woO 2019/043361 A1 |0 000 0000000 A 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 March 2019 (07.03.2019)

‘O 00000 0 0 0
(10) International Publication Number

WO 2019/043361 Al

WIPO I PCT

(51) International Patent Classification:

B60G 3/14 (2006.01) FI6F 1/54 (2006.01)
B60G 5/01 (2006.01) FI16F 3/04 (2006.01)
B60G 11716 (2006.01) B60G 5/06 (2006.01)
B60G 11/22 (2006.01) F41H 7/00 (2006.01)
B62D 55/108 (2006.01)

(21) International Application Number:
PCT/GB2018/052397

(22) International Filing Date:
23 August 2018 (23.08.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
1714154.0 04 September 2017 (04.09.2017) GB
17275138.0 04 September 2017 (04.09.2017) EP

(71) Applicant: BAE SYSTEMS PLC [GB/GB]; 6 Carlton
Gardens, London SW1Y 5AD (GB).

(72) Inventors: POOLE, Lauren Heidi; BAE Systems, Hadely
Castel Works, Telford Shropshire TF1 6QW (GB). POT-
TER, Marcus, Jason; BAE Systems, Hadley Castle Works,

(74)

@81)

84

Telford Shropshire TF1 6QW (GB). BYRNE, David Ed-
ward; PROAB Design Services Limited, 65 Amblecote
Road, Brierleyhill West Midlands DY5 2YQ (GB).

Agent: BAE SYSTEMS PLC, GROUP IP DEPT;, Farn-
borough Aerospace Centre, Farnborough Hampshire GU14
6YU (GB).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(54) Title: SUSPENSION SYSTEM

20

182 243 18b

13b

13a
240 —
12

18d—"]
168"

Fig. 3

(57) Abstract: A bias system for a suspension system for a running gear system comprises a first axle arm for attachment to a first
wheel of the running gear system, the bias system comprising:a first bias device, the first bias device adapted to resist rotation of the

first axle arm about a first pivot point of the running gear system.

[Continued on next page]



WO 2019/04336 1 A1 | [0} 00P 00 0000 0 OO0

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:
—  with international search report (Art. 21(3))



WO 2019/043361 PCT/GB2018/052397

10

15

20

25

30

35

Suspension System

The invention relates to a bias system for a suspension system for a running gear
system, a suspension system for a running gear system, a running gear system, a vehicle and
a bias device.

Vehicle suspension systems can be complex, with a separate suspension system
required for each road wheel. Vehicle suspension systems can also be susceptible to damage
(for example, during a blast). Additionally, existing suspension systems can often only resist

movement in a single linear direction, and are consequently susceptible to lateral loads.

According to a first aspect of the invention, there is provided a bias system for a
suspension system for a running gear system, the bias system comprising a first axle arm for
attachment to a first wheel of the running gear system, the bias system comprising: a first bias
device, the first bias device adapted to resist rotation of the first axle arm about a first pivot
point of the running gear system. When the first running gear system travels over a bump in
the ground, the first wheel displaces upwards, which causes the first axle arm to rotate about
the first pivot point. Rotation of the first axle arm and, consequently, displacement of the first
wheel is resisted. The bias system therefore provides a simple suspension system for resisting
upwards displacement of the first wheel. Additionally, in contrast to existing suspension
systems (e.g. with linear springs resisting only movement in the same, linear direction), the

bias system is less affected by lateral loads on the first wheel.

In one example, the first bias device comprises a casing rotatable about the first pivot
point, the casing fixed to the first axle arm. In one example, the first bias device comprises an
axial spring located within and fixed to the casing, wherein rotation of the casing about the first
pivot point causes displacement of the axial spring so that the axial spring resists rotation of
the casing about the first pivot point to resist rotation of the first axle arm about the first pivot
point. This arrangement of bias device provides an effective means for resisting rotation.
Additionally, having axial spring located within the casing allows the bias system to be sealed
and to contain oil or grease to provide damping, and prevents damage to the components

located within the casing (for example, during a blast).

