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(57) Abstract: A continuously variable transmission comprises coaxial system input and output shafts (16, 20), a continuously
variable ratio transmission unit (variator) (V) connected coaxially to the system input shaft (16) and having a coaxial variator output
shaft (18) and a mixing planetary gear train (G1). The mixing planetary gear train has an input sun gear (S 1) drivably connected to
the variator output shaft (18), a planet carrier (C 1) drivably connected to the system input shaft (16), a first planet gear (P 1) mounted
&= on the planet carrier (C 1) and drivingly engaged with the input sun gear (S 1), a second planet gear (P2) mounted on the planet
€\ carrier (C 1) and arranged to rotate with the first planet gear (P 1) and drivingly engaged with an output sun gear (S2) connected to
an output shaft (20). The ratio R1 (the number of teeth on the input sun gear + by the number of teeth on the first planet gear) is set

to be greater than R2 (the number of teeth on the output sun gear + by the number of teeth on the second planet gear). This ensures

that the variator always transmits less than 100% of the engine power, which allows the variator to be made more compact.
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DESCRIPTION

CONTINUOUSLY VARIABLE RATIO TRANSMISSION SYSTEM

Tt is known to provide a continuously variable ratio transmission system (CVT)
having coaxial system input and output shafts and a continuously variable ratio
transmission unit (known as a variator) connected coaxially to the system input shaft and
having a coaxial variator output shaft.

In a typical arrangement, shown in Fig. 4, the carrier C of a mixing planetary gear
train G is driven by a system input shaft [ and carries a plurality of double-spur planetary
gears P, one of the spurs X meshing with an input sun gear Z connected to the variator
output shaft and the other of the spurs Y, identical in size to the first spur gear, meshing
with an output sun gear W, identical to the input sun gear Z, which is connected to a
system output shaft O. The rotational speed of the system output shaft varies as the ratio
of the variator changes, and since the spurs X, Y of the planetary gears P are identical,
to each other and the input and output.sun gears Z, W are identical to each other, the
variator always transmits 100% of the input power from the engine and can operate over
its entire designed ratio spread.

Such transmission systems normally form part of a multi-regime transmission,
comprising a low regime which provides a system output ranging ﬁom reverse, thomgh
a geared neutral to low forward speed and a high regime operating i.n the forward
direction from 1ow. forward speed through to deep overdrive. Changing bgtween the two

regimes is achieved by means of clutches to engage or disengage the appropriate gearing.



WO 2006/032870 PCT/GB2005/003622

2

Changing from one regime to the other is obtained at or very near so-called
“synchronous” ratio of the variator, i.e. a ratio which overlaps the high end of the low
regime and the low end of the high regime and at which the transmission output in either
regime is the same (or very nearly so).

However, the variator is subjected to the highest stress at and around
synchronous ratio and is therefore designed always with this in mind. If, as is usual, the
variator is designed to transmit 100% of the engine power, it must be built to withstand
the maximum available engine power, which therefore effectively limits the minimum
size of the variator, having adverse effects on the size of the transmission as a whole.

Tt would therefore be desirable if the transmission could be arranged to reduce the
proportion of power transmitted through the variator, particularly at and near
synchronous ratio where the demands on the variator are highest, as this would allow
more compact variators to be used.

In accordance with the present invention, a continuously variable ratio’
transmission system comprises:

coaxial system input and output shafts;

a continuously variable ratio transmission unit (variator) connected coaxially to
the system inp}lt shaft and having a coaxial variator output shaft; and

a mixing planetary gear train having an input sun gear drivably connected to the
variator output shaft, a planet carrier drivably connected to the system input shaft, a first

planet gear mountéd on the planet carrier and dri%zingly engaged with the input sun gear,
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a second planet gear mounted on the planet carrier and arranged to rotate with the first
planet gear and drivingly engaged with an output sun gear connected to an output shaft;

wherein ratio R1 (the number of teeth on the input sun gear + by the number of
teeth on the first planet gear) is greater than R2 (the number of teeth on the output sun
gear + by the number of teeth on the second planet gear).

If R1 =R2, the variator always transmits 100% of the engine power. By having
R1>R2, a “power split” is created, whereby the variator always transmits less than 100%
of the engine power. The power split is greatest at the variator ratio corresponding to
synchronous ratio, where the demands on the variator are greatest.

Although such an arrangement effectively reduces the ratio spread of the
transmission, the advantage is that the variator can be made more compact, as it never
transmits 100% of the engine power.

By way of example, specific embodiments of the presenf invention will now be
described, with reference to the accompanying drawings, in which:-

Fig. 1 is a diagrammatic representation of a first embodiment of continuously
variable transmission in accordance with the present invention showing the principle of
the invention;

Fig. 2 is a series of graphs showing the proportion of engine power transmitted
by the variator with the arrangement of Fig. 1 for different values of R2/R1 (to be
explained hereafter);

Fig. 3 is a diagrammatic illustration of a second embodiment of continuously
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variable transmission in accordance with the present invention; and

Fig. 4 is a digrammatic illustration of a known arrangement of continuously
variable transmission.

