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Development of a Toroidal CVT Controller for Agricultural Tractor (1I)

— PID controller —
H. J. Kim K. H Ryu

ABSTRACT

There are several different types of continuously variable transmission(CVT) such as toroidal drive, belt drive, hydrostatic
drive, hydro-mechanical drive. The toroidal CVT is an alternative to the manual transmission, HST, power-shift gear trans-
missions or other CVTs.

The driver of the CVT tractor doesn't have to operate a shift lever since the CVT controller automatically controls the
speed of tractor. Thus, it is much easier to operate the CVT tractor. The fuel efficiency of CVT tractor can be increased
since the controller responds quickly to the change in external load on the wheel during field operation.

This study was conducted to develop the hardwares and softwares for the toroidal CVT controller which control the varia-
tor and the range clutches. The hardware consisted of a measurement system, hydraulic system and computer.

And the PID controller was developed using the simulation model of the CVT control system. Through the simulation, the
control coefficients for the PID controller were selected.

Finally, the performance of the CVT control system was evaluated by step response test and torque response test. The set-
tling time of the CVT control system appeared to be fast enough for field operations.

Keywords : Tractor, Transmission, CVT, Simulation, PID, Control System.
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Table 1 Simulation conditions of step response of
control system with proportional controller

Engine | Initial | Final
Speed K, K | Ky
(tpm) | RV | RV

0.25, 0.5, 1.0, 2.5,
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Table 2 Simulation conditions of RV control system
with PD controller

Engine | Initial | Final
Speed Ko | Ki K
(pm) | RV | RV

0, 0.05, 0.10, 0.15,
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Table 3 Simulation conditions of RV control system
with Pl controller

Engine | _ . . .
Initial | Final
Speed | pu | my | Ko K, Ky
(rpm)
0.25, 0.5, 1.0,
1,500 | 0.5 1.0 2.5 25, 50 0
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Table 4 Step response test of RV control system
under load

Engine | Initial | Final
No.| Speed Kp Ki K
(tpm) | RV | RV

1] 2,500 | 0.55 1.0
212500 | 055 | 1.0 25
312500 | 055 | 1.0 25 0.5
* Load : 50% of max. design torque(3138N-m).

1.0, 25| 05 0.2
0.25, 0.5 0.2
0.1, 0.2
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Table 5. Load response test of RV control system
Engine | Initial |Final
No.| Speed Ko Ki K4
(tpm) | RV | RV
1] 2500 | 055 | 1.0 25 0 0.2
2| 2,500 | 055 | 1.0 25 0.25 0.2
3] 2,500 | 055 | 1.0 2.5 0.5 0.2
4| 2500 | 055 | 1.0 2.5 0.75 0.2
* Load : 50% of max. design torque.
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