In one example, a first end of the axial spring is fixed to the casing, and a second end of
the axial spring is fixable to the running gear system at a spring pivot point, so that rotation of
the casing about the first pivot point causes rotation of the spring about the spring pivot point
to cause displacement of the axial spring. Allowing the spring to rotate in this way prevents
twisting of the spring, improving the reliability and consistency of the springs performance in

resisting rotation of the first axle arm.
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In one example, the axial spring is fixable to the running gear system at the spring pivot
point by a spring retention cup, the spring retention cup rotatably fixable to the spring pivot

point, wherein the second end of the axial spring retained by the spring retention cup.

In one example, the suspension system comprises a plurality of axial springs.

In one example the running gear system comprises a second axle arm for attachment to
a second wheel of the suspension system, and the suspension system comprises: a second
bias device, the second bias device adapted to resist rotation of the second axle arm about a

second pivot point of the running gear system.

In one example, the second pivot point is at the same location as the first pivot point.

In one example, the first bias device and the second bias device are formed as a single

unit.

According to a second aspect of the invention, there is provided a suspension system
for a running gear system, the suspension system comprising the bias system of any
preceding claim, the suspension system comprising the first wheel, the first wheel attached to

the first axle arm.

In one example, the suspension system comprises a second wheel, the second wheel

attached to the second axle arm.

According to a third aspect of the invention, there is provided a running gear system for
a vehicle, the running gear system comprising a suspension system as described above and a
track, wherein the first wheel is coupled to the track so that the first wheel is supported by and

rotates with the track in use.

In one example the second wheel is coupled to the track so that the second wheel is

supported by and rotates with the track in use.

In one example, the running gear system comprises a connection system fixed to the
running gear system, the connection system operable to couple the running gear system to a

vehicle body of the vehicle.

In one example, the connection system is configured to at least partially disconnect the

running gear system from the vehicle body when a load on the connection system exceeds a
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threshold. During a blast acting the running gear system, the load acting on the connection
system exceeds the threshold, causing the running gear system to at least partially disconnect
from the vehicle body. This reduces the load on the suspension system (and other systems
within the running gear system and the vehicle body), and helps avoid failure of these

systems.

In one example, the load is a torque acting on the connection system. As a blast is likely
strike the running gear system at a point which is not aligned with a connection system, it is
likely that the blast will result in a torque on the connection system.

In one example, the connection system is configured to permit substantially free relative
rotation between the running gear system and the vehicle body when the load exceeds the
threshold. This further reduces the load on the suspension system and other systems within

the running gear system and the vehicle body.

In one example, the connection system comprises a first member fixed to the running
gear system and a second member fixable to the vehicle body, the first member connected to
the second member, the first member configured to at least partially disconnect from the

second member when the load exceeds the threshold.

In one example, the first member is configured to rotate relative to the second member

when the load exceeds the threshold.

In one example, the connection system further comprises a fluid distribution system
operable to, during relative rotation between the first member and the second member, pass
fluid between the first member and the second member to thereby pass fluid between the body
and the running gear system. This means that fluid systems can be located in the vehicle body
rather than in the running gear system, with the fluid systems still capable of passing fluid
to/from the running gear system from/to the vehicle body when there is relative rotation
between the running gear system and the vehicle body (for example, to operate brakes of the

running gear system using brake fluid).

In one example, the fluid distribution system comprises a channel between the first
member and the second member. In one example, the first member comprises a first port for
passing fluid between the fluid channel and the running gear system. In one example, the
second member comprises a second port for passing fluid between the fluid channel and the
vehicle body.

In one example, the channel is formed in the second member.
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In one example, the connection system comprises an o-ring for sealing the channel.

In one example, the second member surrounds the first member.

In one example, the first member is connected to the second member by a shear pin,
the shear pin configured to fail when the load exceeds the threshold to at least partially

disconnect the running gear system from the vehicle body.

In one example, the connection system further comprises a drive shaft operable to

connect a drive system of the vehicle body to a drive train of the running gear system.

In one example, the drive shaft is configured to maintain connection between the drive
system of the vehicle body and the drive train of the running gear system when the load

exceeds the threshold.

In one example, the running gear system further comprises a brake system, the fluid
distribution system adapted to pass fluid between the body and the brake system for use in the

brake system.

