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Abstract : As environmental regulations are strengthened around the world, the application of eco-friendly vehicles such as
electric vehicles is expanding in the existing small vehicle models. In addition, since commercial vehicles generate a lot of

exhaust gas, the importance of technology development for eco-friendly electric vehicles is on the rise. In this paper, a

6-speed transmission exclusively for electric vehicles applied with dual motors was analyzed. The two motor output shafts

installed in this system have different gear ratios for each shift stage, so the load level for each motor is different according to
the shift stage. To minimize energy consumption, torque distribution between the two motors and control for optimizing shift
timing are required. In this paper, a method for optimal power control of the developed E-axle system was derived and

verified by simulation.

Key words : FCEV(5=4> % 7] 2152}, Transmission(¥ <5 71), E-axle(Yd 7| & & 5&), Torque distribution( == 1l)),
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Nomenclature

: torque, Nm

: rotational speed, rad/s
: vehicle speed, m/s

: driving force, N

: power, W

S vy ® N

: efficiency

MG : electric engine (motor & generator)
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Fig. 1 Configuration of powertrain system
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Table 1 Operating mode of shifting system

MG2 Clutch MG
Gear
Ratio | ¢ d | Low | High | a| b Ratio
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Table 2 Vehicle specifications and performance

Vehicle weight | 40,000 kg Chassis structure 6x2
Max. Power 460 kW Max. Driving force 12 kN
Max. Speed 160 km/h | Climbing performance | 30 %
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Fig. 2 Dynamic modeling of powertrain system
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Table 3 Energy consumption according to torque distribution ratio (vehicle speed 50 km/h and driving force 11 kN)
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* Units: Torque(Nm), Power(kW)
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3 gear 51 gear
Torque ratio| MG1 Tg. | MG2 Tq. | MG1 Eff. | MG2 Eff. | Elec. Power | MG1 Tg. | MG2 Tq. | MG1 Eff\ MG2 Eff. | Elec. Power | MG1 Tq. | MG2 Tq. | MG1 Eff. | MG2 Eff. | Elec. Power

-0.25 -176 879.9 0.92 0.92 h -147.8 7389 0.9 093 177.9 -356.2 1780.9 0.94 - -

0 0 633.5 0.5 0.93 173.1 0 6335 05 Q3 173.1 0 1270.9 0.5 0.91 176.9
0.25 144 4319 0.89 093 175.7 170.6 5117 092 0.9\ 173.5 286.7 860.2 0.93 092 1744
05 2639 263.9 0.93 0.93 173.1 369.6 3696 0.94 093 - 1726 , 5225 5225 0.94 093
0.75 I 365.4 121.8 0.93 0.84 1765 604.9 2016 0.94 0.93 I I 719.9 240 0.93 093 1727

1 4524 0 093 05 1721 887.4 0 093 05 887.4 0 093 05 173.1
1.25 527.8 -105.6 0.93 0.81 180.2 12329 | -246.6 0.92 0.93 1031.5 -206.3 0.92 093 179.1




Optimization of the Shifting Point and Torque Blending Logic of Dual Motor Equipped FCEV E-axle for Minimizing Power Consumption
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Fig. 10 Optimal distribution ratio of motor torque
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