wo 2014/003651 A1 |1 I} TP OO O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/003651 A1l

3 January 2014 (03.01.2014) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
B60K 6/387 (2007.10) B60OW 30/18 (2012.01) kind of national protection available): AE, AG, AL, AM,
B60K 6/365 (2007.10) FI16D 25/06 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: Bz, €A, ¢t], CL, CN, CO, CR, CU, CZ, DE, DK, DM,
: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/SE2013/050766 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
25 June 2013 (25.06.2013) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
(25) Filing Language: Swedish SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
1250696-0 27 June 2012 (27.06.2012) SE kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant: SCANIA CV AB [SE/SE]; S-151 87 Sider- UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
télje (SE). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
. . EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) zgvliﬁg);ih;lf(l;EG)QUIST, Mikael; Azaleavigen 9, S-141 MC, MK, MT, NL. NO, PL, PT, RO, RS. SE, SL SK. SM.
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(74) Agent: SCANIA CV AB; Patents, SE-151 87 Sodertilje KM, ML, MR, NE, SN, TD, TG).

(SE).

[Continued on next page]

(54) Title: DRIVE ARRANGEMENT FOR A VEHICLE, VEHICLE INCLUDING SUCH A DRIVE ARRANGEMENT AND
METHOD FOR CONTROLLING SUCH A DRIVE ARRANGEMENT

(57) Abstract: The invention relates to a drive arrangement for a vehicle,

wherein the arrangement (2) comprises an output shaft (14) of an internal

combustion engine (4), an input shatt (27) of a transmission (8), an electrical

machine (6) comprising a stator (24) and a rotor (26), a planetary gear ( 10)
a comprising movable elements (18, 20, 22), and a locking mechanism (38)
which is movable between a first and second position, in which first position
the output shaft (14) of the internal combustion engine (4) and the input shaft
(27) of the transmission (8) are allowed to rotate at different speeds through
the planetary gear (10), and in which second position the locking mechanism
(38) rigidly connects the output shaft (14) of the internal combustion engine
(4) to the input shatt (27) of the transmission (8) through the planetary gear
(10). The locking mechanism (38) comprises a sleeve (40) provided with first
splines (41), which in the first position engages with second splines (43) on a
first moving component (18, 20, 22) of the planetary gear (10) and in the
second position further engages with third splines (45) on a second movable
component (18, 20, 22) of the planetary gear (10), wherein the first movable
\ 4 component (18, 20, 22) is connected to the input shaft (27) of the transmis-
sion (8) and the second movable component (18, 20, 22) is connected to the
output shaft (14) of the combustion engine (4). The invention also relates to a
vehicle comprising such a drive arrangement and a method for controlling
such a drive arrangement.
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Drive arrangement for a vehicle, vehicle including such a drive arrangement and

method for controlling such a drive arrangement.

BACKGROUND OF THE INVENTION AND PRIOR ART

The present invention relates to a drive arrangement for a vehicle according to claim 1.
The invention also concerns a vehicle comprising such drive arrangement, according to
the preamble of claim 13 and a method for controlling such drive arrangement

according to the preamble of claim 14.

Hybrid vehicles can be driven by a primary motor, such as an internal combustion
engine, and a secondary engine, such as an electrical machine. The electrical machine
is equipped with at least one battery for storing electrical energy and control equipment
for controlling the flow of electrical energy between the battery and the electrical
machine. The electrical machine can thus alternately operate as a motor or a generator
based on the vehicle operating condition. When the vehicle is braking, the electrical
machine generates electrical energy stored in the battery. The stored electrical energy

1s later used for operation of the vehicle.

Utilizing a conventional clutch mechanism that decouples the transmission input shaft
from the internal combustion engine during the shifting processes of the transmission
involves drawbacks, such as heating of the clutch mechanism disks, resulting in
increased fuel consumption and a wear of the clutch disks. A conventional clutch
mechanism is also relatively heavy and expensive. It also occupies a relatively large

space in the vehicle.