According to a fourth aspect of the invention, there is provided a vehicle comprising the

running gear system described above.

In one example, the vehicle comprises a v-shaped hull for deflecting a blast.

In one example, the vehicle is an unmanned vehicle.

In one example, the vehicle is a military vehicle.

In one example, the vehicle body has a first connector for forming a non-articulated
connection with an additional vehicle. This vehicle is advantageous, as the non-articulated
connection formed between the vehicle and the additional vehicle means that if one of the
vehicle and the additional vehicle is a damaged vehicle (for example, damaged by a blast), the
damaged vehicle can be transported to a location for repair by the other of the first vehicle and
the second vehicle. The non-articulated connection means that the damaged vehicle can be
transported more easily. This vehicle is particularly advantageous after the partial
disconnection of the running gear system from the vehicle body, because the non-articulated
connection formed between the vehicle and the additional vehicle allows the vehicles to be

transported to a location for repair.
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In one example, the first connector is located at a rear of the vehicle.

In one example, the first connector is configured to connect to a connector portion so
that the vehicle forms the non-articulated connection with the additional vehicle via the
connector portion. As described below, the connector portion may comprise a battery for
powering the vehicle or the additional vehicle. This means that the battery can be readily

replaced simply by replacing the connector portion.

In one example, the first connector is comprised in a main portion of the vehicle body,

and the first connector is further configured to connect to a vehicle rear portion.

In one example, the first connector comprises an electrical connection for receiving

power from a battery located in the connector portion or the vehicle rear portion.

In one example, the first connector comprises a rail adapted to engage a
complementary rail to form the non-articulated connection.

In one example, the vehicle body further comprises a second connector for forming a

non-articulated connection with the additional vehicle.

In one example, the second connector is at a front of the vehicle.

In one example, the second connector is comprised in a main portion of the vehicle
body, and the second connector is further configured to connect to a vehicle nose portion.

According to a fourth aspect of the invention, there is provided a vehicle system
comprising a first vehicle as described above and a second vehicle as described above, the
first connector of the first vehicle forming a non-articulated connection with the second
connector of the second vehicle. This vehicle system is advantageous, as the non-articulated
connection formed between the first vehicle and the second vehicle means that if one of the
first vehicle and the second vehicle is a damaged vehicle (for example, damaged by a blast),
the damaged vehicle can be transported to a location for repair by the other of the first vehicle
and the second vehicle. The non-articulated connection means that the damaged vehicle can

be transported more easily.

In one example, the vehicle system comprises a connector portion, the first connector of
the first vehicle forming a non-articulated connection with the connector portion, and the

second connector of the second vehicle forming a non-articulated connection with the
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connector portion, so that the first connector of the first vehicle forms the non-articulated

connection with the second connector of the second vehicle via the connector portion.

In one example, the connector portion comprises a battery for powering at least one of

the first vehicle and the second vehicle.

According to a fourth aspect of the invention, there is provided a bias device comprising:
a casing rotatable about a pivot point; and an axial spring located within and fixed to the
casing, wherein rotation of the casing about the pivot point causes displacement of the axial

spring so that the axial spring resists rotation of the casing about the pivot point.

For a better understanding of the invention reference is made, by way of example only,

to the accompanying figures, in which:

FIG. 1 shows a rear view of a vehicle;

FIG. 2 shows a perspective view of a vehicle;

FIG. 3 shows a perspective view and schematic drawings of a bias system and a bias

device;

FIG. 4 shows a cut away perspective view of a running gear system;

FIG. 5 shows an exploded perspective view of a vehicle body;

FIG. 6 shows an exploded perspective view of a portion of a vehicle system; and

FIG. 7 shows a perspective view of a vehicle system.

Referring to FIG. 1 and FIG. 2 there is shown a vehicle 2. The vehicle 2 comprises a first
running gear system 4a, a second running gear system 4b and a vehicle body 6. The first
running gear system 4a is coupled to the vehicle body 6 by a first connection system 8a
(described in more detail below with respect to FIG. 4). The second running gear system 4b is

coupled to the vehicle body 6 by a second connection system 8b.

