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Effect of Design Parameters on Shift Quality of Power
Shuttle Transmission for Agricultural Tractors
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Fig. 1 Schematic diagram of the experimental power Fig. 2 Transmission and’inertia device on the
train. experimental power train.
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Fig. 3 Hydraulic control system model. Fig. 4 A model of the power shuttle drive line.
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Fig. 5 Measured pressures of the hydraulic Fig. 6 Simulated pressures of the hydrautic
control system during shitting. control system during shifting.
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Table 1 Test conditions set to verify the simulation model

Design parameters levels
Engine speed, RPM 1600 1800 2000 2200
Torque load, N - m 247 6.00 9.54 13.02
Inertia moment, kgm® 0.070 0.115 0.166
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Fig. 7 Measured results to verity the power Fig. 8 Simulated results to verify the power
shuttle transmission model. shuttle transmission model.
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Table 2 Value of the design parameters need to simulate the shifting quality.

Design parameters Levels
Modulating valve Spring constant, N/cm 18 25 33
Load piston displacement, cm 3 45 6.5
Hydraulic clutch Spring constant, N/cm 700 1400 | 1800 1.
| Damping, N-sec/cm 700 | 1400 | 1800
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Fig. 10 Effects of spring constant and

Fig. 9 Effects of spring constant and disptacement of load piston on the

displacement of load piston on maximum transient torque when shifting

modulating time. were made from forward to reverse.
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Fig. 1t Effect of clutch damping on the
hydraulic control pressure.
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Fig. 13 Effects of spring constant and Fig. 14 Effects of spring constant and
displacement of load piston on transient displacement of load piston on transient
torque when the clutch damping was torque when the clutch damping was
1400 N-sec/cm 1800 N-sec/cm
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Fig. 15 Effects of clutch spring constant on the torgue when the clutch spring constant
transient torque of output shaft. was 700 Nfcm.

Fig. 17 Effects of spring constant and Fig. 18 Effects of spring constant and
displacement of load piston on transient displacement of load piston on transient
torque when the clutch spring constant torqgue when the clutch spring constant
was 1400 N/cm was 1800 N/em
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