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“TRANSMISSION APPARATUS FOR AN AUTOMATED MANUAL
TRANSMISSION, POWER UNIT AND THE RELATED VEHICLE
COMPRISING SAID APPARATUS”
DESCRIPTION
5 SCOPE
[0001] The present invention relates fto a transmission
apparatus for vehicles equipped with an automated manual
transmission (AMT}, a power unit and a related vehicle
equipped with said transmission apparatus. In particular,
10 the vehicles may be either hybrid wvehicles [(HEVs),
equipped with an internal combustion engine and an
electric motor, or electric vehicles (BEVs).

STATE OF THE ART

[0002] As is known, transmission apparatuses with automated
15 manual transmission have some disadvantages and

limitations.

{00031 In  particuler, the gear change phase  1is not

optimized, since the user is able to clearly notice a

torque gap due to the disengagement and subsequent
20  engagement of the transmission.

[0004] In order to overcome this disadvantage, 1t is known

in the art to provide the transmission with an auxiliary

electric machine that provides torgue to the wheels so as

to fill the torque gap which otherwise would be noticed

25 during the gear shift phase in an automated manual
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transmission. Said auxiliary electric machine may also be
used for cother purpocses.

{0005} For example, if 1t is connected downstream of the
transmission, 1t may be used to charge the vehicle’s
battery pack, for example by mnmeans o¢f regenerative
braking. In addition, after having first disconnected the
internal combustion engine, the auxiliary electric
machine may allow the vehicle to run fully in electric
mode or even only when reversing.

[0006] The same auxiliary electric machine may be properly
connected upstream from the transmission so as tc enable
the startup function o¢f the internal combustion engine
upon disconnection of the transmission, but alsc to have
a rapid synchronization of the transmission during the
gear change phase, with particular reference to the
downshift phase.

[0007] Furthermore, the auxiliary electric machine may be
used to assist the operation of the internal combustion
engine, for example during the release phase of the
accelerator, in order to reduce fuel consumption or even
to increase its performance or, for example, to overcome
the delayed response, so-called ‘turbo-lag’, typical of
supercharged engines.

{0008] In order to optimize the overall operation of the

transmission and the internal combustion engine, the



20

25

(13) JP 2018-58571 A 2018.4.12

auxiliary unit must be frequently and repesatedly
connected both upstream and downstream of the
transmission, depending on the function to be performed
and the contingent operating conditions of the vehicle,
which may depend both on the vehicle’'s route and the
driving and traffic conditicns.

[0009] There are known solutions in the art ﬁhat may
alternatively c¢onnect the auxiliary electric machine
upstream and/or downstream of the transmission in order
to perform the cited functions.

{0010] The known art solutions are, however, quite complex,
bulky and costly te achieve, as they provide actuators
that considerably increase the mass and bulk of the
vehicle’s transmission.

[0011] The increase in mass and cost thus risks canceling
the benefits of fuel consumption and pollutant emissions
obtainable from the use of the auxiliary electric
machine.

[0012] In  addition, the known solutions, due to the
relative mechanical complexity, may require frequent
maintenance and may be subject to premature failure.

PRESENTATION OF THE INVENTION

[0013] The need for resolving the disadvantages and
limitations cited with reference %o the known art 1is

therefore felt.
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[0014] This reguirement is met by a transmission apparatus
for vehicles equipped with an automated manual
transmission in accordance with claim 1.

DESCRIPTION OF THE FIGURES

[0015] Further features and advantages of the present
invention will become more understandable from the
following description of its preferred and non-limiting
embodiments, wherein:

[0016] -~ figure 1 is a schematic view of a power unit
according to the present invention;

[0017} - figure 2 is a perspective view of a transmission
apparatus of a power unit according to an embodiment of
the present invention;

[0018] - figqure 3 is a view of the transmission apparatus

_of figure 2, from the side of arrow III of figure 2, in a

configuration of disengagement;

[0016] - figure 4 1is a top view of the transmission
apparatus according to an embodiment o¢f the present
invention in one configuration of engagement upstream of
the autcomated manual transmission;

[0020] - figure 5 is a top view of the transmission
apparatus accérding to an embodiment of the present
invention, in a configuration of engagement downstream of
the automated manual transmission.

