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(54) Tifle: RATIO SELECTING MECHANISM FOR A TRANSMISSION

(57) Abstract

A transmission ratio selecting mechanism including a
ratio selector means (typically a hand lever), first and second ra- =
Ul 65

tio coupling members (36b, 37) movable to select 2 number of
ratios in the forward and reverse drive directions of an associat-
ed transmission, and linkage means(65, 63, 54,61, 62, 59,57, 60
: 65, 63, 64, 70, 71, 68, 67, 69) for moving the ratio coupling
members in response to movement of the ratio selector means.
The ratio selecting mechanism includes disconnecting means
(72,73, 63, 64) for disconnecting one (37) of the ratio coupling
members from the selector means during selection of the re-
verse ratios of the transmission. During selection of any reverse
ratio both the gear coupling means are initially moved in syn-
chronism in response to movement of the selector means to
complete the first part of the selection of the particular reverse
ratio, the disconnecting means is then operated, and selection
of the reverse ratio is completed by further movement of only
one(36b) of the ratio coupling means in response to further mo-
vement of the selector means. The selector means is arranged
to return the ratio coupling members to synchronism on move-

ment of the selector means to disengage the reverse ratio.
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RATIO SELECTING MECHANISM FOR A TRANSMISSION

A ey

Technical Field b

This invention relates to transmissions ané in’ particular

to transmission ratio selecting mechanism.

In such fields as, for example, tractors and fork-
1ift trucks there is a requirement for transmissions which
provide several ratics. in the forward and reverse drive

directions and a manual forward/reverse shuttle facility.

The Applicant's co-pending Patent Application NO....caeee
(Based on U.K. Patent Application792558%2 ) describes and
claims an improved form of transmision assembly which pro-
vides two forward and two reverse drive ratios and which
when used in combination with one or more other transm-

“ission units is capable of providing a large number of

forward and reverse drive ratios,

The provision of an efficient and compact ratio selec-
ting mechanism for a transmission assembly of the type des-
cribed and claimed in the Applicant's above referred to
patent application and other transmission assemblies in
which the selection of ratios involves the movement of
more than one ratio coupling member (typically an axially

movable sleeve or collar) is a difficult problem.

Disclosure of the Invention

It is an object of the present invention to provide an
improved form of ratio selecting mechanism which is compact
and which is suitable for use with transmission assemblies
of, for example, the type described and claimed in the
Applicant's previously referred to patent application.

According to the present invention there is provided
a transmission ratio selecting mechanism including a ratio
selector means, first and second ratio coupling members
movable to select a number of ratios of an associated

transmission, and linkage means for moving the ratio coupling
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members in response to movement of the ratio selector

means, the ratio selecting mechanism being characterised in
that the linkage means includes disconnecting means for
disconnecting one of the ratio coupling members from the
selector means during selection of at least one of the
transmission ratios, the arrangement being such that for the
selection of said at least one ratio both the gear coupling
means are initially moved in synchronism in response to
movement of the selector means to complete the first parf

of the selecnion of said at least one ratio, the discon-
necting means is then operated, and selection of said at
least one ratio is'completed by further movement of only

one of the ratio coupling means in response to further move-
ment of the selector means, the selector means being
arranged to return the ratio coupling members to synchronism
on movement of the selector means to disengage said at least
one ratio.

The linkage means may include a member which is angu-
larly movable in response to movements of the selector means
with first and second cam meﬁbers arranged to be moved by
the angularly movable member to move the fifst and second
ratio coupling members respectively, and with the discon-
necting means arranged to disconnect drive from the angu-
larly movable member to one of the cam members during

selection of said at least one ratio.

Conveniently the disconnecting means includes a toggle
linkage connected with the selector means for'displacing
the ‘angularly movable member in a diréction generally nara- !
llel to its axis of angular movement to disconnect drive

from said one cam member. !

In one form of selecting mechanism in accordance with
the invention, in which the coupling members are required
to be moved in opposite directions to select said at least
one ratio, the selector means may be arranged on initial

movement to move both coupling members in the same
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direction to couple a gear wheel associated with one of
said coupling members with an -associated shaft and on
further movement to operate said disconnecting means to move
‘only the other coupling member in the opposite direction to
couple a gear associated with the other coupling member
' with a further shaft to complete the selection of said at
least one ratio.

A selecting mechanism of the form described in the pre-
ceding paragraph is particularly suitable for use in selec-
ting the ratios of the transmission assembly of the Appli-

cant's previously referred to patent application.

The first ratio engaging member comprises a coupling
sleeve forming parf of a non-synchromesh clutch unit and
the second ratio engaging member may comprise a coupling>
sleeve forming part of a synchromesh clutch unit of the
type specified, the linkage means ensuring that the non-
synchromesh coupling sleeve is brought into engagement first
during the selection of each ratio of the associated trans-
mi§sioﬁ.

ﬁeferences throughout this specification to synchromesh’
units or clutch units of the type specified refer to units
which include a coupling member (for example a sleeve)
éxially slidable relative to a shaft for coupling a gear to
said shaft, the coupling member being slidable from a non-
engaged position in which said gear is not coupled to the
shaft, through a synchronising position in which clutch
members in the synchromesh unit are in frictional contact
to synchronisé the rotational speeds of said gear and shaft
to a fully engaged position in which said gear is coupled
to said shaft and axial movement of the coupling member is
completed. 7

In a further form of the invention the linkage means in-

cludes a selecting mechanism characterised in that the .
PUREA[D
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linkage means includes two generally parallel shift rails
one for each ratio coupling member, and a selector member
connected with the ratio selector means, the ratio selector
member having two formations engageable with cooperating
formations associated with the two rails, the formations

on the selector member being movable in directions generally
parallel to the direction of extension of the rails to
move said rails and also being movable during the selection
of said at least one ratio in directions generally perpen-
dicularly to said directions of extension in order to dis-
connect one of the formations on the selector means from
its cooperating rail formation'thus disconnecting the
associated fatio coupling member from the ratio selector

means.,

Where the selecting mechanism is used in the control of
synchromesh clutch unit of the type specified using cam
member as described above the cam member associated with the
synchromesh sleeve preferably has three zones, a first zone
contacted by the follower during movement of the couollng

“member towards the synchronising position, a second zone
contacted by ‘the follower during synchronisation and a third
zone contacted by the follower after synchronisation has
taken place and as the coupling member is moved towards the
fully engaged position, the first, second and third zones
being shaped so that a tangent to the cam surface at the
point of contact with the follower during synchronisation
makes a smaller angle with the direction of movement of the .
cam member than tangents drawn to points. of contact with the
first and third zones of the cam surface so that for a given
selection force applied to the cam member a larger ratio
engagement is applied to the fbllower during synchronisation
than vhen the follower is in contact with the first and

third zones.
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Descripticn of Drawings

The invention will now be described, by way of example only,
with reference to the accompanying drawings in which:-

Figure 1 is a vertical section through an agricul-
tural tractor transmission embodying the invention;

Figure 2 is a diagrammatic representation of part of
an input gear set Z of the transmission part of which is
not visible in Figure 1; |

?igure 3 shows the provision of an additional plane-
tary gear to double the number of ratios provided by
the transmission. '

Figure 4 shows the speed selection gate of the trans- |
mission; , : .

