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(67) A CVT comprises a variator V of the toroidal race rolling traction type, an input epicyclic 16 having two

inputs connected to opposite sides of the variator V, a recirculating epicyclic 18 driven by a prime mover
and having a drive train connected to the opposite sides of the variator V and a mixing epicyclic 20. A low
regime clutch L selectively connects an input of the input epicyclic 16 to a final drive shaft 14. High regime
forward and reverse clutches F, R connect the mixing epicyclic 20 to one of the two sides of the variator V,
in dependence upon which clutch F, R is engaged. This arrangement allows the high and low to be
coincident at one variator ratio with the variator operating in opposite directions in the high and low
regimes. In another embodiment the single mixing epicyclic 20 is replaced with two mixing epicyclics

(20, 20", fig 4).
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CONTINUOUSLY VARIABLE RATIO TRANSMISSION

The present invention relates to continuously variable ratio transmissions
(“CVTs”). The invention is particularly applicable to such transmissions for
industrial or agricultural vehicles, for example tractors, which require a very high
torque at low speeds and which often require the vehicle to be shuttled back and
forth at low speeds, but which also have the requirement for high forward and
high reverse regimes for higher speed, lower torque conditions.

In accordance with a first aspect of the present invention, there is provided

a continuously variable ratio transmission (CVT) comprising:
(a) a ratio varying unit (“variator”);
(b)  a first epicyclic having two inputs connected to opposite sides of the
variator:
(c) a second epicyclic having an input driven by a prime mover and
components connected to opposite sides of the variator:
(d)  afinal drive shaft;
() a low regime clutch for selectively connecting the output of the first
epicyclic to the final drive shaft in low regime;
(®  a third, mixing, epicyclic connected to the output of the first epicyclic and
connected or connectable to the variator and being connectible with the final drive
shaft in high regime by way of a high regime clutch;
wherein the high and low regimes are coincident at at least one variator ratio and

the variator operates in opposite directions in the low and high regimes.
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Preferably, the operation ranges of the high and low regimes overlap.

In accordance with a second aspect of the present invention there is
provided a continuously variable ratio transmission (CVT) comprising:
(@  aratio varying unit (“variator”);
(b)  a first epicyclic having two inputs connected to opposite sides of the
variator:
(©) a second epicyclic having an input driven by a prime mover and
components connected to opposite sides of the variator:
(d)  a final drive shaft connectible with the variator by way of one of two
alternative driven rotatable members connected to opposite sides of the variator
respectively; and
(e)  afirst clutch disposed between an output of the first epicyclic and the final
drive shaft for selectively connecting the output of the first epicyclic to the final
drive shaft:
the transmission further comprising:
a third, mixing, epicyclic disposed between at least one of the driven rotatable
members and the final drive shaft and receiving inputs from the output of the first
epicyclic and said driven rotatable shaft; and
a second clutch disposed between said one driven rotatable member and the final
drive shaft for selectively connecting the said one driven rotatable member to the

final drive shaft via the third epicyclic.
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In one embodiment a third clutch is disposed between said other driven
rotatable member and the final drive shaft for selectively connecting the said other
driven rotatable member to the final drive shaft via the third epicyclic.

The second and third clutches are preferably disposed respectively
between the said one driven rotatable member and the third epicyclic and between
the said other driven rotatable member and the third epicyclic.

In another embodiment, a fourth epicyclic isdisposed between said other
driven rotatable member and the final drive shaft and receiving inputs from the
output of the first epicyclic and said other driven rotatable shaft and
a third clutch is disposed between said other driven rotatable member and the final
drive shaft for selectively connecting the said other driven rotatable member to the
final drive shaft via the fourth epicyclic.

The second and third clutches are preferably disposed respectively
between the third epicyclic and the final drive shaft and the fourth epicyclic and
the final drive shaft.

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

Fig. 1 is a diagrammatic representation of a first embodiment of CVT in
accordance with the present invention;

Fig. 2 is a representation of the transmission of F ig. 1, which illustrates the
transmission gearing in more detail;

Fig. 3 is a graph illustrating the operation of the first embodiment: and
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Fig. 4 is a diagrammatic representation of a second embodiment of CVT in
accordance with the present invention.

