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Description

[0001] The present invention relates generally to mul-
ti-speed transmissions for use in motor vehicles. More
specifically, the present invention is directed to a manual
transmission according to the generic part of independ-
ent claim 1, 4 or 10. The most relevant prior art is de-
scribed in US-A-4 601 214, WO-A-9 610 705 and DE-
A-4 434 330.
[0002] As is well known, manual transmissions are
shifted by the vehicle operator moving a gearshift lever
which functions, through a shift mechanism, to selec-
tively engage one of a plurality of gearsets for driving
the output shaft in a first direction and at a predeter-
mined speed ratio relative to the input shaft. In particu-
lar, most manual transmissions include a plurality of syn-
chromesh gearsets which can be selectively engaged
for establishing the different forward gears. Additionally,
many manual transmissions are equipped with a re-
verse idler assembly which can be selectively engaged
for establishing the reverse gear. Typically, the reverse
idler assembly includes a reverse input gear driven by
the input shaft, a reverse output gear driven by the out-
put shaft, and a reverse idler gear which is selectively
movable into meshed engagement with the reverse in-
put gear and the reverse output gear for driving the out-
put shaft in a second direction and at a predetermined
speed ratio relative to the input shaft for establishing the
reverse gear.
[0003] During operation of the motor vehicle, one of
the forward gears is typically disengaged immediately
prior to selection of the reverse gear. As such, the input
shaft is free to continue rotating due to inertia under a
substantially no-load condition until, through friction and
windage losses, the inertia of the input shaft is dissipat-
ed and rotation is arrested. If the vehicle operator moves
the gearshift lever in an attempt to engage the reverse
idler gear while the input shaft is still rotating, the teeth
of the reverse idler gear will strike the teeth of the re-
verse input gear. As such, the force applied by the ve-
hicle operator through the gearshift lever results in an
undesirable clattering as the teeth of the reverse idler
gear are forced into contact with the teeth of the reverse
input gear, but yet are unable to mesh therewith be-
cause of the relative rotational speeds. This condition,
commonly referred to as "reverse clash", results in an
unpleasant grinding noise and the clashing is felt by the
vehicle operator. To avoid this condition, the vehicle op-
erator must wait for the input shaft to stop rotating before
the gearshift lever can be moved quietly and smoothly
to engage the reverse gear. Unfortunately, any time de-
lay required before the gearshift lever can be moved to
engage reverse gear in order to avoid the occurrence of
reverse clash is objectionable. Thus, it follows that re-
verse clash can be virtually eliminated by stopping ro-
tation of the input shaft before an attempt is made to
engage the reverse idler gear with the reverse input
gear.

[0004] One known technique for eliminating reverse
clash is to provide the transmission with a synchronized
reverse gear assembly. Exemplary synchronized re-
verse gear assemblies are disclosed in US-A-4 558 607,
4 640 141 and 5 385 065. However, the cost and com-
plexity associated with incorporating synchronized re-
verse gear assembly into the transmission is not always
commercially justified. As an alternative, several re-
verse brake arrangements have been developed for use
in manual transmissions equipped with a non-synchro-
nized reverse gear assembly. Exemplary reverse brake
arrangements are disclosed in US-A-4 225 024, 4 294
338 and 4 598 599. Additionally, US-A-4 601 214, WO-
A-96 10705 and DE-A-44 34 330 mentioned above dis-
close methods of avoiding gear clash when shifting into
the reverse position These inventions however, require
the additional implementation of a complex shifting
mechanism operable along the shifting path, not integral
to the transmission unit itself. While these prior known
devices have proven to be satisfactory for then intended
purpose, each is attendant with its own drawbacks and
inherent limitations. Thus, it is the problem to be solved
by the invention to provide a manual transmission hav-
ing a simple, inexpensive reverse brake which is effec-
tive to eliminate gear clash when shifting the transmis-
sion into reverse gear from a forward gear.
[0005] The invention solves this problem by the fea-
tures of independent claim 1, 4 or 10. Advantageous fur-
ther developments are described in dependent claims.
[0006] In the present invention, the synchronization
clutch used to produce the braking is only used to es-
tablish a forward gear in a first engagement direction
and alternatively, in the second engagement direction,
it is designed to only provide a braking interface. As a
result, other than linking the movement of the reverse
idler gear and the braking clutch, no additional modific-
tion or special design need be implemented to the shift-
ing mechanism in order to avoid full engagement, since
full engagement is inherently impossible.
[0007] Further objects, features and advantages of
the present invention will become apparent to those
skilled in the transmission art from studying the following
description and the accompanying drawings in which:

FIG. 1 is a section view of a multi-speed transmis-
sion equipped with a reverse brake according to a
preferred embodiment of the present invention;
FIG. 2 is an enlarged partial view of FIG. 1 showing
the components of the reverse brake in greater de-
tail;
FIG. 3 is a shift gate diagram showing the forward
and reverse positions for the gearshift lever;
FIG. 4 is a block diagram of a shift mechanism for
use with the transmission; and
FIG. 5 is a partial schematic illustration of an alter-
native geartrain arrangement.

[0008] In general, the present invention is directed to
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a reverse brake incorporated into the geartrain of a man-
ual transmission which functions to stop inertial rotation
of the input shaft prior to engagement of reverse gear.
In particular, a constant-mesh gearset is operable with
a first clutch to establish a forward drive connection be-
tween the input shaft and the output shaft, and is further
operable with a second clutch to brake rotation of the
input shaft without establishing a forward drive connec-
tion with the output shaft.
[0009] Referring to FIG. 1, a multi-speed transmission
10 of the transaxle variety is shown which is adapted for
use in front wheel drive motor vehicles. In general, trans-
mission 10 includes a multi-speed geartrain 12, a re-
verse idler assembly 14, and a power transfer mecha-
nism 16, all of which are operably mounted within a
transmission housing 18. Geartrain 12 includes an input
shaft 20 which is adapted to be rotatably driven by the
output shaft of the motor vehicle's engine and which is
connectable thereto through engagement of a manual-
ly-operable clutch (not shown). Geartrain 12 also in-
cludes an output shaft 22 and a series of constant-mesh
gearsets 24, 26, 28, 30 and 32. Each gearset can be
selectively engaged for coupling output shaft 22 to input
shaft 20 and establishing five different forward speed
ratios (i.e., five forward gears). Engagement of any one
of the constant-mesh gearsets results in driven rotation
of output shaft 22 in a first direction relative to input shaft
20. Likewise, reverse idler assembly 14 can be selec-
tively engaged for coupling output shaft 22 to input shaft
20 and establishing a reverse speed ratio (i.e., reverse
gear). Engagement of rear idler assembly 14 results in
driven rotation of output shaft 22 in a second direction
relative to input shaft 20.
[0010] Power transfer mechanism 16 is rotatably driv-
en by output shaft 22 and includes a differential assem-
bly 34 that is operable for delivering drive torque through
a pair of side gears 36 to a pair of front wheel drive shafts
(not shown). A drive gear 38 is shown fixed to housing
40 of differential assembly 34 and is in constant meshed
engagement with an output gear 42 formed on output
shaft 22. As is known, driven rotation of housing 40 re-
sults in side gears 36 being rotatively driven while per-
mitting speed differentiation therebetween. As seen, in-
put shaft 20, output shaft 22, reverse idler assembly 14
and differential assembly 34 are all rotatably supported
within housing 18 by suitable bearings. While the
present invention is specifically disclosed in association
with a transaxle-type transmission, it will be understood
that the teachings are also applicable to rear wheel drive
transmissions wherein power transfer mechanism 16 is
eliminated and output shaft 22 is directly coupled to the
vehicle's rear driveline.
[0011] With continued reference to FIG. 1, first
gearset 24 is shown to include a first input gear 44 fixed
to input shaft 20 and a first speed gear 46 rotatably sup-
ported on output shaft 22. First input gear 44 is in con-
stant mesh with first speed gear 46 for defining a first
power transmission path from input shaft 20 to output

