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(57) Abrégé/Abstract:
A drive configuration (10B) for a skid steered vehicle comprises first and second torque outputs (14, 14;) coupled by a differential

(13) and in a torque connection with first and second electric motors (12, 12;), the differential being configured to mechanically
transfer power across itself, and a mechanical power splitter (48, ) having a first torque transfer feature (54, ) in a torque connection
with a combustion engine (35), a second torque transfer feature (50, ) in a torque connection with a respective additional electric
motor (52, ) and a third torque transfer feature (49, ) in a torque connection with at least one of the first and second torque outputs
(14,) of the drive configuration, wherein torque output from the or each said mechanical power splitter (48, 48g) in use is
dependent on torques generated by the combustion engine (35) and the associated additional electric motor (52, ).
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(57) Abstract: A drive configuration (10B) for a skid steered vehicle comprises first and second torque outputs (141, 14r) coupled
by a differential (13) and in a torque connection with first and second electric motors (121, 12g), the differential being configured to
mechanically transfer power across itself, and a mechanical power splitter (481 ) having a first torque transfer feature (54 ) in a torque
connection with a combustion engine (35), a second torque transfer feature (501) in a torque connection with a respective additional
electric motor (521,) and a third torque transfer feature (491) in a torque connection with at least one of the first and second torque
outputs (14y) of the drive configuration, wherein torque output from the or each said mechanical power splitter (48, 48g) in use is
dependent on torques generated by the combustion engine (35) and the associated additional electric motor (52 ).
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Drive Configurations for Skid Steered Vehicles

Government License Rights
This invention was made with Government support under Contract No.
W56HZV-11-C-Co01 awarded by the United States Army. The Government has

certain rights in this invention.

Field
This specification concerns drive configurations for propelling and enabling skid

steering of skid steered vehicles.

Background

Tracked vehicles are skid steered by forcing opposing parallel tracks to run at
different speeds. To turn left for instance, the left side track is caused to run at a
slower speed that the right side track. W02014/206597A1 describes multiple
drive configurations for propelling tracked vehicles and enabling skid steering.
Aspects of the present invention concern other drive configurations for skid

steered vehicles with associated advantages.

Summary

According to a first aspect of the present invention there is provided a drive
configuration for a skid steered vehicle, comprising:

first and second torque outputs that are coupled by a differential and in a torque
connection with first and second electric motors respectively, the differential
being configured to mechanically transfer power across itself;

at least one mechanical power splitter having a first torque transfer feature in a
torque connection with a combustion engine, a second torque transfer feature in
a torque connection with a respective additional electric motor and a third
torque transfer feature in a torque connection with at least one of the first and
second torque outputs of the drive configuration, either directly or indirectly via
the differential;

wherein torque output from the or each said mechanical power splitter in use is
dependent on torques generated by the combustion engine and the associated

additional electric motor; and,
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wherein a controller is configured selectively to control the respective speeds and
torques of the first, second and third torque transfer features of the mechanical
power splitter.

Thus, the controller may be configured to selectively control the mechanical
power splitter speeds and torques of the first torque transfer feature in
connection with the combustion engine and the second torque transfer feature
in connection with the respective additional electric motor and hence, control
the speed and torque of the third torque transfer in connection to at least one of

the first and second torque outputs of the drive configuration.

A novel differential (forming a further aspect of the invention) that is configured
to mechanically transfer power across itself and that is preferred for use in the
above drive configuration is described further below.

In an alternative aspect of the present invention, there is provided a drive
configuration for a skid steered vehicle, comprising: first and second torque
outputs that are coupled by a differential and in a torque connection with first
and second electric motors respectively, the differential being configured to
mechanically transfer power across itself; at least one mechanical power splitter
having a first torque transfer feature in a torque connection with a combustion
engine, a second torque transfer feature in a torque connection with a respective
additional electric motor and a third torque transfer feature in a torque
connection with at least one of the first and second torque outputs of the drive
configuration, wherein torque output from the or each said mechanical power
splitter in use is dependent on torques generated by the combustion engine and
the associated additional electric motor; and a controller configured to
determine vehicle control information from user input and based on this control
performance of the electric motors and the combustion engine to drive rotation
of the first and second torque outputs for causing user requested vehicle motion

in a manner which optimises an operational parameter of the vehicle.

The differential may be arranged to transfer torque between the third torque
transfer feature of a said mechanical power splitter and both the first and second
torque outputs of the drive configuration, the differential having: a first sub-

arrangement in a torque connection with the first torque output of the drive
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configuration; a second sub-arrangement in a torque connection with the second
torque output of the drive configuration; and a link for receiving torque from the
third torque transfer feature of the mechanical power splitter which is common

to both said first and second sub-arrangements.

The third torque transfer feature of one said mechanical power splitter may be in
a torque connection with the first torque output of the drive configuration on
one side of the differential and the third torque transfer feature of another said
mechanical power splitter may be in a torque connection with the second torque

output of the drive configuration on the other side of the differential.

The drive configuration may further comprise at least one further electric motor
in a torque connection with the differential for imparting a torque differential
between torque outputs of the differential.

The controller may be configured to maintain operation of the combustion
engine at a particular rotational speed and control performance of the electric
motors in order to cause user requested vehicle motion, wherein said particular
rotational speed may optimise an operational parameter of the combustion
engine and said operational parameter may be any of fuel efficiency, engine

power output or engine torque output.

The controller may be configured to detect the occurrence of at least one pre-
specified scenario based on at least said user input and, in response, to control
performance of each of the electric motors and the combustion engine in a pre-
specified manner; wherein information received by the controller from at least
one sensor may additionally be used to detect the occurrence of said at least one

scenario.

The, or each (if more than one is present) said mechanical power splitter may be
a planetary gearset, said first torque transfer feature of which is a sun gear, a

ring gear or a carrier gear; the second torque transfer feature of which is another
of said sun gear, ring gear and carrier gear; and the third torque transfer feature

of which is the remaining of said sun gear, ring gear and carrier gear.
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The drive configuration may further comprise a plurality of gear change units for
selectively changing torque output from the first and second torque outputs of
the drive configuration in use, wherein the controller may be configured to select
an appropriate gear ratio based on at least said determined vehicle control

information.

The drive configuration may further comprise at least one additional combustion

engine, said engines being arranged in parallel for driving a shaft.

According to a further alternative aspect of the present invention there is
provided a drive configuration for a skid steered vehicle, comprising: first and
second torque outputs that are coupled by a differential and in a torque
connection with first and second electric motors respectively, the differential
being configured to mechanically transfer power across itself; at least one
mechanical power splitter having a first torque transfer feature in a torque
connection with a combustion engine, a second torque transfer feature in a
torque connection with a respective additional electric motor and a third torque
transfer feature in a torque connection with at least one of the first and second
torque outputs of the drive configuration, wherein torque output from the or
each said mechanical power splitter in use is dependent on torques generated by
the combustion engine and the associated additional electric motor; and a
controller configured to determine remaining vehicle battery power from
information received from a battery unit and when this is below a threshold
amount to control performance of the combustion engine and the electric motors
to cause the battery to charge up while causing user requested vehicle motion in

accordance with received user input.