Figure 5 shows the sequence of movement of the syn-
chronising devices of a main change speed ‘'gear set X of
the transmission; - '

Figure 6 shows the cam groove.used to control the

synchronising devices of the main change speed gear

- set X;

Figure 7 shows diagrammatically ﬁhe manner in which
the cam having the groove of Figure 6 is rotated;

Figure 8 shows in plan the manner in which the input
set cam and auxiliary output set cam are sequenced
relative to eaéh bther;

Figure 9 is a sectional view on the line A-A of
Figure 8;

~Figure 10 shows the cam grooves which control the
auxiliary output set Y and the non-synchromesh coupler
of the input gear set Z-

‘ Flgure 11 shows a 51de view in the direction of
arrow B of Figure 8 of the upper half of the cam arrange-
ment shows ln Figure 8;

. Figure 12 shows the range selection gate of the
transmission;
Figure 13 shows the cam groove which controls the
synchromesh coupler of the input gear set 2;

Figure 14 shows the sequence of movements of the

- synchromesh coupler of the input gear set;

Kof
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Figure 15 shows graphically the ground speeds
obtainable (in Kilometres/hour) in each ratio of a typical
transmission in accordance with the invention at selected
engine speeds. _

Figure 16 shows the sequence of movements of the
couplers of the auxiliary output gear set ¥ and the
non-synchromesh coupler of the input gear set .Z2;

Figures 17 and 18 show in tabular form the gear
wheels used to obtain each transmission ratio;

" Figure 19 shows part of the cam groove of Figure 13
on an enlarged scale; ' ’

Figure 20 is a simnlified representation of the

- 'geometry of the cam follower and groove shown in Figure 19;

Figure 21 shows a vertical section through an al-
Eernat¢ve ratio selectlon arrangement for input gear
set 2 and main change speed gear set X, and

. Figure 22 shows schematically the plate—type cam
member used in the arrangement of Figure 21.

Best Mode of Carrying Out Invention

_ The basic transmission construction is shown in
Figure 1. It comprises a main four speea-change speed
gear set X, a two speed auxiliary output gear set ¥, and
a constant mesh input gear set Z capable of providing
two forward speeds and two reverse speeds.

The main change speed set X coméfises four gears
10, 11, 12 and 13 which are splined onto a lay shaft
14 and four constant mesh gears 15, 16, 17 and 18
which are rotatably mounted on the two portions 19
and 20 of the transmission output shaft.

The gears 15 and 16 are associated with clutch means
in the form of a first synchronising unit 21 while the
gears 17 and 18 are associated with further clutch means

in the form of a second synchronising unit 22.

TUREAT
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. As will be appreciated, a first ratio is provided in
the main change speed set X by sliding the sleeve 2la of
the synchronising unit 21 to the left so that power is
transmitted from the shaft 19 through gears 15 and 10 onto
the lay shaft 14 and back to portion 20 of the output .
shaft via the auxiliary output train ¥. In a similar
fashion a second ratio is obtained by sliding the sleeve

-2la to the right thus transmitting power from the shaft
portion 19 via gears 16 and 1l to the lay shaft 14 and '
hence to the output shaft portion 20 via the output set Y.

Similarly, two further ratios can be obtained by
-s1iding the second sleeve 22acf the synchronising unit
22 to the left and right respectively.

- The output gear set Y comprises a gear 23 slidable

on splines 24 provided on the output shaft portion 20.

This gear 23 is engageable with a gear 25 which rotates
with the lay shaft 14 to provide a low auxiliary ouvtput
train ratio . -By slidiné the gear 23 on the splines 24
teeth 26 on the gear 23 can be meshed with co-operating
teeth 27 on the gear 18 thus locking the gear 18 to the
shaft portion 20 and providing a higher output train ratio’
via gears 13 and 18.

The input gear set 2 comprises gears 28 and 29 which
are rotatably mounted on an input shaft 30. These two
gears aré in constant mesh with gears 31 and 32 which are
iq’turn rotatably mounted on the output shaft portion 19.
Mounted behind the gears 28, 29, 21 and 32 as viewed in
Figure 1, are two idler gears 33 and 34 shown diagrammati-
cally in Figure 2 which mesh with gears 32 and 28 respect-
ively. The idler gears rotate with a common shaft 35.

| | . TUREAY
OMPI
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Associated with the gears 28 and 29 is a further

clutch means in the form of a third synchronising unit 36
 vwhose sleeve 36b can be used to couple either the gear

28 or the gear 29 to the input shaft 30. The clutch

means for coﬁpling either the gear 31 or 32 to the output

shaft 19 comprises a simple sliding collar 37 which is

coupled with shaft 19 and engageable with teeth 3la and

32a provided on gears 31 and 32 respectively.

The input gear set Z can be arranged to provide a
high forward ratio by moving'the sleeve 36b to the left to
couple the gear 28 to the input shaft 30 and also sliding

" the collar 37 to the left to contact the'gear 31 with the
shaft portion 19. A low forward ratio can be provided

~ by engaging the sleeve 36b with the gear 29 and sliding
the collar 37 to the right to couple the gear 32 with the
shaft portion 19.