shaft 22 which, when engaged, establishes a drive con-
nection therebetween at a first speed ratio. Second
gearset 26 includes a second input gear 48 fixed to input
shaft 20 and a second speed gear 50 rotatably support-
ed on output shaft 22. Second input gear 48 is in con-
stant mesh with second speed gear 50 for defining a
second power transmission path from input shaft 20 to
output shaft 22 which, when engaged, establishes a
drive connection therebetween at a second speed ratio.
Third gearset 28 includes a third input gear 52 rotatably
supported on input shaft 20 which is in constant mesh
with a third speed gear 54 fixed to output shaft 22 for
defining a third power transmission path from input shaft
20 to output shaft 22 which, when engaged, establishes
a drive connection therebetween at a third speed ratio.
Fourth gearset 30 includes a fourth input gear 56 rotat-
ably supported on input shaft 20 and which is in constant
mesh with a fourth speed gear 58 fixed to output shaft
22, thereby defining a fourth power transmission path
which, when engaged, establishes a drive connection
therebetween at a fourth speed ratio. Finally, fifth
gearset 32 includes a fifth input gear 60 rotatably sup-
ported on input shaft 20 and which is in constant mesh
with a fifth speed gear 62 fixed to output shaft 22, there-
by defining a fifth power transmission path which, when
engaged, establishes a drive connection therebetween
at a fifth speed ratio.
[0012] As noted, geartrain 12 is arranged to selective-
ly deliver drive torque from input shaft 20 to output shaft
22 through one of the five different power transmission
paths for establishing five different forward gears. To this
end, each gearset of geartrain 12 is associated with a
selectively-engageable synchronizer clutch. More par-
ticularly, a first synchronizer clutch 64 is operably in-
stalled between first gearset 24 and second gearset 26
and includes a first hub 66 fixed to output shaft 22, a
first shift sleeve 68, and a pair of cone-type synchroniz-
ers 70a and 70b. First synchronizer clutch 64 is of the
double-acting variety such that first shift sleeve 68 is
splined for common rotation with, and bi-directional axial
movement on, first hub 66 for selectively coupling one
of first and second gearsets 24 and 26, respectively, to
output shaft 22 and establishing either of the first or sec-
ond forward gears. In particular, forward axial move-
ment of first shift sleeve 68 from its neutral position
shown acts to energize synchronizer 70a for generating
a synchronizing cone torque which causes speed syn-
chronization between first gearset 24 and output shaft
22. Upon completion of speed synchronization, first shift
sleeve 68 moves through the teeth on a blocker ring 71a
and into locked engagement with clutch teeth 72 on first
speed gear 46, thereby engaging the first power trans-
mission path and establishing the first forward gear. In
a like manner, rearward axial movement of first shift
sleeve 68 from its neutral position acts to energize syn-
chronizer 70b for generating a synchronizing cone
torque which causes speed synchronization between
second gearset 26 and output shaft 22. Upon complete
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speed synchronization, first shift sleeve 68 moves
through the teeth on a blocker ring 71b and into locked
engagement with clutch teeth 74 on second speed gear
50, thereby engaging the second power transmission
path and establishing the second forward gear.
[0013] A second synchronizer clutch 76 is operably
installed between third gearset 28 and fourth gearset 30
and includes a second hub 78 fixed to input shaft 20, a
second shift sleeve 80, and a pair of cone-type synchro-
nizers 82a and 82b. Second synchronizer clutch 76 is
also a double-acting arrangement with second shift
sleeve 80 splined on second hub 78 for common rotation
therewith and bi-directional axial movement thereon for
selectively coupling one of third gearset 28 and fourth
gearset 30 to input shaft 20 and establishing either of
the third or fourth forward gears. Specifically, forward
axial movement of second shift sleeve 80 from its neu-
tral position shown acts to energize synchronizer 82a
for generating a synchronizing cone torque to cause
speed synchronization between third gearset 28 and in-
put shaft 20. Following completion of speed synchroni-
zation, second shift sleeve 80 moves through the teeth
on a blocker ring 83a and into locked engagement with
clutch teeth 84 formed on a clutch ring 86 which is fixed
to third input gear 52, thereby engaging the third power
transmission path and establishing third forward gear.
Rearward axial movement of second shift sleeve 80
from its neutral position acts to energize synchronizer
82b for generating a synchronizing cone torque to cause
speed synchronization between fourth gearset 30 and
input shaft 20. Following completion of speed synchro-
nization, second shift sleeve 80 moves through the teeth
on blocker ring 83b and into locked engagement with
clutch teeth 88 formed on a clutch ring 90 which is fixed
to fourth input gear 56, thereby engaging the fourth pow-
er transmission path and establishing the fourth forward
gear.
[0014] A third synchronizer clutch 92 is operably in-
stalled between third gearset 28 and fifth gearset 32 and
includes a third hub 94 fixed to input shaft 20, a pair of
synchronizers 96a and 96b, and a third shift sleeve 98.
Third synchronizer clutch 92 is also of the double-acting
variety such that third shift sleeve 98 is splined for com-
mon rotation with and bi-directional axial movement on,
third hub 94 for either selectively coupling fifth gearset
32 to input shaft 20 or braking rotation of input shaft 20
through third gearset 28 without coupling third gearset
28 thereto. In particular, forward axial movement of third
shift sleeve 98 from its neutral position shown acts to
energize synchronizer 96a for generating a synchroniz-
ing cone torque which causes speed synchronization
between fifth gearset 32 and input shaft 20. Following
completion of speed synchronization, third shift sleeve
98 moves through the teeth on a blocker ring 97a into
locked engagement with clutch teeth 100 formed on a
clutch ring 102 fixed to fifth input gear 60, thereby en-
gaging the fifth power transmission path and establish-
ing the fifth forward gear.

