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Abstract Most studies on hybrid buses are on large-sized buses and not mid-sized low-floor buses. This study uses
MATLAB simulation to evaluate the fuel efficiency of such buses powered by diesel. Based on the results, a hybrid
electric vehicle system is recommended for the best combination of power and gear ratio. A parallel hybrid system
was selected for the hybridization, which transmits front and rear wheel power independently. The necessary power
to satisfy the target performance was calculated, and the applicable capacity area was designed. Dynamic programing
was used to create and optimize a component sizing algorithm, which was used to scale the capacity of each
component of the power source to satisfy the design criteria. The fuel efficiency rate, optimum power source capacity,
and gear ratio can be improved by converting a conventional bus into a parallel hybrid bus.

Keywords : Backward simulation, Component sizing, Dynamic programming, Fuel economy, Hybrid electric vehicle,
Mid-size low-floor bus, Optimization, Parallel hybrid system
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Table 1. Vehicle Specification

Spec. Medium low-floor bus

Overall dimension
7495%2050%2615 mm

(LxWxH)
Wheel base 4750 mm
Engine(ps/kg'm) 170 / 41 (3.0L)

Transmission Manual 6 speed

. Double wishbone Air spring / Air spring with
Suspension (F/R)

ECAS
Brake type VAH
Tire 205/75R17.5
Riding capacity(Persons) 30

Table 2. Parameters for vehicle simulation [5]

Parameter Value
Gross Vehicle Weight, A7, (kg) 5300
Final drive efficiency, Nta (%) 90
Tire radius, 7, (m) 0.366
Acrodynamic drag coefficient, 0.31
Vehicle frontal area, A, (m” 4.28
Air density, p (kg/mz) 1.205
Rolling resistance coefficient, Q 0.008
Final drive gear ratio 4.563

Transmission

Fig. 1. Front engine Front drive type medium size
low-floor bus configuration
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Fig. 2. Road cycle for simulation
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Fig. 5. Compare Diesel Bus with Diesel Hybrid Bus[7-8]
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Fig. 6. General architectures of Hybrid Electric Vehicle
(a) Series Hybrid Electric Configuration
(b) Parallel Hybrid Electric Configuration
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Fig. 7. Separated axle torque combination parallel hybrid
medium size low-floor bus drive train
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Table 4. Power sources for component sizing

Component Enigne (kW) Motor (kW) Ge:iDrztio

45 (35%) 10
66 (51%) 26
73 (57%) 43

Size 87 (67%) 60 16~34
101 (78%) 76
108 (84%) 93
129 (100%) 110

CI‘DBS:FC[gfkwh] ]
—Max forque

Engine Torque(Nm)

=== Q0L

0 . |
1000 1500 2000
Engine speed(rpm)

Fig. 13. EuroVI 129kW 3.0L engine map for simulation
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Table 5. The best results for each component size

Engine size Motor size Fuel economy

(kW) (kW) (km/L)
#1 45 43 12.2173
#2 45 60 12.5525
#3 45 76 12.5004
#4 45 93 12.3149
#5 45 110 12.0869
#6 66 26 11.6197
#7 66 60 12.7197
#38 66 93 12.4657
#9 73 43 12.3335
# 10 73 76 12.6419
# 11 73 110 12.2911
# 12 87 26 11.5821
#13 87 60 12.6362
# 14 87 93 12.4532
# 15 101 43 12.2353
# 16 101 76 12.5346
# 17 101 110 12.2005
# 18 108 26 11.4677
# 19 108 60 12.5103
# 20 108 93 123157
#21 129 26 11.3076
#22 129 43 12.0286
#23 129 60 12.3362
# 24 129 76 12.2961
# 25 129 73 12.1362
# 26 129 110 11.9647
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Table 6. Fuel economy according to gear ratio (Interval 2)

Engine size Motor size Gear ratio Fuel economy
(kW) (kW) (km/L)
10 Error
12 12.7513
14 12.7366
16 12.7197
6 60 18 12.6508
20 12.5861
22 12.5268
24 12.4279
26 12.3270
28 Error
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Table 7. Fuel economy according to gear ratio (Interval 1)

Engine size Motor size Gear ratio Fuel economy
(kW) (kW) (km/L)
10 Error
11 Error
12 12.7513
66 60 13 12.7536
14 12.7366
15 12.7277
16 12.7197
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Fig. 24. Fuel economy according to gear ratio
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