A novel differential that transfers power across itself and that may be used in the

above drive configurations is now described.

According to a further aspect of the present invention, there is provided a novel
drive configuration for a skid steered vehicle, comprising:
first and second torque outputs that are coupled by a differential and in a torque
connection with first and second electric motors respectively,

wherein the differential is configured to mechanically transfer power

across itself and comprises:
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a pair of outer planetary gear sets and a pair of inner planetary gear sets,
both pairs disposed between the first and second electric motors,
the pair of inner planetary gear sets being disposed between (i.e. nested
within) the pair of outer planetary gear sets;
the pair of outer planetary gear sets comprising:
a pair of outer planet carriers arranged to turn with the respective output
shafts;
a pair of outer sun gears arranged to turn with the respective rotors of the
propulsion motors; and,
a pair of outer ring gears, operatively coupled to each other via a gear
arrangement that only permits the outer ring gears to rotate relative to
one another in an equal and opposite manner;
the pair of inner planetary gear sets comprising:
a pair of inner planet carriers interconnected by a cross-shaft such that
the carriers rotate in common;
a pair of inner ring gears arranged to turn with the respective output
shafts; and,
a pair of inner sun gears, wherein at least one inner sun gear is
operatively coupled to the gear arrangement and, either the other inner
sun gear is also operatively coupled to the gear arrangement so that the
inner sun gears rotate relative to one another in an equal and opposite

manner, or, the other inner sun gear is fixed stationary.

The gear arrangement allows the outer ring gears to rotate freely relative to one
another but only in an equal and opposite manner. (In some drive
configurations, that gear arrangement is not operatively coupled to any power
source, and is only coupled to the planetary gear sets.) The power source into the
rotating ring gears and into the inner planetary sets comes from the first and
second electric motors. Although not essential, one or more smaller electric (or
hydraulic) steer motor could be connected into one or both ring gears to
augment the first and second electric motors if found to have insufficient power
to provide both propulsion and steering. It couples the two outer planetary gear
sets so as to control how they rotate relative to one another, and preferably
similarly couples the two inner sun gears so as to control how they rotate relative
to one another (or rotates one relative to a fixed one), and, together with the

common connection between the inner planetary gear set which fixes the
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rotation of an opposed pair of torque features within that planetary gear set, allows
regenerative steering power to be transferred across the differential.

In some embodiments, the gear arrangement is preferably an at least one (orthogonally
disposed) bevel gear arrangement such that rotation of the bevel gear arrangement is
associated with equal amounts of rotation of the outer ring gears in mutually opposite
senses. Alternatively, it may be a spur gear arrangement, for example, a series of spur
gears, providing it also only permits equal amounts of rotation of the outer ring gears in

mutually opposite senses.

In some embodiments, preferably, the gear arrangement is provided symmetrically
across upper and lower ends of the pairs of planetary gear sets. For example, where a
bevel gear arrangement is used, preferably this is a symmetrical arrangement comprising
a pair of opposed, first and second bevel gears that are respectively operatively coupled
to each side of the planetary gear sets (forming an outer cage within which the inner
planetary gear set is located as nested planetary gear sets).

A bevel gear arrangement, when present, may comprise an outer bevel gear disposed
outwardly of, and arranged to turn with, an inner bevel gear. In that case, the pair of
outer ring gears are operatively coupled to the outer bevel gear such that rotation of the
outer bevel gear is associated with equal and opposite rotation of the outer ring gears,
whilst the pair of inner sun gears are operatively coupled to the inner bevel gear such
that rotation of the inner bevel gear is associated with equal and opposite rotation of the
inner sun gears. The outer and inner bevel gears may, for example, be rotationally fixed
relative to one another by virtue of both being mounted on the same shaft or being
formed as an integral component. Where outer and inner bevel gears are present, the
outer bevel gear will usually comprise a pair of opposed, first and second outer bevel
gears (coupled to the outer ring gears). Similarly, the inner bevel gear will usually
comprise a pair of opposed, first and second inner bevel gears (coupled to the inner sun

gears).
The first and second torque outputs may comprise respective output shafts, each output

shaft being coupled at or near its outer ends to a drive member for driving a pair of
tracks or wheels of the skid steered vehicle.

Date Regue/Date Received 2023-08-11
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The above novel drive configuration for a skid steered vehicle provides first and
second propulsion motors in drivable communication with the drive members
via a differential that, in addition to allowing different speeds on each side,
allows the transfer across it of regenerative steering power. In this way,
propulsion and steering may be provided with only two propulsion motors and
respective arrangements of planetary gear sets, without a dedicated steer motor.
Since the motors are sized to provide steering and propulsion (by adjustment of
their respective speeds and torques), when only straight line driving is required
such motors will allow higher accelerations and higher speeds off-road and/or up
steeper gradients to be attained, without the additional weight of an inactive
steer motor. Although the propulsion motors will necessarily have to be larger,
the arrangement therefore allows a net reduced weight and system complexity

and smaller package size.

Additional planetary gear sets may be provided as gear reduction units within
couplings, where desired. For example, the pair of outer sun gears may be
arranged to turn with the respective rotors of the propulsion motors by a direct
connection thereto, or by an indirect coupling via at least one additional

planetary gear set.

Also, this arrangement of nested outer and inner differential gears with the first
and second propulsion motors will allow the vehicle to perform a pivot turn
about its neutral axis without the need of the propulsion motors having to shift
into a lower gear to get the necessary high torques to make the turn. On a
primary flat road, the vehicle can go from full speed to stop, make a pivot turn,

and accelerate up to full speed again without having to make any gear changes.

The novel differential described above may be used in a series-hybrid drive

configuration.

Thus, a vehicle may comprise the above drive configuration powered in a series-
hybrid manner in which a combustion engine and generator powers the traction
motors. During straight line driving, the torque output of both motors is the
same, so that the torque on the left and right outer ring gears is equal and
balanced against the gear arrangement. However, when steering is commanded,

power supplied electrically from an in-line engine and generator is drawn from
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both motors, with the outer propulsion motor demanding higher torque than the
inside one. This torque difference at the ring gears is applied across the central
gear arrangement allowing (regenerative steering) power to be transferred across
the differential.

Usually, however, a drive configuration for a skid steered vehicle will utilize the
novel differential in combination with the above-mentioned power-split

arrangements of the present invention.

Thus, in a further aspect, the above drive configuration is also powered
mechanically by an additional electric motor and by a combustion engine using a
power-split arrangement for additional operational flexibility, as detailed above.
In this way, additional mechanical or electrical power required may instead be
input to the left and right sides of the vehicle via the aforementioned power split
arrangement via coupling to the outer planetary gear sets of this particular
differential.

Other arrangements of differential may also be used in the power split
arrangements of the present invention, as referenced above, providing that they

also have the characteristic of transferring braking power across the differential.

According to a further aspect of the present invention there is provided a vehicle

comprising a drive configuration according to any aforementioned embodiment.

Brief Description of the Drawings

Embodiments will now be described by way of non-limiting example with
reference to the accompanying drawings, in which:

Fig. 1 is a schematic illustration of a first drive configuration;

Fig. 2 is a schematic top-side view of the top bevel gear in Fig. 1;

Fig. 3 illustrates the typical relationship between some operational parameters of
electric motors and combustion engines with driving speed;

Fig. 4 is a schematic illustration of a second drive configuration;

Fig. 5 is a method implemented by the drive configuration in Fig. 4; and

Figs. 6 to 10 are schematic illustrations of third to seventh drive configurations.

