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(54) Dual motor drive unit and method of drivingly engaging a first motor of a dual motor drive 
unit with an output shaft

(57) The invention relates to a method of drivingly
engaging a first motor (4) of a dual motor drive unit (1;
100) with an output shaft (14) driven by a second motor
(7) of the dual motor drive unit (1; 100), the method com-
prising the steps of:
actuating a clutching device (9) for drivingly engaging the
first motor (4) with the output shaft (14);
synchronizing a rotational speed (32) of the first motor
(4) with a rotational speed of the output shaft (14);
when the rotational speed (32) of the first motor (4) and
the rotational speed of the output shaft (14) are synchro-
nized, reducing an output torque of the first motor (4); and
when the clutching device (9) drivingly engages the first
motor (4) with the output shaft (14), increasing the output
torque of the first motor (4).

The invention further relates to a dual motor drive
unit (1; 100) for carrying out the method.
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Description

[0001] The present invention relates to a method of
drivingly engaging a first motor of a dual motor drive unit
with an output shaft of the dual motor drive unit. The
present invention further relates to a dual motor drive unit
for carrying out the method and to a vehicle comprising
a corresponding dual motor drive unit.
[0002] Dual motor drive units comprising a first motor
and a second motor for driving an output shaft are gen-
erally known for their good performance and their high
efficiency. Usually, one of the two motors, for example
the first motor, is engaged with the output shaft at low
output speed and high output torque while it is disen-
gaged from the output shaft at high output speed and low
output torque. Thus, dual motor transmissions typically
include a mechanism for selectively engaging the first
motor with the output shaft, for example a hydraulic
clutch. It is generally desirable that the process of en-
gaging the first motor with the output shaft be carried out
with maximum smoothness. That is, abrupt variations in
gear ratio or traction are to be avoided in order to minimize
wear of the mechanical parts and to make the drive unit
easier to control.
[0003] In order to enhance the smoothness of the en-
gagement process, it has been proposed to equip the
clutch with devices such as proportional valves which
allow the clutch to be controlled with improved precision.
However, the use of these devices usually increases pro-
duction costs.
[0004] Thus, the technical problem underlying the
present invention consists of providing an alternative
method of engaging a first motor of a dual motor drive
unit with an output shaft of the dual motor drive unit. The
method should provide a low degree of wear of the me-
chanical components and a high degree of controllability
for the operator. The technical problem underlying the
present invention further consists of providing a prefer-
ably low cost dual motor drive unit for carrying out the
method.
[0005] Thus, the invention provides a method of driv-
ingly engaging a first motor of a dual motor drive unit with
an output shaft driven by a second motor of the dual
motor drive unit comprises the following steps:

actuating a clutching device adapted to drivingly en-
gage the first motor with the output shaft;
synchronizing a rotational speed of the first motor
with a rotational speed of the output shaft;
when the rotational speed of the first motor and the
rotational speed of the output shaft are synchro-
nized, reducing an output torque of the first motor;
and
when the clutching device drivingly engages the first
motor with the output shaft, increasing the output
torque of the first motor.

[0006] Typically, the dual motor drive unit is operated

such that at high rotational speed of the output shaft, for
example when the rotational speed of the output shaft is
higher than a threshold speed of the output shaft, the
output shaft is drivingly engaged with the second motor
and not drivingly engaged with the first motor. That is,
usually the first motor is additionally drivingly engaged
with the output shaft only when the rotational speed of
the output shaft is lower than or falls below the threshold
speed of the output shaft and/or when the torque required
at the output shaft is higher than a threshold torque. Thus,
the presently proposed method is typically carried out
during a deceleration of the rotational speed of the output
shaft.
[0007] Typically, the clutching device drivingly engag-
es the first motor with the output shaft only after the steps
of synchronizing the first motor with the output shaft and
of reducing the output torque of the first motor have been
completed. Reducing the output torque of the first motor
once the rotational speed of the first motor is synchro-
nized with the rotational speed of the output shaft of the
dual motor drive unit guarantees a smooth engagement
of the first motor with the output shaft. In this way, me-
chanical wear of the mechanical transmission is reduced
and a jerk caused by the engagement process is mini-
mized. The proposed method further guarantees a
smooth and continuous variation of a traction conveyed
by the output shaft. The output shaft may be a driveshaft
or a wheel shaft of a vehicle. The vehicle may be an off-
highway vehicle, for example an agricultural vehicle such
as a tractor or a harvester, or an industrial vehicle such
as a wheel loader, a dumper, a crawler, or the like.
[0008] The clutching device may be a hydraulic clutch.
Actuating the clutching device may therefore include ac-
tuating a hydraulic valve. Preferably, the clutching device
drivingly engaging the first motor with the output shaft
includes drivingly engaging the first motor with the output
shaft through static friction without any slip. In other
words, the first motor being drivingly engaged with the
output shaft preferably includes that a ratio of the rota-
tional speed of the output shaft to the rotational speed of
the first motor is equal to a gear ratio of the mechanical
transmission between the output shaft and the first motor.
Usually, the clutching device drivingly engaging the first
motor with the output shaft is delayed with respect to the
actuating of the clutching device. The duration of this
delay typically depends on the design or on the mode of
operation of the clutching device. For example, the du-
ration of the delay may be at least 10 milliseconds or at
least 20 milliseconds. Additionally or alternatively, the
duration of the delay may be less than 500 milliseconds,
less than 300 milliseconds or less than 150 milliseconds.
[0009] Synchronizing the first motor with the output
shaft typically includes executing a synchronization al-
gorithm carried out during a synchronization time interval
corresponding to a synchronization duration. Here and
in the following, the term "synchronization algorithm" and
the term "synchronization process" are used synony-
mously. The synchronization algorithm may use one or

1 2 



EP 3 009 716 A1

3

5

10

15

20

25

30

35

40

45

50

55

several synchronization parameters as inputs. In an em-
bodiment of the proposed method, the actuating of the
clutching device and the synchronising of the first motor
with the output shaft are initiated simultaneously, for ex-
ample at a point in time T1. For example, the synchro-
nizing and the actuating may be initiated once the rota-
tional speed of the output shaft falls below the previously
mentioned threshold speed of the output. If the dual motor
drive unit is part of a vehicle driveline, the threshold speed
of the output shaft is typically associated with a threshold
speed of the vehicle. Therefore, the synchronizing and
the actuating may likewise be initiated once a vehicle
speed falls below the threshold vehicle speed. The output
shaft threshold speed and/or the vehicle threshold speed
are preferably determined based on a current vehicle
speed and/or based on an acceleration signal or a de-
celeration signal provided by an operator of the vehicle.
For example, the output shaft threshold speed and/or the
vehicle threshold speed may be determined based on a
position of an acceleration pedal of the vehicle. The pre-
viously mentioned synchronization parameters which the
synchronization algorithm may use as inputs may include
at least one of the current vehicle speed, the acceleration
pedal position, the threshold output shaft speed and the
threshold vehicle speed. Within the scope of this appli-
cation, the formulation "at last one of x1, ..., xn" may in-
clude any subset of x1, ..., xn, including the complete set.
[0010] In a further embodiment of the presently pro-
posed method, synchronizing the rotational speed of the
first motor with the rotational speed of the output shaft
includes determining an engagement speed of the first
motor and tuning the rotational speed of the first motor
to the engagement speed. The engagement speed of the
first motor is the speed which the first motor must pref-
erably reach before or right before the clutching device
drivingly engages the first motor with the output shaft.
Preferably, the engagement speed of the first motor is
given by the speed of the output shaft at the time of en-
gagement multiplied by the gear ratio of the transmission
between the output shaft and the first motor. If the clutch-
ing device drivingly engages the first motor with the out-
put shaft when the rotational speed of the first motor
matches the engagement speed, an acceleration of the
first motor and a jerk caused by the engagement process
are minimized. The rotational speed of the first motor
matching the engagement speed may include the rota-
tional speed of the first motor falling within a predeter-
mined speed interval which comprises the engagement
speed.
[0011] Preferably, the engagement speed of the first
motor is determined based on at least one of the current
output shaft speed, the current vehicle speed, the thresh-
old output shaft speed, the threshold vehicle speed, the
accelerator pedal position, and the gear ratio of the trans-
mission between the first motor and the output shaft. The
synchronization parameters which the synchronization
algorithm may use as inputs may therefore include the
gear ratio of the transmission between the first motor and