Referring to Figs. 1 and 2, a CVT has an input shaft 10, connected to a
prime mover via reduction gearing 12, an output shaft 14, a variator V of the
toroidal-race rolling traction type, an input epicyclic 16, a recirculating epicyclic
18 and a mixing epicyclic 20. Reference numerals 24,26 indicate shafts connected
to opposite sides of the variator V, which are connected via reduction gearing
28,30 to rotating members (hereinafter referred to as “shafts”, for convenience)
32,34 which are in turn connected to two components (the annulus A1 and the sun
gear S1 respectively) of the input epicyclic 16, the remaining component (the
planet carrier C1) being connected to the input shaft 10.

The shafts 32,34 are also connected to two components (the annulus A2 and
the sun gear S2) of the recirculating epicyclic 18, the third component (the planet
carrier C2) being connected by engagement of a low regime clutch L and via
reduction gearing 38 to the output shaft 14.

In addition, the shafts 32,34 are selectively and alternatively connectible via
respective reduction gearing 40,42 and respective high regime forward and reverse
clutches F,R to the same component (the planet carrier C3) of the mixing epicyclic
20, another component (the annulus A3) of the epicyclic being permanently
connected to the output (the planet carrier C2) of the recirculating epicyclic 18.

In low regime, the low regime clutch L is engaged and the high regime forward
and reverse clutches F,R are disengaged. In low regime, power recirculates

through the epicyclic 18 and, as shown in Fig. 3 by the line “Output L engaged”,
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as the variator V progresses from one end of its ratio range to the other the speed
of the output shaft 14 can be arranged to make a continuous “low regime”
progression from a finite maximum value in one direction, falling to zero and then
climbing to a second maximum value in the opposite direction. In this way, the
transmission can shuttle easily between reverse and forward without having to
change regime. This is important for off-highway vehicles such as tractors and
the like in which the transmission transmits high levels of torque at low vehicle
speeds, during which it is preferable to avoid regime changes if possible.

It will also be seen from Fig. 3 that for each of a particular forward and
reverse speed of the output shaft 14 there is a variator ratio (approximately -0.68
and -2.74, corresponding to an ouput shaft speed of about 4,000 rpm) at which the
output from the mixing epicyclic 20, if it were to be connected by the respective
high regime forward or reverse clutch F.R, would be identical to the output from
the mixing epicyclic 18 on engagement of the low regime clutch L, i.e. the two
inputs to the mixing epicyclic 20 would be identical. This is known as
“synchronous ratio” and at that ratio the forward or reverse clutch F,R can be
engaged, depending on the direction of rotation of the output shaft 14, and the low
regime clutch L can be disengaged in order to place the transmission in a high
forward or high reverse regime as appropriate.

In high forward or high reverse regime, as illustrated in Fig. 3, the variator
ratio is adjusted in the opposite direction as compared with low regime operation
in order to increase the speed of the output shaft 14. In these regimes, the drive of

one of the shafts 32, 34 is connected to the output shaft 14 via the engaged clutch
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F or R, the mixing epicyclic 20 (through the output component, sun gear S3) and
reduction gearing 46.

A second embodiment is illustrated in F ig. 4. This is very similar to the first
embodiment and the same reference numerals are used to describe corresponding
features. The main difference is that the single mixing epicyclic 20 of the first
embodiment is replaced with two mixing epicyclics 20°, 20, a component (the
planet carrier) of each of which is connected to a respective one of the two shafts
32,34, a further component (the sun gear) of each of the epicyclics 20, 20°” being
selectively and alternatively connectible to the output shaft 14 via forward and
reverse high regime clutches F,R respectively. In a similar manner to the first
embodiment, the output of the recirculating epicyclic 18 is connected to a
component (the annulus) of each of the forward and reverse mixing epicyclics 20°,
20”’ and is also connectible via a low regime clutch L to the output shaft 14.
When high forward or high reverse regime is required at synchronous ratio, the
appropriate forward or reverse clutch F sR is engaged and the low regime clutch L
is disengaged to connect the output of the appropriate mixing epicyclic 20°, 20’
to the output shaft 14 via the reduction gearing.