A first reverse ratio is obtained.from the input set
% when the sleeve 36b couples the gear 28 to the input
shaft 30 and the collar 37 couples the gear 32 to the
shaft portion 19. With the synchronising sleeve and the
collar in these 9051tlons drive passes from the input
shaft 30 via gear 28, gear 34, shaft 35, gear 33 and gear
32 to the shaft portion 19. A further reverse ratio is
‘obtained by engaging the synchronising sleeve 36b with
the gear 29 and moving the collar 37 to couple the gear
-31 with the shaft portion 19. In this condition drive
is transmitted from the input shaft 30 via gear 29, gear
32, gear 33, shaft 35, gear 34, gear 28 and gear 31 to
the shaft portibn 18. '

_ Thus the input set 2, is capable of providing two
forward speeésand two reverse speeds which enable the whole
transmission to provide, if required, sixteen forward

speeds and sixteen reverse speeds.
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Input set Z is the subject of the Appllcants
Previously referred to Application No.

e e s 9 ¢ o

(Based on U.K. Patent Application No. 7925589).

Since, as described below, the collar 37 is always
arranged to couple either the gear 31 or 32 to the output
shaft portion 19 before the synchronising sleeve 36b
couples either the gear 28 or :29 to the input shaft 30,
the collar 37, when coupling the gear 31 or 32 to the
shaft portion 19, only has to overcome the reldtively low
rotational inertia of the gears of input train Z since the
higher inertia itemS'sgch as the shaft 30 and the associated
clutch parts (not shown) aré not at that time coupled by’
the synchronising device 36. This makes it possible to use
a simple sliding collar 37 rather than another synchronising
-unit thus making input set Z significantly cheaper and also
more compact than if another synchronising unit was wused in
place of collar 37. ih this later regard it will be noted
that the maximum radial dimension of collar 37 is sicnifi-
cantly less than that of sleeve 36b thus allowing shafts 30
and 19 to be appreciably closer together ‘than if collar 37
were to be replaced by another sjnchronising:unit. This

allows the whole transmission to be of a more compact design.

7 If desired, the speed range can be further increased
by the addition of a two speed planetary gear on the input
end of the transmission as shown in Figure 3. The planetary

'geqr includes a sun wheel 38 formed integrally on an input
shaft extension 39, planet gears 40 mounted on a planet

car:ier 41, and an annulus gear 42 which is held fixed.

A slidable sleeve 43 can occupy the position shown in
Figure 3 in which it couples the planet carrier 41 with the
previously described input shaft 30 to provide a first

._planetary ratio or can be slid axially to engage teeth 44
formed on the input shaft extension 39 to directly couple
the input shaft extension to the shaft 30 thus locking out

BUREAD
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the planetary gear to provide a second ratio.

It will be appreciated that mechanical coupling of the
two speed planetary gear using the sleeve 43 can be re-

placed by a hydraulically operated clutch arrangement.

The two speed planetary gear, whether mechanically or
hydraulically coupled, can be used as an under-drive or
overdrive as required. -

As indicated above the transmission (without the use
of the two speed planetary gear shown, in Figure 3) provides .

sixteen forward speed and sixteen reverse speeds.

These forwardﬁépeeds are groupéd into four ranges A,

" B; C and D as shown in Figure 15. Range A ié a creeper
range, ranges 3 and C are the field working ranges and
range D is the rcad speed range. Figure 15 indicates the

- ground speeds obtainable (in Xilometer/hour) in each ratio -
of a typical transmission embodying the invention at selec-
ted engine speeds and clearly illustrates the flexible nature
of the transmission and the good spread of ground speeds. '
The legend at the top right hand corner of Figure 15 indi-
cates the selected engine speed p, g, r and s on the block
marking, these speeds being 2400, 2040, 1730 and 1400
engine revolutions per minute respectively (2400 revs/min °
being the rated engine speed of the engine).

Selection of these ranges is under the control of a
lever (not shown) which moves in a gate 66 shown in Figure
12. Each range A, B, C and D has four sub-ratios 1 to 4
selected by a second lever (not shown) which moves in a

straight gate 49 of Figure 4.

"Also, the gate 66 controls the selection of the four .
basic reverse ranges R1l, R2, R3 and R4 which again each
have four sub-ratios 1 to 4 controlled by gate 49.
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Thus using the two gates 49 and 66 sixteen forward
and reverse ratios can be selected.

The transmission also provides a "park" facility
- which is selected on gate 49 and designated "P" and which

locks the transmission up to function as a parking brake.

All the ratios of the main change speed set X, the.
two speed auxiliary output set Y, and the constant mesh
input set Z are selected by rotatable cams having cam

. tracks which are engaged by followers which in turn move
gear selector forks to make the required gear changes.

' Thé main change speed set X is controlled by the lever
which moves down the straight gate 49 shown in Figure 4.
As can be seen between each ratio position a neutral con-
dition is provided and the park facility designated "p"
is available in which the set X is locked-up by simul-

taneously engaging the two Synchronising devices 21 and 22.

The left and right héné.poftions of Figure 5 show
schematically the sﬁifting sequence of the two synchro-
nising units 21 and 22 respectively, Figure 5 indicates
the'synchionising units are arranged so that normally
vhen one synchronising unit is operated to engage a gear
the other 5ynchronising unit is in its neutral condition
N. The facility is provided to simultaneously engage the
first and fourth gear ratios provided by gears 15 and 18
in order to place the transmission in its park condition P.

The schematic shift pattern shown in Figure 5 is in
practice translated into a single cam groove 51 formed in
the periphery of a rotatable cam member 50; For ease of
reference the development of this cam member is shown in
Figure 6 from which it will be readily apparent that the
length EF of the groove 51 corresponds to the left hLand
portion of Figure 5 and the lenght GH of the groove 51

corresponds to the right hand portion of Figure 5.
' . (//§KT§EZ]?\\)
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The. two cam followers which operate in groove 51 thus

share a common neutral portion GI of the groove.This arrange-
ment in which two followers operate in the same groove 51
greatly simplifies the cam arrangement and gaves a con-
siderable amount of space inside the transmission housing

by avoiding the need for two separate cams and their

associated rotating means.

The cam 50 is shown diagrammatically in Figure 7 and
is arranged to be rotated by a toothed sector 52 which
engages teeth 53 formed on the cam. Thus pivoting of the
toothed sector 52 as indicated by thé arrow W-in Figure 7
"results in rotation of the cam 50 as indicated by the
arrow K. ) |

Figure 8 shows the cam operating mechanism used in the
selection of the ratios in the auxiliary output set Y and
the input set Z. The cam 50 is positioned behind this cam
arrangement as viewed in Figure 8, the sector 52 being
secured to a sleeve 54 which-is rotated by a lever S5

coupled with the gear selection lever which moves in gate 49.

