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Effect of Design Parameters of Modulating Valve and Hydraulic
Clutch on Shift Quality of a Power Shuttle Transmission
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ABSTRACT

This study was conducted to investigate the effect of design parameters of modulating valve and hydraulic
clutch on the shift quality of a power shuttle transmission using a computer simulation. Computer simulation
models of a hydraulic control system and a power shuttle drive train were developed and verified by an
experimental power train in a laboratory. The software EASYS was used for the modeling and simulation of
the power shuttle transmission. Results of the study were summarized as follows:

For a good shift quality, it is required to reduce the transient torque transmitted to the output shaft of the
transmission as much as possible. This may be achieved by reducing the modulating time and clutch pressure.
It was found that the design parameters most significantly affecting the modulating time and clutch pressure
were the spring constant and displacement of a load piston of the modulating valve, and the spring constant
and damping of the clutch piston. The modulating time decreased as the spring constant increased and
increased as the displacement of the load piston decreased. The transient torque decreased as the modulating
time increased. However their relationships were not always linear. As the damping decreased, both the
modulating pressure and time decreased, which also resulted in a decrease in the transient torque. The spring
constant of the clutch piston affected the modulating time and the peak transient torque. As the spring
constant of the clutch increased, the peak transient torque decreased.

Keywords : Power shuttle, Transient torque, Shifting quality, Simulation.
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1 TC housing 2 T™M bearing plate 3 TM housing

5 Input shaft 5A Input shaft gear 6 QGil pump

7 Forward gear 8 Forward clutch 9 Reverse shaft
9A Reverse shaft gear 10 Reverse clutch

11 Reverse gear 12 Output gear 13 U-joint

14 Quill shaft 14A Coupling 15 PTO pump

16 Axle lubrication pump

. Fig. 1 Cross section of a power shuttle trans-

mission.
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Table 1 Percentage error of the simulated
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Table 2 Test conditions set to verify the
simulation model of forward-reverse
transmission
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Fig. 23 Effects of spring constant and displace-
ment of load piston on transient tor-
que when the clutch damping was

1800 N-sec/cm.
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Fig. 26 Effects of spring constant and displace-
ment of load piston on transient tor-
que when the clutch spring constant
was 1400 N/cm.
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ment of load piston on transient tor-
que when the clutch spring constant
was 1800 N/cm.
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