the output shaft.
[0012] In a further embodiment of the proposed meth-
od, the rotational speed of the first motor and the rota-
tional speed of the output shaft are regarded as being
synchronized once the rotational speed of the first motor
matches the engagement speed or once the duration of
the synchronization process exceeds a maximum syn-
chronization duration. The synchronization parameters
which the synchronization algorithm may use as inputs
may include the maximum synchronization duration. The
maximum synchronization duration may be up to 500 mil-
liseconds, up to 300 milliseconds or up to 200 millisec-
onds, for example. The point in time at which the rota-
tional speed of the first motor and the rotational speed
of the output shaft are first synchronized typically marks
the end of the synchronizing or, equivalently, of the syn-
chronization process or of the synchronization algorithm.
This point in time may be termed T2.
[0013] The first motor may be a variable displacement
hydrostatic motor in fluid communication with a hydro-
static pump, preferably a variable displacement hydro-
static pump. Typically, the hydrostatic pump is drivingly
engaged with a power source such as an internal com-
bustion engine (ICE) or an electric engine. The first motor
may be a hydraulic axial piston motor or a hydraulic radial
piston motor or any other kind of variable displacement
hydrostatic motor known in the art. Likewise, the hydro-
static pump may be a hydraulic axial piston pump or a
hydraulic radial piston pump or any other kind of variable
displacement hydrostatic pump known in the art. In a
further embodiment of the proposed method, the syn-
chronizing includes at least one of changing the hydraulic
displacement of the first motor and changing the hydrau-
lic displacement of the hydrostatic pump. Changing the
hydraulic displacement of the first motor may include at
least one of increasing and decreasing the hydraulic dis-
placement of the first motor. Likewise, changing the hy-
draulic displacement of the hydrostatic pump may include
at least one of increasing and decreasing the hydraulic
displacement of the hydrostatic pump.
[0014] Typically, the synchronizing includes increas-
ing the hydraulic displacement of the first motor in order
to accelerate the first motor to the engagement speed.
The hydraulic displacement of the first motor may be in-
creased once the synchronization process is initiated, for
example at T1. Like the first motor, the second motor
may be configured as a hydrostatic motor in fluid com-
munication with the hydrostatic pump. In this case,
changing the hydraulic displacement of the first motor
usually influences the fluid pressure in the second motor.
This may cause variations in the torque transferred to
the output shaft through the second motor and result in
an undesired acceleration of the output shaft or in unde-
sired jerks.
[0015] The synchronizing may therefore include in-
creasing the hydraulic displacement of the first motor and
increasing the hydraulic displacement of the hydrostatic
pump, preferably simultaneously. For example, as the
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hydraulic displacement of the first motor is increased dur-
ing the synchronization process, the hydraulic displace-
ment of the hydrostatic pump may simultaneously be in-
creased such that the flow rate of a hydraulic liquid flow-
ing through the second hydrostatic motor remains con-
stant or substantially constant. This may be achieved by
increasing the hydraulic displacement of the hydrostatic
pump based on the rotational speed of the hydrostatic
pump.
[0016] In particular, the displacement of the hydrostatic
pump may be increased such that this increase is a de-
creasing function of the current rotational speed of the
hydrostatic pump. The rotational speed of the hydrostatic
pump can usually be regulated via an actuator configured
to regulate the output torque or the output speed of the
power source. This actuator may be an accelerator pedal,
for example. Thus, the increase in the hydraulic displace-
ment of the hydrostatic pump determined by the synchro-
nization algorithm to counter the pressure drop in the
second hydrostatic motor is preferably a decreasing func-
tion of the actuator displacement (e. g. accelerator pedal
percentage).
[0017] In a further embodiment of the proposed meth-
od, the tuning of the rotational speed of the first motor to
the engagement speed includes applying a proportional-
integral (PI) controller. For example, the engagement
speed of the first motor may be used as the desired value
of the PI controller and the displacement of the first motor
may be used as the control variable of the PI controller.
Preferably, the PI controller has an anti wind-up function-
ality. That is, tuning the rotational speed of the first motor
to the engagement speed may include keeping the hy-
draulic displacement of the first motor below an upper
bound or not increasing the hydraulic displacement of
the first motor beyond the upper bound. This upper bound
may be determined based on the rotational speed of the
first motor or on the engagement speed. The synchroni-
zation parameters which the synchronization algorithm
may use as inputs may include a rate at which the hy-
draulic displacement of the first motor or the hydraulic
displacement of the hydrostatic pump is changed. Also,
the synchronization parameters may include the upper
bound of the hydraulic displacement of the first motor
used by the PI controller.
[0018] In a further embodiment of the proposed meth-
od, reducing the output torque of the first motor once the
first motor and the output shaft have been synchronized
includes at least one of reducing the hydraulic displace-
ment of the first motor and reducing the hydraulic dis-
placement of the hydrostatic pump. Again, reducing the
hydraulic displacement of the first motor and reducing
the hydraulic displacement of the hydrostatic pump may
be carried out simultaneously. For example, as the hy-
draulic displacement of the first motor is reduced, the
hydraulic displacement of the hydrostatic pump may si-
multaneously be adjusted or reduced such that the flow
rate of a hydraulic liquid flowing through the second hy-
drostatic motor remains constant or substantially con-

stant in order to avoid undesirable jerks. Preferably, the
hydraulic displacement of the first motor is reduced at
least by 50 percent with respect to a reference hydraulic
displacement of the first motor at the end of the synchro-
nization process, i. e. at T2. Preferably, the hydraulic dis-
placement of the first motor is reduced to zero. Prefera-
bly, the hydraulic displacement of the hydrostatic pump
is reduced to a reference displacement of the hydrostatic
pump at the point in time at which the synchronization
process was initiated, for example at T1. Preferably, the
hydraulic displacement of the first motor and the hydrau-
lic displacement of the hydrostatic pump are reduced
such that they reach their respective reference values at
the same time, for example at a point in time T3.
[0019] A point in time at which the clutching device
drivingly engages the first motor with the output shaft for
the first time after the synchronizing has been completed
may be termed T4. Typically, at least one of the following
relations holds: T1 < T2; T2 < T3; T3 < T4. Increasing
the output torque of the first motor once the clutching
device has drivingly engaged the first motor with the out-
put shaft may include increasing the hydraulic displace-
ment of the first motor.
[0020] A further embodiment of the proposed method
aims at gradually improving the synchronization process
over a number of iterations of the synchronization proc-
ess. Specifically, this embodiment includes the additional
steps of detecting an acceleration of the output shaft
and/or detecting an acceleration .of the vehicle during
the synchronization process. If the detected acceleration
exceeds a threshold output shaft acceleration or a thresh-
old vehicle acceleration, the value or values of at least
one of the following synchronization parameters used as
input or inputs for the synchronization algorithm may be
altered:

the maximum synchronization duration;
the upper bound of the hydraulic displacement of the
first motor;
the rate of changing the hydraulic displacement of
the first motor during the synchronization process;
and
the rate of changing the hydraulic displacement of
the hydrostatic pump during the synchronization
process.