As can be seen from Figure 8 the levef 55, sleeve 54,
sector 52 and cam 50 are carried by a detachable cover 120 )
which 1s located on the right hand side of the transmission -
housing in the position indicated by ‘dotted circle 120 in
Figure 1. This cover has support webs 121 and 122 which
project through a circular aperturz 123 in the housing and
.whiéh support the cam 50 and cams 59 and 68 referred to below.

Turning now %o the control of the auxiliary output
set Y and the movement of the collar 37, this is under the
control.of cam tracks 56 and 57 cut in the periphery of a
;otatable cam 59. These cams, whose developments are
shown in Figure 10, are representations of the shift pat-
tern for the auxiliary output set ¥ and the collar 37 as
shown schematically in Figure 16. Thus the cam groove 56
- <f/§ Eﬁ:?\\\\
OMPI
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corresponds to the left hand portion of Figure 16 and the
groove 57 corresponds to the right hand portion of Figure 16.

A cam follower shown at 60 in Figure 11l engages the
groove 57 vwhile a corresponding follower (not shown) en-
géges the groove 56. As these followers follow along.

- their respective grooves the necessary axial sliding move-
ment of the associated selector forks to effect the move-
ment of the gear 23 and the collar 37 occurs. As will be
appreciated, since the throw required to change the
operating ratio of the auxiliary output set Y is large
this must be reflected in the sideways throw T of the cam

groove 56 which is appreciably greater than that of groove
57. '

As can be seen from Figures 10 and 11 by appropriate
operation of the cam 59 four different speed ratios can be
obtained using the two positions of the gear 23 and the two

alternative positions of the collar 37.

The cam 57 is rotated by a geared sector 61 which en-
gages a gear 62 formed on the cam 59 in a similar manner to
the way in which fhe selector 52 engages the gear 53. The.
sector 61 is splined onto a shaft 63 at 64 and the shaft
63 is rotated via an arm 65 connected with the gear lever
(not  shown) which moves in the gate 66 shown in Figure 12.
Shaft 63 is again carried by cover 120. Thus movement of
the lever which moves in the gate 66 rotates the shaft 63
and'hepcé rotates the cam 59 via sector 61 and gear 62.

Control of the synchronising unit 36 is effected by a
cam groove 67 cut in a cam 68. The development of this
groove is shown in Figure 13 and is again simply the shift

pattern for the synchronising unit 36 as shown.schematically
in Figure 14. '

The cam groove 67 is engaged by the follower 69 shown,
in Figure 11. Rotation of the cam 68 is effected by a

- - ' SOREA D
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geared sector 7C which is splined onto the shaft 63 at 64
and drives a gear 71 formed on the cam 68. As previously
described, for forward drive ratios the synchronising sleeve
36b and collar 37 are either both moved to the left or to
the right from their neutral positions. This requires syn-
chronisation of the rotation of cams 59 and 68. This syn-
chronisation is achieved by virtue of the fact that both
" gear sectors 61 and 70 are rotated from the same splined
connection 64 on the shaft 63.° '

When the input train Z is operated to give a reverse
drive ratio the synchronising sleeve 36b and collar 37 are
‘moved 6ne to the left and one to the right of their
neutral positioné in order to transmit drive to the idlex

gears 33 and 34.

In order that the synchronising sleeve 36b and collar 37
can OCCUPY positions on opposite sides of their neutral
position lt is necessary to break the synchronisation of the
rotation of cams 59 and 68.. This is achieved by axially
displacing the shaft 63 so that the splines 64 disengage
"the gear sector 61 whilst remaining engaged with the sector
70. This sliding of the shaft 63 is achieved by either
pulllng or pushing on the cable 72 which operates the toggle
linkage 73 secured to the end of the shaft 63.

Thus, for examblé, when reverée range Rl is selected
on the gate 66 this is achieved in two states. Firstly if
the “lever is not already in the range A position'it is moved -
to this position and in so doing rotates the two cams 59 and
68 in synchronism under the control of shaft 63 to the appro-
priate position for range A. Next the lever is moved from
the range A position to the reverse range Rl position. This
movement firstly displaces the cable 72.which in turn moves
the shaft 63 thus disengaging sector 61 and hence leaving
the output set ¥ and collar 37 in the range A position and
secondly rotates the cam 68 in the reverse direction to move

RUREA
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’tne synchronlsﬁnd sleeve. 36b from the range A p031tlon to
the range RL position.

As will be appreciated the transmission provides
four manual forward/reverse shuttle changes between the
“A, R1 : B, R3 and C, R4 positions. . Each of these shuttle
.changes involves the movement of only the synchronlslng
coupling sleeve 36b to the right or left as the case may be.

Figure 17 end 18 show in tabular form the gear wheels
used in the transmission shown in the drawings to provide
each of the transmission's thirty-two ratios. It has been
found po=51nle to arrange for several of the gear wheels
used in the transm1551on to have the same number of teeth
enabling either actual common gear ‘wheels or at least common
gear vwheel hobbing machinery to be used to provide these
gear wheels thus giving a significant eccnomy in the manu-
,factuie of the transmission by still further reducing
the number of differenﬁ gear wheels provided. In one
EXample of the transmission described, gear wheel 11 has
the same number of teeth as gear wheel 32, gear wheel 13
has_the same number of teeth as gear wheel 28, gear wheel
16 has the same number of teeth as gear wheel 29, and gear
wheel 18 has the same number of teeth as gear wheel 31.

As stated above ranges B and C are the two field
working ranges while range D is the road speed range. Thus,
- for example, when a tractor is being operated in a field
with a particular implement it is normally operating in
either range B or range C and there is normally little
requirement to switch between these two ranges although the

oo;rator will require the facility to-switch from which ever

BUREAU
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of these ranges is being used to the road speed D range on,
for example, his journey to and from the field. For this
reéson the range selection gate 66 shown in Figure 12 is
laid-out with thé road speed range -D positioned between
the two field working ranges B and C so that range D can
be reached directly from either range B or range C. 'It
will also be seen from a consideration of Figure 17 that
“changing to Tange D from rangeB or range C requires only
one change in the transmission coupling. For example,
changing to range C from rangé D only involves the sliding
of coupling sleeve 36b and changing to range B from range
Dvonly invoives the sliding of gear 23. This compares
favourably with changes between ranges B and C which in-
volve sliding of both coupling sileeve 36b and gear 23.
Thus, with the range D position between the range B and C
pPositions, changes between each of the adjacent ranges on
the gate 66 only involves one change in the transmission
coubling. o o

The profiles of cam grooves 56 and 57 are basically
straight or large radius curved tracks jointed together
smoothly by the ﬁse of appropriate radii 563, 56b and 57a,
'57b (see Figure 10). This simple profile is possible
since the ratio changes controlled by these grooves are

- not synchronised.