Detailed Description
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Fig. 1 shows a drive configuration 104 for a skid steered vehicle, which includes
first and second electric motors 12y, 12g arranged to rotatably drive first and
second output shafts 141, 14r. These output shafts 141, 14z are themselves
operatively coupled via respective gear connections to drive members 161, 16z on

opposite sides of the vehicle for driving vehicle tracks on each side of the vehicle.

The rotor of the first electric motor 12, is arranged to drivingly rotate the sun
gear 18 of a first planetary gear set 201, whereas the rotor of the second electric
motor 12y is arranged to drivingly rotate the sun gear 18z of a second planetary
gear set 20r. The carrier gear 22, of the first planetary gear set 20 is
rotationally fixed to the first output shaft 14;, whereas the carrier gear 22r of the
second planetary gear set 20r is rotationally fixed to the second output shaft 14x.
The ring gear 24 of the first planetary gear set 20..is meshed with top and
bottom bevel gears 27, 28 such that rotating the ring gear 241, drives rotation of
the top and bottom bevel gears 27, 28 in opposite senses, whereas the ring gear
24r of the second planetary gear set 20x is similarly meshed with the top and
bottom bevel gears 27, 28. For the avoidance of doubt, the top and bottom bevel
gears 27, 28 are arranged so as to be rotatable relative to the vehicle body, which
will be described in more detail below. Initially however some additional

components of the drive configuration 104 will first be described.

The first and second output shafts 141, 14r are also rotationally fixed to the ring
gears 26;, 26x of third and fourth planetary gear sets 301, 30x. The carrier gears
321, 32r of such third and fourth planetary gear sets 301, 30r are connected by a
cross-shaft 34 and so are rotationally fixed relative to each other; that is one
cannot be rotated at a different rotational speed to the other. Finally the sun
gears 361, 36x of the third and fourth planetary gear sets 301, 30r are operatively
coupled to the top and bottom bevel gears 27, 28 via additional bevel gear
connections 38, 40 such that rotation of the top and bottom bevel gears 27, 28

causes rotation of the sun gears 361, 36r in opposite senses.

The arrangement of gears between the first and second electric motors 121, 12g
(i.e. the differential denoted 13) is provided to assist skid steering without the

need for a dedicated steer motor. In particular during a turn the differential 13
enables braking power to be transferred from the slower running (inside) track

to the faster (outside) track and how this is achieved is described below. In
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another manner of speaking the differential 13 enables power to be mechanically

transferred across it.

During straight line driving the first and second electric motors 121, 12 are
caused to run at the same speed. Torque from such motors 125, 12 is transferred
via the first and second planetary gear sets 201, 20r to the drive members 164,
16 for propelling the vehicle. It will thus be appreciated that some torque is
exerted on the ring gears 241, 24r during straight line driving, thereby providing
that components of torque subsequently exerted by these ring gears 241, 24 on
the top and bottom bevel gears 27, 28 are equal in magnitude but opposite in
rotational direction as depicted in Fig. 2. As such, during straight line driving
the top and bottom bevel gears 277, 28 do not rotate which provides that the sun
gears 361, 36k are not driven in opposite rotational directions either.

To cause skid steering however, the driving speeds of the first and second
electric motors 121, 12r are adjusted such that one rotates faster than the other.
For instance to skid steer to the left the rotational speed of the left-side drive
member 16, is reduced, whereas the rotational speed of the right-side drive
member 16g is increased. Running the first and second electric motors 12y, 12g
at different speeds to cause skid steering provides that different magnitudes of
torque are exerted on the ring gears 24, 24z of the first and second planetary
gear sets 20, 20r. This induces a torque differential at both the top and bottom
bevel gears 27, 28 causing them to rotate in opposite senses, which in turn via
the additional bevel gear connections 38, 40 causes the sun gears 361, 36r of the

third and fourth planetary gear sets 30., 30r to rotate in opposite senses also.

Since the carrier gears 321, 32r are rotationally linked by the cross-shaft 34 in
order to equalise torque and power across each of the respective third and fourth
planetary gear sets 301, 30r while the sun gears 361, 36x are rotating in opposite

senses, one of the ring gears 261, 26x is caused to rotate faster than the other.

In particular the above described differential 13 is configured so that during a
left turn skid steering operation the ring gear 26x which is caused to increase in
rotational speed contributes to driving rotation of the outer output shaft 14r and
thereby the outer track, whereas the ring gear 26:, which is caused to decrease in

rotational speed contributes to driving rotation of the inner output shaft 14rand
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thereby the inner track. Moreover braking power for slowing down the inside
track during a skid steer turning operation is transferred, via the cross-shaft 34,
to the outside track for increasing its speed. In this manner torque and power
required to both cause and maintain a difference in rotational speed of the two
drive members 161, 16z comes from running the first and second motors 125, 12x
at different speeds and transferring braking power from the slower running

(inside) track to the faster running (outside) track.

In other words during a skid steering operation the differential 13 provides that
the difference between rotational speeds of the two electric motors 12;, 12 will
be greater than the difference between rotational speeds of the drive members
161, 16%. It will thus be appreciated therefore, upon considering torque
specifically, that due to the differential 13 the difference between the magnitudes
of torque exerted by the output shafts 141, 14r is bigger than the difference
between the magnitudes of torque output by the first and second electric motors
121, 12r running at different speeds. In other words the difference between the
torque outputs of the two electric motors 121, 12r operating at different speeds is
amplified by the differential 13 and output via the output shafts 141, 14r to cause

tracks on opposite sides of the vehicle to run at different speeds.

Negating the need for a separate, dedicated, steer motor advantageously
provides that during straight line driving the vehicle will be carrying fewer
components. Also, because in the heretofore described drive configuration 10A
steering power originates from the electric motors 12;, 12g themselves, and not
from a steering motor, it will be appreciated that more powerful motors 121, 12r
are required to manoeuvre a vehicle at similar speeds to a vehicle provided with
a drive configuration which includes a steering motor (e.g. one of the
configurations in W0O2014/206597A1). The provision of more powerful motors
121, 12g advantageously provides that during straight line driving greater

acceleration and top speed can be achieved.

The electric motors 121, 12 of the drive configuration 104 depicted in Fig. 1 are
powered in a series-hybrid manner in which a combustion engine 35 drives a
generator 37 for powering the motors 121, 12 via an electric bus 39. Skid steered
vehicles configured to be exclusively driven by electric motors in such a manner

are more suited for driving at low speeds than higher speeds due to the typical
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torque/speed relationship of electric motors, whereby torque output decreases
with increased rotational speed as illustrated by the line TerecTric MmoTOR in Fig. 3.

The operational flexibility of a skid steered vehicle can though be enhanced by
providing it with a drive configuration 10z of the type illustrated in Fig. 4 in
which a combustion engine 35 is mechanically coupled to the vehicle drive

members 16, 16k.