By connecting the output shaft of the internal combustion engine, the electrical
machine rotor and the transmission input shaft with a planetary gear, the conventional
clutch mechanism can be avoided. When accelerating the vehicle, an increased torque
should be delivered by the internal combustion engine and the electrical machine to the
transmission and on to the vehicle driving wheels. Since both the internal combustion

engine and the electrical machine are connected to the planetary gear, the maximum
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torque delivered by the internal combustion engine and the electric motor will be
limited by any of these drive units having a maximum torque lower than the maximum
torque of the second drive unit. In cases where the maximum torque of the electrical
machine is lower than the maximum torque of the internal combustion engine, the
electrical machine will not be able to generate a sufficient reaction torque to the
planetary gear, so that the internal combustion engine cannot transmit its maximum
torque to the transmission and on to the vehicle driving wheels. Thus, the maximum
transmitted torque to the transmission is limited by the power of the electrical machine.
Especially, when a powerful acceleration of the vehicle is desired and the electrical
machine is unable to generate sufficient reaction torque, heat will be generated in the

electrical machine in an undesired manner.

Document US-A1l- 2003/0078127 shows a drive system for a vehicle with an internal
combustion engine and an electric motor, which are connected to a planetary gear. The
planet wheel carrier of the planetary gear is connected to an input shaft of a
transmission. The planet wheel carrier and the sun wheel of the planetary gear can be
rigidly connected by a sleeve, such that the electric motor and the transmission input

shaft can rotate as a rigid rotating unit.

In a vehicle, the available space for the drive arrangement is often limited. If the drive
arrangement comprises a plurality of components such as an internal combustion
engine, an electrical machine, a transmission and a planetary gear, the design must be
compact. For this reason, it is desired that the electrical machine dimensions are small,
which means that the electrical machine power and maximum torque generated are

limited.

There are also requirements for high reliability and high dependability of the

components included in the drive arrangement.
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SUMMARY OF THE INVENTION

The object of the present invention is to provide a drive arrangement for a vehicle,

which drive arrangement has a compact design.

A further object of the invention is to provide a drive arrangement for a vehicle, which

drive arrangement has high reliability and high dependability.

Another object of the invention is to provide a drive arrangement for a vehicle, which

drive arrangement has a low weight.

Another object of the invention is to provide a drive arrangement for a vehicle, which

drive arrangement has a low production cost.

These objects are achieved with the drive arrangement of the initially mentioned kind,

which is characterized by the features specified in the characterizing part of claim 1.

These objects are also achieved with the vehicle, comprising such driving arrangement
of the initially mentioned kind, which is characterized by the features specified in the

characterizing part of claim 13.

These objects are also achieved with the method for controlling the drive arrangement
of the initially mentioned kind, which is characterized by the features specified in the

characterizing part of claim 14.

By rigidly connecting the engine output shaft to the transmission input shaft through
the planetary gear with the use of the locking mechanism, a desired acceleration of the
vehicle is obtained, while limiting the dimensions and the power of the electrical
machine, which results in a compact drive arrangement with limited dimensions. Thus,
the maximum torque that the electrical machine can generate may also be less than the
maximum torque that the internal combustion engine can generate. With the sleeve

comprising first splines, which are designed to engage with second and third splines on
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the first and second movable components of the planetary gear, is provided a drive
arrangement according to the invention having a compact design, high reliability and

high dependability and having low weight and low manufacturing cost.

According to one embodiment of the invention, the first movable component is a
planet wheel carrier and the other movable component is a sun wheel. Thus, the power
from the combustion engine will in the second position of the sleeve pass through the
sun wheel, the sleeve, the planet wheel carrier and on to the transmission, which results
in that the planet wheels are not subject to any torque. This means that the dimension
of the planet wheels can be adapted only to the electrical machine torque instead of the
engine torque, which in turn allows for the planet wheels to be configured with smaller
dimensions. Thus is provided a drive arrangement according to the invention having a

compact design, low weight and low production cost.

According to a further embodiment, the locking mechanism is configured as an annular
sleeve, which substantially concentrically surrounds the planet wheel carrier. Thus is
provided a drive arrangement according to the invention having a compact design with

low weight and low manufacturing cost.

According to a further embodiment, the annular sleeve is provided with peripheral
recesses, which interact with the planet wheels arranged on the planet wheel carrier.
Thus, the sleeve weight will be reduced, which reduces the manufacturing cost and the

weight of the driving arrangement.

According to a further embodiment, the sleeve is moved between the first and the
second position by a power element, which substantially concentrically surrounds the
transmission input shaft or the engine output shaft. Thus is provided a compact design,

low weight and low manufacturing cost.

According to a further embodiment, a bearing is arranged between the sleeve and the
power element, which bearing allows the sleeve to rotate relative to the power element.

