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Development of Energy Balance Simulation Method for Vehicles
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Abstract
In recent years, many kinds of onboard systems are required to minimize their energy consumption.
To develop these items, it is important to clarify energy flow dynamics within the vehicle systems.
In the previous report, we developed the “energy balance simulation method for electric vehicles” ,
which can calculate energy in/out flows between onboard subsystems. This time, we have developed
a simulation method for internal combustion engine vehicles, whose energy flow is more complex than
that of electric vehicles. This article describes the simulation method with calculation examples and

experimental validation results.
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(b) Energy distribution in winter
Fig. 1 Energy distribution of vehicle system
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Fig. 2 Conceptual diagram of vehicle simulation
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Fig. 3 Structure of energy balance simulation
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(2) BMEP (Brake Mean Effective Pressure, Fig. 4 1)
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(3) Thermal losses (Fig. 4 1)
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(4) Fuel consumption (Fig. 4 V)
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(5) FMEP (Friction Mean Effective Pressure, Fig. 4 V)
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Fig. 5 Transmission gear ratio
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Table 1 Test condition

Drive mode Jcos
Ambient temperature |25degC
Ambient humidity RH50%
Vehicle weight 1040kg
Cd 0.32
Engine displacement  |1.2L
Transmission VT
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(b) Fuel consumption
Fig. 6 Results of mode drive

Table 2 Test condition

Cooling test Heating test
Ambient temperature |35degC OdegC
Ambient humidity RH70% RH50%
Solor radiation With Without
Drive mode Jcos Jcos
Air conditioning mode |Cooling/No use |Heating
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Fig. 7 Results of cooling mode
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Table 3 Test condition

Ambient temparature |0 degC
Drive mode 1Co8
Solar radiation without

Air conditioner mode auto
Heat recovery Use/MNo-Use
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Fig. 9 Results of heat recovery system
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