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Generally, the fuel economy of hybrid electric vehicle (HEV) is effected by the
size of each component. In this study the fuel economy for HEV of our own
making is evaluated using backward simulator, where dynamic programming is
applied. In a competition, the vehicle is running through the road course that
includes many speed bumps and steep grade. Therefore, the new driving cycle
including road grade is developed for the simulation. The backward simulator is
also developed through modeling each component. A performance map of
engine and motor for component sizing is made from the existing engine map and
motor map adapted to the HEV of our own making. For optimal component
sizing, the feasible region is defined by restricting the power range of power
sources. Optimal component size for best fuel economy is obtained within the
feasible region through the backward simulation.

Nomenclature
Ap: Frontal area
F,: Aerodynamic drag force
F,: Grading resistance force
F.: Rolling resistance force
F,,.: Traction force

trac *

F,, : Road load
P.: Engine power
P, : Motor power

V.., : Vehicle velocity

*
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C,: Drag coefficient
C.: Rolling resistance
m,,, : Mass of vehicle
a: Angle of inclination of the road
p,: Air density

n,: Differential gear efficiency

7, : Transmission efficiency
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Fig. 1 Parallel type hybrid electric vehicle

Table 1 Vehicle specification

Motor Rate 6.8 kW, Max 14.4 kW
Engine 110 cc, 5.8 kW
Battery 48 V 80Ah Lithium-ion

Vehicle mass 252 kg

Frontal area 0.6 [m2]

Tire radius 0.215 [m]

Table 2 Vehicle gear ratio

EG Gear ratio 1":2.45, 2":1.8, 3:1.4, 4™:1.086

EG Final Gear ratio 7.2:1
Motor Gear ratio 3:1
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Table 3 Characeristics of Koreatech road cycle

Test cycle Koreatech
Driving time 145 sec
Totoal driving distance 1.5026 km
Mean velocity 37.0504 km/h
Max velocity 60.84 km/h
S
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Table 4 Parameters of the target vehicle

o [kg/m'] 1.204

Ap [m] 0.6

Cy 0.5

C, [Asphalt road] 0.01
GVW [kg] [driver 60 kg] 252
Gravitational accel, g [m/sz] 9.81
Tl 0.9

Th 0.85

Fuel density [kg/1] 0.749

Vven [m/s] 23.62

| —— Uphill Driving(Engine, HEV, EV) 5.327 kW

Engine size [kW]

2 3
Motor size [kW]

Fig. 5 Required power for uphil driving
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Table 5 Candidate of power sources
Engine Motor (max power) | Driving cycles
1 100 cc |4.45 kW 9.4 kW
2 110 cc | 5.8 kW 11 kW
3 125 cc | 6.8 kW 12.8 kW
Koreatech
4 150 cc | 8.8 kW 14.4 kW
5 200 cc |10.5 kW 17 kW
6 - 19 kW
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Fig. 12 Backward simulation program based on DP

Table 6 Simulation results of combination # of power sources

# Engine Motor Fuel Economy
1 17 kW 81.6489 km/l
100 cc 4.45 kW
2 19 kW 81.0043 km/1
3 14.4 kW 84.9695 kmv/l
4 110 cc 5.8 kW 17 kW 84.8732 km/l
5 19 kW 84.3828 km/l
6 12.8 kW 85.2404 km/1
7 14.4 kW 85.7586 kmv/l
— 125 cc 6.8 kW
8 17 kW 85.6727 km/l
9 19 kW 85.1855 km/l
10 12.8 kW 85.3103 km/1
11 14.4 kW 85.7584 kmv/l
150 cc 8.8 kW
12 17 kW 85.5708 kmv/1
13 19 kW 85.0578 km/1
14 12.8 kW 84.9353 km/l
15 14.4 kW 85.33k mvl
200 cc 10.5 kW
16 17 kW 85.0921 km/1
17 19 kW 84.6091 km/1
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Table 7 Comparisons of the optimal result with present vehicle

Set number Engine Motor Fuel economy
Present vehicle 5.8 kW 144 kW 84.8719 kvl
7 6.8 kW 144 kW | 85.7586 km/l
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Fig. 13 Results of fuel economy
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