The power element may thus be designed such that it doesn’t have to rotate, which
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means that the design of the power element may be simplified. The reliability and

dependability of the drive arrangement can thereby be increased.

According to a further embodiment, at least one spring is arranged to move the sleeve
from the first to the second position. The spring can work independent of the power
clement or interact with the power element for moving the sleeve. Thus, the design of
the power element may be simplified and the reliability and dependability of the drive
arrangement can be increased. The spring strives to bring the sleeve to the second

position to allow operation of the vehicle, should the power element fail.

A planetary gear generally comprises three components which are rotably arranged
relative to each other, namely a sun wheel, a planet wheel carrier and a ring gear. With
knowledge of the number of teeth of the sun wheel and the ring gear, the relative
speeds of the three components can be determined during operation. According to the
present invention is a component of the planetary gear connected to an output shaft of
the internal combustion engine. This component of the planetary gear thus rotates with
a speed corresponding to the speed of the output shaft of the internal combustion
engine. A second component of the planetary gear is connected to an input shaft of the
transmission. This component of the planetary gear thus rotates at the same speed as
the input shaft of the transmission. A third component of the planetary gear is
connected to a rotor of an electrical machine. This component of the planetary gear
thus rotates at the same speed as the rotor of the electrical machine if they are directly
connected to each other. Alternatively, the electrical machine may be connected to the
third element of the planetary gear through a transmission having a ratio. In this case,
the electrical machine and the third element of the planetary gear rotate at different
speeds. The speed of electrical machines is continuously adjustable. During operations
when the transmission input shaft is to be given a desired speed, a control unit
calculates, with knowledge of the internal combustion engine speed, the speed that the
third component must be applied with in order for the transmission input shaft to
obtain the desired speed. A control unit activates the electrical machine to provide the
third component the calculated speed and thus the transmission input shaft the desired

speed.
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Further advantages with the invention appear from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, as an example, a preferred embodiment of the invention with

reference to the accompanying drawings is described, in which:

Fig. 1 shows a side view of a vehicle comprising a drive arrangement according

to the present invention,

Fig. 2 shows cross-sectional view of the drive arrangement according the pre-

sent invention with a locking mechanism in a first position,

Fig.3 shows a cross-sectional view of the drive arrangement according to the

present invention with the locking mechanism in a second position, and

Fig. 4 shows a flow chart relating to a method for controlling the drive arran-

gement according to the present invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVEN-
TION

Fig. 1 shows a side view of a vehicle 1, which comprises a drive arrangement 2
according to the present invention. An internal combustion engine 4 is connected to an
electrical machine 6 and a transmission 8 through a planetary gear 10. The

transmission 8 is further connected to the driving wheels 12 of the vehicle 1.

Fig. 2 shows a cross-sectional view of the drive arrangement 2 according to the present
invention. The planetary gear 10 comprises movable components in the form of a sun
wheel 18, a ring gear 20 and a planet wheel carrier 22. The sun wheel 18 is according

to the shown embodiment connected to the output shaft 14 of the internal combustion
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engine 4 and forms a coherent unit. It is also possible to connect the output shaft 14 of

the internal combustion engine 4 to the ring gear 20 or the planet wheel carrier 22.

The electrical machine 6 comprises a stator 24 and a rotor 26. The stator 24 is rigidly
connected to the vehicle 1 and therefore does not rotate. The rotor 26 is connected to
the ring gear 20 of the planetary gear 10 and can thus rotate relative to the stator 24.
According to the illustrated embodiment the ring gear 20 and the rotor 26 of the
electrical machine 6 constitutes an integral unit. It is also possible to construct the ring

gear 20 and the rotor 26 as separate units, which are connected to each other.

An input shaft 27 of the transmission 8 is connected to the planet wheel carrier 22,
which comprises a series of gear wheels referred to as planet wheels 28. These are
mounted on the planet wheel carrier 22, for example by roller bearings 36. In the
shown embodiment the sun wheel 18 is also mounted on the planet wheel carrier 22 by
roller bearings 37. The teeth 30 of the planet wheels 28 engage teeth 32, 34, which are

formed on the sun wheel 18 respectively the ring gear 20.

