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Abstract

For the electric city bus demonstration operating in Chinese city, based on establishing the system model,

this paper uses constant speed and Hefei of Anhui province of China as driving cycles, mainly analyses the

influence of the vehicle mass and the average power of the electric auxiliary on the endurance mileage and

energy consumption. Simulation results show that, the electric bus studied in this paper driving at the

constant speed of 30km/h, if the vehicle mass increases per 1000kg, the power consumption increases

about 3%~4%. If the auxiliary power increases per 5kW, the power consumption increases about 15%~

55%. In Hefei city bus driving cycle, if the vehicle mass increases per 1000kg, the endurance mileage

decreases about 1km, but the power consumption increases about 3.5%. If the auxiliary power increases per

5kW, the power consumption increases about 22%.
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1 Introduction

As the energy and environment problem is
increasing nowadays, the electric vehicle has
become an important developing direction for the
clean and using renewable energy.

The low endurance mileage limits the
popularization of the electric vehicle, which is
the main problem in the electric vehicle industry.
A lot of researchers focus on the study of
decreasing the battery capacity and cost at the
premise of satisfying the endurance mileage.
Literature [1-3] put forward that, using the range-
extender to increase the endurance mileage for
the electric vehicle. But that structure needs the
parts of the internal-combustion engine and
generator, so the room assigning of the vehicle is
demanded. Literature [4-5] studied the problem

of the low endurance mileage and estimated the
charging method based on the demographic data
and the limitation of the distribution network.
Literature [6] put forward that, combining super-
capacitor and ZEBRA battery to charge for the
electric vehicle, so the endurance mileage is
increased. Literature [7] studied the case of
supplementing the induced power to increase the
endurance mileage. Literature [8] studied the
influence of driving behaviour on the energy
consumption, SOC usable range, and the
endurance mileage. Literature [9] studied the
parameter calculation method of the influence of
the vehicle mass, the mechanical efficiency of the
transmission  system, and rolling resistance
coefficient on the dynamic and economy
performance of the electric vehicle. Literature [10]
used the collaborative optimization method to
reach the optimal objective at the premise of
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satisfying the dynamic performance and the
endurance mileage.

To sum up, aiming at the problem of the low
endurance mileage, most solve methods adding
the range-extender and enlarge the battery
capacity, meanwhile the induction charging is
developed to complement the endurance mileage.
The literatures study the influence of vehicle
mass, battery capacity, and electric auxiliary on
the energy consumption and the endurance
mileage are little. This paper studies the electric
city bus demonstration operating in Chinese city,
based on the system model, uses constant speed
and Hefei of Anhui province of China as driving
cycles, and analyzes the influence of the vehicle
mass and the average power of the electric
auxiliary on the endurance mileage and energy
consumption.

2 The dynamic system modelling
of the electric bus

In order to analyze the factors influencing the
endurance mileage, this paper establishes the
in figure 1
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Figurel: The electric bus simulation model

The parameters used in model are shown in
Table 1.

Tablel: The calculation parameters in electric city bus

model.
Kerb mass(kg) 14000
Full load mass(kg) 18000
Windward area A(m°) 7.83
Rolling radius r(m) 0.512
Air resistance coefficient 0.75
Cy
Rolling resistance | 4 0076+0.000056u;
coefficient f
Air density p(kg/m®) 1.23
Main reducer speed ratio ig 6.2
Transmission efficiency 7t 0.96(one shift)

According to the electric bus basic configuration,
the simulation system is divided into the following
modules: driver module, power battery module,
driving motor module, etc. Considering the driving
motor, battery and other parts are highly complex.
So before the modeling, the corresponding parts
are made bench test. According to the bench test
results, the MAP of the part is confirmed. In
modeling, the simulation model is based on the
MAP. Using the MAP to establish the system part
model, instead of the complex mathematical model,
the complexity is decreased and the credibility of
the model is increased.