[0015] Rearward axial movement of third shift sleeve
98 from its neutral position acts to energize synchronizer
96b for generating a synchronizing cone torque which
causes speed synchronization between third gearset 28
and input shaft 20. However, in contrast to the forward
movement of second shift sleeve 80 for engaging third
gearset 28 when it is desired to establish the third for-
ward gear, such rearward axial movement of third shift
sleeve 98 results in response to the vehicle operator at-
tempting to shift into the reverse gear. Since the reverse
gear is normally selected when the vehicle is in a non-
motive condition, the front wheel drive shafts and differ-
ential assembly 34 hold output shaft 22 and third speed
gear 54 of third gearset 28 against rotation. As such, the
speed synchronization process between third gearset
28 and input shaft 20 results in the stopping or braking
of rotation of input shaft 20. To provide means for gen-
erating the synchronizing cone torque, a brake ring 104
is shown fixed to third input gear 52. Brake ring 104 is
similar to clutch ring 102 except that brake ring 104 does
not have clutch teeth formed thereon. As such, upon
complete speed synchronization, third shift sleeve 98
moves through the teeth on a blocker ring 97b but does
not lockingly engage brake ring 104, whereby third shift
sleeve 98 does not engage third gearset 28. A stop ring
106 is provided between brake ring 104 and third input
gear 52 to limit rearward movement of third shift sleeve
98.
[0016] As seen in FIG. 1, each of shift sleeves 68, 80
and 98 is shown centrally positioned in a neutral or non-
engaged position for cumulatively establishing a neutral
mode in which drive torque is not transferred from input
shaft 20 to output shaft to 22 through any of the gearsets
or reverse idler assembly 14.
[0017] Synchronizers 70a and 70b are shown to be of
the dual-cone variety which are energized by a set of
spring-biased struts supported in guideways formed in
first hub 66 for limited bi-directional axial movement rel-
ative to blocker rings 71a and 71b. As is conventional,
blocker rings 71a and 71b function to inhibit first shift
sleeve 68 from passing therethrough and into respective
locked engagement with clutch teeth 72 and 74 until the
rotary speed of output shaft 22 is substantially synchro-
nous with that of input shaft 20. Synchronizers 82a and
82b are shown to be of the single-cone variety which
are also energized by a set of spring-biased struts sup-
ported for limited bi-directional axial movement in guide-
ways formed in second hub 78. In a similar fashion,
blocker rings 83a and 83b function to inhibit second shift
sleeve 80 from passing therethrough and into respective
locked engagement with clutch teeth 84 and 88 until the
rotary speed of input shaft 20 is substantially equal to
that of output shaft 22. Finally, synchronizers 96a and
96 are also shown to be of the single-cone type which
are energized by spring-biased struts supported for lim-
ited bi-directional axial movement in guideways formed
in third hub 94. Blocker ring 97a functions to inhibit third
shift sleeve 98 from passing therethrough and into
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locked engagement with clutch ring 102 until the rotary
speed of input shaft 20 is substantially equal to that of
output shaft 22. Moreover, blocker ring 97b functions to
inhibit third shift sleeve 98 from passing therethrough
until the rotary speed of input shaft 20 is equal to that of
output shaft 22. As will be appreciated, the synchroniz-
ers can be of any conventional construction currently
known in the manual transmission art for causing speed
synchronization between two relatively rotatable com-
ponents, with such alternative arrangements consid-
ered equivalent to that shown.
[0018] To provide means for establishing the reverse
gear, reverse idler assembly 14 is shown in FIG. 1 to
include an idler shaft 108 fixed to housing 18, an idler
gear 110 rotatably supported on idler shaft 104, a re-
verse input gear 112 fixed to input shaft 20, and a re-
verse output gear 114 formed as part of first shift sleeve
68. Idler gear 110 is connected by the transmission's
shift system to third shift sleeve 98 for coordinated
movement therebetween such that idler gear 110 is lo-
cated in the position shown when third shift sleeve 98 is
in its centered neutral position. As such, idler gear 110
is moved forwardly in response to forward movement of
third shift sleeve 98 into engagement with clutch ring
102. Likewise, idler gear 110 is moved into the position
shown by phantom lines when third shift sleeve 98 is
moved rearwardly past brake ring 104. When idler gear
110 is in the engaged position shown by the phantom
lines, it is in meshed engagement with reverse input
gear 112 and reverse output gear 114, thereby estab-
lishing the reverse gear ratio drive connection between
input shaft 20 and output shaft 22. Since the energized
engagement of cone-type synchronizer 96b with brake
ring 104 results in braking of rotation of input shaft 20,
idler gear 110 can move into engagement with reverse
input gear 112 and reverse output gear 114 without gen-
erating gear clash. Thus, the present invention is direct-
ed to a reverse brake arrangement using a non-toothed
brake ring in conjunction with a speed synchronizer for
braking the input shaft to an existing input gear.
[0019] FIG. 3 shows the gate or shift pattern for the
gearshift lever used to establish the five forward gears
and the reverse gear. FIG. 4 schematically illustrates a
shift mechanism 116 which interconnects each of shift
sleeves 68, 80 and 98 to a gearshift lever 118 such that
the vehicle operator can select the desired gear. As not-
ed, shift mechanism 116 also interconnects idler gear
110 for coordinated movement with third shift sleeve 98.
Shift mechanism 116 can be any known mechanical, hy-
draulic or electrically-actuated system that is capable of
controlling movement of shift sleeves 68, 80 and 98 and
idler gear 110.
[0020] Since the present invention is directed to use
of a common constant-mesh gearset for establishing a
forward drive connection between input shaft 20 and
output shaft 22 and for braking input shaft 20 against
output shaft 22 without establishing a drive connection
therewith, the particular arrangement of the gearsets