[0021] The elements or parts of elements in common between
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the embodiments described hereinafter will be indicated
by the same numerical references.

DETAILED DESCRIPTION

[00221 Wwith reference to the aforementioned figures,
5 collectively indicated at 4 is a schematic overall view
of a power unit comprising a transmission apparatus 8§ for
vehicles equipped with automated manual transmission 12
(AMT) and an internal combustion engine 16.
[0023] For the purposes of the present invention, the type
10 of internal combustion engine used in the power unit is
not indicated, meaning any type of internal combustion
engine, both in the Otto cycle and in the diesel cycle.
[0024] The internal combustion engine 16 has a drive shaft
which may be mechanically connected to an input shaft of
15 the transmission apparatus 8 by means of a clutch 20, in
a known manner.
[0025] The transmission apparatus B comprises the automated
manual transmission 12, eguipped with an input shaft 24
and an cutput shaft 28.
20 [0026] The input shaft 24, as seen, 15 configured to be
selectively connected to the internal combustion engine
16, for example by means of saild clutch 20,
[00271 The output shaft 28 is configured in a manner to be
mechanically connected to at least one drive wheel 32 of

25 a vehicle.
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[0028] The transmission apparatus 8 further comprises an
auxiliary electric machine 36 having an auxiliary shaft
40 and an auxiliary transmission 44 selectively
connectable to the input shaft 24 and/or to the output
shaft 28 of the automated manual transmission 12.

[0020] Generally, the auxiliary electric machine 36 1s an
electric machine that may operate both as a motor and a
generator to provide torque as needed and to generate
electric power, for example during the braking or release
phase, as betier described below.

[0030] The auxiliary transmission 44 conprises a single
transmission selector 48 movable in three positions,
wherein:

[0031] ~ in a first upstream engagement position (figure
4}, a mechanical connection is made between the auxiliary
shaft 40 of the auxiliary electric machine 36 and said
input shaft 24 of the transmission apparatus 8,

{0032] - in a second disengagement position, the auxiliary
shaft 40 of the auxiliary electric machine 36 1is
mechanically disconnected from said input 24 and output
28 shafts,

[0033] - in a third downstream engagement position (figure
5), a mechanical connection is made between the auxiliary
shaft 40 of the auxiliary electric machine 36 and said

cutput shaft 28.
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[0034] According to one embodiment, said single
transmission selector 48 1s movable along an actuating
stroke between said first, second and third positions.
{0035} Preferably, said single transmission selector 48 is
movable along an axial actuating strcoke 52, wherein sald
first and third positions are located at respective end
strokes of the axial actuating stroke 52, and wherein
said second position 1s intermediate or interposed
between said end strokes,.

[0036] For example, =ald single transmission selector 48§
comprises a slider 56, movable between said first, second
and third positions, the slider 56 being eguipped with a
pair of gears 60 suitable to engage and disengage with
the corresponding first and second mechanical elements
64, 68 operatively connected to the input shaft 24 and
the output shaft 28 respectively.

[0037] According to cne embodiment, said gears 60 comprise
frontal-engagement gears suitable to mesh with the
corresponding first and second mechanical elements 64, 68
cperatively connected to the input shaft 24 and to the
output shaft 28 respectively in the first and in the
third engagement positions.

[0038] Preferably the front engagements aliow the
engagement in a direction of engagement parallel to said

axial actuating stroke 52.
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[0039] The auxiliary transmission 44 comprises at least a
first auxiliary shaft 72 and a second auxiliary shaft 76,
whersin the first auxiliary shaft 72 is integral in
rotation with the first mechanical element 64 and the
second auxiliary shaft 76 is integral in rotation with
the second mechanical element 68.