It will be appreciated that the maximum torque output of a typical combustion
engine occurs at a higher rotational speed compared to that of an electric motor.
In particular by comparing the relationships Terrcrric moror and Tencine in Fig. 3
it will be apparent that maximum torque output of an electric motor occurs at
low rotational speeds, whereas maximum torque output of a typical combustion
engine occurs at higher rotational speeds, wr,max in this example ). The
operational flexibility of a skid steered vehicle can thus be improved by
propelling it using only electric motors at slow vehicle travelling speeds but by
propelling it with at least some assistance from the combustion engine 35 at

higher vehicle travelling speeds.

More details about how the operational flexibility of a skid steered vehicle can be
improved are set out below, although before doing so it is here mentioned that in
the embodiment illustrated in Fig. 4 the differential 13 is similar to the one
already described. The first and second electric motors 121, 12r in Fig. 4 can,
however, be rotationally coupled to the sun gears 18, 18x either directly or via
respective additional planetary gear sets 431, 43r depending on the position of
the respective slider members 441, 44%, whereby the additional planetary gear
sets act as gear reduction units. The slider position selected will depend on the
magnitude of torque required to be exerted on the first and second output shafts
141, 14 by the first and second electric motors 121, 12r at a given driving speed.

With further reference to Fig. 4 respective gears 461, 46 operatively connect the
sun gears 181, 18z of the first and second planetary gear sets 201, 20r - which
form part of the differential 13 - with fifth and sixth additional planetary gear
sets 481, 48r. Moreover such gears 461, 46k mesh with respective external gears
451, 45r attached to the internal ring gears 49., 49r of the fifth and sixth
planetary gear sets 481, 48r. The sun gears 50, 508 however of the fifth and
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sixth planetary gear sets 481, 48 are arranged to be rotatably driven by third
and fourth electric motors 521, 52r respectively. Whereas the carrier gears 541,
54r of the fifth and sixth planetary gear sets 481, 48g are connected by a drive-
shaft 56 and are rotationally fixed relative to each other; that is one cannot be
rotated at a different rotational speed to the other. The aforementioned
combustion engine 35 is mechanically coupled to the drive-shaft 56 for rotating
it (and thus the carrier gears 541, 54r) via a bevel gear arrangement 58.
Orienting the engine 35 at 90 degrees to the common drive-shaft 56 has

packaging benefits if width of the system is a concern.

Each of the electric motors 121, 12x, 521, 52r are separately connected to an
electric bus 39 and are capable of drawing power from, or providing power to, a
battery 60 depending on whether the respective electric motor is operated in
motor mode (when the rotor drives rotation of a connected sun gear) or

generator mode (when a connected sun gear drives rotation of the rotor).

During straight line driving at high vehicle travelling speeds (when some propulsion
power is required from the engine 35) the rotational speeds and thereby torques of the
first to fourth electric motors 121, 12g, 521, 52z can be chosen such that the engine 35 can
be operated at a speed which optimises a particular operational parameter thereof (e.g.
optimum efficiency, power or torque). During steering the engine 35 can be controlled
to continue operating at that speed and will provide the propulsion torque and power,
whereas the first and second electric motors 12;, 12 can be controlled to operate at the
required speed, torque and power to provide the correct output to the transmission so
as to cause opposing vehicle tracks to run at different speed (depending on the required
direction of turning). The third and fourth electric motors 521, 52r can be controlled to

operate as required to balance the power and torque within the system during steering.

For instance, if when the engine 35 is running, it is required to operate at maximum
engine fuel efficiency it can be controlled to be driven at wg, vax (see the line Egncing in
Fig.3 illustrating the typical relationship between fuel efficiency of a combustion engine
and rotational speed thereof). While the engine is driven at such a speed, the first to
fourth electric motors 121, 12g, 521, 52r can be controlled to provide that the vehicle
drive members 16y, 16r are driven at the appropriate speed with the appropriate torque
depending on the circumstances and user demand (i.e. whether the vehicle is to be

maintained at constant speed, whether the vehicle is to be accelerated, whether the
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vehicle is to be driven along a slope or whether the vehicle is to undergo skid steering
etc.).

Also, if while the engine 35 is running, it is to be operated at maximum power output it
can be controlled to be driven at wp, max (see the line Pencive in Fig.3 illustrating the
typical relationship between power output of a combustion engine and rotational speed
thereof). While the engine is driven at such a speed, the first to fourth electric motors
121,12g, 521, 52r can be controlled to provide that the vehicle drive members 161, 16 are
driven at the appropriate speed with the appropriate torque depending on the
circumstances and user demand (i.e. whether the vehicle is to be maintained at
constant speed, whether the vehicle is to be accelerated, whether the vehicle is to be

driven along a slope or whether the vehicle is to undergo skid steering etc.).

Furthermore, if while the engine 35 is running, it is to be operated at maximum torque
output it can be controlled to be driven at wr, max (see the line Texcing in Fig.3
illustrating the typical relationship between torque output of a combustion engine and
rotational speed thereof). While the engine is driven at such a speed, the first to fourth
electric motors 121, 12x, 521, 52k can be controlled to provide that the vehicle drive
members 161, 16x are driven at the appropriate speed with the appropriate torque
depending on the circumstances and user demand (i.e. whether the vehicle is to be
maintained at constant speed, whether the vehicle is to be accelerated, whether the
vehicle is to be driven along a slope or whether the vehicle is to undergo skid steering

etc.).

To enable the foregoing a computer 62 is connected to rotational speed
sensors 64a to 64e for receiving information indicative of the rotational speed
and direction of each of the first to fourth electric motors 121, 12g, 521, 52r and
the engine 35. The computer 62 is also connected to a plurality of sensors 66a to
66n, some of which transmit to the computer 62 information indicative of user
input for controlling vehicle motion (e.g. sensors for generating information
indicative of steering wheel manipulation, accelerator pedal manipulation and
brake pedal manipulation or otherwise for instance) and some others of which
are described in more detail below (one of which could be e.g. a tilt sensor).
Based on information received by the computer 62 a controller 62a thereof, in
conjunction with both volatile and non-volatile memory 62b, 62¢, determines the

performance of each of the first to fourth electric motors 121, 12g, 521, 52&
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required to cause the desired vehicle motion while causing the engine 35 to be
operated at a speed which optimises a specific parameter thereof (e.g. output
power, output torque or fuel efficiency as above).

Moreover, in a first operational mode only the first and second electric motors
121,12 are used to drive rotation of the output shafts 141, 14r and thereby propel
and steer a vehicle as heretofore described, during which time the third and
fourth electric motors 521, 52r operate in coast mode and the engine 35 remains
off. In a second operational mode however the above described functionality is
implemented by the controller 62a, in which the third and fourth electric motors
521, 52r are energized and the combustion engine 35 is running. Transition from
the first to the second operational mode occurs when rotational speed of at least
one of the third and fourth electric motors 521, 52r Operating in coast mode
exceeds a threshold amount Ssrarr during vehicle motion, which is determined
by the controller 62a based on information generated by the rotational speed
sensors 64c¢ and 64d.

In some embodiments upon transitioning into the second operational mode in
which the third and fourth electric motors 52, 52r are energized and the

combustion engine 35 is started, the method illustrated in Fig. 5 is implemented.