During engine braking, the driver releases the accelerator pedal (not shown) of the
vehicle 1. The input shaft 27 of the transmission 8 thus drives the electrical machine 6
while the internal combustion engine 4 and the electrical machine 6 engine brakes. The
electrical machine 6 generates electrical energy stored in a battery 50 of the vehicle.
This operating condition is called regenerative braking. The electrical machine 6 thus
operates as a generator. When the electrical machine 6 operates as a generator the
electrical machine 6 exerts a counteracting torque on the torque from the transmission
8, resulting in that the vehicle 1 is braked, because the transmission 8 is connected to

the driving wheels 12 of the vehicle 1.

When accelerating the vehicle 1 an increased torque should be delivered from the
internal combustion engine 4 and the electrical machine 6 to the transmission 8 and on
to the driving wheels 12 of the vehicle 1. Since both the internal combustion engine 4
and the electrical machine 6 are connected to the planetary gear 10, the maximum

torque delivered by the internal combustion engine 4 and the electrical machine 6 will
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be limited by any of these drive units 4, 6 whose maximum torque is lower than the
maximum torque of the second drive unit 4, 6. In case the maximum torque of the
electrical machine 6 is lower than the maximum torque of the internal combustion
engine 4, the electrical machine 6 will not be able to generate a sufficient reaction
torque to the planetary gear 10, which means that the internal combustion engine 4
cannot transmit its maximum torque to the transmission 8 and on to the driving wheels
12 of the vehicle 1. Thus, the maximum torque transmitted to the transmission 8 is
limited by the power of the electrical machine 6. Especially, when powerful
acceleration of the vehicle 1 is desired and the electrical machine 6 cannot generate
sufficient reaction torque, heat will be generated in the electrical machine 6 in an

undesired manner.

By rigidly connecting the output shaft 14 of the internal combustion engine 4 to the
input shaft 27 of the transmission 8, with a locking mechanism 38 through the
planetary gear 10, a desired acceleration of the vehicle 1 can be obtained at the same
time as the dimensions and power of the electrical machine 6 can be limited, resulting
in a compact drive arrangement 2 with limited dimensions. This way, the maximum
torque that the electrical machine 6 can generate may be lower than the maximum

torque that the internal combustion engine 4 can generate.

The locking mechanism 38 is movable between a first and second position. In the first
position the output shaft 14 of the internal combustion engine 4 and the input shaft 27
of the transmission 8 are allowed to rotate at different speeds through the planetary
gear 10. In a second position the locking mechanism 38 rigidly connects the output
shaft 14 of the internal combustion engine 4 to the input shaft 27 of the transmission 8

through the planetary gear 10.

The locking mechanism 38 comprises a sleeve 40 with first splines 41, which in the
first position engage with second splines 43 on a first movable component, which
constitutes the planet wheel carrier 22 of the planetary gear 10, and in the second
position also engage with third splines 45 on a second movable component of the

planetary gear 10, which constitutes the sun wheel 18. As mentioned above, the planet
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wheel carrier 22 is connected to the input shaft 27 of the transmission 8 and the sun
wheel 18 is connected to the output shaft 14 of the internal combustion engine 4. The
locking mechanism 38 is configured as an annular sleeve 40 which substantially
concentrically surrounds the planet wheel carrier 22. The first splines 41 arranged on
the sleeve 40 are configured around the inside of the sleeve 40 and extends in the axial
longitudinal direction of the sleeve 40 corresponding to and slightly exceeding the total
length of the second splines 43 that are arranged on the planet wheel carrier 22 and the
third splines 45 that are arranged on the sun wheel 18. Preferably, the sun wheel 18 has
a flange 51, which at its periphery is provided with the third splines 45, which engage
with the sleeve 40. The second splines 43, provided on the periphery of the planet
wheel carrier 22, and the third splines 45, provided on the periphery of the flange 51,
are preferably configured around the entire circumference of the flange 51 and the
planet wheel carrier 22. Thus is formed a spline joint when the first splines 41 on the
sleeve 40 engages with the second and third splines 43, 45 on the planet wheel carrier

22 and the sun wheel 18 respectively.

The torque exerted on the sleeve 40 is reduced with increased radial extension of the
flange 51 and the planet wheel carrier 22, which in turn means that the sleeve 40
dimensions can be made smaller. This allows a compact construction with low weight
to be obtained. The sleeve 40 is provided with peripheral recesses 53, which are
configured for preventing the sleeve 40 to conflict with the planet wheels 28 arranged
on the planet wheel carrier 22. The recesses 53 have an axial extension which allows
the sleeve 40 to be displaced in the axial direction without coming into contact with

the planet wheels 28.