2.1 Drive motor module

The drive motor module consists of the drive
motor and motor controller. The motor model is
constituted of the steady state efficiency
characteristics MAP and the one order inertial link.
The main mathematical relation is shown as

followings:

Mo = Ton (N T) 1)

T =min(T,, T,y ) — ()
r,5+1

Trmx = fmz(nm) (3)

Where, fr;1 is MAP of the motor efficiency, fy, is
MAP of the motor maximum output torque, #n is
motor speed, Tm~ Tr~ Tmax IS respectively motor
output torque, objective torque and maximum
torque, &y is time constant.

2.2 Power battery module

Power batter module uses internal resistance,
equals to a variable voltage source and a variable
internal resistance in series.
U,.=E(SOC,T)-1-R(SOC,T) 4
Where, SOC is the state of charge, T is the
temperature. E is the battery open circuit voltage.
The relationship between E and SOC and T is
obtained in test. | is battery current, R is battery
internal resistance.

2.3 Vehicle dynamic module

In simulation, the road load is idle. That is: air
absolute speed is zero, well cement pavement. The
vehicle driving on the road needs overcome
driving resistance F; including: rolling resistance
Ff, air resistance F,, slope resistance F;,
acceleration F;.

F=F +F,+F+F (5)

F, = fmg cos(atani) (6)
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F, = EC" Apu? (7)

F. =mgsin(atani) (8)

F, =0.280m 2t ©)
dt

Ft = 3677T Pmotor/ua (10)

Where, f is rolling resistance coefficient, m is
vehicle mass, g is gravity acceleration, i is road
slope, Cy is air resistance coefficient, A is
windward area, p is air density, u, is vehicle
speed, ¢ is rotating mass conversion coefficient,
nt is the transmission efficiency, Pmoor iS the
traction motor output power.

3 The Influence Factors Analysis
of the Energy Consumption
and Endurance Mileage

This paper mainly focus on the driving cycles of
constant speed and Hefei city bus, and analyzes
the influence of the wvehicle mass, battery
capacity, and the electric auxiliary on the energy
consumption and endurance mileage. And the
influence law in different condition is
summarized. In the calculation of the endurance
mileage, the SOC ranges from 20% to 100%. The
time-speed and speed distribution curve in the
Hefei city bus driving cycle in simulation is

speed ratio only reaches 15.83%, decreased by
12.92% than the Chinese city bus driving cycle of
28.75% [11]. And the energy recovery is low. So
the electric vehicle energy efficiency analysis
based on the actual data has the actual significance
on the optimization of the electric wvehicle
configuration and the energy management strategy.

Table2: The typical eigenvalues of Hefei city bus

driving cycle

Typical eigenvalue Hefei city  bus
driving cycle

Cycle time/s 2242
Mileage/km 13.37
Maximum speed/km/h 44
Average speed km/h 21.48
Maximum acceleration /m/s” | 1.944
Maximum deceleration /m/s° | -3.056
Average acceleration /m/s” 0.52
Average deceleration /m/s’ -0.59
Idle ratio/% 15.83
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Figure2: The driving cycle and speed distribution
curve of Hefei city

As is shown in figure 2, the speed is mainly
under 5km/h and between 30km/h and 35km/h in
Hefei city bus driving cycle.

According to the driving cycle, the typical
eigenvalues of Hefei city bus driving cycle are
shown in table2. As is shown in table 2, the idle

45

3.1 The analysis of the influence of the
mass increase on the endurance

mileage and energy consumption
3.1.1 The analysis of the influence of the
mass increase on the endurance mileage

In order to analyze the influence factor of the
vehicle mass on the endurance mileage, the battery
is set 200Ah, the average electric auxiliary is 5kW.
In simulation, the different vehicle mass influences
on the endurance mileage in different constant
speed are shown in figure 3.

AER influence factor

m/kg

vikm/h

Figure3: The influence of the vehicle mass on the
endurance mileage in constant speed driving cycle

As is shown in figure3, the vehicle bus studied in
this paper drives with constant speed of 30km/h,
the endurance mileage is the maximum. After
calculation, if the vehicle mass is 14000kg, the
endurance mileage is 163.5 km. If the speed is
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above 30km/h, with the increasing of the speed,
the endurance mileage is decreased.