The vehicle 2 is a ground based vehicle. Each of the first running gear system 4a and
the second running gear system 4a comprises a track for contacting the ground and driving the
vehicle 2. The vehicle 2 is an unmanned military vehicle, and comprises a v-shaped hull in its

vehicle body 6 for deflecting a blast.
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The first running gear system 4a and the second running gear system 4b are located on
opposing sides of the vehicle body 6. The second running gear system 4b comprises all of the
features of the first running gear system 4a, but is a mirror image of the first running gear
system 4a. Similarly, the second connection system 8b comprises all of the features of the first
running gear system 4a, but is a mirror image of the first running gear system 4a. Only the first

running gear system 4a and first connection system 8a are described here.

The first running gear system 4a comprises a first suspension system 10a and a second
suspension system 10b. The second suspension system 10b comprises all of the features of
the first suspension system 10a, but is located further towards a rear of the vehicle 2 than the

first suspension system 10a. Only the first suspension system 10a is described here.

The first suspension system 10a comprises a bias system 12, a first wheel 14a and a
second wheel 14b. The first wheel 14a and the second wheel 14b are road wheels. The bias
system 12 comprises a first bias device 13a and a second bias device 13b. The bias system
12 comprises a first axle arm 16a. The first axle arm 16a attaches the first bias device 13a to
the first wheel 14a via a first axle. The bias system 12 comprises a second axle arm 16b. The
second axle arm 16b attaches the second bias device 13b to a second wheel 14b via a second
axle. The first wheel 14a and the second wheel 14b are supported by and rotate with the track

in use.

Each of the first axle and the second axle extends substantially horizontally in use. The
first axle arm 16a and the second axle arm 16b extend from their respective bias device to
their respective axle in a substantially vertical plane in use. The first axle arm 16a and the
second axle arm 16b extend from their respective bias device to their respective axle in the

plane of the running gear system 4a.

Referring to FIG. 3, there are shown drawings of the bias system 12 and the first bias
device 13a. The second bias device 13b comprises all of the features of the first bias device

13a, so only the first bias device 13a is described here.

The first bias device 13a comprises a casing 20. The casing 20 is substantially
cylindrical. The first bias device 13a comprises a first axial spring 18a, a second axial spring
18b, a third axial spring 18c and a fourth axial spring 18d. A first end of each of the first axial
spring 18a, the second axial spring 18b, the third axial spring 18¢ and the fourth axial spring
18d is fixed to the casing 20. The first to fourth axial springs 18a-d are substantially evenly
spaced around the casing 20. The casing 20 is hollow, and the first to fourth axial springs 18a-

d are located entirely within the casing 20. The bias device 13a further comprises a cover
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portion (see FIG. 2) which seals the first to fourth axial springs 18a-d within the casing 20. The
casing 20 is filled with oil. Having the axial springs 18a-d located in the casing 20 protects the

axial springs 18a-d from damage (for example, during a blast).

The casing 20 is rotatable about a first pivot point 22. The first pivot point 22 is rigidly
fixed to the first running gear system 4a. More specifically, the first pivot point 22 is rigidly fixed
to at least one of a first plate (FIG. 4: 26a) and a second plate (FIG. 4. 26b). The casing 20 is
attached to the first axle arm 16a. More specifically, the casing 20 is integrally formed with the
first axle arm 16a.

A second end of the first axial spring 18a is retained by a first spring retention cup 24a.
A second end of the second axial spring 18b is retained by a second spring retention cup 24b.
A second end of the third axial spring 18c¢ is retained by a third spring retention cup 24c. A
second end of the fourth axial spring 18d is retained by a fourth spring retention cup 24d. Each
of the first to fourth spring retention cups 24a-d is rotatably fixed to a spring pivot point. Each
spring pivot point is rigidly fixed to the running gear system 4a. More specifically, each spring
pivot point is rigidly fixed to at least one of a first plate (FIG. 4: 26a) and a second plate (FIG.
4: 26b). This means that when the casing 20 rotates about the first pivot point 22, it also

rotates relative to the spring pivot points.