A power element 54 in the form of a pneumatic cylinder with a therein arranged
axially moveable piston 61, which together substantially concentrically surrounds the
input shaft 27 of the transmission 8, is arranged to move the sleeve 40 between the first
and the second position. It is also possible to arrange the power element 54 such that it
concentrically surrounds the output shaft 14 of the combustion engine 4. The power
member 54 may also be a hydraulic cylinder or a linear motor. Preferably, a number of

springs 57 are arranged to move the sleeve 40 from the first to the second position. The
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springs 57 may operate independently of the pneumatic cylinder 54, or interact with
the cylinder 54 to move the sleeve 40. Thus, the design of the power element can be
simplified and the reliability and the dependability of the driving arrangement 2 can be
increased. If the power element 54 or a drive source to the power element 54, such as a
compressed-air source 56, would fail, the springs 57 strive to bring the sleeve 40 to the
second position, such that the sun wheel 18 and planet wheel carrier 22 are connected
and a power transmission over the planetary gear 10 is possible and that the propulsion
of the vehicle 1 thus is made possible. Even if the electrical machine 6 fails, the
vehicle 1 will be able to be propelled when the sun wheel 18 and the planet wheel
carrier 22 are connected by the sleeve 40. In the illustrated embodiment, the springs 57
are configured as helical springs, which operate with a compressing force on a first
pressure surface 63 of the piston 61 in the cylinder 54. When the pneumatic pressure
decreases on a second pressure surface 65 of the piston 61, the piston 61 is moved by
the springs 57. When the pneumatic pressure increases on the second pressure surface
65 of the piston 61 and exceeds the compressing force of the springs 57, the piston 61
will be moved by means of the pneumatic pressure. It is thus the force from the
pneumatic pressure that moves the sleeve 40 from the first to the second position and
the force of the springs 57 that moves the sleeve 40 from the second to the first
position. A single helical spring can be arranged in the cylinder as an alternative to
multiple springs 57, which helical spring essentially concentrically surrounds the input

shaft 27 of the transmission 8.

As an alternative to the cylinder 54 concentrically arranged with the input shaft 27 of
the transmission 8, the power element 54 can be a control fork (not shown) which is

adapted to move the sleeve 40 between the first and the second position.

A bearing 67 is arranged between the sleeve 40 and the pneumatic cylinder 54, which
bearing allows the sleeve 40 to rotate relative to the cylinder 54. The bearing 67 allows
the sleeve 40 to rotate relative to the cylinder 54, such that the cylinder 54 can be
configured not to rotate. Thus, the piston 61 in the cylinder will not rotate relative to
the cylinder 54, which means that the seals between the cylinder 54 and piston 61 can

be simplified, which means that the design of the cylinder 54 can be simplified. The
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bearing 67 according to the shown embodiment in Figure 2 is a radial groove ball
bearing, which can also carry axial forces, such that the piston 61 in the cylinder 54
can move the sleeve 40 axially. Another type of bearing is also possible, such as a

thrust bearing or an angular contact bearing.

The output shaft 14 of the combustion engine 4, the rotor 26 of the electrical machine
6, the input shaft 27 of the transmission 8 and the sleeve 40 are rotably arranged about

a common rotation axis 48.

The sleeve 40 is axially displaceable along the input shaft 27 of the transmission 8
during the movement between the first and the second position. In the event that the
output shaft 14 of the internal combustion engine 4 instead is connected to the planet
wheel carrier 22, the sleeve 40 is axially displaceable along the output shaft 14 of the
internal combustion engine 4 during the movement between the first and the second

position.

To displace and move the sleeve 40 from the first to the second position, the internal
combustion engine 4 and the electrical machine 6 are controlled such that a torque-free
state is provided between the output shaft 14 of the internal combustion engine 4 and
the planetary gear 10. For this is a controller 55 used, which also is adapted to control
the electrical machine 6 to utilize stored electrical energy under certain applicable
operational occasions for supplying motive power to the input shaft 27 of the
transmission 8 and to utilize the kinetic energy of the input shaft 27 of the transmission
8 under different operational occasions for extracting and storing electrical energy. The
controller 55 thus detects the speed and/or torque of the output shaft 14 of the internal
combustion engine 4, the input shaft 27 of the transmission 8 and the rotor 26 of the
electrical machine 6, thereby controlling the internal combustion engine 4 and the
electrical machine 6 such that a torque-free state is provided between the output shaft
14 of the internal combustion engine 4 and the input shaft 27 of the transmission.
When the torque-free state is achieved the sleeve 40 is displaced and moved to the
second position by the control unit activating the compressed-air source 56, which

through line 58 supplies the compressed air to the pneumatic cylinder 54, such that the
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cylinder 54 moves the sleeve 40. The controller 55 is connected to the internal
combustion engine 4, the transmission 8, the electrical machine 6 and the compressed-
air source 56 through electrical conductors 60. The controller 55 thereby controls the
movement of the sleeve 40. It is also possible to arrange a separate controller for the

compressed-air source 56.

