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Abstract : Presented in this paper is a 48 V-powernet-based powertrain structure with a front-wheel drive system that
includes an engine and a 48 V BSG and a rear-wheel drive system driven by a traction motor without a mechanical link
to the front-drive axle. The power distribution algorithm of the hybrid supervisory controller includes an electric drive
mode by the rear-wheel drive motor as well as a hybrid electric control mode between the engine and the two drive
motors. The results of the fuel economy simulation for the 4 WD 48 V mild hybrid system that was performed in the
study are presented in this paper, along with the results of the analysis of the varying of the capacity of the rear-drive
motor from 5 to 15 kW. The fuel efficiency improvement of the front engine is also compared with that of the BSG.
This paper introduces a power distribution algorithm for the mild hybrid drive system model, and presents a design
guideline for selecting the capacity of the rear-drive motor based on the simulation results for fuel economy and
efficiency improvement.

Key words : Mild hybrid electric vehicle(FFd = slo] B 2] =2}, 48V System(48V A]2~¥l), Belt driven Starter
Generator(BSG), 4 Wheel drive(4 & 7-%), Fuel efficiency(H] £-&)
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Table 1 Engine specification

Parameter Value
Type Inline 4-cylinder
Fuel type Gasoline
Maximum torque (Nm) 168.7
Maximum power (kW) 99.54

Engine

=75 BSFC Map
Max Torque

Torque [Nm]

i i i
1000 2000 3000 4000 5000
Speed [RPM]

Fig. 3 Engine maximum torque and BSFC map
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Table 2 Electric motor specification

Parameter BSG eRD
Maximum torque (Nm) 44.6 15.9/31.8/47.7
Maximum power (kW) 7 5/10/15

Rated torque (Nm) 17.8 6.4/12.7/19.1
Rated power (kW) 2.8 2/4/6
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where,
Gy, G4 - differential gear ratio at front and rear axle

G, ppp : reduction gear ratio at electric rear drive motor
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where,
m, : vehicle weight[kg]

r,, - wheel radius[m]

1
Eontona = §P Cy Af ”,27 (12)
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where,

p : density of air[kg/m3]

C, : aerodynamic drag coefficient][-]

A, : front area of the vehicle[m’]

[, : rolling resistance coefficient[-]

SAAGAA, 75 =¥ 7]oju] o} o] B3
A% AL Table 33} 700, 3pake] Fafo] A]

Hﬂrf

U2 27) A%< U0 2 Table 33} 5 & w2}
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Table 3 Drivetrain and vehicle specification

Parameter Value

3.77/2.08/1.39
/1.08/0.93/0.79

Transmission gear ratios [-]
(Ist gear /... / 6th gear)

Pulley ratio [-] 2.7
Gear ratio of eRD [-] 2.64
Final reduction gear ratio [-] 4.071
Final reduction gear efficiency [%] 97
Effective wheel radius [m] 0.332
Rl R
Aero-drag coefficient [-] 0.37
Vehicle weight [kg] 1,490 1,755
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Mode transition Condition
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EV brake to EV drive Brake pedal =
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Mode transition Condition
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Table 6 Powertrain configuration variation
Powertrain configuration Vehicle weight (kg)
ICE only
ICE + Idle Stop-Start
ICE +48 V BSG
1,490/ 1,755

ICE +48 V BSG + eRD(5 kW)

ICE +48 V BSG + eRD(10 kW)

ICE +48 V BSG + eRD(15 kW)
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Table 7 Fuel economy / Improvement rate (1,490 kg)

Fuel economy (km/1)

Powertrain configuration
& / Improvement rate (%)

ICE only 13.52
ICE + Idle Stop-Start 14.40/6.51
ICE +48 V BSG 15.90/17.60
ICE +48 V BSG + eRD(5 kW) 18.33/35.58
ICE +48 V BSG + eRD(10 kW) 19.37/43.27

ICE +48 V BSG + eRD(15 kW) 19.46/43.93

Table 8 Fuel economy / Improvement rate (1,755 kg)

Fuel economy (km/1)

Powertrain configuration
& / Improvement rate (%)

ICE only 12.24
ICE + Idle Stop-Start 13.12/7.19
ICE +48 V BSG 14.65/19.69
ICE +48 V BSG + eRD(5 kW) 16.62/35.78
ICE +48 V BSG + eRD(10 kW) 17.96 /46.73
ICE +48 V BSG + eRD(15 kW) 18.33/49.75
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Fig. 15 Regeneration energy of 2 motors (BSG, eRD) in the
wheel braking power region (vehicle weight = 1,490 kg)

Vehicle weight(1,755kg)

1,200
S1000 Pl —=-eRD(15kW)
E' //\ ——eRD(10kW)
§ 800 : ~o-eRD(5kW)
g 600 P“-:/ \\ —W/0eRD
Vi \
g 400
v
¥ \
& 200

0 &

0-5.0 5.0-10 10.0-15 15-20 20-30 30-50 50-80
Wheel braking power(kW)

Fig. 16 Regeneration energy of 2 motors (BSG, eRD) in the
wheel braking power region (vehicle weight = 1,755 kg)
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Fig. 17 Regeneration energy based on eRD motor power (5
kW, 10 kW and 15 kW)
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Fig. 18 Fuel economy improvement rate based on eRD
motor power (5 kW, 10 kW and 15 kW)
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