shown in FIGS. 1 and 2 is not intended to be limiting,
but merely exemplary of but one suitable geartrain ar-
rangement. To further clarify this point, FIG. 5 shows a
portion of transmission 10 having an alternative multi-
speed geartrain 12' where all of the input gears are fixed
to input shaft 20' and all of the speed gears are rotatably
supported on output shaft 22'. Due to the similar function
of geartrain 12' to that of geartrain 12, its components
are identified by like reference numerals having a
primed designation which is indicative of the modified
geartrain arrangement.
[0021] As seen from FIG. 5, third gearset 28' includes
a third input gear 52' fixed to input shaft 20' and which
is in constant-mesh with a third speed gear 54' rotatably
supported on output shaft 22' for defining a third power
transmission path from input shaft 20' to output shaft 22'
which, when engaged, establishes a drive connection
therebetween at a third speed ratio. Fourth gearset 30'
includes a fourth input gear 56' fixed to input shaft 20'
and which is in constant-mesh with a fourth speed gear
58' rotatably supported on output shaft 22', thereby de-
fining a fourth power transmission path, which, when en-
gaged, establishes a drive connection therebetween at
a fourth speed ratio. Fifth gearset 32' includes a fifth in-
put gear 60' fixed to input shaft 20' and which is in con-
stant-mesh with a fifth speed gear 62' rotatably support-
ed on output shaft 22', thereby defining a fifth power
transmission path which, when engaged, establishes a
drive connection therebetween at a fifth speed ratio.
[0022] Geartrain 12' includes second synchronizer
clutch 76' operably installed between third gearset 28'
and fourth gearset 30' and includes a second hub 78'
fixed to output shaft 22'. Second shift sleeve 80' is
splined on second hub 78' for common rotation there-
with and bi-directional axial movement thereon for se-
lectively coupling one of third gearset 28' and fourth
gearset 30' to output shaft 22' and establishing either of
the third or fourth forward gears. Forward axial move-
ment of second shift sleeve 80' from its neutral position
shown acts to energize synchronizer 82a' for generating
a synchronizing cone torque which causes speed syn-
chronization between third gearset 28' and output shaft
22'. Following completion of speed synchronization,
second shift sleeve 80' moves through the teeth of
blocker ring 83a' and into locked engagement with
clutch teeth 84' formed on clutch ring 86' which is fixed
to third speed gear 54', thereby engaging the third power
transmission path and establishing third forward gear.
Rearward axial movement of second shift sleeve 80'
from its neutral position acts to energize synchronizer
82b' for generating a synchronizing cone torque to
cause speed synchronization between fourth gearset
30' and output shaft 22'. Following completion of speed
synchronization, second shift sleeve 80' moves through
the teeth on blocker ring 83b' and into locked engage-
ment with clutch teeth 88' formed on clutch ring 90'
which is fixed to fourth speed gear 58', thereby engaging
the fourth power transmission path and establishing the
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fourth forward gear.
[0023] Third synchronizer clutch 92' is operably in-
stalled between third gearset 28' and fifth gearset 32'
and includes a third hub 94' fixed to output shaft 20',
synchronizers 96a' and 96b', and third shift sleeve 98'.
Forward axial movement of third shift sleeve 98' from its
neutral position shown acts to energize synchronizer
96a' for generating a synchronizing cone torque which
causes speed synchronization between fifth gearset 32'
and output shaft 22'. Following completion of speed syn-
chronization, third shift sleeve 98' moves through the
teeth on blocker ring 97a and into locked engagement
with clutch teeth 100' formed on clutch ring 102' fixed to
fifth speed gear 62', thereby engaging the fifth power
transmission path and establishing the fifth forward
gear. Rearward axial movement of third shift sleeve 98'
from its neutral position acts to energize synchronizer
96b' for generating a synchronizing cone torque which
causes speed synchronization between third gearset
28' and output shaft 22'. In a similar manner to that pre-
viously disclosed, such rearward axial movement of
third shift sleeve 98' results in response to the vehicle
operator attempting to shift transmission 10 into reverse
gear. Thus, such rearward axial movement of third shift
sleeve 98' causes speed synchronization between out-
put shaft 22' and third gearset 28' for effectively stopping
or braking rotation of input shaft 20'. Upon complete
speed synchronization, third shift sleeve 98' moves
through teeth on blocker ring 97b' but does not lockingly
engage brake ring 104' which is fixed to third speed gear
54'. As before, brake ring 104' is formed without clutch
teeth such that third shift sleeve 98' is inhibited from en-
gaging third gearset 28'.

Claims

1. A manual transmission, comprising:

an input shaft (20);
an output shaft (22);
a constant mesh gearset (28) supported be-
tween said input shaft (20) and said output shaft
(22);
a synchronizer clutch (76) movable from a first
position disengaged from said gearset (28) to
a second position for causing speed synchro-
nization between said input shaft (20) and said
gearset (28) and engaging said gearset (28)
such that said output shaft (22) is coupled to
said input shaft (20) for rotation in a first direc-
tion in response to rotation of said input shaft
(20) so as to establish a forward gear;
a further synchronizer clutch (92) movable from
a first position disengaged from said gearset
(28) to a second position for causing speed syn-
chronization between said output shaft (22) and
said gearset (28) so as to brake rotation of said

input shaft (20) relative to said output shaft (22);
a reverse idler gear (110) movable from a first
position disengaged from said input and output
shafts (20, 22) to a second position engaged
with said input and output shafts (20,22) such
that said output shaft (22) rotates in a second
direction in response to rotation of said input
shaft (20) so as to establish a reverse gear; and
a shift mechanism for controlling movement of
said synchronizer clutches (76, 92) and said re-
verse idler gear (110) between their respective
positions,

characterized by
said shift mechanism first starting the move-

ment of said further synchronizer clutch (92) to its
second position and subsequently causing move-
ment of said reverse idler gear (110) from its first,
disengaged position to its second engaged posi-
tion.

2. The transmission of Claim 1 wherein said output
shaft (22) is held against rotation when said further
synchronizer clutch is moved from its first position
to its second position such that said input shaft (20)
is braked against said gearset (28), whereby said
reverse idler gear (110) is thereafter moved from its
first position to its second position with no relative
rotation between said input shaft (20) and said out-
put shaft (22).

3. The transmission of Claim 2 wherein said gearset
(28) includes a gear (52) rotatably supported on one
of said input and output shafts (20, 22), and a further
gear (54) meshed with said gear (52) and which is
fixed to the other of said input and output shafts (20,
22), wherein said synchronizer clutch (76) is mov-
able from its first position to its second position for
releasably coupling said gear (52) to said one of
said input and output shafts (20, 22), and wherein
said further synchronizer clutch is movable from its
first position to its second position for braking rota-
tion of said input shaft (20) relative to said gear (52).

4. A manual transmission, comprising:

an input shaft (20);
an output shaft (22);
a gearset (28) including a gear (52) rotatably
supported on one of said input and output
shafts (20, 22), and a further gear (54) fixed to
the other of said input and output shafts (20,
22) and which is meshed with said gear (52);
a synchronizer clutch (76) movable from a first
position displaced from said gearset (28) to-
ward a second position for causing speed syn-
chronization between said input shaft (20) and
said gear (52), said synchronizer clutch (76) is
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further operable in said second position for re-
leasably coupling said gear (52) to said corre-
sponding shaft for causing said output shaft
(22) to be driven in a first direction in response
to rotation of said input shaft (20) to establish a
forward gear;
a reverse idler gear (110) movable between a
first position released from meshed engage-
ment with said input and output shafts (20, 22)
and a second position in meshed engagement
therewith for causing said output shaft (22) to
be driven in a second direction in response to
rotation of said input shaft (20) to establish a
reverse gear;
a further synchronizer clutch movable from a
first position displaced from said gearset (28)
toward a second position for causing speed
synchronization between said input shaft (20)
and said gear (52), and wherein said gear (52)
is uncoupled from said corresponding shaft
when said further synchronizer clutch (92) is in
its second position; and
a shift mechanism for moving said synchronizer
clutches (76, 92) and said reverse idler gear
(110) between their respective positions, char-
acterized by said shift mechanism first starting
the movement of said further synchronizer
clutch (92) to its second position and subse-
quently causing movement of said reverse idler
gear (110) from its first, disengaged position to
its second, engaged position.