[0021] Preferably, these input values are modified after
the current synchronization process has been completed
and before a subsequent run of the synchronization al-
gorithm is initiated.
[0022] In this embodiment, at least one of the above
mentioned synchronization parameters or parameter val-
ues is modified in such a way that the output shaft accel-
eration does not exceed the threshold output shaft ac-
celeration in the subsequent run of the synchronization
algorithm, and/or that the vehicle acceleration does not
exceed the threshold vehicle acceleration in the subse-
quent run of the synchronization algorithm. The threshold
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output shaft acceleration may be 0 s-2. Additionally or
alternatively, the threshold vehicle acceleration may be
zero m/s2. In other words, preferably at least one of the
synchronization parameters or synchronization parame-
ter values is modified in such a way that, in the subse-
quent run of the synchronization algorithm, the output
shaft/vehicle is continuously and smoothly decelerated
during the synchronization process. A positive acceler-
ation during the synchronization process could be per-
ceived as an undesirable jerk of the drive unit or the ve-
hicle.
[0023] It is pointed out that, unless stated to the con-
trary, the proposed method may comprise arbitrary com-
binations of features and method steps of the different
embodiments described above.
[0024] The invention further provides a dual motor hy-
drostatic drive unit, said drive unit being adapted to carry
out the previously described method. The drive unit com-
prises at least:

an output shaft;
a first hydrostatic motor;
a clutching device adapted to selectively drivingly
engage the first motor with the output shaft;
a second motor drivingly engaged or selectively driv-
ingly engaged with the output shaft;
a first speed sensor for measuring a rotational speed
of the first motor;
a second speed sensor for measuring a rotational
speed of the output shaft; and
a control unit;
wherein the control unit is adapted to control the
clutching device;
wherein the control unit is adapted to control the ro-
tational speed of the first motor and to synchronize
the rotational speed of the first motor with the rota-
tional speed of the output shaft;
wherein the control unit is adapted reduce an output
torque of the first motor when or once the first motor
and the output shaft are synchronized; and
wherein the control unit is adapted to increase the
output torque of the first motor when or once the
clutching device drivingly engages the first motor
with the output shaft.

[0025] Controlling the clutching device may include ac-
tuating the clutching device such as to at least one of
engage the first motor with the output shaft and disen-
gage the first motor from the output shaft. Controlling the
rotational speed of the first motor may include at least
one of increasing the speed of the first motor, decreasing
the speed of the first motor, and keeping the speed of
the first motor constant.
[0026] In an embodiment of the proposed dual motor
drive unit, the first motor is configured as or includes a
variable displacement hydrostatic motor and the hydro-
static pump is configured as or includes a variable dis-
placement hydrostatic pump. The control unit may then

be adapted to control the hydraulic displacement of the
first motor and to control the hydraulic displacement of
the hydrostatic pump. Controlling the hydraulic displace-
ment of the first motor/of the pump may include at least
one of increasing the displacement, decreasing/reducing
the displacement, and keeping the displacement con-
stant. In particular, the control unit may be adapted to
carry out the above described method of drivingly engag-
ing the first motor with the output shaft. That is, the control
unit may be adapted to run the above described synchro-
nization algorithm and to control at least one of the hy-
drostatic pump, the first hydrostatic motor and the clutch-
ing device according to the control algorithm.
[0027] In a further embodiment, the proposed dual mo-
tor hydrostatic drive unit further includes:

a hydraulic accumulator assembly comprising a high
pressure hydraulic accumulator and a low pressure
hydraulic accumulator; and
at least one accumulator valve adapted to selectively
fluidly connect the hydraulic accumulator assembly
to at least one of the first motor, the second motor
and the hydrostatic pump;
wherein the control unit is adapted to control the ac-
cumulator valve for regulating the hydrostatic pres-
sure in the hydrostatic circuit comprising at least one
of the first motor, the second motor and the hydro-
static pump.

[0028] Regulating the hydrostatic pressure in the hy-
drostatic circuit may include at least one of increasing
the hydrostatic pressure, decreasing or reducing the hy-
drostatic pressure, or keeping the hydrostatic pressure
constant.
[0029] In a further embodiment, the control unit may
be adapted to control the at least one accumulator valve
such that the hydrostatic energy stored in the accumu-
lator assembly is used or is additionally used for synchro-
nizing the rotational speed of the first motor with the ro-
tational speed of the output shaft. The control unit may
be adapted to control the accumulator valve such that
the hydrostatic energy stored in the accumulator assem-
bly is used or is additionally used for tuning the rotational
speed of the first motor to the engagement speed as de-
scribed above. For example, the PI controller described
above may use or may additionally use a control state of
the accumulator valve as a control variable.
[0030] In a further embodiment, the control unit may
be adapted to control the at least one accumulator valve
such that, when the rotational speed of the first motor
and the rotational speed of the output shaft are synchro-
nized, the hydrostatic energy stored in the accumulator
assembly is used or is additionally used for reducing the
output torque of the first motor, typically by reducing the
hydrostatic pressure in the first motor.
[0031] In a further embodiment, the control unit may
be adapted to control the at least one accumulator valve
such that, when or once the clutching device drivingly
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engages the first motor with the output shaft, the hydro-
static energy stored in the accumulator assembly is used
or is additionally used for increasing the output torque of
the first motor, typically by increasing the hydrostatic
pressure in the first motor.
[0032] The control unit may comprise a programmable
processor, microcontroller or FPGA. The control unit may
be electronically connected to at least one of the first
motor, the second motor, the hydrostatic pump, the first
speed sensor, the second speed sensor and the accu-
mulator valve. Controlling any of these components or
devices using the control unit may include sending an
electronic control signal.
[0033] The invention further provides a vehicle com-
prising the above described dual motor hydrostatic drive
unit. The vehicle may be an off-highway vehicle, for ex-
ample an agricultural vehicle or an industrial vehicle. In
particular, the vehicle may be a tractor, a harvester, a
wheel loader, a dumper, a crawler, or the like.
[0034] The above, as well as other advantages of the
present invention will become readily apparent to those
skilled in the art from the following detailed description
when considered in the light of the accompanying draw-
ings in which:

Fig. 1 shows a schematic illustration of a dual mo-
tor drive unit according to a first embodiment
of the invention;

Fig. 2 shows a flow diagram including method
steps according to an embodiment of the
present invention;

Fig. 3a-g shows time sequences of different method
parameter values;

Fig. 4 shows a schematic illustration of a PI con-
troller according to an embodiment of the
invention;

Fig. 5 shows a time sequence of a vehicle driven
by the dual motor drive unit according to an
embodiment of the invention; and

Fig. 6 shows a schematic illustration the dual mo-
tor drive unit according to a second embod-
iment of the invention.