[0040] Said single transmission selector 48 comprises an
actuator that moves it to said three positiens; the
transmission apparatus 8 comprises a processing and
control unit (net shown) which controls the actuatoer of
the transmissiocn selector 48 and the automated manual
Lransmission 12,

[0041] In this way, it is possible to synchronize the
intervention of the auxiliary electric machine 36
according to the operation of the automated manual
transmission.

[0042] The operation of a transmission apparatus and a
power unit according to the present invention will now be
described.

[0043] In particular, in a standard operating condition,
i.e. in the second disengagement position, the auxiliary
shaft 40 of the auxiliary electric machine 36 is
mechanically disceonnected from the input 24 and output 28
shafts. In this operating condition, both the internal

combustiocon engine ié and the automated manual
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transmission 12 work without vreceiving any auxiliary
power from the auxiliary electric machine 36 which is
unakle to provide torque, operating as a motor, nor to
receive torque, operating as a generator.

[0044] T1f necessary, depending on the operating condition
of the wvehicle, it may pass into the £first upstream
engagement conditien {figure 4}, wherein a mechanical
connection is made between the auxiliary shaft 40 of the
auxiliary electric machine 36 and the input shaft 24.
Such condition is obtained by actuating the transmission
selector 48 which, translating in the axial actuating
stroke 52, makes the mechanical connection between the
auxiliary electric machine 36 and the input shaft 24 by
mechanical coupling between the gearing €0 and the first
mechanical element 64. In this way, 1t 1s possible to
provide torgque to the input of the automated manual
transmission 12, for example, for a guick synchronization
of a gear change, having previocusly disconnected the
cluteh 20, or to start the internal combustion engine
thaving beforehand placed the automated manual
transmission in the neutral position), or to provide
additional torque to the internal combustion engine 16.
[00453] If necessary, depending on the operating condition
of the vehicle, it may pass inte the third upstream

engagement condition ({figure 5), wherein a mechanical
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connection is made between the auxiliary shaft 40 of the
auxiliary electric machine 36 and the output shaft 28,
Such condition is obtained by actuating the transmission
selector 48 which, translating in the axial actuating
stroke 52, makes the mechanical connection between the
auxiliary electric machine 36 and the output shaft 28 by
mechanical coupling between the gearing 60 and the second
mechanical alement 68. In this way, there is a
possibility to provide torque at the output of the
automated manual transmission 12, for example to cover a
torgue gap, or to achieve a regenerative braking or to
provide additional torgue to the internal combustion
engine 16,

[0046] As may be appreciated from the foregoing, the
transmission apparatus for vehicles equipped with an
automated manual transmission according to the inventicn
allows the disadvantages presented in the prior art to be
overccome.

[6047} Advantageously, the transmission apparatus according
to the present invention allows the auxiliary electric
machine to be connected repeatedly and alternatively to
the transmission in a gquick, efficient and reliable
manner.

{0048] The transmissiocn apparatus does not cause a

significant increase in mass *© and bulk of the
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transmission, unlike known solutions.

[0049] The present invention allows one to obtain all the
functions necessary to optimize the transmission’s
operation, the fuel consumption and driving sensation of
the vehicle with which it is provided, e.g.: transmission
in exclusively electrical mode, startup of the internal
combustion engine, torque gap filling during gear
shifting, energy savings in the torgue release phase
{sailing}, regenerative braking for recharging the
battery pack, overboost both to increase performance in
general and to compensate for the turbe lag of the
possible overcharging of the internal combustion engine.
[0050] A1l of these functions may be obtained through a
sultable and continuous strategy for connecting and
disconnecting the auxiliary unit from the transmission
apparatus in a fast and reliable manner.

[0051] Such a strategy includes the mechanical
disconnection of the auxiliary unit from the
transmissicn, when no intervention of the auxiliary unit
is required in order to avoid dragoging inertia as well as
the mechanical connection of the auxiliary unit upstream
or downstream of the transmission as a function of the
driver’s needs, of the battery pack charging status, and
the conditions of the route followed by the vehicle.