5. The transmission of Claim 4 wherein said gear (52)
is rotatably supported on said input shaft (20) and
said further gear (54) is fixed to said output shaft
(22), and wherein said further synchronizer clutch
(92) includes a shift sleeve (98) operably mounted
on said input shaft (20) for rotation therewith and
axial movement relative thereto, and a synchronizer
(96a, 96b) disposed between said shift sleeve (98)
and said gear (52), said shift sleeve (98) is movable
between said first position whereat said synchroniz-
er (96a, 96b) is nonenergized and said input shaft
(20) is free to rotate relative to said gear (52) and
said second position whereat said synchronizer
(96a, 96b) is energized for inhibiting rotation of said
input shaft (20) relative to said gear (52).

6. The transmission of Claim 5 wherein said output
shaft (22) is held against rotation when said further
synchronizer clutch (92) is moved from its first po-
sition toward its second position such that said input
shaft (20) is braked against said gear (52), whereby
said reverse idler gear (110) is moved into its sec-
ond position with no relative rotation between said
input shaft (20) and said output shaft (22).

7. The transmission of Claim 5, comprising a further

gearset (32) including an input gear (60) rotatably
supported on said input shaft (20), and an output
gear (62) fixed to said output shaft (22) and meshed
with said input gear (60), and wherein one of said
synchronizer clutches (76, 92) is movable from its
first position to a third position for causing speed
synchronization between said input shaft (20) and
said input gear (60) and thereafter releasably cou-
pling said input gear (60) to said input shaft (20) for
driving said output shaft (22) in said first direction
and establishing a second forward gear.

8. The transmission of Claim 4 wherein said further
synchronizer clutch (92) is operable to brake rota-
tion of said input shaft (20) upon movement thereof
toward its second position.

9. The transmission of Claim 4 further comprising a
differential (34) having an input gear (38) driven by
said output shaft (22) and a pair of output gears (36)
adapted to be coupled to a set of wheels.

10. A manual transmission, comprising:

an input shaft (20) adapted to be rotatably driv-
en;
an output shaft (22);
a first gearset (28) including an input gear (52)
rotatably supported on said input shaft (20),
and a speed gear (54) fixed to said output shaft
(22) and meshed with said input gear;
a further gearset (30) including a further input
gear (56) rotatably supported on said input
shaft (20), and a further speed gear fixed to said
output shaft (22) and meshed with said further
input gear;
a clutch (76) for releasably coupling one of said
input gears to said input shaft (20) for driving
said output shaft (22) in a first direction relative
to said input shaft (20) at one of a first and sec-
ond forward speed ratio;
a reverse gear (110) movable between a first
position disengaged from meshed engagement
with said input and output shafts (20, 22), and
a second position in meshed engagement
therewith for driving said output shaft (22) in a
second direction relative to said input shaft (20)
at a reverse speed ratio;
an additional further (32) gearset including an
additional input gear (60) rotatably supported
on said input shaft (20), and an additional
speed gear (62) fixed to said output shaft (22)
and meshed with said input gear;
a further clutch (92) movable from a first posi-
tion to a second position for coupling said ad-
ditional input gear (60) to said input shaft (20)
for driving said output shaft (22) in said first di-
rection relative to said input shaft (20) at a third
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forward speed ratio, and said further clutch (92)
is movable from said first position to a third po-
sition for braking rotation of said input shaft (20)
relative to said output shaft (22); and
a shift mechanism for coupling said reverse
gear (110) to said further clutch (92), character-
ized in that the shift mechanism first starts
movement of said further clutch (92) to its third
position and subsequently causes movement
of said reverse gear (110) to its second position.

Patentansprüche

1. Handschaltgetriebe mit

einer Antriebswelle (20);
einer Abtriebswelle (22);
einem zwischen Antriebswelle (20) und Ab-
triebswelle (22) gelagerten in Dauereingriff ste-
henden Zahnradsatz (28);
einer Synchronisierkupplung (76), die von einer
ersten, von dem Zahnradsatz (28) entkoppel-
ten Stellung in eine zweite Stellung bewegbar
ist, um eine Synchronisation der Drehzahlen
von Antriebswelle (20) und Zahnradsatz (28) zu
bewirken und so mit dem Zahnradsatz (28) in
Eingriff zu treten, daß die Abtriebswelle (22) mit
der Antriebswelle (20) gekoppelt ist, um einen
Vorwärtsgang einzustellen und die Abtriebs-
welle (22) bei Drehung der Antriebswelle (20)
in eine erste Richtung zu drehen;
einer weiteren Synchronisierkupplung (92), die
von einer ersten, von dem Zahnradsatz (28)
entkoppelten Stellung in eine zweite Stellung
bewegbar ist, um eine Synchronisation der
Drehzahlen von Abtriebswelle (22) und Zahn-
radsatz (28) zu bewirken, um die Drehung der
Antriebswelle (20) relativ zu der Abtriebswelle
(22) abzubremsen;
einem Rücklaufzahnrad (110), das von einer
ersten, von Antriebswelle (20) und Abtriebswel-
le (22) entkoppelten Stellung in eine zweite, mit
Antriebswelle (20) und Abtriebswelle (22) ge-
koppelte Stellung bewegbar ist, so daß sich die
Abtriebswelle (22) auf die Drehung der An-
triebswelle (20) hin in eine zweite Richtung
dreht, um einen Rückwärtsgang einzustellen;
und
einem Schaltmechanismus zum Steuern der
Bewegung der Synchronisierkupplungen (76,
92) und des Rücklaufzahnrads (110) zwischen
ihren jeweiligen Stellungen,

dadurch gekennzeichnet, daß
der Schaltmechanismus zunächst die Bewegung
der weiteren Synchronisierkupplung (92) in ihre
zweite Stellung einleitet und danach die Bewegung

des Rücklaufzahnrads (110) von seiner ersten, ent-
koppelten Stellung in seine zweite, gekoppelte Stel-
lung bewirkt.

2. Schaltgetriebe nach Anspruch 1, wobei die Ab-
triebswelle (22) gegen Drehung gehalten ist, wenn
die weitere Synchronisierkupplung von ihrer ersten
Stellung in ihre zweite Stellung bewegt wird, so daß
die Antriebswelle (20) gegenüber dem Zahnradsatz
(28) abgebremst wird, wodurch sodann das Rück-
laufzahnrad (110) von seiner ersten Stellung in sei-
ne zweite Stellung bewegt wird, ohne daß eine Re-
lativdrehung zwischen Antriebswelle (20) und Ab-
triebswelle (22) stattfindet.

3. Schaltgetriebe nach Anspruch 2, wobei der Zahn-
radsatz (28) ein drehbar auf der Antriebswelle bzw.
der Abtriebswelle (20, 22) gelagertes Zahnrad (52)
und ein mit dem Zahnrad (52) in Eingriff stehendes
weiteres Zahnrad (54) hat, welches drehfest mit der
Abtriebswelle bzw. der Antriebswelle (22, 20) ver-
bunden ist, wobei die Synchronisierkupplung (76)
von ihrer ersten in ihre zweite Stellung bewegbar
ist, um das Zahnrad (52) lösbar mit der Antriebswel-
le bzw. der Abtriebswelle (20, 22) zu koppeln, und
wobei die weitere Synchronisierkupplung von ihrer
ersten in ihre zweite Stellung bewegbar ist, um die
Drehung der Antriebswelle (20) relativ zu dem
Zahnrad (52) abzubremsen.