[0035] Fig. 1 shows an embodiment of a dual motor
hydrostatic transmission drive unit 1 according to the
present invention. Here and in the following, recurring
features are designated with the same reference signs.
The dual motor drive unit 1 is disposed in a vehicle, e. g.
a wheel loader (not shown), and comprises: a power
source 2 drivingly engaged with a reversible variable dis-
placement hydrostatic pump 3, a first reversible variable
displacement hydrostatic motor 4 drivingly engaged with
a first shaft 5, a first speed sensor 6 adapted to measure

a rotational speed of the first motor 4, a second reversible
variable displacement hydrostatic motor 7 drivingly en-
gaged with a second shaft 8, a hydraulic clutching device
9 drivingly engaged with the first shaft 5 through gears
10, 11, 23 and adapted to selectively drivingly engage
the first motor 4 with the second shaft 8 through corre-
sponding clutch plates, a hydraulic valve 12 for regulating
a hydrostatic pressure in a clutch chamber of the clutch-
ing device 9, a hydraulic pressure sensor 13 for detecting
a hydrostatic pressure in the clutch chamber, an output
shaft 14 drivingly engaged with the second shaft 8
through gears 15, 16, a second speed sensor 17 adapted
to measure a rotational speed of the output shaft 14, an
accelerator pedal 18 adapted to regulate an output torque
and a rotational speed of the power source 2, and an
electronic control unit 19 comprising a programmable mi-
croprocessor. The control unit 19 is electrically connect-
ed at least to the pump 3, the motors 4, 7, the speed
sensors 6, 17, the hydraulic valve 12, the pressure sensor
13 and the accelerator pedal 18. Only for the sake of
clarity, these electric connections are not explicitly shown
in Fig. 1. The output shaft 14 is drivingly engaged or driv-
ingly engageable with at least one axle of the vehicle (not
shown). The shafts 5, 8, 14, the gears 10, 11, 15, 16, 23,
and the clutching device 9 are disposed in a gearbox 24.
[0036] The power source 2 is an internal combustion
engine (ICE). The hydrostatic pump 3 is a hydraulic axial
piston pump with a movable swashplate 20. The first mo-
tors 4, 7 are configured as reversible hydraulic axial pis-
ton motors including movable swashplates 21, 22, re-
spectively. In alternative embodiments, the pump 3 and
the motors 4, 7 may be any other type of variable dis-
placement hydrostatic pump/motor known in the art. The
hydrostatic motors 4, 7 are in parallel fluid communication
with the hydrostatic pump 3. That is, a first fluid port 3a
of the hydrostatic pump 3 is fluidly connected to first fluid
ports 4a, 7a of the motors 4, 7 and a second fluid port 3b
of the hydrostatic pump 3 is fluidly connected to second
fluid ports 4b, 7b of the motors 4, 7, respectively. The
control unit 19 is adapted to control the hydraulic dis-
placement of the pump 3 and of the motors 4, 7 wherein
controlling the hydraulic displacement may include mov-
ing the swashplates 10, 21, 22, respectively.
[0037] The control unit 19 is further adapted to control
the hydraulic valve 12. Controlling the hydraulic valve 12
includes switching the hydraulic valve 12 between a
number of continuous or discrete control states, e. g. via
corresponding electric signals. The control unit 19 is thus
adapted to cause the clutching device 9 to drivingly en-
gage the first motor 4 with the output shaft 14 and to
disengage the first motor 4 from the output shaft 14 by
controlling the hydraulic valve 12. The speed sensors 6,
17 are adapted to send electric speed signals indicating
a rotational speed of the first motor 4 and of the output
shaft 17 to the control unit 19, respectively. The control
unit 19 is adapted to receive these speed signals. The
pressure sensor 13 is adapted to send an electric signal
indicating the hydraulic pressure in the clutch chamber
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to the control unit 19. The accelerator pedal 18 may be
actuated by an operator of the vehicle. The accelerator
pedal 18 is adapted to send an electric acceleration or
deceleration input signal indicating a pedal position, e.
g. a pedal percentage, to the control unit 19. The control
unit 19 is configured to receive the electric signals from
the pressure sensor 13 and from the accelerator pedal
18.
[0038] An embodiment of a method of drivingly engag-
ing the first motor 4 with the output shaft 14 which may
be carried out using the dual motor drive unit 1 of Fig. 1
is explained with respect to Figs. 2 to 5. Fig. 2 schemat-
ically shows a flow diagram including steps of the pro-
posed method. Figs. 3a-g show time sequences of dif-
ferent method parameter values.
[0039] Fig. 3a shows a time sequence of the value of
a shift request variable 25. The shift request variable is
set to "1" while a down shift is requested and to "0" oth-
erwise.
[0040] Fig. 3b shows a time sequence of the value of
a sync variable 26 indicating a state of the synchroniza-
tion algorithm. The sync variable is set to "1" while the
synchronization algorithm is being executed and to "0"
otherwise.
[0041] Fig. 3c shows a time sequence of the value of
a valve state variable 27. The valve state variable is set
to "1" while the hydraulic valve 12 is switched to a position
in which it influences the hydraulic pressure in the clutch
chamber in such a way that it causes the hydraulic clutch-
ing device 9 to engage the first motor 4 with the output
shaft 14. Otherwise the valve state variable is set to "0".
[0042] Fig. 3d shows a time sequence of the value of
a clutch state variable 28. The clutch state variable is set
to "1" while the pressure sensor 13 indicates that the
clutching device 9 drivingly engages the first motor 4 with
the output shaft 14, for example when the pressure sen-
sor 13 indicates that the hydrostatic pressure in the clutch
chamber exceeds a threshold pressure. Otherwise the
clutch state variable is set to "0".
[0043] Fig. 3e shows a time sequence of the hydraulic
displacement 29 of the hydrostatic pump 3.
[0044] Fig. 3f shows a time sequence of the hydraulic
displacement 30 of the first motor 4.
[0045] Fig. 3g shows a time sequence of the value of
the engagement speed 31 of the first motor 4. Fig. 3g
further shows a time sequence of the rotational speed
32 of the first motor 4 measured by the first speed sensor
6.
[0046] The method whose steps are schematically de-
picted in Fig. 2 is initiated or carried out while the power
source 2 drives the output shaft 14 via the hydrostatic
pump 3 and via the second hydrostatic motor 7, thereby
causing the vehicle to move at a vehicle speed vvehicle.
When the method is initiated, the first hydrostatic motor
4 is not drivingly engaged with the output shaft 14. Typ-
ically, the method is initiated or performed while the ve-
hicle is decelerating.
[0047] In the flow diagram of Fig. 2, a first step 40 of