The controller 55 is thus adapted to control the sleeve 40 and also adapted to determine
on what occasions the electrical machine 6 will operate as an engine and on what
occasions it will operate as a generator. To determine this, the controller 55 can receive
current information from the appropriate operating parameters mentioned above. The
controller 55 may be a computer with appropriate software for this purpose. The
controller 55 also controls the flow of electrical energy between a battery 50 and the
stator 24 of the electrical machine 6. When the electrical machine 6 operates as an
engine stored electrical energy is supplied from the battery 50 to the stator 24. When
the electrical machine 6 operates as a generator electrical energy is supplied from the

stator 24 to the battery 50.

Fig. 3 shows a cross-sectional view of the drive arrangement 2 according to the present
invention with the locking mechanism 38 in the second position. In the second
position, the output shaft 14 of the internal combustion engine 4 and input shaft 27 of
the transmission 8 are rigidly connected by the sleeve 40 through the planetary gear 10.
To allow this movement of the sleeve 40, the controller 55 has first controlled the
internal combustion engine 4 and the electrical machine 6 such that a torque-free state
has been provided between the output shaft 14 of the internal combustion engine 4 and

the input shaft of the transmission, as explained above in association with Figure 2.

In the second position of the sleeve 40, the power from the internal combustion engine
4 will pass through the sun wheel 18, the sleeve 40, and the planet wheel carrier 22 and
on to the transmission 8, which results in that the planet wheels 28 are not subject to
any torque. This means that the dimension of the planet wheels 28 may be adapted
only to the torque of the electrical machine 6 instead of the torque of the internal

combustion engine 4, which in turn means that the planet wheels 28 may be configured
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with smaller dimensions. Thus is obtained a driving arrangement 2 according to the

invention with a compact design, low weight and low manufacturing cost.

When the vehicle I is accelerated to a desired speed the cylinder 54 is controlled, such
that the sleeve 40 is returned to the first position. The internal combustion engine 4 and
the electrical machine 6 are at the same time controlled by the controller 55, such that a
torque-free state is provided between the output shaft 14 of the internal combustion
engine 4 and the input shaft 27 of the transmission 8. When the torque-free state is
achieved the sleeve 40 is displaced and moved to the first position. When the sleeve 40
is returned to the first position, the vehicle 1 can be driven by both the internal

combustion engine 4 and the electrical machine 6.

Fig. 4 shows a flow chart relating to a method for controlling a drive arrangement 2
according to the present invention. The method of the invention comprises a first step
a) wherein the internal combustion engine 4 and the electrical machine 6 are controlled
such that a substantially torque-free state is provided between the output shaft 14 of the

internal combustion engine 4 and the input shaft 27 of the transmission 8.

In a subsequent step b) the output shaft of the internal combustion engine 4 and the
planetary gear 10 are rigidly connected to each other by the movement of a locking
mechanism 38, comprising a sleeve 40 provided with first splines 41, from a first
position, in which the output shaft 14 of the combustion engine 4 and input shaft 27 of
the transmission 8 are allowed to rotate at different speeds through the planetary gear
10, to a second position, in which the sleeve 40 rigidly connects the output shaft 14 of
the internal combustion engine 4 and the input shaft 27 of the transmission 8 through

the planetary gear 10.

According to a further step or an alternative step c) the sleeve 40 is moved by spring

force from the first to the second position.