4. Handschaltgetriebe mit

einer Antriebswelle (20);
einer Abtriebswelle (22);
einem Zahnradsatz (28), bestehend aus einem
drehbar auf der Antriebswelle bzw. der Ab-
triebswelle (20, 22) gelagerten Zahnrad (52)
und einem drehfest mit der Abtriebswelle bzw.
der Antriebswelle (22,20) verbundenen und mit
dem Zahnrad (52) in Eingriff stehenden weite-
ren Zahnrad (54);
einer Synchronisierkupplung (76), die von einer
ersten, von dem Zahnradsatz (28) entfernten
Stellung zu einer zweiten Stellung bewegbar
ist, um eine Synchronisation der Drehzahlen
von Antriebswelle (20) und Zahnrad (52) zu be-
wirken, wobei die Synchronisierkupplung (76)
in der zweiten Stellung außerdem betrieben
werden kann, um das Zahnrad (52) lösbar mit
der entsprechenden Welle zu koppeln, um auf
die Drehung der Antriebswelle (20) hin den An-
trieb der Abtriebswelle (22) in eine erste Rich-
tung zu bewirken, um einen Vorwärtsgang ein-
zustellen;
einem Rücklaufzahnrad (110), das zwischen
einer ersten, von Antriebswelle (20) und Ab-
triebswelle (22) entkoppelten Stellung in eine
zweite, mit diesen gekoppelte Stellung beweg-
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bar ist, um auf die Drehung der Antriebswelle
(20) hin den Antrieb der Abtriebswelle (22) in
eine zweite Richtung zu bewirken, um einen
Rückwärtsgang einzustellen;
einer weiteren Synchronisierkupplung, die von
einer ersten, von dem Zahnradsatz (28) ent-
fernten Stellung zu einer zweiten Stellung be-
wegbar ist, um eine Synchronisation der Dreh-
zahlen von Antriebswelle (20) und Zahnrad
(52) zu bewirken, und wobei das Zahnrad (52)
nicht mit der entsprechenden Welle gekoppelt
ist, wenn die weitere Synchronisierkupplung
(92) in ihrer zweiten Stellung ist; und
einem Schaltmechanismus zum Bewegen der
Synchronisierkupplungen (76, 92) und des
Rücklaufzahnrads (110) jeweils zwischen ihren
Stellungen,

dadurch gekennzeichnet, daß
der Schaltmechanismus zunächst die Bewegung
der weiteren Synchronisierkupplung (92) in ihre
zweite Stellung einleitet und danach die Bewegung
des Rücklaufzahnrads (110) von seiner ersten, ent-
koppelten Stellung in seine zweite, gekoppelte Stel-
lung bewirkt.

5. Schaltgetriebe nach Anspruch 4, wobei das Zahn-
rad (52) drehbar auf der Antriebswelle (20) gelagert
und das weitere Zahnrad (54) drehfest mit der Ab-
triebswelle (22) verbunden ist, und wobei die wei-
tere Synchronisierkupplung (92) eine Schaltmuffe
(98), die zum Betrieb auf der Antriebswelle (20) der-
art angeordnet ist, daß sie mit dieser drehbar und
axial zu ihr verschiebbar ist, und eine zwischen der
Schaltmuffe (98) und dem Zahnrad (52) angeord-
nete Synchronisiereinrichtung (96a, 96b) enthält,
wobei die Schaltmuffe (98) zwischen der ersten
Stellung, in der die Synchronisiereinrichtung (96a,
96b) deaktiviert ist und die Antriebswelle (20) sich
relativ zu dem Zahnrad (52) frei drehen kann, und
der zweiten Stellung bewegbar ist, in der die Syn-
chronisiereinrichtung (96a, 96b) aktiviert ist, um die
Drehung der Antriebswelle (20) relativ zu dem
Zahnrad (52) zu verhindern.

6. Schaltgetriebe nach Anspruch 5, wobei die Ab-
triebswelle (22) gegen Drehung gehalten ist, wenn
die weitere Synchronisierkupplung (92) von ihrer
ersten Stellung zu ihrer zweiten Stellung bewegt
wird, so daß die Antriebswelle (20) gegenüber dem
Zahnrad (52) abgebremst wird, wodurch das Rück-
laufzahnrad (110) in seine zweite Stellung bewegt
wird, ohne daß eine Relativdrehung zwischen An-
triebswelle (20) und Abtriebswelle (22) stattfindet.

7. Schaltgetriebe nach Anspruch 5, mit einem weite-
ren Zahnradsatz (32), der ein drehbar auf der An-
triebswelle (20) gelagertes Antriebszahnrad (60)

und ein drehfest mit der Abtriebswelle (22) verbun-
denes und mit dem Antriebszahnrad (60) in Eingriff
stehendes Abtriebszahnrad (62) enthält, und wobei
eine der Synchronisierkupplungen (76, 92) von ih-
rer ersten Stellung in eine dritte Stellung bewegbar
ist, um eine Synchronisation der Drehzahlen von
Antriebswelle (20) und Antriebszahnrad (60) zu be-
wirken und danach das Antriebszahnrad (60) lösbar
mit der Antriebswelle (20) zu koppeln, um die Ab-
triebswelle (22) in die erste Richtung anzutreiben
und einen zweiten Vorwärtsgang einzustellen.

8. Schaltgetriebe nach Anspruch 4, wobei die weitere
Synchronisierkupplung (92) betätigt werden kann,
um bei ihrer Bewegung in ihre zweite Stellung die
Drehung der Antriebswelle (20) abzubremsen.

9. Schaltgetriebe nach Anspruch 4, das ferner ein Dif-
ferentialgetriebe (34) mit einem von der Abtriebs-
welle (22) angetriebenen Antriebszahnrad (38) und
einem Satz Abtriebszahnräder (36) zum Koppeln
mit einem Rädersatz enthält.