However, the érooves 51 and 67 which control the
synchronised changes are "wavy" in nature. Thus for
 example, referring to Figure 13 tﬁe groove 67 makes the
change from portion Gjé to 67b by way of radiused por-
tions 67c, 67d, 67e and 67f on the left side of the groove
<@nd complementary radiused portion 67g, 67h, 62;,'and.67i
on the other side of the groove. The wavy shape of these
grooves is the_subject of the Applicants cé-pending Appli-
Cation NO." +.. (Based op U.K. Patent Application 792?538).
' “ o uREATF
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Comparison of Figures 10 and 13, which are laid out
on the same scale, inaicates that after a given cam:move—
ment R of cam 68 a sideshift S away from neutral of the

. follower engaged in the groove 67 has occurred whereas for
the same movement R of cam 59 a larger sideshift S1 is ob-
tained. This ensures that the sleeve 37 is engaged with
teeth 3la or 32a before the synchronising unit 36 couﬁles

 the gear 28 or 29 to the shaft 30.

In practice the sideshift S is arranged to take up the
clearances in the synchronising unit and bring the syn-
chronising clutch parts 36a into engagement while the side-

'shift S1 is sufficient to partially engage the sleeve 37
with either teeth 31la or 32a. After synchronisation has
taken place the groove 67 effects further axial sliding of
the synchronising coupling sleeve 36b thus coupling gear
28 or 29 to the shaft 30. During this further movement
along groove 67 the sleeve 37 is mdved;to its full en-
gaged pogition by groove 57 completing a total sideshift
.moverent of S2 as shown in-Figure 10.

The shape of groove 67 and the manner in which it
effects movement of the associated follower and sleeve
will now be discussed in more detail. Figure 19 shows part
of the groove 67 of Figure 13 on an enlarged scale. Dotted
circle 100 indicates the .neutral position of the cam fol-
lower which engages the groove 67 at contact point L. If
a force F is now applied to the cam 68 this will cause the
cam'follower to move the distance S to the right as viewed
in Figure 19, as a result of contact with the zone P
of the side 'of the groove 67, to take up the clearances
in the synchronising clutch parts into frictional engage-
ment in order to carry out their synchronising action.
Dotted circle 101 shows the position of the follower when
the synchroniéing clutch parts are actually carrying out
the synchronising action and the follower is contacting the

groove 67 at the point M on zonre Q of the cam.
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As can be seen from Figure 19 tangents 102 and 103
to the side of the groove 67 at contact points L and M
respectively are inclined at angles X! and X
respectively to the line of action of the force F applied
_ to the cam from the selector lever. Typically angle <
will be 45.degrees and angié X will be less than 20
degrees.and typically 8 to 13 degrees (say 10 degrees).
The use of a small angle ©X during synchronisation ensures
-that the axial force FF actually applied to the follower
and hence to the associated selector fork is as large as
possible so that the effor£ which must be applied to the
gear selector lever in order to ehgage any synchromesh

gear ‘is maintained as low as possible.

The fact that the force FF is larger for smaller angles of X
"can be readily seen from the simplified two dimensional
representations.of the geometry of cam follower and groove
as shown in Figure 19 in which the cam groove wall is
represented by the straight line A at an angle X to the

direction of application of the force F applied to the cam.

If the cam follower initially contacts the wall (line fg )

at point 0 and the F force moves the cam through a small

peripheral distance 00' so that the wall occupies the
.dotted line position ﬂl it will be seen that the point

of contact of the follower with the groove wall will have

moved axially to the position O''. :

Equating the work input and output of the cam and
roller system we have:-

F x cam movement = FF x axial displacement of cam follower
F x 00' = FF x 00!
F = FF x 00"
.5-5!

FF tan X

Hy
i
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Thus as <X decreases so the value of FF increases for
a given value of F. i
After synchronisation has taken place the synchronising
coupler is free to move axially and engage the desired gear
‘ratio, circle 104 in Figure 19 showing the fully engaged
. position. This movement'of the synchrbnising coupler is
brought about by the contact of the zone N of the side
of the groove 67 (corresponding to say portion 674 or
Figure 13) with the groove folloﬁer. Since it is not nece-
ssary to apply the same level of force to the synchronising
coupler after synchronisation has occurred.the curved zone
N of the side of the groove is generally inclined at a lar-
ger angle. This larger inclination also means that a larger
axial movement cf the selector fork and associated coupler
can be obtained for a'given amount of rotation of the cam
when the follower is operating on the zone N of the side of
the groove. '

Thus the shape of the zones P and N of the: side of the
groove 67'are chosen to give a iarge axial movement of the
cam follower for a given amount of rotation of the cam while
‘the shape of zone Q adjacent the contact point M is chosen :
to provide the gfeatest axial force during actual syn-
chronisation.

. It will be appreciated that at the contact point

L FF, = F/tan 45° = F/1

Siﬁilérly at the contact point M

FF, = F/tan 10° = F/.1736

Thus the force generated at the follower is approxi-
mately 5.7 times greater at contact point M. Since the
force required during synchronisation is approximately
five times more than required at the neutral L position

this results
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in a substantially constant load being required at the

selector lever for all selector lever positions.

Typically the mean force multiplication ratio of the
selector mechanism (that is the ratio

Force at the selector fork
Force at the drivers hand

)is about 5 to 1 while this ratio

‘ratio is about 2.3 to 1 at the neutral position and about 13
to 1 when synchronisation is occurring. The average ﬁul-
tiplication ratio of the cam on its whole travel is

total cam displacement

total selector fork displacement
" Typically this ratio is of the order of 2 to l.‘

= C/T from figure 19

) The above described “"wavy" cam shape is also employed in
_ the other parts of cam 68 and on cam 50 which controls syn-

chronising units 21 and 22.

