Error (%) 1.57 0.36
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