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Abstract : As electric vehicle (EV) technologies advance, precise evaluation and prediction of key performance indicators,
such as energy efficiency and driving range, have become increasingly important. Vehicle performance is influenced by
various factors. Among which the regenerative braking system and ambient temperature are critical variables that directly
affect energy consumption. In this study, an EV simulation model was developed using AVL CRUISE M software to analyze
the effects of minimum regenerative braking speed and temperature variations on energy consumption.

The results showed that increasing the minimum speed reduced energy recovery, leading to a 0.97 % decrease in overall
efficiency and driving range at 25 km/h compared to the baseline of 10 km/h. Regarding ambient temperature variations, the
preheating scenario exhibited the highest efficiency, demonstrating up to a 50 % improvement at -20 °C compared to
non-preheated conditions. These findings confirm that battery and motor preheating are crucial in maintaining vehicle
performance under low-temperature conditions. Furthermore, the study’s simulation-based methodology can be extended to
vehicles with different specifications and is expected to serve as a practical framework for analyzing EV performance and
strategizing to enhance energy efficiency under diverse driving environments.
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Fig. 1 Schematic diagram of simulation model
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Table 1 Specification of vehicle

Curb weight 1920 kg
Gross weight 2220 kg
Test weight 1995 kg
Front projection area 2.58 m®
Wheelbase 3000 mm
Distance from hitch to front axle 3500 mm
Height of support point at bench test 500 mm
Distance of gravity center 1500 mm
Height of gravity center 500 mm
Height of the hitch 500 mm
P
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Fig. 2 Schematic diagram of vehicle
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Fig. 3 Ohmic resistance of battery model
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Fig. 4 Open circuit voltage of battery model

Table 2 Specification of battery
Minimum voltage 25V
Maximum voltage 444V
Connection resistance 0.001 Ohm
Max voltage 800V
Rated voltage 653V
Capacity 1112 Ah
Energy 72.6 kWh
Weight 450 kg
Cell 180
Initial SOC 97 %
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Fig. 5 Ohmic resistance of battery model with respect to
temperature

Fig. 6 Open circuit voltage of Battery model with respect to
Temperature
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Fig. 7 Full load of motor model
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Fig. 8 Efficiency map of motor model

Table 3 Specification of motor

Max speed 18000 RPM

Max power 160 Kw
Max torque 350 Nm
Rated voltage 400V
Temperature Change
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Table 4 Specification of chassis

Reference load (Front) 4403 464N
Reference load (Rear) 5382011 N
Static rolling radius 383.25 mm
Friction coefficient 0.85
Number of gears forward 1
Number of gears reverse 1
Transmission ratio 7.941
Transmission efficiency 97 %
Brake Friction coefficient 0.35
Brake piston surface 2200 mm’
Brake efficiency 95 %
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Fig. 9 Regenerative Torque according to vehicle velocity
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Fig. 10 Regenerative torque according to vehicle velocity
and ambient temperature
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Fig. 11 (a) Validation of net energy in WLTP mode (25 °C),
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Table 5 Scenario with respect to temperature
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Fig. 14 Energy efficiency with respect to regenerative braking
minimum speed
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Table 6 Summary of energy consumption characteristics with
respect to regenerative braking minimum speed

Min speed Energy co'nsmnpﬁon Driving range
efficiency
0km/h 5.990 km'kWh 434.9 km
5km/h 5.990 km/kWh 434.9 km
10 km/h 5.990 km/kWh 434.9 km
15 kan/h 5.989 km'kWh 434.8 km
20 kan/h 5.966 km/kWh 433.1 km
25 kim/h 5.932 kim/kWh 430.7 km
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Table 7 Summary of Energy efficiency in scenario with
respect to ambient temperature

km/kWh @ @ 3 @
259 6.473 6.312 5.867 6.315
20°C 6.331 6.414 6.030 6.280

15°C 6.092 6.393 6.240 6.240

10°C 5.731 6.200 6.278 6.152

SPE 5.183 5.647 5.891 5.768

I 4,790 5.195 5.548 5.512

-5°C 4,496 4,946 5.350 5.454
-10°C 4.167 4,723 5.111 5413
-15°C 3,828 4.409 4,832 5.305
-20°C 3.457 4.059 4.570 5.191
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Fig. 16 Energy efficiency characteristics in scenario with
respect to ambient temperature
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