the proposed method of drivingly engaging the first motor
4 with the output shaft 14 includes detecting the current
vehicle speed vvehicle and detecting a position or a
percentage of the accelerator pedal 18. The vehicle
speed vvehicle is detected based on a speed signal from
the second speed sensor 17. In a further step 41 which
is executed at a point in time T0 (see Fig. 3), the control
unit 19 determines a threshold vehicle speed vth. vth is
the vehicle speed at which the first motor 4 is to be
engaged with the output shaft 14. The control unit 19
determines or computes vth based on the current vehicle
speed vvehicle and based on the position or percentage
of the accelerator pedal 18. In a further step 42, the
control unit 19 compares the measured or detected
vehicle speed vvehicle with the threshold vehicle speed
vth. As long as the current vehicle speed vvehicle exceeds
the threshold vehicle speed vth, that is as long as vvehicle
> vth, the steps 40, 41, 42 are repeated.
[0048] Once the current vehicle speed vvehicle is equal
to or falls below the threshold vehicle speed, that is once
vvehicle ≤ vth, the method proceeds to step 43 which is
executed at a point in time T1 (see Fig. 3). Step 43 marks
the beginning of the synchronization process aimed at
synchronizing the rotational speed of the first motor 4
with the rotational speed of the output shaft 14. In step
43, the control unit 19 sets the value of the shift request
variable (Fig. 3a) to "1", thereby indicating that the first
motor 4 is to be engaged with the output shaft 14 using
the hydraulic clutching device 9. The beginning of the
synchronization process at time T1 is further character-
ized by the control unit 19 setting the value of the sync
variable to "1" (see Fig. 3b).
[0049] Step 43 further includes the control unit 19 ac-
tuating the clutching device 9 by switching the hydraulic
valve 12 to a state in which the hydraulic valve 12 causes
the hydrostatic pressure in the clutch chamber to in-
crease, thereby gradually causing the plates of the
clutching device 9 to engage with the corresponding
plates fixed to the shaft 8. The switching of the hydraulic
valve 12 is indicated by the control unit 19 setting the
value of the valve state variable to "1" at T1 (Fig. 3c).
[0050] Step 43 further includes the control unit 19 de-
termining or computing the engagement speed of the first
motor 4 and setting the value of the engagement speed
from its initial value 0 s-1 to the computed value, as indi-
cated by the step in the time sequence 31 at time T1 (Fig.
3g). The computed value of the engagement speed 31
of the first motor 4 is the rotational speed which the first
motor 4 must preferably reach before or right before the
clutching device 9 drivingly engages the first motor 4 with
the output shaft 14. The control unit 19 determines the
engagement speed of the first motor 4 based on the pre-
viously computed value of the vehicle threshold speed
vth and based on a gear ratio between the output shaft
14 and the first motor 4. For example, the engagement
speed may be the rotational speed of the output shaft 14
corresponding to the threshold vehicle speed vth multi-
plied by the gear ratio between the first motor 4 and the
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output shaft 14. Engaging the first motor 4 with the output
shaft 14 when the rotational speed of the first motor 4 is
close to the engagement speed limits an acceleration of
the first motor 4 during the engagement process and min-
imizes an undesirable jerk which the engagement proc-
ess may entail. In an alternative embodiment of the pro-
posed method, the control unit 19 may compute the en-
gagement speed or target speed of the first motor 4 al-
ready at the point in time T0, that is once the threshold
vehicle speed vth has been determined.
[0051] In order to tune the rotational speed of the first
motor 4 to the engagement speed, starting at time T1 the
synchronization process includes the control unit 19 in-
creasing the hydraulic displacement 30 of the first motor
4 (Fig. 3f). This increase in the hydraulic displacement
30 of the first motor 4 is followed by a subsequent in-
crease in the measured rotational speed 32 of the first
motor 4 (see Fig. 3g).
[0052] More specifically, the control unit 19 tunes the
rotational speed 32 of the first motor 4 to the engagement
speed by applying a proportional integral (PI) controller
33, as shown in Fig. 4. The PI controller 33 may be part
of the control unit 19. The PI controller 33 uses the pre-
viously calculated engagement or target speed 31 of the
first motor 4 and the measured rotational speed 32 of the
first motor 4 as inputs. In step 44 of the proposed method
(Fig. 2), a comparator 34 (Fig. 4) computes a difference
or error between the measured rotational speed 32 of
the first motor 4 and the engagement speed 31. In step
45 (Fig. 2), a regulator 35 (Fig. 4) determines a target
hydraulic displacement 30 of the first motor 4 based on
the current error (proportional term) and based on the
accumulated error (integral term).
[0053] In step 46 (Fig. 2), an actuator 36 (Fig. 4) moves
the swashplate 21 of the first motor 4 (Fig. 1) for setting
the hydraulic displacement 30 of the first motor 4 to the
target hydraulic displacement. During the synchroniza-
tion process, setting the hydraulic displacement 30 of the
first motor 4 to the target displacement typically includes
increasing the hydraulic displacement 30 of the first mo-
tor 4, preferably monotonically.
[0054] In other words, the PI controller 33 uses the
hydraulic displacement 30 of the first motor 4 as the con-
trol variable. The PI controller 33 further includes an anti
windup functionality. That is, the PI controller 33 is adapt-
ed not to increase the hydraulic displacement 30 of the
first motor 4 beyond an upper bound 37 during the syn-
chronization process. Additionally or alternatively, the PI
controller 33 is adapted not to decrease the hydraulic
displacement 30 of the first motor 4 below a lower bound
38 during the synchronization process. The control unit
19 is adapted to determine the value of the upper bound
37 based on the current rotational speed 32 of the first
motor 4. Preferably, the value of the upper bound 37 is
a decreasing function of the current rotational speed 32
of the first motor 4. For example, if the current rotational
speed 32 of the first motor 4 is below a first (low) threshold
speed, the upper bound 37 may be set to the maximum

displacement of the first motor 4. However, if the current
rotational speed 32 of the first motor 4 is above a second
(high) threshold speed, the value of the upper bound 37
may be set to a lower displacement value, for example
to a displacement value which is at most 90 percent, at
most 80 percent or at most 70 percent of the maximum
hydraulic displacement of the first motor 4. Limiting the
hydraulic displacement 30 of the first motor 4 during the
synchronization process may prevent the first motor 4
from overspeeding which may be caused, for example,
by sudden system pressure changes.
[0055] Since the motors 4, 7 and the hydrostatic pump
3 are arranged in a closed hydraulic circuit, increasing
the hydraulic displacement 30 of the first motor 4 typically
causes a drop in hydraulic pressure in the second motor
7 and a drop in output torque provided by the second
motor 7. The operator of the vehicle may perceive this
pressure drop as an unexpected and undesired sudden
deceleration of the vehicle.
[0056] In order to compensate this pressure drop in
the second motor 7, step 46 includes the control unit 19
adjusting- here: monotonically increasing - the hydraulic
displacement 29 of the hydrostatic pump 3 (Fig. 3e). The
control unit 19 increases or adjusts the hydraulic dis-
placement 29 of the hydrostatic pump 3 in such a way
that a flow rate QM2 of a hydraulic fluid flowing through
the second motor 7 stays constant or substantially con-
stant during the synchronization process. This may be
achieved by adjusting the flow rate Qp of the hydraulic
fluid flowing through the hydrostatic pump 3 in such a
way that it matches or substantially matches the sum of
the (preferably constant) flow rate QM2 of the hydraulic
liquid flowing through the second motor 7 and of the (in-
creasing) flow rate QM1 of the hydraulic liquid flowing
through the first motor 4: Qp = QM1+ QM2. In other words,
the synchronization process may include the control unit
19 continuously increasing the flow rate Qp by an amount
which matches the increasing flow rate QM1 of the first
motor 4. The individual flow rates may be calculated using
the relation Qi=Vi·ωiηi, where the index i stands for either
one of p, M1 and M2 (Qi: flow rate measured in m3·s-1;
Vi: hydraulic displacement measured in m3; ωi: angular
velocity measured in s-1; ηi: efficiency (dimensionless)).
[0057] In order to provide a constant or substantially
constant torque at the output of the second motor 7 during
the synchronization process, the control unit 19 increas-
es or adjusts the hydraulic displacement of the hydro-
static pump 3 based on at least one of a rotational speed
of the hydrostatic pump 3 and the position or percentage
of the accelerator pedal 18. During the synchronization
process the total hydraulic displacement Vp,total of the

hydrostatic pump 3 can be expressed as the sum of the
hydraulic displacement Vp,standard of a standard hydro-

static transmission (including a hydrostatic pump in fluid
communication with a single hydrostatic motor) and of
an additional synchronization specific compensation
term Vp,comp: Vp,total= Vp,standard + Vp,comp. Here, the con-
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trol unit 19 controls the hydraulic displacement 29 of the
pump 3 such that Vp,standard is a monotonically increasing

function of the rotational speed ωp of the hydrostatic

pump 3. Usually, Vp,standard depends non-linearly on ωp.

