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Bond Graph Modeling and Control for an Automatic Transmission

M. S. Kang(Dept. of Mechanical and Intelligent Systems Engineering, PNU), J. W. Kang(DAEWOO Precision
Industries CO., Ltd), J.S. Kim (School of Mechanical Engineering, PNU)

ABSTRACT

An automatic transmission model using the bond graph techniques is developed for analyzing shift characteristics of

vehicles. Bond graph models can be systemically manipulated to yield state space equations of standard form. Bond graph

techniques are applied for modeling overall automatic transmission systems and shift models. A fuzzy controller is
synthesized for the verification of a shifting model in the 1% gear to the 2" gear. Simulation results show the fitness of

models by the bond graph techniques.
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Fig. 2 Bond graph of the double planetary gear system
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Fig. 3 Block diagram of the overall automatic transmission
system

Table 1 Clutch actions of a Nissan automatic transmission
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Fig. 4 Bond graph of the 1™ gear
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Fig. 5 Bond graph of the torque phase in the shifting 1%
gear to 2™ gear
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Fig. 6 Bond graph of the speed phase in the shifting 1™
gear to 2™ gear
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Fig. 8 Bond graph of the torque phase in the shifting 2™
gear to the 3" gear
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Fig. 9 Bond graph of the speed phase in the shifting 2™
gear to the 3™ gear
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Fig. 10 Bond graph of the 3" gear
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Fig. 11 Bond graph of the torque phase in the shifting 3™
gear to 4 gear
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Fig. 12 Bond graph of the speed phase in the shifting 3™
gear to 4 gear
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Fig. 13 Bond graph of the 4® gear
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Fig.14 Generalized fuzzy domain and membership
function

Table 2 Control law in the shifting 1% gear to the 2™ gear
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Fig. 15 Look-up table of the control law in the shifting 1*
gear to the 2™ gear
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Fig. 16 Fuzzy controiler in the shifting 1% gear to the 2™
gear
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Fig. 17 Output speed for the step pressure input and fuzzy
control input in the shifting 1* gear to 2™ gear
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Fig. 18 Output torque from the 1% gear to the 4™ gear
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