Also, a;though in the construction described azbove, the
cam tracks engaged by the various followers are provided by
grooves cut into cam members it will be ungierstood that the
tracks could be provided by raised circumferentially extend-
ing projections formed on the peripheral surfaces of the cams.
Additionally instead of each follower moving between opposed
walls provided by a groove or raised projections, the fol-~
lower could be biased into engagement with a single circum-
ferentially éxtending wall. |

! Figure 21 chows an alternative form of ratio éelection

arrangement for input set Z and main chénge speed gear set X.

The input'set Z is controlled by a selector member 130
vwhich is pivotally supported at 131 on a rotatable sleeve
132 carried by a removable cover 133 which closes a trans-
mission casing aperture similar to the aperture 123 referred
to above. The lower end of member 130 is connected at 134

with a twin pronged selector member 135 which is splined at

136 for
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axial sliding movement within sleeve 132.

The prongs 137 and 138 of selector member 135 engage
recesses 139 and 140 in members 141 and 142 carried by
selector rails 143 and 144 respectively. Rails 143 and 144
are connected with synchronising unit 36 and collar 37 res-

pectively.

Selector member 130 is connected with a selector levér
145 as shown diagrammatically at 146 in Figure 24, this
lever being movable along an S - shaped gate shown dia-
grammatically at 147. .

Figure 21 shows the lever in a neutral position in which ‘neither

synchronising unit 36 nor collar 37 is coupling any of

the gears 28, 29, 31, 32 of input set Z to their associated
shafts. In order to couple gears 29 and 32 with shafts

30 and 19 the selector member 130 is rotated with the
sleeve 132 and member 135 about axis 148 from the position
shown in Figure 21 in a counter clockwise sense when viewed
-.4n the direction of arrow C by the movement of lever 145

to the position A/C of gate 147. This moves-both selector
rails 143 and l44vrearwardly thus coupling gears 29 and 32
to shafts 30 and 19. As indicated by the gate marking A/C
either range A or range C is engaged by this movement of
.lever 145 depending on the position of gear 23 of set Y.

In this alternative selection arrangement the movement of
gear 23 can be achieved by a convenient means, for example,
this can be achieved electro-hydraulically at the press '
of a button which operates a solenoid-operate valve con-
trolling the supply of hydraulic fluid to a hydraulic
actuator.

In order to ensure that collar 37 engages before syn-
chronising unit 36 the clearancesin the connecting link-
age (not shown) between prong 137 and the synchronising

“unit 36 are arranged to be greater than the clearances in

Q11 :
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the connecting linkage (not shown) between prong 138 and
the collar 37.

In é similar fashion movement of lever 145 to the B/D
position rotates the selector member 135 in a clockwise
' sense about axis 148 thus coupling gears 28 and 31 to
shafts 30 and 19 and engaging range B or D depending on |
the position of gear 23. '

A reverse RA is obtained by pivotting lever 145 to the
left from the B/D position to pivot member 130 in an anti-
clockwise sense about pivot 131 and thus disengaging prodg
138 from recess 140. This disconnects the rail 144 from
the selector mechanism and allows the selection of reverse
range RA to be coﬁpleted by the movement of the lever 145
to the RA position of gate 147 which rotates member 135 in
a counter clockwise sense about axis 148 and moves sleeve
3é§ rearwvardly to couple gear 29 to shaft 30.

. A further reverse rénge RB is obtained by piwvotting

" lever 145 to the right from the A/C position to pivot member

130 in a cléckwise sense about pivot 131 and thus dis- '
engage prong 138 from recess 140 into recess 139 with prong
137. This disconnects the rail 144 from the’selector
mechanism and allows the selection of reverse range RB to ‘ -
.be completed by the movement of the lever 145 to the RB

. position of gate 147 which rotates member 135 and a clock-
wise sense about axis 148 and moves sleeve 36b forwardly
to.couple gear 28 to shaft 30.

As will be appreciated two reverse ranges are select-
able with the gear lever in the RA position dependent on
the position of gear 23 and similarly two reverse ranges
are selectable with the gear lever in the RB position de-
pendent on the position of gear 23.

The four speed main change speed gear set X is con-
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rolled by a rotary selector member 150 which is supported
by the cover 133 and is connected (as shown diagramma-
tically at 151) with a further selector lever 152 which
moves in a straight gate 153. Member 150 is connected

by shaft 154 with a plate-type cam member 155 (in a manner
not shown) so that rotation of member 150 rotates shaft 154

and thus cam lSS about an axis 156.

Cam member 155 is shown schematically in Figure 22 when
viewed in the direction of arrow C and includes a -slot 157
for the éassage of selector member 135 and two cam tracks
158 and 159 for the operation of synchronising units 22
and 21 respectively. Each cam track is eﬂgaged by a
separate follower 160, 161, only the follower 161 of cam
track 158 being visible in Figure 23, and the centres of
both followers 160, 161 are located and maintained on
line 170 in Figure 22.

With the lever 152 in the posiﬁioh shown in Figure 21
both followers line in the neutral positions indicated by
dotted circles 160 and 161 in Figure 21. Each follower is
connected with the associated synchron151ng unit by an arm
and shift rod as shown by arm 162 and rod 163 of follower
lel. )

2As will be appreciated if the lever 152 is rotated
rearwardly to the second speed position the cam member
155 is rotated counter clockwise as viewed in Figure 22
ang ihe.followers occupy the position 160' and 161' res-
pectively this moving the sleeve 2la rearwardly to engage
the second speed of the main change speed gear set X.

In a similar fashion if lever 152 is rotated forwardly
from the neutral position shown in Figure 21 to the third
speed position cam member 155 is rotated in a clockwise |
sense as viewed in Figure 22 and the followers occupy the

positions 160" and 161" in the cam tracks thus moving the
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sleeve 22a forwardly to engage the third speed of the gear
set X. '

As will be appreciated the first and fourth speeds of
gear set X can be selected by movement of the lever 152 to
the appropriate positions of gate 153 and results in fol-
lower positions 160''', 161''' and 160'*''' and 161''‘'"*

respectively in Figure 22.