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

1. A continuously variable ratio transmission (CVT) comprising:

(a) a ratio varying unit (“variator”);

(b)  a first epicyclic having two inputs connected to opposite sides of the
variator:

(c) a second epicyclic having an input driven by a prime mover and
components connected to opposite sides of the variator:

@ a final drive shaft;

(e) a low regime clutch for selectively connecting the output of the first
epicyclic to the final drive shaft in low regime;

(f) a third, mixing, epicyclic connected to the output of the first epicyclic and
connected or connectable to the variator and being connectible with the final drive
shaft in high regime by way of a high regime clutch;

wherein the high and low regimes are coincident at at least one variator ratio and

the variator operates in opposite directions in the low and high regimes.

2. A continuously variable ratio transmission (CVT) as claimed in claim 1,

wherein the operation ranges of the high and low regimes overlap.

3. A continuously variable ratio transmission (CVT) comprising:

(a)  aratio varying unit (“variator”);
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(b) a first epicyclic having two inputs connected to opposite sides of the
variator:

(c) a second epicyclic having an input driven by a prime mover and
components connected to opposite sides of the variator:

(d) a final drive shaft connectible with the variator by way of one of two
alternative driven rotatable members connected to opposite sides of the variator
respectively; and

a first clutch disposed between an output of the first epicyclic and the final drive
shaft for selectively connecting the output of the first epicyclic to the final drive
shaft:

the transmission further comprising:

a third, mixing, epicyclic disposed between at least one of the driven rotatable
members and the final drive shaft and receiving inputs from the output of the first
epicyclic and said driven rotatable shaft; and

a second clutch disposed between said one driven rotatable member and the final
drive shaft for selectively connecting the said one driven rotatable member to the

final drive shaft via the third epicyclic.

4. A CVT as claimed in claim 3, further comprising a third clutch disposed
between said other driven rotatable member and the final drive shaft for
selectively connecting the said other driven rotatable member to the final drive

shaft via the third epicyclic.
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5. A CVT as claimed in claim 4, wherein the second and third clutches are
disposed respectively between the said one driven rotatable member and the third
epicyclic and between the said other driven rotatable member and the third

epicyclic.

6. A CVT as claimed in claim 3, further comprising:

a fourth epicyclic disposed between said other driven rotatable member and the
final drive shaft and receiving inputs from the output of the first epicyclic and said
other driven rotatable shaft; and

a third clutch disposed between said other driven rotatable member and the final
drive shaft for selectively connecting the said other driven rotatable member to the

final drive shaft via the fourth epicyclic.

7. A CVT as claimed in claim 6, wherein the second and third clutches are
disposed respectively between the third epicyclic and the final drive shaft and the

fourth epicyclic and the final drive shaft.



FRCh 1)@/

" The 4

- Patent g‘:‘” 3

¢ Ollice £ o
D INVES FOR IN PEOPLE

1o

S
3

@

Mike Mckinney
20 April 2004

Examiner:
Date of search:

GB 0326199.7
1 and 2

Application No:
Claims searched:

Patents Act 1977 : Search Report under Section 17

Documents considered to be relevant:

Category | Relevant | Identity of document and passage or figure of particular relevance
to claims
A US 5564998 (FELLOWS)
A US 2002187872 (WEHKING)
A US 6045477 (SCHMIDT)
Categories:
X' Document mdicating lack of novelty or inventive step A Document indicating technological background and/or state of the art
Y  Document indicating lack of inventive step 1f combined P Document published on or after the declared prionty date but before the
with one or more other documents of same category filing date of this invention,
&  Member of the same patent family E  Patent document published on or after, but with priority date earlier than,
the filing date of this application

Field of Search:

Search of GB, EP, WO & US patent documents classified in the following areas of the UKCY:

F2D

F16H

Worldwide search of patent documents classified in the following areas of the IPC”

EPODOC, PAJ, WPL

—Lhe following online and other databases have been used in the preparation of this search repori:

An Executive Agency of the Department of Trade and Industry



	Abstract
	Bibliographic
	Drawings
	Description
	Claims
	Search_Report