In step S1 the controller 62a determines the engine running speed required to
operate at maximum engine fuel efficiency ws, max, which could involve obtaining
such information from a lookup table stored in the non-volatile memory 62¢

during manufacture.

In step S2 the controller 62a transmits control information to the engine 35 for

controlling it to run at g, max.

In step S3 the controller 62a processes information generated by the sensors 66a
to 66n for determining vehicle control information, in other words, to determine
how the driver/user is controlling the vehicle (e.g. which way they are steering,
whether they are applying the vehicle throttle (and to what extent) and whether
the brake pedal is applied).
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In step S4 based on the determined vehicle control information, knowledge of
the speed at which the engine 35 is operating, and knowledge of the rotational
speed and direction of each of the electric motors 121, 12z, 521, 52r (based on
information output from the rotational speed sensors 64a to 64d) the controller
62a is able to determine appropriate rotational speeds and directions of each of
the first to fourth electric motors 121, 12g, 521, 52 for causing the required
vehicle motion and then subsequently transmitting control information to the
electric motors 12y, 12g, 521, 52r for controlling them to operate accordingly to
give rise to the required vehicle motion. In doing so the controller 62a uses
information stored in the non-volatile memory 62c¢ during manufacture
concerning the gearing relationships between components of the drive

configuration 10s.

In step 85 the controller 62a determines whether a pre-specified scenario has
occurred based on information received from the sensors connected to the
computer 62 (i.e. the rotational speed sensors 64a to 64e and other sensors 66a
to 66n one of which could be a tilt sensor, a transducer operable by a user or an
engine temperature sensor for instance). Step S5 for example could involve
determining that a max-power button or otherwise has been pressed by a user;
one of the sensors 66a to 66n comprising such an input device. Upon
implementing step S5 if “no” is determined (i.e. no pre-specified scenario is
detected to have occurred) the controller returns to step S3, whereas if “yes” the

method continues to step S6.

In step S6 the controller 62a determines the specific engine parameter 35 to be
optimised. This can involve referring to a lookup table stored in the non-volatile
memory 62¢ during manufacture which associates respective occurrences with
an engine parameter to be optimised. In this example, selection of a max-power
button is associated with maximum engine power and information indicative of

the engine operating speed at wp, max at which maximum power output occurs.

In step S7 the controller 62a reads the information indicative of the engine speed

required to optimise the required parameter, in this example power output.
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In step S8 the controller 62a transmits control information to the engine 35 (or
an engine controller thereof) for controlling it to run at the required speed, in
this example wp, max,before returning to step S3.

On subsequent iterations of the method, in step S5 the controller 62a may
determine that the aforementioned max-power button has been deselected and
in response to this the engine 35 could be caused to return to running at wg, max,

the speed at which maximum engine fuel efficiency is realised.

It will be appreciated that a variety of other situations could be detected to have
occurred upon implementing step S5 depending on how the vehicle is configured
at manufacture to respond to certain situations. For example if a user is
detected to have stomped on an accelerator pedal abruptly rather than squeeze it
gently, determined based on output from one or more of the sensors 66a to 66n,
the controller 62a could in response cause the engine 35 to begin operating at
maximum power output. In another example if the vehicle is detected to be on
an inclined surface (one or more of the sensors 66a to 66n could be a tilt sensor)
and losing speed above a threshold rate then the controller 62a could in response
cause the engine 35 to be operated at wr, the speed at which maximum torque
output occurs. In a further example if the vehicle is determined to be low on fuel
in step S5 based on output from one or more of the sensors 66a to 66n the
controller 62a could in response restrict the engine 35 from being operated at
speeds other than wg, max, the speed at which maximum engine fuel efficiency is
realised. In another example if the engine 35 is determined to be overheating
the controller 62a could in response control the engine 35 to be operated in a low
speed mode until it cools below a pre-specified temperature, whereby such a low
speed need not necessarily be associated with a peak in one or other operational
parameters of the engine 35. Again though, a variety of other situations could be
detected to have occurred upon implementing step S5 depending on how the

vehicle is configured at manufacture to respond to certain situations.

During time when step S5 is not specifically being implemented the controller
62a could, in the background, monitor the occurrence of a scenario specified in
information pre-stored in the non-volatile memory 62¢ during manufacture and
if such a scenario is detected a flag or other indicator could be stored in the

volatile memory 62b that is subsequently acknowledged when step S5 is
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implemented and appropriate action taken based on what scenario the flag is
indicative of. Different scenarios could have differing levels of priority such that
in subsequent steps S6 to S8 action is taken to account for occurrence of the
detected scenario having the highest priority, unless it has been cancelled out in
the meantime by other action taking place between the detected occurrence and
implementation of step S5, such as deselection of the max-power button or

returning to a substantially flat vehicle travelling surface etc.

Upon designing a vehicle the manufacturer is free to program the computer 62 as
necessary and include whatever sensors 66a to 66n are required for the
controller 62a to detect the occurrence of any particular situations and to react
accordingly. As such it will be appreciated that the foregoing teaching includes
just a few examples of some situations the computer 62 may be configured to
monitor for and how the controller 62a might be caused to respond.

The method illustrated in Fig. 5 can be ended at any time the controller 62a
determines that the vehicle could be driven in a user requested manner using
solely the first and second electric motors 121, 12x, whereby upon ending the
method the third and fourth electric motors 521, 52x return to operating in coast

mode and the engine 35 is switched off.

In use the drive configuration 10z in Fig. 4 will provide propulsion power and, due to
provision of the heretofore described differential 13, cross transfer of regenerative
steering power. It is envisioned that the drive configuration 10 illustrated in Fig. 4 can
be provided as a single unit and then retrofitted into existing platforms without a
significant change to the existing vehicle platform structure. It is to be noted however
that use of the specific differential 13 heretofore described is not strictly necessary and
other types of differential could be used instead provided that it is capable of providing
cross transfer of regenerative steering power, or in other words, provided it is capable
of transferring braking power from the inside vehicle track during skid steering to the
outside vehicle track. Various types of differential are described in W02014/206597A1
which require the use of steering motors, wherein such motors could be connected to
the computer 62 in a similar manner to the other electric motors 121, 12g, 521, 52r
heretofore described and provided with rotational speed sensors such that the
computer 62 can determine and control their rotational speeds and directions to give

rise to intended vehicle motion while the engine 35 is running at a specific speed.
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To illustrate the extent of generality of the foregoing teaching Fig. 6 schematically
illustrates a drive configuration 10c¢ similar to that in Fig. 4, however in Fig. 6 the rotors
of the first and second electric motors 12;, 12y are connected directly to the first and
second output shafts 141, 14x. It will be recalled from the foregoing teaching however
that the rotors could instead be connected to the first and second output shafts 14;, via a
gear reduction unit comprising at least one planetary gear set 431, 43r., wherein the
gear reduction unit could include gear selection functionality 441, 44r- Fig. 6 also
clearly illustrates that the differential 13 need not necessarily have a specific structure
provided that it is capable of transferring braking power from the inside vehicle track
during skid steering to the outside vehicle track. As mentioned in the foregoing
paragraph, the differential 13 may in some embodiments require the use of one or more
steering motors which are denoted 68 in Fig. 6 and are merely optional depending on
the specific differential arrangement used.