10. Handschaltgetriebe mit

einer Antriebswelle (20), die drehbar angetrie-
ben werden kann;
einer Abtriebswelle (22);
einem ersten Zahnradsatz (28), bestehend aus
einem ersten drehbar auf der Antriebswelle
(20) gelagerten Antriebszahnrad (52) und ei-
nem drehfest mit der Abtriebswelle (22) ver-
bundenen und mit dem Antriebszahnrad (52) in
Eingriff stehenden Übersetzungszahnrad (54);
einem weiteren Zahnradsatz (30), bestehend
aus einem weiteren drehbar auf der Antriebs-
welle (20) gelagerten Antriebszahnrad (56) und
einem weiteren drehfest mit der Abtriebswelle
(22) verbundenen und mit dem weiteren An-
triebszahnrad in Eingriff stehenden Überset-
zungszahnrad;
einer Kupplung (76) zum lösbaren Koppeln ei-
nes der Antriebszahnräder mit der Antriebswel-
le (20), um die Abtriebswelle (22) mit einem er-
sten oder einem zweiten Vorwärts-Überset-
zungsverhältnis in eine erste Richtung relativ
zu der Antriebswelle (20) anzutreiben;
einem Rücklaufzahnrad (110), das zwischen
einer ersten, von Antriebswelle (20) und Ab-
triebswelle (22) entkoppelten Stellung in eine
zweite, mit diesen gekoppelte Stellung beweg-
bar ist, um die Abtriebswelle (22) mit einem
Rückwärts-Übersetzungsverhältnis in eine
zweite Richtung relativ zu der Antriebswelle
(20)zu drehen;
einem zusätzlichen weiteren Zahnradsatz (32),
bestehend aus einem zusätzlichen drehbar auf
der Antriebswelle (20) gelagerten Antriebs-
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zahnrad (60) und einem zusätzlichen drehfest
mit der Abtriebswelle (22) verbundenen und mit
dem Antriebszahnrad in Eingriff stehenden zu-
sätzlichen Übersetzungszahnrad (62);
einer weiteren Kupplung (92), die von einer er-
sten Stellung in eine zweite Stellung bewegbar
ist, um das zusätzliche Antriebszahnrad (60)
mit der Antriebswelle (20) zu koppeln, um die
Abtriebswelle (22) mit einem dritten Vorwärts-
Übersetzungsverhältnis in die erste Richtung
relativ zur Antriebswelle (20) anzutreiben, und
wobei die weitere Kupplung (92) von der ersten
in eine dritte Stellung bewegbar ist, um die Dre-
hung der Antriebswelle (20) relativ zur Ab-
triebswelle (22) abzubremsen; und
einem Schaltmechanismus zum Koppeln des
Rücklaufzahnrads (110) mit der weiteren Kupp-
lung (92),

dadurch gekennzeichnet, daß
der Schaltmechanismus zunächst die Bewegung
der weiteren Kupplung (92) in ihre dritte Stellung
einleitet und danach die Bewegung des Rücklauf-
zahnrads (110) in seine zweite Stellung bewirkt.

Revendications

1. Boîte de vitesses à commande manuelle
comprenant :

un arbre d'entrée (20) ;
un arbre de sortie (22) ;
un train d'engrenages à prise constante (28)
supporté entre ledit arbre d'entrée (20) et ledit
arbre de sortie (22) ;
un embrayage de synchroniseur (76) déplaça-
ble d'une première position désengrenée dudit
train d'engrenages (28) à une deuxième posi-
tion pour entraîner la synchronisation de la vi-
tesse entre ledit arbre d'entrée (20) et ledit train
d'engrenages (28) et pour faire engrener ledit
train d'engrenages (28) de façon que ledit arbre
de sortie (22) soit accouplé audit arbre d'entrée
(20) pour permettre la rotation dans un premier
sens en réponse à la rotation dudit arbre d'en-
trée (20) afin d'établir une marche avant ;
un embrayage de synchroniseur supplémentai-
re (92) déplaçable d'une première position dé-
sengrenée dudit train d'engrenages (28) à une
deuxième position pour entraîner la synchroni-
sation de la vitesse entre ledit arbre de sortie
(22) et ledit train d'engrenages (28) de façon à
freiner la rotation dudit arbre d'entrée (20) par
rapport audit arbre de sortie (22) ;
un pignon de marche arrière (110) déplaçable
d'une première position désengrenée desdits
arbres d'entrée et de sortie (20, 22) à une

deuxième position engrenant avec lesdits ar-
bres d'entrée et de sortie (20, 22) de façon que
ledit arbre de sortie (22) tourne dans un deuxiè-
me sens en réponse à la rotation dudit arbre
d'entrée (20) afin d'établir une marche arrière ;
et
un mécanisme de changement de vitesse des-
tiné à commander le mouvement desdits em-
brayages de synchroniseur (76, 92) et dudit pi-
gnon de marche arrière (110) entre leurs posi-
tions respectives,

caractérisé en ce que ledit mécanisme de
changement de vitesse commence d'abord par dé-
placer ledit embrayage du synchroniseur supplé-
mentaire (92) vers sa deuxième position entraînant
ainsi le déplacement dudit pignon de marche arrière
(110) de sa première position désengrenée à sa
deuxième position engrenée.

2. Boîte de vitesses selon la revendication 1, dans la-
quelle ledit arbre de sortie (22) est maintenu contre
toute rotation lorsque ledit embrayage de synchro-
niseur supplémentaire est déplacé de sa première
position à sa deuxième position de façon que ledit
arbre d'entrée (20) soit freiné contre ledit train d'en-
grenages (28), entraînant ainsi le déplacement pos-
térieur dudit pignon de marche arrière (110) de sa
première position à sa deuxième position sans ro-
tation relative entre ledit arbre d'entrée (20) et ledit
arbre de sortie (22).

3. Boîte de vitesses selon la revendication 2, dans la-
quelle ledit train d'engrenages (28) comprend un pi-
gnon (52) supporté en rotation sur l'un desdits ar-
bres d'entrée et de sortie (20, 22), et un pignon sup-
plémentaire (54) engrenant avec ledit pignon (52)
et qui est fixé à l'autre desdits arbres d'entrée et de
sortie (20, 22), dans lequel ledit embrayage de syn-
chroniseur (76) peut être déplacé de sa première
position à sa deuxième position pour accoupler de
manière libérable ledit pignon (52) à l'un desdits ar-
bres d'entrée et de sortie (20, 22), et dans lequel
ledit embrayage de synchroniseur supplémentaire
peut être déplacé de sa première position à sa
deuxième position pour freiner la rotation dudit ar-
bre d'entrée (20) par rapport audit pignon (52).

4. Boîte de vitesses à commande manuelle
comprenant :

un arbre d'entrée (20) ;
un arbre de sortie (22) ;
un train d'engrenages (28) comprenant un pi-
gnon (52) supporté en rotation sur l'un desdits
arbres d'entrée et de sortie (20, 22), et un pi-
gnon supplémentaire (54) fixé sur l'autre des-
dits arbres d'entrée et de sortie (20, 22) et qui