Figure 4 is the influence of different vehicle mass
and battery capacity on the endurance mileage in
Hefei city bus driving cycle. As is shown in
figure 4, the relationship between the different
vehicle mass, battery capacity and the endurance
mileage is linearity.
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Figure4: The influence of the vehicle mass and battery
capacity on the endurance mileage in Hefei city bus
driving cycle

With the battery capacity is 300Ah, the
relationship between the electric bus mass and
the endurance mileage is shown in figure 5. As is
shown in figure 5, if the vehicle mass increases
per 1000kg, the endurance mileage decreases
about 1km. If the vehicle mass increases to
3500kg, the endurance mileage decreases 6.7km,
reaching 5.79% of the endurance mileage.

delta-s/km

7 c c c c c
500 1000 1500 2000 2500 3000 3500
delta-m/kg

Figure5: The influence of vehicle mass on the
endurance mileage in Hefei city bus driving cycle

3.1.2 The analysis of the influence of the
mass increase on the electric bus
power consumption

Figure 6 is the influence of the vehicle mass
increasing on the power consumption in different

speed. As is shown in figure 6, if the vehicle mass
increases per 1000kg, the corresponding power
consumption increases 0.03kWh/k~0.04kWh/km,
which is 3% ~ 4% of the whole power
consumption.

Energy efficency influence factor

E/kWh

40

1.4
mass/kg 0 vikm/h

Figure6: The influence of mass increasing on power
consmption with constant speed

Table 3 is the influence of the vehicle mass
increase on the power consumption in Hefei of
Anhui province of China. As is shown in table 3,
the wvehicle mass increases per 1000kg, the
corresponding power consumption increases about
3.5%. If the mass reaches 18000kg, the power is
1.218kWh/km, increased by 16%.

Table3: The influence of the vehicle mass on the power
consumption in Hefei city bus driving cycle

Mass( | Driv | Recov | Consump | Equal

kg) e ery tion power
ener | energy | energy | consump
gy | (kwh) (kwh) tion
(kW (kWh/k
h) m)

14000 | 21.1 | 7.024 14.1 1.05
2

15000 | 21.8 | 7.28 14.52 1.086

16000 | 22.6 | 7.605 15.075 1.128
8

17000 | 23.5 | 7.911 15.679 1.173
9

18000 | 24.5 | 8.241 16.289 1.218
3

3.2 The analysis of the influence of the
electric auxiliary on the power
consumption

Figure 7 is the power consumption with different
auxiliary and constant speed. If the electric
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auxiliary increases per 5kW, the power
consumption increases 15%~55%.
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Figure7: The influence of auxiliary power on power
consumption with constant speed

Table 4 is the influence of the different auxiliary
power on the power consumption in Hefei city
bus driving cycle. As is shown in table 5, the
auxiliary power increases per 5kW, and the
power consumption increases about 22%. If the
auxiliary power reaches 15kW, the power
consumption reaches 1.515kWh/km.

Table4: The power consumption with different
auxiliaries in Hefei city bus driving cycle

Auxiliar | Dri | Recov | Consump Equal
y power | ve ery tion power
(kW) | ene | energy | energy | consumpt
rgy | (kWh) (kWh) ion
(k (KWh/km
w )
h)
5 21. | 7.024 14.1 1.05
12
10 23. | 6.106 17.184 1.285
29
15 25. | 5.292 20.258 1.515
55

4 Conclusion

Based on establishing the electric bus system
model, this paper uses Chinese constant speed
and Hefei of Anhui province of China city bus as
the driving cycles, and analyzes the influence of
different vehicle mass and auxiliary power on the
endurance mileage. The simulation results are
shown as follows:

Q) The speed is constant, if the vehicle
mass increases per 1000kg, the power
consumption increases about 3% ~ 4%. If the
auxiliary power increases per 5kW, the power
consumption increases 15%~55%.

(2) In Hefei city bus driving cycle, if the
vehicle mass increases per 1000kg, the trip
mileage decreases about 1km, the power
consumption increases about 3.5%. If the auxiliary
power increases per S5kw, the power consumption
increases about 22%.
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