Furthermore it is possible that the engine 35 could be mechanically coupled to the
drive-shaft 56 in different ways, for example in the manner of the drive
configuration 10p in Fig. 7 with all other features being similar to those already
described in connection with the drive configuration 10s. During skid steering
the total output torque and power of the engine 35 will be split between the left
and right side. For a turn to the left where more power is required on the outside
track, power and torque out of the right side of the engine 35 will be higher than
on the left output of the engine 35. For a turn to right where more power is
required on the outside track, power and torque out of the left side of the engine
35 will be higher than on the right output of the engine 35. The first to fourth
electric motors 121, 12x, 521, 52r will be controlled to collectively balance the
power and torque throughout the system while the engine 35 is operated at a
particular speed which optimises an operational parameter thereof in the
manner heretofore described.

In some embodiments the engine may only cooperate with a single electric motor such
as in the drive configuration embodiment 110 illustrated in Fig 8, in which all features
similar to those heretofore described are denoted with like reference numerals
increased by 100. The engine 135 is connected to the carrier gear of the planetary gear
set 148, whereas the electric motor 152 is connected to the sun gear thereof and the ring

gear is in a torque connection with a cross shaft 170 of a differential 113. This cross
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shaft 170 is connected to the carrier gears of planetary gear sets 1721, 172x located on
opposite sides of the differential 130. The sun gear of one of the planetary gear sets
1721, 172g is in a torque connection with steering motors 168, whereas the ring gears of
both planetary gear sets 1721, 172 are in a torque connection with output shafts 1144,
114r on opposite sides of the drive configuration, which, are in a torque connection with
vehicle drive members 116y, 116x (e.g. sprockets for engaging vehicle tracks) on
opposite sides of the vehicle. First and second electric motors 1121, 112x are also
arranged in a torque connection with the output shafts 1141, 114z for enabling the
vehicle drive members 1161, 116x to be rotatably driven. The drive configuration 110 is
additionally arranged such that torque flowing from the electric motors 112;, 112z and
the differential 130 in the direction of the output shafts 1141, 114z is required to flow
through a gear reduction unit 143 comprising a plurality of planetary gear sets arranged
in series with gear selection functionality 144 (i.e. sliders as heretofore described for
selecting how many planetary gear sets torque flows through in use). Moreover, torque
flowing from the differential 113 in the direction of the output shafts 1141, 114z flows
through the outermost planetary gear set of the gear reduction unit 143, whereas the
sliders can be moved to change how many planetary gear sets torque flowing from the

first and second electric motors 112, 112z cascades through.

During straight line driving in a first operational mode (with the electric motor
152 in coast mode and the combustion engine 135 switched off) the first and
second electric motors 112y, 112z operate at the same speed. . Energising the
steering motors 168 during vehicle propulsion solely by the first and second
electric motors electric motors 1121, 112 will impart a difference to the
rotational speeds of the ring gears of the planetary gear sets 1721, 172r of the
differential 113. As such the output shafts 1141, 114r , drive members 1161, 116xr
and thereby vehicle tracks will be driven at different speeds giving rise to skid
steering in a direction dependent on the direction of rotation of the steering
motors 168. Moreover, due to the differential cross shaft 170 being rotationally
fixed to the carrier gears on opposite sides thereof — that is the carrier gears are
restricted to rotating at the same rotational speed — braking power for slowing
down the inside track during a skid steering operation is transferred to the

outside track for increasing its driving speed.

When rotational speed of the rotor of the coasting electric motor 152 is

determined to be above a threshold speed Ssrarr determined by the controller
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162a based on output from the rotational speed sensor 164c the vehicle
transitions into a second operational mode. In this mode the engine 135 is
started, the electric motor 152 is energised and performance of drive
configuration components is controlled on the basis of instructions pre-stored on
the vehicle during manufacture similarly as heretofore described. In more detail
a computer 162 is connected to rotational speed sensors 164a to 164f for
receiving information indicative of the rotational speed and direction of each of
the electric motors 112y, 112 and 152, the steering motors 168, 168 and the
engine 135. The computer 162 is also connected to a plurality of sensors 166a to
166n similarly as heretofore described for receiving information indicative of
user input for controlling vehicle motion (e.g. sensors for generating information
indicative of steering wheel manipulation, accelerator pedal manipulation and
brake pedal manipulation or otherwise for instance) and other circumstances
(e.g. tilt or engine temperature etc.). Based on information received by the
computer 162 a controller 162a thereof, in conjunction with both volatile and
non-volatile memory 162b, 162¢, determines the performance of each of the
electric motors 1121, 112 and 152 and the steering motors 168 required to cause
the desired vehicle motion while causing the engine 135 to be operated at a
particular rotational speed which, optionally depending on the circumstances, is
associated with a peak in an operational parameter of the engine 135. Again, it
will be appreciated that upon designing a vehicle the manufacturer is free to
program the computer 162 as necessary and include whatever sensors 166a to
166n are required for the controller 162a to detect the occurrence of any

particular situations and to react accordingly.

Fig. g illustrates another drive configuration embodiment in which the engine
cooperates with a single electric motor, in which all features similar to those heretofore
described are denoted with like reference numerals again increased by 100. The engine
235 is connected to the carrier gear of the planetary gear set 248, whereas the electric
motor 252 is connected to the sun gear thereof and the ring gear is in a torque
connection with a common ring gear of a differential 213. This common ring gear
cooperates with opposing sets of planetary gears. The sun gear of one side of the
differential 213 is in a torque connection with steering motors 268, whereas the carrier
gears on both sides of the differential 213 are in a torque connection with output shafts
2141, 214z on opposite sides of the drive configuration, which, are in a torque

connection with vehicle drive members 216y, 216r (e.g. sprockets for engaging vehicle
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tracks) on opposite sides of the vehicle. First and second electric motors 2121, 212r are
also arranged in a torque connection with the output shafts 2141, 214x for enabling the
vehicle drive members 2161, 216x to be rotatably driven, although torque flowing from
the electric motors 212y, 212r in the direction of the output shafts 214;, 214 is required
to flow through a gear reduction unit 243 comprising a plurality of planetary gear sets
arranged in series with gear selection functionality 244 (i.e. sliders for selecting how
many planetary gear sets torque flows through in use). The sliders can be moved to
change how many planetary gear sets torque flowing from the first and second electric

motors 212, 212 cascades through.

During straight line driving in a first operational mode (with the electric motor
252 in coast mode and the combustion engine 235 switched off) the first and
second electric motors 2121, 212 operate at the same speed. Energising the
steering motors 268 during vehicle propulsion solely by the first and second
electric motors 2121, 212 will impart a difference to the rotational speeds of the
carrier gears on opposite sides of the differential 213. As such the output shafts
2141, 214z , drive members 2161, 216 and thereby vehicle tracks will be driven at
different speeds giving rise to skid steering in a direction dependent on the
direction of rotation of the steering motors 268. Moreover, due to the common
ring gear between features on opposite sides of the differential 213 braking
power for slowing down the inside track during a skid steering operation is

transferred to the outside track for increasing its driving speed.