As indicated above Figure 22 shows the cam member
-155 schematically and the two cam tracks 158 and 159
are not depicted as having the 'wavy' cam shape described
“above in detail with reference to Figure 19 and 20. It
'will be understood, however, that in practice the wavy
cam shape will be used on cam tracks 158 and 159 to re-

duce the lever effort required at synchronisation.
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CLAIMS:

1. A transmission ratio selecting mechanism including a
ratio selector means, first and second ratio. coupling mem-
bers (36b, 37) movable to select a number of ratios of an
associated transmission, and linkage means (65, 63, 54, 61,
62, 59, 57, 60 : 65, 63, 64, 70, 71, 68, 67, 69) for

moving the ratio coupling members in response to movement
of the ratio selector means, the ratio selecting mechanlsm
being characterised in that the llnkage means includes dis-
connecting means (72, 73, 63, 64) for disconnecting one (37)
of the ratio coupling members from the selector means
during selection of at least one of the transmission ratios,
the arrangement being such that for the selection of said
at least one ratio both the gear coupling means are initially
moved in synchronism in response to movement of the sele-
ctor means to complete the first part of the selection of
said at least onsa ratio, the disconnecting means is then
operated, and selection of at least one ratio 1s completed
by further movement of only one (36b) of the rat1o coupling
means in response to further movement of the selector
means, the selector. means being arranged to return the
ratio coupling members to synchronism on movement of the
selector means to disengage said at least one ratio.

2. A selecting mechanism according to claim 1 characterised
in that the linkage means includes a member (63) which is
angularly movable in response to movements of the selector
means, first (68) and second (59) cam members being

arranged to be moved by the angularly movable member to

move said first (36b) and seccnd (37) ratio coupling members
respectively,‘and the disconnecting means (72, 73, 63, 64)

is arranged to disconnect drive from the angularly movable
member to cne (59) of the cam members during selection of
said at least one ratio.

3. A selecting mechanism according to claim 2 characterised
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in that the disconnecting means (72, 73, 63, 64) is arranged
to displace the angularly movable member (63) in a direc-
tion generally parallel to its axis of angular movement to
disconnect drive to said one cam member (59).

4. A selecting mgphanism according to claim 3 characterised
in that the disconnecting means includes a toggle linkage
(72, 73) connected with the selector means for displacing
the angularly movable member (63).

5. A selecting mechanism according to claim 3 or claim 4
characterised in that the angularly movable member comprises
a shaft (63) with a splined portion (64) which engages

first and second drive members (61, 70) for angularly dis-
placing the first and second cam (68, 59) respectively,

the disconnecting means (72, 73) being arranged to axially
displace the shaft to disengage one (61) of the drive
members from the splined portion (64)..

6. A selecting mechanism according to claim 5 characterised
in that the drive members each comprise a toothed sector

(61, 70) which.engages the splined portion (64) and gear
teeth (62, 71) associated with each respective cam (59, 68).

7. A selecting mechanism accerding to any one of claims 2
to 6 characterised in that the cam members (59, 68) each
comprise a cylindrical member with a cam formation (57,

67) formed around its periphery, each formation being
-engaged by a cam follower (60, 69) arranged to move the
associated engaging member (36b, 37).

8. A selecting mechanism according to claim 1 characterised
in that the linkage means includes two generally parallel
shift rails (143, 144) one for each ratio coﬁpling member
(36b, 37), and a selector member 135 connected with the

ratio selector means (145), the ratio selector member having
two formations (137, 138) engagable with cooperating forma-
tions (139, 140) associated with the two rails (143, 144),
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the formations on the selector member being movable in
directions generally parallel to directions of extension of
the rails to move said rails and also being movable during
the selection of said at least one ratio in directions
generally perpendicularly to said directions of extension
in order to disconnect one (138) of the formations on the
selector means from its cooperating rail formation (140)
thus disconnecting the associated ratio coupling member (37)
from the ratio selector means (145).

9. A selecting mechanism according to any one of claims
1l to 8 characterised in that the coupllng members (36b, 37)
are requ1red to be moved in opposite directions to select
said at least one ratio, the selector means being arranged
on initial movement to move both coupling members in the
same direction to couple a gear wheel associated with one
(37) of said coupling members with an associated shaft (19)
and on further movement to operate the disconnecting means
(72, 73, 63, 64) to move only the other coupling member 36b)
in the opposite direction to couple a gear associated with
said other coupling member with a further shaft (30) to
complete the selection of said at ;east one ratio.

10. A selecting mechanism according to any one of claims

1 to 9 characterised in that the first ratio coupling

member comprises a coupling sleeve (37) forming part of

& non-synchromesh clutch unit and the second ratio

coupling member comprises a coupling sleeve (36b) forming
part of a synchromesh clutch unit of the type specified,

the llnkage means ensuring that the non-synchromesh coupling
sleeve (37) is brought into engagement first during the
selection of each ratio of the associated transmission.

11. A selecting mechanism according to claim 10 when
directly or indirectly dependent on claim 2 characterlsed
in that the first and second cam members (68, 59) are arranged

to be ‘rotated at the same speed when moving in synchronism

e
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and the relative configurations of said first and second
cam members ensures engagement of the non-synchromesh

coupling sleeve (37) first.

12, A selecting mechanism according to claim 10 or 11 - .
"when directly or indiiectly'dependent on claim 2 charac-
terised in that the cam member (68) associated with the syn-
chromesh sleeve (36b) has a cam formation (67) for engage-
ment by a follower (69) connected with the synchromesh
sleeve, the cam formation having three zones, a first zone (P)
contacted by the follower during movement of the coupling
member towards the synchronising position, a second zone

(Q) contacted by the follower during synchronisation and

a third zone (N) contacted by the follower after synchro-
nisation has taken ‘place and as the coupling member is
moved towards the fully engaged position, the first, second
and third zones being shaped so that a tangent (103) to

the cam surface at the point of contact (M) with the
follower during synchronisation makes a smaller angle (X)
with the direction of movement (F) of the cam member than
tangents (102) drawn to points of contact (L) with the first
and third zones of the cam surface so that for a given sel-
ection force applied to the cam member a larger ratio en-
gagement (FF) is applied to the follower during synchro-
nisation than when the follower is in contact with the first

and third zones.

