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The Making of the Full Toroidal Variator

oobo0o0o0ob0O0O00OR FUCHSOOOOOOT. TAMURA
OoOoooooooOoN. MCccuLLoucHO OOOOOOK. MATSUMOTO

The full toroidal variator and its main application in an infinitely variable transmission demonstrated
that it has reached the required technical maturity. Although successful implementations on various
vehicles, from mowers to SUVs, the technology remains largely unknown to most of the engineering
community. The recent market shift, from the automotive to the industrial and agricultural sector, further
widens the range of applications and technical requirements.

This paper revisits the key features of the full toroidal variator. Starting with the basic geometrical
concept, the actuation as well as the control of the variator and the powertrain are then briefly reviewed
pointing out the main mechanisms that permit to meet the requirements on high fuel economy, enhanced
maneuverability as well as specific control objective of each application.
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Torus Torus

(a) Toroidal volume (b) Sphere into the toroidal volume

o Disc Roller

(c) Volume defined by the discs (d) Slicing the sphere

Roller Roller (3x)

Output Disc

(e) The two main components | (f) 2 discs and 3 rollers for one cavity
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Geometry of the full toroidal variator
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Endload

(d) Ratio tracking
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Actuation of the full toroidal variator
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(a) Force equilibrium: Fr.c = 2F;
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(c) Torque actuation
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(d) Torque control (=Torque actuation + Ratio tracking)

Castor Angle, f3

F F

Freac

Torque |Pressure
ﬁ Control
9 Circuit

(e) Endload matching
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(f) Example of active ratio control
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Hydraulic actuation and variator control
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Example of full toroidal variator unit
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(b) Torque unbalance

Controller L
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(c) Speed control with a motor
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(d) Speed control with the variator
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(e) Vehicle speed control
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(f) Optimum engine speed control
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Control of full toroidal variator based powertrains
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