When rotational speed of the coasting electric motor 252 is determined to be
above a threshold speed Sstarr determined by the controller 262a the engine 235
is started, the electric motor 252 is energised and performance of drive
configuration components is controlled on the basis of instructions pre-stored on
the vehicle during manufacture similarly as heretofore described. Moreover a
computer 262 is connected to rotational speed sensors 264a to 264f for receiving
information indicative of the rotational speed and direction of each of the
electric motors 2121, 212 and 252, the steering motors 268, 268 and the engine
235. The computer 262 is also connected to a plurality of sensors 266a to 266n
similarly as heretofore described for receiving information indicative of user
input for controlling vehicle motion (e.g. sensors for generating information
indicative of steering wheel manipulation, accelerator pedal manipulation and

brake pedal manipulation or otherwise for instance) and other circumstances
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(e.g. tilt or engine temperature etc.). Based on information received by the
computer 262 a controller 262a thereof, in conjunction with both volatile and
non-volatile memory 262b, 262c¢, determines the performance of each of the
electric motors 2121, 212 and 252 and the steering motors 268 required to cause
the desired vehicle motion while causing the engine 235 to be operated at a
particular rotational speed which, optionally depending on the circumstances,
optimises an operational parameter of the engine 255. Again, it will be
appreciated that upon designing a vehicle the manufacturer is free to program
the computer 262 as necessary and include whatever sensors 266a to 266n are
required for the controller 262a to detect the occurrence of any particular

situations and to react accordingly.

To illustrate the extent of generality of the foregoing teaching Fig. 10 schematically
illustrates a drive configuration 310 similar to that in Fig. 9 in which all features similar
to those heretofore described are denoted with like reference numerals again increased
by 100. In the embodiment illustrated in Fig. 10 however the rotors of the first and
second electric motors 3121, 312x are connected directly to the first and second output
shafts 3141, 314x. It will be recalled from the foregoing teaching however that the
rotors could instead be connected to the first and second output shafts 314 via a gear
reduction unit comprising at least one planetary gear set., wherein the gear reduction
unit could include gear selection functionality (e.g. the gear reduction unit 243 in Fig. 9
having sliders 244). Fig. 10 also clearly illustrates that the differential 313 need not
necessarily have a specific structure provided that it is capable of transferring braking
power from the inside vehicle track during skid steering to the outside vehicle track;
and provided that the planetary gearset 348 is in a torque connection with a common
feature linking components on one side of the differential 313 with those on the other
side thereof. Such a differential 313 may be provided in the absence of steering motors,
such as the differential described in connection with Fig. 4. Alternatively however in
some embodiments the differential 313 may be arranged in conjunction with steering
motors, such as the differentials described in connection with Figs. 8 and 9. The
steering motors which are denoted 368 in Fig. 10 are thus merely optional depending

on the specific differential arrangement used.

It will be appreciated that whilst various aspects and embodiments of the present
invention have heretofore been described, the scope of the present invention is

not limited to the embodiments set out herein and instead extends to encompass



10

15

20

25

30

35

CcA 03023783 2018~11-09

WO 2017/198356 PCT/EP2017/056310

_24_

all arrangements, and modifications and alterations thereto, which fall within
the spirit and scope of the appended claims.

For example, in some embodiments two or more engines could be connected in

parallel to the drive-shaft 56 in Fig. 4 if more power is required.

The differential described in connection with Figs. 1 and 4 need not necessarily
have the exact same configuration as heretofore described, provided that it is
still capable of enabling vehicle drive members on opposite sides of a vehicle to
be rotatably driven a different speeds and is still capable of transferring braking
power from one side of a drive configuration to the other during a skid steering
operation. For example, the top and bottom bevel gears 27, 28 could be
operatively coupled to the sun gears 361, 36r in various different ways that will
be apparent to persons skilled in the art upon reading the foregoing disclosure.
Furthermore, respective input/output features of the third and fourth planetary
gear sets 301, 30x (i.e. sun gear, ring gear, carrier) could be arranged differently.
In particular, considering just the third planetary gearset 301, generally speaking
any of its respective inputs/output could be operatively coupled to the first
output shaft 141, whereas another input/output could be operatively coupled to
the top and bottom bevel gears 27, 28 and the remaining input/output could be
could rotationally fixed relative to the corresponding feature of the fourth

planetary gear set 30r. The same applies to the fourth planetary gear set 30x.

As for the planetary gear sets denoted 481, 48z, 148, 248, 348 respective
inputs/outputs thereof (i.e. sun gear, ring gear, carrier) could be arranged
differently. In particular, considering just the fifth planetary gearset 48, in Fig.
4, generally speaking any of its respective inputs/outputs could be operatively
coupled to the motor 521, whereas another of its inputs/outputs could be
operatively coupled to the external gear 451 and the remaining of its
inputs/outputs could be could rotationally fixed to the corresponding feature of
the sixth planetary gearset 48z via the drive-shaft 56.

In some embodiments, if gear selection functionality is provided (i.e. sliders 44
for changing how many planetary gear sets torque flows through in use) the
heretofore described functionality can include the additional steps of

determining an appropriate gear (i.e. appropriate slider positions) and
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controlling the position of respective sliders to select the appropriate gear. For
example step S4 in Fig. 5 could include sub-steps for implementing such
functionality or alternatively such functionality could be performed in a step S3a
preceding step S4. Moreover in some embodiments the positions of sliders (if
provided) can be changed whether by manual user gear selection upon
manipulating a gear stick for instance if operating in a “manual” mode, or

alternatively by automatic control if operating in an “automatic” mode.

Steps S1 and S2 in Fig. 5 need not necessarily involve controlling the engine 35
to operate a maximum fuel efficiency and instead could involve controlling the

engine 35 to be operated at a default speed, which could be selected by a user.

Depending on the circumstances, it might not be desirable to control the engine
to operate at a speed which optimises a particular operational parameter thereof.
Instead, it might be more desirable to control the engine to operate at another
rotational speed, such as a speed along the typical Pencine or T excine
relationship illustrated in Fig. 3 which is not wp, max (at which maximum engine
power output occurs) or wr, max (at which maximum engine torque occurs). This
can provide that a higher or lower proportion of required vehicle driving torque
originates from electric motors, which could be more energy efficient or give
more total propulsion power or torque depending on the circumstances detected
by the heretofore described controller from input generated by drive
configuration sensors (i.e. rotational speed sensors and other sensors discussed
previously such as those denoted 66a to 66n in Fig. 4). In view of the foregoing
therefore, steps S6 to S8 in Fig. 5 could, more broadly, instead of causing the
engine to operate at a speed which optimises a particular operational parameter
thereof, cause it to be controlled at a rotational speed dependant on the pre-
specified scenario detected to have occurred and the corresponding required
result (i.e. how the computer is programmed to react to that scenario).

Furthermore, in some embodiments the controller of a drive configuration may
control operation of various components even when the heretofore mentioned
threshold rotational speed Ssrarr has not been exceeded. For example when
propelling a vehicle solely using first and second electric motors (e.g. the motors
denoted 12L and 12R in Fig. 4) if the controller determines that battery power is
low (e.g. if the battery 60 in Fig. 4 is charged below a threshold amount) then the
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controller can take action to charge the battery up. For example it can, in
response to such a determination, cause switching on of the combustion engine
such that it drives rotation of one or more electric motors (e.g. the electric
motors denoted 52L, 52R in Fig. 4) in generator mode for charging the battery;
whereas at the same time the other electric motors (e.g. the motors denoted 12L

and 12R in Fig. 4) are controlled so as to give rise to intended vehicle motion.