[0052] Connection and disconnection through the use of a
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single selector is particularly £fast, precise and
reliable. It also simplifies management and control of
the transmission since each position of the single
transmission selector, i.e. the disengagement, the
upstrean engagement of the transmission and the
downstream engagement of the transmission, allows a
single possible condition of operation, automatically
excluding the others.

[0053] In other words, when the transmission selector is in
the upstream engagement position, 1t is automatically
stopped from the downstream disengagement and engagement,
and sc on.

[0054] There is not therefore the complication of having to
coordinate and synchronize multiple actuator devices by
means of a dedicated control unit in order tc always
ensure the correct operation of the transmission.

{0055} In this way, there 1is not the 1risk that a
malfunction in the system management and control may lead
to a lag and & possible breakdown of the wvarious
actuators.

[0056) It should also be considered that in the state of
driving in city traffic, the operaticons of the actuator
may also be on the order of dozens per minute and always
need to ensure the reliability of the transmission

management.
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{0057] Furthermore, the reduction in the number of
actuators results in a reduction in overall bulk, weight
and overall costs of the transmission apparatus.

{0058} In addition, the reduction of the number of
components also reduces the likelihood of malfunctions of
the apparatus.

[0059] The present invention is particularly suitable to be
optimized by adapting automatically toe the route to be
followed with the wvehicle, depending on the c¢ontingent
position of the vehicle itself.

[0060] Specifically, if the vehicle is following a
predetermined route, for example, cone set in a satellite
navigator that the wvehicle is equipped with, at any
moment, and in advance, it 1is possible to know and
predict the type of route the vehicle will have to
follow, estimating the speed but alsc the demand for
torqgue due, for example, to the possible gradient of the
road segment. In this way, it is possible to contrel the
transmission apparatus in advance, by choosing the proper
operating logic of the auxiliary electric machine, but
also the gear of the automated manual transmission to be
engaged. Obviously, this type of transmission apparatus
management is also possible without a predetermined route
to be followed, since, due to the GPS, it is possibkle to

know the instantaneous position of the vehicle and the
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gradient of the road section that is being traveled on or
that one is presumably faced with and so on.

[0061] This optimized management of the transmission
apparatus allows a reduction of the vehicle’'s fuel
consumption to be calibrated specifically as a function
of the route taken, for example, to favor electric
traction and recovery of kinetic energy during the
release and/cr braking phase.

[00662] A person skilled in the art, in the obiject of
satisfving contingent and specific requirements, may make
numerous modifications and variations to the transmission
apparatuses for vehicles equipped with automated manual
transmission described above, all of which are within the
scope of the dnvention as defined by the following

claims,
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Claims
1. Transmission apparatus {8) for vehicles equipped with
an automated manual transmission (12}, comprising
- an automated manual transmissioﬁ {12y, provided with an
input shaft (24) and an output shaft (28),
- wherein the input shaft (24) is configured to be
selectively connected to an internal combustion engine
{1ej,
- wherein the output shaft (28) is configured to be
mechanically connected to at least one drive wheel (32)
of a vehicle,
- an auxiliary electric machine (36) having an auxiliary
shaft {40} and an auxiliary transmission (44) selectively
connectable to the input shaft (24) and/or to the output
shaft (28) of the autcmated manual transmission (12},
~ wherein the auxiliary transmission (44) comprises a
single transmission selector (48) movable in three
positions, wherein said single transmission selector
(48 :
- in a first upstream engagement position, makes a
mechanical connection between the auxiliary shaft (40) of
the auxiliary electric machine (36) and said input shaft
(24},
- in a second disengagement position, mechanically

disconnects the auxiliary shaft (40) of the auxiliary
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electric machine (36} from said input (24} and output
(28} shafts,

- in a third downstream engagement position, makes a
mechanical connection between the auxiliary shaft (40} of
the auxiliary electric machine {(36) and said cutput shaft
(28}.