The above mentioned components and features may within the invention be combined

between different specific embodiments.
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Claims

1. A drive arrangement for a vehicle, wherein the arrangement (2) comprises an output
shaft (14) of an internal combustion engine (4), an input shaft (27) of a transmission
(8), an electrical machine (6) comprising a stator (24) and a rotor (26), a planetary gear
(10) comprising movable elements (18, 20, 22), and a locking mechanism (38) which
is movable between a first and second position, in which first position the output shaft
(14) of the internal combustion engine (4) and the input shaft (27) of the transmission
(8) are allowed to rotate at different speeds through the planetary gear (10), and in
which second position the locking mechanism (38) rigidly connects the output shaft
(14) of the internal combustion engine (4) to the input shaft (27) of the transmission
(8) through the planetary gear (10), characterized in that the locking mechanism (38)
comprises a sleeve (40) provided with first splines (41), which in the first position
engage with second splines (43) on a first moving component (18, 20, 22) of the
planetary gear (10) and in the second position further engage with third splines (45) on
a second movable component (18, 20, 22) of the planetary gear (10), wherein the first
movable component (18 , 20, 22) is connected to the input shaft (27) of the
transmission (8) and the second movable component (18, 20, 22) is connected to the

output shaft (14) of the combustion engine (4).

2. The drive arrangement according to claim 1, characterized in that the first movable

component is a planet carrier (22) and the second movable component is a sun wheel

(18).

3. The drive arrangement according to claim 2, characterized in that the locking
mechanism (38) is configured as an annular sleeve (40) substantially concentrically

surrounding the planet wheel carrier (22).

4. The drive arrangement according to claim 3, characterized in that the annular
sleeve (40) is provided with peripheral recesses (53) interacting with planet wheels

(28) arranged on the planet wheel carrier (22).
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5. The drive arrangement according to any preceding claim, characterized in that the
locking mechanism (38) is axially displaceable along the input shaft (27) of the
transmission (8) or the output shaft (14) of the internal combustion engine (4) during

the movement between the first and second position.

6. The drive arrangement according to any preceding claim, characterized in that a
power element (54) is arranged to move the sleeve (40) between the first and second

position.

10 7. The drive arrangement according to claim 6, characterized in that the power
element (54) substantially concentrically surrounds the input shaft (27) of the

transmission (8) or the output shaft (14) of the internal combustion engine (4).

8. The drive arrangement according to any of claims 6 or 7, characterized in that a
15 bearing (67) is arranged between the sleeve (40) and the power element (54), which

bearing allows the sleeve (40) to rotate relative to the power element (54).

9. The drive arrangement according to claim 6-8, characterized in that the power
element (54) is a pneumatic cylinder.

20
10. The drive arrangement according to any preceding claim, characterized in that at

least one spring (57) is arranged to move the sleeve (40) from the first to the second

position.

25  I1. The drive arrangement according to any preceding claim, characterized in that the
output shaft (14) of the internal combustion engine (4), the rotor (26) of the electrical

machine (6), the input shaft (27) of the transmission (8) and the sleeve (40) are rotably

arranged about a common rotation axis (48).

30 12. The drive arrangement according to any preceding claim, characterized in that a
controller (55) is adapted to control the electrical machine (6) such that it during

certain applicable operational occasions utilizes stored electrical energy for supplying
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motive force to the input shaft (27) of the transmission (8) and during different
operational occasions utilizes the kinetic energy of the input shaft (27) of the

transmission (8) to extract and store electrical energy.

13. A vehicle (1) characterized in that it comprises a drive arrangement (2) according

to any of the claims 1-12.

14. A method for controlling a drive arrangement, comprising an output shaft (14) of
an internal combustion engine (4), an input shaft (27) of a transmission (8), an
electrical machine (6) comprising a stator (24) and a rotor (26), and a planetary gear
(10) comprising movable elements (18, 20, 22), characterized by the steps of:

a) controlling the internal combustion engine (4) and the electrical machine (6) such
that a substantially torque-free state is provided between the output shaft (14) of the
combustion engine (4) and the input shaft (27) of the transmission (8);

b) rigidly connecting the output shaft (14) of the internal combustion engine (4) and
the planetary gear (10) to each other by moving a locking mechanism (38), comprising
a sleeve (40) provided with first splines (41), from a first position, in which the output
shaft (14) of the internal combustion engine (4) and the input shaft (27) of the
transmission (8) are allowed to rotate at different speeds through the planetary gear
(10), to a second position, in which the sleeve (40) rigidly connects the outgoing shaft
(14) of the internal combustion engine (4) with the input shaft (27) of the transmission

(8) through the planetary gear (10).

15. The method according to claim 14, characterized by a step (¢) comprising a
movement of the sleeve (4) from the first position to the second position, by means of

a spring force.
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