Finally although the foregoing has been set out in the context of tracked vehicles,
aspects and embodiments of the present invention can similarly be applied in the

context of skid-steered wheeled vehicles.
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CLAIMS:

1. A drive configuration for a skid steered vehicle, comprising:

first and second torque outputs that are coupled by a differential and in a torque
connection with first and second electric motors respectively, the differential being
configured to mechanically transfer power across itself;

at least one mechanical power splitter having a first torque transfer feature in a torque
connection with a combustion engine, a second torque transfer feature in a torque
connection with a respective additional electric motor and a third torque transfer feature
in a torque connection with at least one of the first and second torque outputs of the
drive configuration, either directly or indirectly via the differential,

wherein torque output from the or each said mechanical power splitter in use is
dependent on torques generated by the combustion engine and the associated additional
electric motor; and,

wherein a controller is configured selectively to control the respective speeds and
torques of the first, second and third torque transfer features of the mechanical power
splitter.

2. A drive configuration for a skid steered vehicle, comprising:

first and second torque outputs that are coupled by a differential and in a torque
connection with first and second electric motors respectively, the differential being
configured to mechanically transfer power across itself;

at least one mechanical power splitter having a first torque transfer feature in a
torque connection with a combustion engine, a second torque transfer feature in a torque
connection with a respective additional electric motor and a third torque transfer feature
in a torque connection with at least one of the first and second torque outputs of the
drive configuration, wherein torque output from the or each said mechanical power
splitter in use is dependent on torques generated by the combustion engine and the
associated additional electric motor; and

a controller configured to determine vehicle control information from user input
and based on this control performance of the electric motors and the combustion engine
to drive rotation of the first and second torque outputs for causing user requested vehicle
motion in a manner which optimises an operational parameter of the vehicle.

3. The drive configuration of claim 1 or claim 2, wherein the differential is arranged

to transfer torque between the third torque transfer feature of a said mechanical power
splitter and both the first and second torque outputs of the drive configuration, the

Date Regue/Date Received 2023-08-11
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differential having: a first sub-arrangement in a torque connection with the first torque
output of the drive configuration; a second sub-arrangement in a torque connection with
the second torque output of the drive configuration; and a link for receiving torque from
the third torque transfer feature of the mechanical power splitter which is common to

both said first and second sub-arrangements.

4. The drive configuration of claim 1 or claim 2, wherein the third torque transfer
feature of one said mechanical power splitter is in a torque connection with the first
torque output of the drive configuration on one side of the differential and the third
torque transfer feature of another said mechanical power splitter is in a torque
connection with the second torque output of the drive configuration on the other side of
the differential.

5. The drive configuration of any one of claims 1 to 4, further comprising at least one
further electric motor in a torque connection with the differential for imparting a torque
differential between torque outputs of the differential.

6. The drive configuration of any one of claims 1 to 5, wherein the controller is
configured to maintain operation of the combustion engine at a particular rotational
speed and control performance of the electric motors in order to cause user requested

vehicle motion.

7. The drive configuration of claim 6, wherein said particular rotational speed

optimises an operational parameter of the combustion engine.

8. The drive configuration of claim 7, wherein said operational parameter is any of

fuel efficiency, engine power output or engine torque output.

9. The drive configuration of any one of claims 1 to 8, wherein the controller is
configured to detect the occurrence of at least one pre-specified scenario based on at
least said user input and, in response, to control performance of each of the electric

motors and the combustion engine in a pre-specified manner.
10.  The drive configuration of claim 9, wherein information received by the controller

from at least one sensor is additionally used to detect the occurrence of said at least one

scenario.

Date Regue/Date Received 2023-08-11
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11. The drive configuration of any one of claims 1 to 10, wherein the or each said
mechanical power splitter is a planetary gearset, said first torque transfer feature of
which is a sun gear, a ring gear or a carrier gear; the second torque transfer feature of
which is another of said sun gear, ring gear and carrier gear; and the third torque

transfer feature of which is the remaining of said sun gear, ring gear and carrier gear.

12. The drive configuration of any one of claims 1 to 11, further comprising a plurality
of gear change units for selectively changing torque output from the first and second
torque outputs of the drive configuration in use.

13.  The drive configuration of claim 12, wherein the controller is configured to select
an appropriate gear ratio based on at least said determined vehicle control information.

14.  The drive configuration of any one of claims 1 to 13, further comprising at least
one additional combustion engine, said engines being arranged in parallel for driving a
shaft.

15. A drive configuration for a skid steered vehicle, comprising:

first and second torque outputs that are coupled by a differential and in a torque
connection with first and second electric motors respectively, the differential being
configured to mechanically transfer power across itself;

at least one mechanical power splitter having a first torque transfer feature in a
torque connection with a combustion engine, a second torque transfer feature in a torque
connection with a respective additional electric motor and a third torque transfer feature
in a torque connection with at least one of the first and second torque outputs of the
drive configuration, wherein torque output from the or each said mechanical power
splitter in use is dependent on torques generated by the combustion engine and the
associated additional electric motor; and

a controller configured to determine remaining vehicle battery power from
information received from a battery unit and when this is below a threshold amount to
control performance of the combustion engine and the electric motors to cause the
battery to charge up while causing user requested vehicle motion in accordance with

received user input.

16. A drive configuration for a skid steered vehicle, comprising:

Date Regue/Date Received 2023-08-11
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first and second torque outputs that are coupled by a differential and in a torque
connection with first and second electric motors respectively,
wherein the differential is configured to mechanically transfer power across itself
and comprises:
a pair of outer planetary gear sets and a pair of inner planetary gear sets, both
pairs disposed between the first and second electric motors,
the pair of inner planetary gear sets being disposed between, i.e. nested within,
the pair of outer planetary gear sets;
the pair of outer planetary gear sets comprising:
a pair of outer planet carriers arranged to turn with the respective output shafts;
a pair of outer sun gears arranged to turn with the respective rotors of the
propulsion motors; and,
a pair of outer ring gears, operatively coupled to each other via a gear
arrangement that only permits the outer ring gears to rotate relative to one
another in an equal and opposite manner;
the pair of inner planetary gear sets comprising:
a pair of inner planet carriers interconnected by a cross-shaft such that the
carriers rotate in common;
a pair of inner ring gears arranged to turn with the respective output shafts; and,
a pair of inner sun gears, wherein at least one inner sun gear is operatively
coupled to the gear arrangement and, either the other inner sun gear is also
operatively coupled to the gear arrangement so that the inner sun gears rotate
relative to one another in an equal and opposite manner, or, the other inner sun

gear is fixed stationary.
17. A drive configuration for a skid steered vehicle according to any one of claims 1 to
15, wherein the differential that is configured to mechanically transfer power across itself

is as specified in claim 16.

18. A skid steered vehicle comprising a drive configuration according to any one of

claims 1 to 17.

Date Regue/Date Received 2023-08-11
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