2. Transmission apparatus (8) for wvehicles equipped
with an automated manual transmission (12) according o
claim 1, wherein said single transmission selector (48}
is movable along an actuating stroke including said
first, second and third positions.

3. Transmission apparatus (8) for wvehicles equipped
with an automated manual transmission (12) accerding to
claim 1 or 2, wherein sald single transmission selector
(48) is movable along an axial actuating stroke {52},
wherein said first and third positions are located in
correspondence of respective end strokes of the axial
actuating stroke (52), and wherein said second position
is intermediate or interposed between said end strokes.
4. Transmission apparatus (8) for vehicles eqguipped
with an automated manual transmission (12} according to
any of claims 1 tc 3, wherein said single transmission
selector {48} comprises a slider (56}, movable between
said first, second and third positions, the slider (56)

being provided with a pair of gears {560} suitable to
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engage and disengage with corresponding first and second
mechanical elements (64, 68} operatively connected,
respectively, to the input shaft (Z4} and the output
shaft (28},

5. Transmission apparatus (8) for wvehicles equipped
with an autcomated manual transmission {12) according to
claim 4, wherein said gears (60} comprise frontal-
engagement gears suitable to mesh with the corresponding
first and second mechanical elements (64, 68) operatively
connected, respectively, to the input shaft (24} and to
the output shaft {28) in the first and in the third
engagement positions.

6. Transmission apparatus (8) for vehicles equipped
with an automated manual transmission {12} according to
claim 4 or 5, wherein the auxiliary transmission (44)
comprises at least a first auxiliary shaft (72) and a
second auxiliary shaft (76), wherein the first auxiliary
shaft (72} 4is integral in rotation with the first
mechanical element (64) and the seccond auxiliary shaft
{76} 1s integral in rotation with the second mechanical
element (68}.

7. Transmission apparatus (8) for vehicles equipped
with an automated manual transmission (12) according to
any of the preceding claims, wherein said single

transmission selector (48) comprises an actuator that
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moves it in said three positions, the transmission
apparatus {8) comprising processing and control unit that
commands the actuator of the transmission selector (48}
and the automated manual transmission {12}.

8. Power unit {4) comprising a transmission apparatus
{8) for wvehicles eguipped with an automated manual
transmission (12} according to any of the preceding
claims, and an internal combustion engine (16) having a
drive shaft mechanically connectable to the input shaft
{24) of the transmission apparatus (8) by means of a

clutch (20).



(29) JP 2018-58571 A 2018.4.12

i9

WIRANSMISSION APPARATUS FOR AN AUTOMATED MANUAL
TRANSMISSION, POWER UNIT AND THE RELATIVE VEHICLE
COMPRISING SAID APPARATUS”
ABSTRACT

5 A transmission apparatus {(8) for vehicles eguipped with
an automated manual transmission (12} comprising an
automated manual transmission {12), provided with an
input shaft {24) and an output shaft (28} wherein the
input shaft {24) is configured to be selectively

10  connected to an internal combustion engine (16),wherein
the output shaft (28) is configured to be mechanically
connected to at least one drive wheel (32) of a vehicle,
an auxiliary electric machine {36) having an auxiliary
shaft (40) and an auxiliary transmission (44) selectively

15 connectable to the input shaft (24} and/or to the output
shaft (28) of the automated manual transmission (12}. The
auxiliary transmission (44) comprises a single
transmission selector (4B) movable in three positions,
wherein:

©20 ~ in a first upstream engagement position, a mechanical

connection is made between the auxiliary shaft (40} of

the auxiliary electric machine (36) and said input shaft

(243,

-~ in a second disengagement pesition, the auxiliary shaft

25 (40) of the auxiliary electric machine {36) is
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mechanically disconnected from said input (24} and ocutput
(28} shafts,

- in a third downstream engagement position, a mechanical
connection i1s made between the auxiliary shaft {40} of
the auxiliary electric machine (36) and said output shaft
(28).

[Fig. 3]
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