For example, Vp,standard may include a term which is pro-

portional to 

[0058] Furthermore, the control unit 19 controls the hy-
draulic displacement 29 of the pump 3 such that Vp,comp
is a decreasing function of the rotational speed of the
hydrostatic pump 3. For example, Vp,comp may be of the
following form: Vp,comp (ωp) = a - b·ωp, where "a" and "b"
are positive real numbers. Additionally or alternatively,
Vp,comp may be configured as a decreasing function of
the position or percentage of the accelerator pedal 18.
Usually, Vp,comp is equal to or approximately equal to 0
m3 when the accelerator pedal 18 is fully pressed (100
percent accelerator pedal).
[0059] The steps 44, 45, 46 are continuously repeated
until the measured rotational speed 32 of the first motor
4 and the rotational speed of the output shaft 14 are syn-
chronized. The rotational speed 32 of the first motor 4
and the rotational speed of the output shaft 14 are re-
garded as being synchronized if or as soon as one of the
following conditions is met: a) an absolute value of a dif-
ference between the rotational speed 32 of the first motor
4 and the engagement speed 31 is smaller than five per-
cent of the engagement speed 31, or b) a duration of the
synchronization process exceeds 500 ms.
[0060] Once the rotational speed 32 of the first motor
4 and the rotational speed of the output shaft 14 are syn-
chronized, the method proceeds to step 47 (Fig. 2). Step
47 is executed at a point in time T2 and marks the end
of the synchronization process (Fig. 3). That is, the con-
trol unit 19 initiates the synchronization process at the
point in time T1 and terminates the synchronization proc-
ess at the point in time T2. In step 47, the control unit 19
resets the values of the sync variable 26 and of the en-
gagement speed 31 to their initial values "0" and 0 s-1,
respectively, to indicate the end of the synchronization
process (Figs. 3b and 3g).
[0061] Step 47 further includes the control unit 19 re-
ducing the output torque of the first motor 4 in order to
reduce a torque transfer from the first motor 4 to the out-
put shaft 14 during the subsequent engagement process.
Reducing the output torque in step 47 includes reducing
the hydraulic displacement 30 of the first motor 4 to ap-
proximately 0 m3 and, simultaneously, reducing the hy-
draulic displacement 29 of the hydrostatic pump 3 to its
initial value, that is to its value at time T1. Due to the
reduction of the hydraulic displacement 29 of the hydro-
static pump 3 and due to the reduction of the hydraulic
displacement 30 of the first motor 4, the rotational speed
32 of the first motor 4 may slightly decrease (Fig. 3g).
The process of reducing the hydraulic displacement 29
of the hydrostatic pump 3 and of reducing the hydraulic
displacement 30 of the first motor 4 is completed at a

point in time T3 (Figs. 3e and 4f). From T3 onward, the
control unit 19 leaves the hydraulic displacement 29 of
the hydrostatic pump 3 unchanged.
[0062] At time the point in time T3 the method proceeds
to step 48. In step 48, the hydraulic pressure sensor 13
measures a hydraulic pressure in the clutch chamber of
the clutching device 9 and sends an electric pressure
signal indicating the measured pressure value to the con-
trol unit 19. In step 49, the control unit 19 compares the
measured pressure value with a threshold pressure val-
ue. Steps 48, 49 are continuously repeated until the
measured pressure value exceeds the threshold pres-
sure value. The measured pressure value exceeding the
threshold pressure value is indicative of the clutching de-
vice 9 drivingly engaging the first motor 4 with the output
shaft 14.
[0063] As soon as the first motor 4 and the output shaft
14 are drivingly engaged at a point in time T4, the method
proceeds to step 50. In step 50, the control unit 19 sets
the clutch state variable 28 to "1" (Fig. 3d) and increases
the output torque of the first motor 4 by increasing the
hydraulic displacement 30 of the first motor 4 (Fig. 3f).
When the hydraulic displacement 30 of the first motor 4
is increased from T4 onward, the control unit 19 leaves
the hydraulic displacement 29 of the hydrostatic pump 3
unchanged at its initial value. Increasing the hydraulic
displacement 30 of the first motor 4 from T4 onward may
result in an increase in the rotational speed 32 of the first
motor (Fig. 3g).
[0064] In order to optimize the synchronization process
over a number of iterations of the synchronization proc-
ess, the synchronization process may include further
steps aimed at smoothening the deceleration of the ro-
tation of the output shaft 14 and/or of the vehicle during
the synchronization process. To this end, the synchroni-
zation process includes the second speed sensor 17 con-
tinuously measuring the rotational speed of the output
shaft 14 and sending electric signals indicating the meas-
ured speed values to the control unit 19.
[0065] Fig. 5a illustrates a first time sequence 60 of the
vehicle speed vvehicle measured during a first synchroni-
zation process. Fig. 5b illustrates a corresponding first
time sequence 70 of the vehicle acceleration computed
by the control unit 19 using the first vehicle speed curve
60. Thus, the first vehicle acceleration curve 70 in Fig.
5b is the first time derivative of the first vehicle speed
curve 60 in Fig. 5a. The first synchronization process is
carried out using a first set of synchronization parameter
values as inputs, such as: Tsync,max=300 ms (Tsync,max:
maximum synchronization duration); VM1,upper bound=
0,9·VM1,max (VM1,upper bound: upper bound 37 of the hy-
draulic displacement of the first motor 4, VM1,max: maxi-
mum hydraulic displacement of the first motor 4);
dVM1/dt= VM1,max/50 ms (dVM1/dt: rate of changing the
hydraulic displacement of the first motor 4 during the syn-
chronization process); and dVp/dt= Vp,max/50 ms (dVp/dt:
rate of changing the hydraulic displacement of the hy-
drostatic pump 3 during the synchronization process). It
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is understood that these values are mere examples. In
alternative embodiments, different synchronization pa-
rameter values may be used.
[0066] The first curves 60, 70 may be subdivided into
three consecutive sections 60a, 60b, 60c and 70a, 70b,
70c corresponding to a monotonically decreasing, a mo-
notonically increasing and a monotonically decreasing
vehicle speed vvehicle during the first synchronization
process, respectively. The operator of the vehicle may
perceive this alternating negative and positive vehicle
acceleration illustrated by the first curves 60, 70 in Fig.
5 as an uncomfortable jerk. This undesirable vehicle be-
havior may the result of a non-optimal choice of one or
several of the first set of synchronization parameter val-
ues. This non-optimal choice may be caused by a change
in temperature or by mechanical wear of the components
of the dual motor drive unit 1.
[0067] The control unit 19 compares the acceleration
values of the first vehicle acceleration curve 70 with a
threshold vehicle acceleration. In Fig. 5b this threshold
vehicle acceleration is 0 m/s2. The control unit 19 detects
that the acceleration values of subsection 70b of the first
vehicle acceleration curve 70 exceed the threshold ac-
celeration of 0 m/s2. Therefore, after the first synchroni-
zation process has been completed at time T2, the control
unit 19 changes or adjusts at least one of the above men-
tioned synchronization parameter values. Specifically,
the control unit 19 increases the maximum synchroniza-
tion duration Tsync,max; the control unit 19 decreases the
upper bound VM1,upper bound of the hydraulic displace-
ment of the first motor 4 during the synchronization proc-
ess; the control unit 19 increases the rate dVM1/dt of
changing the hydraulic displacement 30 of the first motor
4 during the synchronization process; and the control unit
19 increases the rate dVp/dt of changing the hydraulic
displacement 29 of the hydrostatic pump 3 during the
synchronization process. These changed values consti-
tute a second set of synchronization parameter values.
[0068] A subsequent second synchronization process
carried out by the control unit 19 one minute or several
minutes after the first synchronization process uses this
second set of synchronization parameter values as in-
puts. Fig. 5a illustrates a second time sequence 61 of
the vehicle speed vvehicle measured during the second
synchronization process. Fig. 5b illustrates a corre-
sponding second time sequence 71 of the vehicle accel-
eration computed by the control unit 19 using the second
vehicle speed curve 61. The second vehicle acceleration
curve 71 in Fig. 5b is the first time derivative of the second
vehicle speed curve 61 in Fig. 5a. Clearly, the second
vehicle speed curve 61 measured during the second syn-
chronization process features a monotonically decreas-
ing vehicle speed vvehicle. The corresponding second ve-
hicle acceleration curve 71 does not exceed the threshold
vehicle acceleration of 0 m/s2. Due to the adjustment of
the synchronization parameter values the mechanical
jerk observed during the first synchronization process is
no longer present in the second synchronization process.