17 18



EP 0 866 239 B1

11

5

10

15

20

25

30

35

40

45

50

55

engrène avec ledit pignon (52) ;
Embrayage de synchroniseur (76) déplaçable
d'une première position décalée dudit train
d'engrenages (28) à une deuxième position
pour permettre la synchronisation de la vitesse
entre ledit arbre d'entrée (20) et ledit pignon
(52), ledit embrayage de synchroniseur (76)
peut de plus être utilisé dans ladite deuxième
position pour accoupler de manière libérable le-
dit pignon (52) audit arbre correspondant pour
amener l'entraînement dudit arbre de sortie
(22) dans un premier sens en réponse à la ro-
tation dudit arbre d'entrée (20) afin d'établir une
marche avant ;
un pignon de marche arrière (110) déplaçable
entre une première position débrayée desdits
arbres d'entrée et de sortie (20, 22) et une
deuxième position engrenant avec ceux-ci pour
amener l'entraînement dudit arbre de sortie
(22) dans un deuxième sens en réponse à la
rotation dudit arbre d'entrée (20) afin d'établir
une marche arrière ;
un embrayage de synchroniseur supplémentai-
re déplaçable d'une première position décalée
dudit train d'engrenages (28) à une deuxième
position pour entraîner la synchronisation de la
vitesse entre ledit arbre d'entrée (20) et ledit pi-
gnon (52), et dans lequel ledit pignon (52) est
désaccouplé dudit arbre correspondant lors-
que ledit embrayage de synchroniseur supplé-
mentaire (92) est dans sa deuxième position ;
et
un mécanisme de changement de vitesse des-
tiné à déplacer lesdits embrayages de synchro-
niseur (76, 92) et ledit pignon de marche arrière
(110) entre leurs positions respectives, carac-
térisé en ce que ledit mécanisme de change-
ment de vitesse commence d'abord par dépla-
cer ledit embrayage du synchroniseur supplé-
mentaire (92) vers sa deuxième position entraî-
nant ainsi le déplacement dudit pignon de mar-
che arrière (110) de sa première position dé-
sengrenée à sa deuxième position engrenée.

5. Boîte de vitesses selon la revendication 4, dans la-
quelle ledit pignon (52) est supporté en rotation sur
ledit arbre d'entrée (20) et ledit pignon supplémen-
taire (54) est fixé sur ledit arbre de sortie (22), et
dans laquelle ledit embrayage de synchroniseur
supplémentaire (92) comprend un manchon de
changement de vitesse (98) monté de manière ac-
tionnable sur ledit arbre d'entrée (20) pour tourner
avec celui-ci et entraîner un mouvement axial par
rapport à celui-ci, et un synchroniseur (96a, 96b)
disposé entre ledit manchon de changement de vi-
tesse (98) et ledit pignon (52), ledit manchon de
changement de vitesse (98) déplaçable entre ladite
première position à laquelle ledit synchroniseur

(96a, 96b) n'est pas traversé par le courant et ledit
arbre d'entrée (20) peut tourner librement par rap-
port audit pignon (52) et ladite deuxième position à
laquelle ledit synchroniseur (96a, 96b) est traversé
par le courant pour empêcher la rotation dudit arbre
d'entrée (20) par rapport audit pignon (52).

6. Boîte de vitesses selon la revendication 5, dans la-
quelle ledit arbre de sortie (22) est maintenu contre
toute rotation lorsque ledit embrayage de synchro-
niseur supplémentaire (92) est déplacé de sa pre-
mière position vers sa deuxième position de façon
que ledit arbre d'entrée (20) soit freiné contre ledit
pignon (52), amenant ainsi ledit pignon de marche
arrière (110) dans sa deuxième position sans rota-
tion relative entre ledit arbre d'entrée (20) et ledit
arbre de sortie (22).

7. Boîte de vitesses selon la revendication 5, compre-
nant un train d'engrenages supplémentaire (32) qui
comprend un pignon d'entrée (60) supporté en ro-
tation sur ledit arbre d'entrée (20), et un pignon de
sortie (62) fixé sur ledit arbre de sortie (22) et en-
grené avec ledit pignon d'entrée (60), et dans la-
quelle l'un desdits embrayages de synchroniseur
(76, 92) peut être déplacé de sa première position
à une troisième position pour entraîner une syn-
chronisation de la vitesse entre ledit arbre d'entrée
(20) et ledit pignon d'entrée (60) pour ensuite ac-
coupler de manière libérable ledit pignon d'entrée
(60) audit arbre d'entrée (20) pour entraîner ledit ar-
bre de sortie (22) dans ledit premier sens et établir
une deuxième marche avant.

8. Boîte de vitesses selon la revendication 4, dans la-
quelle ledit embrayage de synchroniseur supplé-
mentaire (92) est actionnable pour freiner la rotation
dudit arbre d'entrée (20) dès que celui-ci est mis en
mouvement vers sa deuxième position.

9. Boîte de vitesses selon la revendication 4, compre-
nant de plus un différentiel (34) comportant un pi-
gnon d'entrée (38) entraîné par ledit arbre de sortie
(22) et une paire de pignons de sortie (36) adaptés
pour être accouplés à un jeu de roues.

10. Une boîte de vitesses à transmission manuelle
comprenant :

un arbre d'entrée (20) adapté pour être entraî-
né en rotation ;
un arbre de sortie (22) ;
un premier train d'engrenages (28) comprenant
un pignon d'entrée (52) supporté en rotation sur
ledit arbre d'entrée (20), et un pignon de vitesse
(54) fixé sur ledit arbre de sortie (22) et engrené
avec ledit pignon d'entrée ;
un train d'engrenages supplémentaire (30)
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comprenant un pignon d'entrée supplémentai-
re (56) supporté en rotation sur ledit arbre d'en-
trée (20) et un pignon de vitesse supplémentai-
re fixé sur ledit arbre de sortie (22) et engrené
avec ledit pignon d'entrée supplémentaire ;
un embrayage (76) destiné à accoupler de ma-
nière libérable l'un desdits pignons d'entrée
audit arbre d'entrée (20) pour entraîner ledit ar-
bre de sortie (22) dans un premier sens par rap-
port audit arbre d'entrée (20) à l'un d'un premier
et d'un deuxième rapport de vitesse avant ;
un pignon de marche arrière (110) déplaçable
entre une première position débrayée desdits
arbres d'entrée et de sortie (20, 22), et une
deuxième position embrayée avec ceux-ci afin
d'entraîner ledit arbre de sortie (22) dans un
deuxième sens par rapport audit arbre d'entrée
(20) à un rapport de vitesse en marche arrière ;
un autre train d'engrenages supplémentaire
(32) comprenant un pignon d'entrée complé-
mentaire (60) supporté en rotation sur ledit ar-
bre d'entrée (20), et un pignon de vitesse com-
plémentaire (62) fixé audit arbre de sortie (22)
et engrené avec ledit pignon d'entrée ;
un embrayage supplémentaire (92) déplaçable
d'une première position à une deuxième posi-
tion destiné à accoupler ledit pignon d'entrée
complémentaire (60) audit arbre d'entrée (20)
afin d'entraîner ledit arbre de sortie (22) dans
ledit premier sens par rapport audit arbre d'en-
trée (20) à un troisième rapport de vitesse
avant, et ledit embrayage supplémentaire (92)
déplaçable de ladite première position à une
troisième position pour freiner la rotation dudit
arbre d'entrée (20) par rapport audit arbre de
sortie (22) ; et
un mécanisme de changement de vitesse des-
tiné à accoupler ledit pignon de marche arrière
(110) audit embrayage supplémentaire (92),
caractérisé en ce que le mécanisme de chan-
gement de vitesse commence d'abord par met-
tre en mouvement ledit embrayage supplémen-
taire (92) vers sa troisième position, puis en-
traîne le mouvement dudit pignon de marche
arrière (110) vers sa deuxième position.
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