Referring firstly to Fig. 1, a continuously variable ratio transmission system
comprises a variator V of the known toroidal race rolling traction type having two
toroidally-recessed discs 10 arranged one at each end of the unit and a pair of similar
output discs 12, each facing a respective one of the input discs 10 and rotating with each
other. Sets of rollers 14 are mounted between the opposing faces of the input and output
discs 10, 12 to transmit drive from the input discs 10 to the output discs 12 with a ratio
which is variable by tilting the rollers 14. The mechanism for, and control of, the tilt of
the roller is well known and will not be described further hereinafter.

The input discs 10 are connected to and driven by a system input shaft 16. One
end of the input shaft 16 is connected to the output of an engine and the opposite end of
the input shaft 16 is formed into the carrier C1 of a planetary gear set which will be
described in more detail hereafter.

The variator provides an output via a tubular variator output shaft 18 which
rotates with the output discs 12 and is arranged coaxially with the input shaft 16. The
end of the shaft 18 remote from the variator V drives an input sun gear S1 of a planetary
gear set G1. The sun gear S1 in turn drives a plurality of identical planetary gears P1
mounted on the carrier C1. The planet gears P1 are each mounted on the carrier C1 by

means of an associated shaft 19 which additionally carries an output planet gear P2 each
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of which meshes with, and drives, an output sun gear S2 which is connected to an output
shaft 20.

If R1 is defined as [number of teeth on sun S1 + by number of teeth on planet P1]
and R2 as [number of teeth on suﬁ S2 + by number of teeth on planet P2], the planetary
gearing P is arranged so that R2 <R1. For example, the sun gears S1 and S2 may both
have 33 teeth, planetary gear P1 may have 23 teeth aild planetary gear P2 may haye 24
teeth.

By ensuring that R2 < R1 the power transmitted by the variator is always less
than the power input from the engine. The effect of this can be seen from Fig. 2, which
is a graph showing the proportion of engine power transmitted by the variator against the
variator ratio, for diffe£ent values of R1/ R2 for a typical transmission.

Thus, it will be seen that as the engine approaches synchronous ratio, where the
load on the variator is highest, a relatively large proportion of the engine power bypasses
thé variator. As the variator moves away from synchronous ratio, more of the engine
power passes through the variator. Thus, the variator can be made more compact as it
never transmits 100% of the engine power.

The arrangement of Fig. 1 is a single-regime transmission to show the principle
of the invention. In practice, the arrangement of Fig. 1 would form the high-regime part
of a multi-regime transmission. An example of such a transmission is illustrated in Fig.
3, which shows the arrangement of the first embodiment as part of an embodiment of

¢

two-regime transmission in accordance with the invention. The portion of the
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transmission illustrated and described for the first embodiment is used in high regime or
overdrive mode, in which the output shaft 20 is selectively connected to a reversing gear
set comprising gear input R1 (typically of 25 teeth) and output gear R2 (typically of 27
teeth) to a final output shaft 24 by applying a high regime clutch H between the output
shaft 22 and the gear R1.

In addition to the arrangement of the first embodiment, a gearing for low regime
comprises a second planetary gear set G2 and carrier C1, on which are mounted a
plurality of planetary gears P3 meshing with, and identical to, planet gear P2 and with
an annulus or ring gear Al (typically having 87 teeth). The annulus forms the carrier C2
for identical intermeshing radially inner and outer identical planetary gears P4 and P5
(typically having 16 teeth), the outer ge;clr P4 of which meshes with a; fixed annulus A2
(typically of 71 teeth) and the inner of which meshes with a further sun gear S3
(typically of 35 teeth) which is mounted on one end of a tubular output shaft 26 arranged
coaxially with output shaft 22. The number of teeth for the components of the gear set
G2 are given by way of example only. In particular, planetary gears P2, P3 and planetary
gears P4, P5 need not be identical.

Low regime operation is obtained by disengaging the ﬁigh regime clutch H and
cbnnecting“the tubular output shaft 26 to the reversing gear set by engagement of a low
regime clutch L. Regime change takes place at or near synchronous‘ratio of the variator
V, i.e. in a condition where the transmission output speed would be the same in both high

and low regime.
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The invention is not restricted to the details of the foregoing embodiments.
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CLAIMS

1. A continuously variable transmission comprising:

coaxial system input and output shafts (16, 20);

a continuously variable ratio transmission unit (variator) (V) connected coaxially
to the system input shaft (16) and having a coaxial variator output shaft (18); and

a mixing planetary gear train (G1) having an input sun gear (S1) drivably
connected to the variator output shaft (18), a planet carrier (C1) drivably connected to
the system input shaft (16), a first planet gear (P1) mounted on the planet carrier (C1)
and drivingly engaged with the input sun gear (S1), a second planet gear (P2) mounted
on the planet carrier (C1) and arranged to rotate with the first planet gear and drivingly
engaged with an output sun gear (S2) connected to an output shaft (20);

wherein ratio R1 (the number of teeth on the input sun gear + by the number of
teeth on the first planet gear) is greater than R2 (the number of teeth on the output sun
gear + by the number of teeth on the second planet gear).

2. A continuously variable transmission as claimed in claim 1, comprising
further gearing (G2) engaged with the second planet gear.

3. A continuously variable transmission as claimed in claim 2, further
comprising clutch means (H, L) for selectively engaging either the output shaft (20) or

the output (26) of the further gearing (G2) as the transmission output.
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