[0069] Fig. 6 shows a schematic illustration of a dual
motor drive unit 100 according an embodiment of the
invention. The dual motor drive unit 100 of Fig. 6 includes
all features of the dual motor drive unit 1 of Fig. 1; only
for matters of clarity, not all features are designated with
reference signs in Fig. 6. The dual motor drive unit 100
of Fig. 6 differs from the dual motor drive unit 1 of Fig. 1
in that the dual motor drive unit 100 additionally includes
a hydraulic accumulator assembly 80 comprising at least
one high pressure hydraulic accumulator 81, at least one
low pressure accumulator 82 and at least one accumu-
lator valve 83. The high pressure accumulator 81 and
the low pressure accumulator 82 are configured as hol-
low vessels. A quantity of gas within the high pressure
accumulator 81 is compressed when hydraulic fluid en-
ters the high pressure accumulator 81. Analogously, a
quantity of gas within the low pressure accumulator 82
is compressed when hydraulic fluid enters the low pres-
sure accumulator 82. Usually, a hydraulic pressure in the
high pressure accumulator 81 is higher than a hydraulic
pressure in the low pressure accumulator 82.
[0070] The accumulator valve 83 is adapted to selec-
tively fluidly connect the hydraulic accumulator assembly
80 to at least one of the hydrostatic pump 3, the first
hydrostatic motor 4 and the second hydrostatic motor 7.
The accumulator valve 83 is configured as a 4/3 way
valve having four fluid ports and three control states 83a-
c. When switched to the first control state 83a, the accu-
mulator valve 83 fluidly connects the high pressure ac-
cumulator 81 to the first fluid ports 3a, 4a, 7a of the hy-
drostatic pump 3, the first motor 4 and the second motor
7, respectively, and fluidly connects the low pressure ac-
cumulator 82 to the second fluid ports 3b, 4b, 7b of the
hydrostatic pump 3, the first motor 4 and the second mo-
tor 7, respectively. When switched to the second control
state 83b, the accumulator valve 83 fluidly disconnects
the high pressure accumulator 81 and the low pressure
accumulator 82 from the hydrostatic pump 3, the first
motor 4 and the second motor 7. When switched to the
third control state 83c, the accumulator valve 83 fluidly
connects the high pressure accumulator 81 to the second
fluid ports 3b, 4b, 7b of the hydrostatic pump 3, the first
motor 4 and the second motor 7, respectively, and fluidly
connects the low pressure accumulator 82 to the first
fluid ports 3a, 4a, 7a of the hydrostatic pump 3, the first
motor 4 and the second motor 7, respectively.
[0071] The accumulator valve 83 is electrically con-
nected to the control unit 19 (not shown). The control unit
19 is adapted to control the accumulator valve 83 using
an electric signal. Controlling the accumulator valve 83
includes switching the accumulator valve 83 to one of its
control states 83a-c. The control unit 19 is adapted to
control the accumulator valve 83 for regulating the hy-
drostatic pressure in the hydrostatic circuit comprising at
least one of the first motor 4, the second motor 7 and the
hydrostatic pump 3. Regulating the hydrostatic pressure
in the hydrostatic circuit may include at least one of in-
creasing the hydrostatic pressure, decreasing or reduc-
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ing the hydrostatic pressure, and keeping the hydrostatic
pressure constant.
[0072] For example, hydrostatic energy stored in the
hydraulic accumulator assembly 80 may be transferred
to the motors 4, 7 and converted to mechanical energy
by discharging the hydraulic accumulator assembly 80.
Discharging the hydraulic accumulator assembly 80 typ-
ically includes lowering the hydrostatic pressure in the
high pressure accumulator 81 and raising the hydrostatic
pressure in the low pressure accumulator 82. Discharg-
ing the hydraulic accumulator assembly 80 typically in-
cludes switching the accumulator valve 83 to the first
control state 83a. In the reverse direction, mechanical
energy provided by the hydrostatic pump 3 and/or the
motors 4, 7 may be converted to hydrostatic energy which
may be stored in the accumulators 81, 82, thereby charg-
ing the accumulator assembly 80. Charging the accumu-
lators 81, 82 typically includes raising the hydrostatic
pressure in the high pressure accumulator 81 and low-
ering the hydrostatic pressure in the low pressure accu-
mulator 82. Charging the hydraulic accumulator assem-
bly 80 typically includes switching the accumulator valve
83 to the third control state 83c.
[0073] Synchronizing the rotational speed of the first
motor 4 with the rotational speed of the output shaft 14
may include the control 19 unit controlling the accumu-
lator valve 83 such that the hydraulic pressure stored in
the accumulator assembly 80 is used for increasing the
hydraulic pressure in at least one of the first motor 4 and
the second motor 7, for example by switching the accu-
mulator valve 83 to the first control state 83a. For in-
stance, the hydraulic pressure in the first motor 4 may
be increased in order to tune the rotational speed of the
first motor 4 to the engagement speed 31. To that end,
the PI controller 33 described above may use or may
additionally use the control state of the accumulator valve
83 as a control variable. Additionally or alternatively, the
hydraulic pressure in the second motor 4 may be in-
creased in order to compensate or to partially compen-
sate for the pressure drop caused by the increase in the
hydraulic displacement 30 of the first motor 4.
[0074] Between the point in time T2, when the rotation-
al speed of the first motor 4 and the rotational speed of
the output shaft 14 are synchronized, and the point in
time T4, when the clutching device 9 drivingly engages
the first motor 4 with the output shaft 14, the control unit
19 may control the accumulator valve 83 such that the
hydrostatic energy stored in the accumulator assembly
80 is used or is additionally used for providing a constant
output torque at the second motor 7.
[0075] The control unit 19 is further adapted to control
the at least one accumulator valve 83 such that, when or
once the clutching device 9 drivingly engages the first
motor 4 with the output shaft 14 at time T4, the hydrostatic
energy stored in the accumulator assembly 80 is used
or is additionally used for increasing the output torque of
the first motor 4. To that end, the control unit 19 typically
switches the accumulator valve 83 to the first control state

83a in order to increase the hydrostatic pressure in the
first motor 4.