13. A transmission ratio sélecting mechanism including the
disconnecting means of claim 1 and being constructed and
arranged substantially as hereinbefore described with ref-
erence to and as shown in Figures 8 and 9 or 21 of the

accompanying drawings.
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- AMENDED CLAIMS
* (recieved by the International Bureau on 24 December 1980 (24.12.80))
1. A transmission ratio selecting mechanlsm including a

‘ratio selector means, first and second ratio coupling
rmembers (36b, 37) movable to couple associated gear wheels
(28, 29 : 31, 32) with first (30) and second (19) shafts
respectively to select a number of ratios of an associated
transmission, and linkage means (65, 63, 54, 61, 62, 59,

57, 60 : 65, 63, 64, 70;'71 68, 67, 69) for mov1ng the
ratio coupling members in response to movement of the ratio -
selector means, the ratio selectlng mechanism being charact-
erised in that the llnkage means includes dlsconnectlng '
means (72, 73, 63, 64) for disconnecting one (37) of the
ratio coupling members from the selector means during
selection of at %east one of the transmission ratios, the
selecfing mechanism beingrarranged so that for the selectionof
said at least one ratio both the gear coupling members (36b,
37) are initially moved axially of their respective shafts
(30, 19) in synchronism in the same- direction by the
selector means so that one coupling member (37) couples one
of the associated gear wheels (31, 32) with one (19) of the
shafts thus completing tﬁe first part of the selection of

:said at least one ratio, the disconnecting means is then
operated, and selection of said at least one ratio is
completed by further movement of only the other (36b)
coupling member axially of its respective shaft (30) in the
opposite direction in response to further movement of the
selector means to couple another of tﬁe associated gear
wheels (28, 29) with the other shaft (30), the selector
means being arranged to return the ratio coupling members to
synchronism on movement of the selector means to select
another ratio.

2. A selecting mechanism according to claim 1 characterised
in that the linkage means includes a member (63) which is

angularly movable in response to movements of the selector
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means, first (68) and second (59) cam members being

arranged to be moved by the angularly movable member to

move said first (36b) and second (37) ratio couplingrmembers
respectively, and the disconnecting means (72, 73} 63, 64) '
is arranged to disconnect drive from the angularly movable
member to one (59) of the cam members during selection of
said at least one ratio.

3. A selecting mechanism according to claim 2 character-
ised in that the disconnecting means (72, 73, 63, 64) is
arranged to displace the angularly movable member (63) in a
direction generally parallel to its axis of angular movement
to disconnect drive to said one cam member (59).

4. A selecting mechanism accerding to claim 3 character-
~ised in that the disconnecting means includes a toggle
linkage (72, 73) connected with the selector means for dis-
placing the angularly movable member (63).

5. A selecting mechanism according fo claim 3 or claim 4
characterised in that the angularly movable member comprises
a shaft (63) with a splined portion (64) which engages first
and second drive members (61, 70) -for angularly displacing
the first and second cam (68, 59) respectively, the dis-
connecting means (72, 73) being‘arranged to axially displace
the shaft to disengage one (61) of the drive members from
the splined portion (64). '

6. A selecting mechanism according to claim 5 character-
ised in that the drive members each comprise a toothed
sector (61, 70) which engages the splined portion (64) and
gear teeth (62, 71) associated with each respective cam
(59, 68)

7. A selecting mechanism according to any one of claims 2

to 6 characterised in that the cam members (59, 68) each
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comprise a cylindrical member with a éam formation (57, 67)
formed around its periphery, each formation being engaged
by a cam follower (60, 69) arranged to move thé associated
ccupling member (36b, 37).

8. A selecting mechanism according to claim 1.chara¢ter-
ised in that the linkage means includes two generally
parallei shift rails’ (143, 144) one for each ratio coupling
member (36b, 37) and a selector member (135) connected with
the ratio selector means (145), the ratio selector member
having two formations (137, 138) engageable with co-opetating
format;ons (139, 140) associaﬁed with the two rails (143,
144), the formations on the selector member being movable in
directions genérally parallel to‘directions of extension of
the rails to move said rails and also being movable during
the selection of said at least one ratio in directions
generally perpendicularly to said directions of extension in
order to disconnect one (138) of the formations on the
.selector means from its co-operating rail formatibn (140)
thus disconnecting the associated ratio coupling member (37)
from the ratio selector means (145).

9, A selecting mechanism according to any one of claims 1
to 8 characterised in that the first ratio coupling member
comprises a coupling'sleeve (37) forming part of a non-
synchromesh clutch unit and the second ratio coupling member
comprises a coupling sleeve (36b) forming part of a
synchromesh clutch unit of the type specified, the linkage
means ensuring that the non-synchromesh coupling sleeve (37)
is brought into engagement first during the sclection'of

each ratio of the associated transmission.

10. A selecting mechanism according to claim 9 when
directly or indirectly dependent on claim 2 characterised

in that the first and second cam members (68, 59) are
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arranged to be rotated at the same speed when moving in
synchronism and the relative configurations of said first
and second cam members ensures engagement of the non-
synchromesh coupling sleeve (37) first. '

11. A selecting mechanism according to claim 9 or 10 when
'directly or indirectly‘dependent on claim 2 characterised in
that the cam member (68) associated with the synchromesh
sleeve (36b) has a cam formation (67) for engagement by a
follower (69) connected with the synchromesh sleeve, the cam
formation having three zones, a first zone (P) contacted by
the follower during movement of the coupling member towards
the synchronising position,_a'second zone (Q) contacted by .
the follower during synchronisation and a third zone (N)
contacted by the follower after synchronisation has taken
place and as the coﬁpling member is moved toﬁards the fully
engaged position, the first, second and third zones being
shaped so that a tangent (103) to the cam surface at the
point of contact (M) with the follower during synchronisation
makes a smaller angle () witﬁ the direction of movement (F)
of the cam member than tangents (102) drawn to points of
contact (L) with the first and third zones of the cam surface
so that for a given selection force applied to the cam member
a larger ratio engagement (FF) is applied to the follower
during synchronisation than when the follower is in contact
with the first and third zones.

12. A transmission ratio selecting mechanism including the
disconnecting means of claim 1 and being constructed and
arranged substantially as -hereinbefore described with
reference to and as shown in Figures 8 and 9 or 21 of the

accompanying drawings.
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EDITORIAL NOTE

The claims amended by the applicant under Article 19 (1) of the PCT have not been re-
numbered in accordance with Section 205 of the Administrative Instructions under the PCT.

The following information is given hereafter in order to facilitate the understanding of
the claims:

Correspondence between original and amended claims;

Original claims Amended claims
1 1 (amended)
2 2
3 3
4 4
5 5
6 6
7 7 (amended)
8 8
9 (cancelled)
10 9 (amended)
11 10 (amended)
12 11 (amended)

13 12
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