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Abstract: In this paper, engine clutch engagement shock is analyzed during the mode change of plug-in hybrid electric
vehicles. Multi-driving mode includes the EV (electric vehicle) mode, HEV (hybrid electric vehicle) mode, and engine
operating mode. Depending on the mode change, the engine clutch is either engaged or disengaged. The magnitude of
shock during clutch engagement is very important because it impacts vehicle acceleration and clutch synchronization
speed, which affects ride comfort substantially. The performance simulator of plug-in hybrid electric vehicles was
developed using MATLAB/Simulink. The simulation results show that the mode change control algorithm is necessary
for minimizing shock during clutch engagement.
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Table 1 Specification of the vehicle

. Type Diesel engine
Engine
Max. power | 65 kW (1000~4000 rpm)
Motor Max. power 60 kW (1~6000 rpm)
Engine clutch Type Wet clutch
DCT (Dual clutch
. Type ..
Transmission transmission)
Gear ratio 6 speed
T Li-i
Battery ypf.: -ion
Capacity 37 Ah
Mass 1720 kg
Front area 225 m?
Drag
Vehicle coefficient 0.29
Rolling
resistance 0.014
coefficient
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2.3 Integrated starter generator (ISG) =&
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Fig. 3 ISG model; (a) input and output parameters and
(b) ISG characteristic maps
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Fig. 4 Longitudinal vehicle model
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Fig. 5 Simulation results of vehicle velocity and battery
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Fig. 6 Simulation #1 results during mode change
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Fig. 7 Simulation #2 results during mode change
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Table 2 Simulation results of control with engine
operating time

. . Vehicle Clutch speed
Simulation # . N
acceleration synchronization time
1 0.05¢g 0.8 sec
2 0.06 g 0.7 sec
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