Claims

1. A method of drivingly engaging a first motor (4) of a
dual motor drive unit (1; 100) with an output shaft
(14) driven by a second motor (7) of the dual motor
drive unit (1; 100), the method comprising the steps
of:

actuating a clutching device (9) for drivingly en-
gaging the first motor (4) with the output shaft
(14);
synchronizing a rotational speed (32) of the first
motor (4) with a rotational speed of the output
shaft (14);
when the rotational speed (32) of the first motor
(4) and the rotational speed of the output shaft
(14) are synchronized, reducing an output
torque of the first motor (4); and
when the clutching device (9) drivingly engages
the first motor (4) with the output shaft (14), in-
creasing the output torque of the first motor (4).

2. The method according to claim 1, wherein the dual
motor drive unit (1; 100) is disposed in a vehicle and
wherein the actuating and the synchronizing are in-
itiated when a vehicle speed falls below a threshold
vehicle speed, wherein the threshold vehicle speed
is preferably determined based on a current vehicle
speed and on an acceleration or deceleration input
signal provided by an operator of the vehicle.

3. The method according to one of the preceding
claims, wherein the synchronizing includes deter-
mining an engagement speed (31) of the first motor
(4) and tuning the rotational speed (32) of the first
motor (4) to the engagement speed (31).

4. The method according to claim 3, wherein the rota-
tional speed (32) of the first motor (4) and the rota-
tional speed of the output shaft (14) being synchro-
nized includes one of:

the rotational speed (32) of the first motor (4)
matching the engagement speed (31); and
a synchronization duration exceeding a maxi-
mum synchronization duration.

5. The method according to one of the preceding
claims, wherein the first motor (4) is a variable dis-
placement hydrostatic motor in fluid communication
with a variable displacement hydrostatic pump (3),
wherein the synchronizing includes at least one of:

changing the hydraulic displacement (30) of the
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first motor (4); and
changing the hydraulic displacement (29) of the
hydrostatic pump (3).

6. The method according to claim 5, wherein the syn-
chronizing includes increasing the hydraulic dis-
placement (30) of the first motor (4) and increasing
the hydraulic displacement (29) of the hydrostatic
pump (3).

7. The method according to claim 6, wherein the hy-
draulic displacement (29) of the hydrostatic pump
(3) is increased based on a rotational speed of the
hydrostatic pump (3).

8. The method according to claim 7, wherein the in-
crease in the hydraulic displacement (29) of the hy-
drostatic pump (3) is a decreasing function of the
rotational speed of the hydrostatic pump (3).

9. The method according to one of claims 3 to 8, where-
in the tuning includes the step of:

applying a proportional-integral (PI) controller
(33) using the engagement speed (31) of the
first motor (4) as the desired value and using the
displacement (30) of the first motor (4) as the
control variable, the tuning preferably including
keeping the displacement (30) of the first motor
(4) below an upper bound (37) wherein the upper
bound (37) is determined based on the rotational
speed (32) of the first motor (4).

10. The method according to one of the preceding
claims, wherein the first motor (4) is a variable dis-
placement hydrostatic motor in fluid communication
with a variable displacement hydrostatic pump (3),
wherein the reducing of the output torque of the first
motor (4) includes at least one of:

reducing the hydraulic displacement (30) of the
first motor (4); and
reducing the hydraulic displacement (29) of the
hydrostatic pump (3); and wherein the increas-
ing of the output torque of the first motor (4) in-
cludes increasing the hydraulic displacement
(30) of the first motor (4).

11. The method according to one of the preceding
claims, further including the steps of:

detecting an acceleration of the vehicle during
the synchronizing; and,
if the detected acceleration of the vehicle ex-
ceeds a threshold acceleration, altering at least
one of the following synchronization parame-
ters:

a maximum synchronization duration;
an upper bound (37) of a hydraulic displace-
ment (30) of the first motor (4);
a rate of changing the hydraulic displace-
ment (30) of the first motor (4) during the
synchronization process; and
a rate of changing the hydraulic displace-
ment (29) of the hydrostatic pump (3) during
the synchronization process.

12. A dual motor drive unit (1; 100), comprising:

an output shaft (14);
a first motor (4);
a clutching device (9) adapted to selectively driv-
ingly engage the first motor (4) with the output
shaft (14);
a second motor (7) drivingly engaged with the
output shaft (14);
a first speed sensor (6) for measuring a rotation-
al speed (32) of the first motor (4);
a second speed sensor (17) for measuring a ro-
tational speed of the output shaft (14); and
a control unit (19);
wherein the control unit (19) is adapted to control
the clutching device (9);
wherein the control unit (19) is adapted to control
the rotational speed (32) of the first motor (4)
and to synchronize the rotational speed (32) of
the first motor (4) with the rotational speed of
the output shaft (14);
wherein the control unit (19) is adapted to de-
crease an output torque of the first motor (4)
when the first motor (4) and the output shaft (14)
are synchronized; and
wherein the control unit (19) is adapted to in-
crease the output torque of the first motor (4)
when the first motor (4) is drivingly engaged with
the output shaft (14) through the clutching de-
vice (9).

13. The dual motor hydrostatic drive unit (1; 100) accord-
ing to claim 12, wherein the first motor (4) is a variable
displacement hydrostatic motor in fluid communica-
tion with a variable displacement hydrostatic pump
(3), wherein the control unit (19) is adapted to control
the hydraulic displacement (30) of the first motor (4)
and to control the hydraulic displacement (29) of the
hydrostatic pump (3), and wherein the control unit
(19) is adapted to perform the method steps accord-
ing to one of claims 2 to 11.

14. The dual motor hydrostatic drive unit (1; 100) accord-
ing to one of claims 12 and 13, wherein the second
motor (7) is a hydrostatic motor, the drive unit (1;
100) further including:

a hydraulic accumulator assembly (80) compris-

21 22 



EP 3 009 716 A1

13

5

10

15

20

25

30

35

40

45

50

55

ing a high pressure hydraulic accumulator (81)
and a low pressure hydraulic accumulator (82);
and
an accumulator valve (83) adapted to selectively
fluidly connect the hydraulic accumulator as-
sembly (80) to at least one of the first motor (4)
and the second motor (7);
wherein the control unit (19) is adapted to control
the accumulator valve (83) for regulating the hy-
drostatic pressure in the hydrostatic circuit com-
prising at least one of the first motor (4) and the
second motor (7).

15. A vehicle comprising the dual motor hydrostatic drive
unit (1; 100) according to one of claims 12 to 14.
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