The casings 20 of the first and second bias devices 13a, 13b are rotatable
independently of each other. However, the first and second bias devices 13a, 13b are formed
as a single unit, with their casings coaxial and adjacent to each other. This reduces the space
required for the bias system 12. The second bias device 13b is located inboard of the first bias
device 13a, towards the vehicle body 6. The first and second bias devices 13a, 13b share a

common pivot point 22.

In use, as the casing 20 rotates about the first pivot point 22 (as shown in FIG. 3), the
first to fourth axial springs 18a-18d rotate about their respective spring pivot points (in the
plane of the first running gear system 4a), effecting displacement of the first to fourth axial
springs 18a-d. The displacement of the first to fourth axial springs 18a-d causes the springs to
produce a force which resists rotation of the casing 20 about the first pivot point 22. The oil
located within the casing 20 provides damping to further resist rotation of the casing 20 about

the first pivot point 22.

When the first running gear system 4a travels over a bump in the ground, the first wheel
14a displaces upwards, which causes the first axle arm 16a to rotate about the first pivot point
22. As the first axle arm 16a is attached to the casing 20, the rotation of the first axle arm 16a

causes rotation of the casing 20, which is resisted by the axial springs 18a-d as described
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above. This means that rotation of the first axle arm 16a and, consequently, displacement of
the first wheel 14a is resisted. The second bias device 13b operates in the same manner with
respect to the second axle arm 16b and the second wheel 14b. The bias system provides a
simple suspension system for resisting upwards displacement of the first wheel. In contrast to
suspension systems with linear springs, the bias system is less affected by lateral loads on the

first wheel.

Referring to FIG. 4, there is shown a portion of the first running gear system 4a,
providing an exploded view of the first connection system 8a. The first running gear system 4a

comprises a first plate 26a and a second plate 26b.

The first connection system 8a comprises a first member 28, which is fixed to the first
running gear system 4a. More specifically, the first member 28 is rigidly fixed to a first plate

26a of the first running gear system 4a and a second plate 26b of the running gear system.

The first connection system 8a comprises a second member 30. In use, the second
member is fixed to the vehicle body 6. More specifically, the second member is rigidly fixed to

the vehicle body 6.

The first member 28 comprises a substantially cylindrical aperture, in which a
substantially cylindrical portion of the second member 30 is received. The second member 30

is supported in the first member by a first bearing 34a and a second bearing 34b.

The first connection system 8a comprises a drive shaft 32. The second member 30
comprises a substantially cylindrical aperture, in which the drive shaft 32 is received. The drive
shaft is supported in the second member by further bearings 35. The drive shaft 32 connects a
motor (not shown) located within the vehicle body 6 to a drivetrain (not shown) of the first

running gear system 4a.

A series of shear pins (not shown) couple the first member 28 to the second member
30. The shear pins extend between apertures of the first member 28 and the second member
30, preventing the first member 28 rotating relative to the second member. This means that

the first connection system 8a couples the running gear system 4a to the vehicle body 6.

The second member 30 comprises a fluid distribution system. The fluid distribution
system comprises a channel 36, which extends fully around the circumference of the second
member 30. The second member 30 surrounds the first member 28. The first member 28
comprises a first port (not shown), which aligns with the channel 36. The second member 30

comprises a second port (not shown), which is located within the channel 36. The first
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connection system 8a comprises a seal 38 which seals the channel 36. The seal 38 is an o-
ring located within the channel 36.

The first port is in fluid communication with a brake system (not shown). The second
port is in fluid communication with the vehicle body 6. This means that the channel and the first
and second ports provide fluid communication between the brake system and the vehicle body
6.

In use, the drive shaft 32 drives the track of the first running gear system 4a via the
drivetrain. Brake fluid is passed from the vehicle body 6 to the brake system via the channel 36
of the first connection system 8a to operate brakes (not shown) of the first running gear system
4a.

When a load on the first connection system 8a exceeds a threshold (for example, due to
a blast acting on the first running gear system 4a), the first connection system 8a partially
disconnects the first running gear system 4a from the vehicle body 6. More specifically, when a
torque on the first connection system 8a exceeds a threshold (for example, due to a blast
acting on the first running gear system 4a), the first connection system 8a partially disconnects
the first running gear system 4a from the vehicle body 6. This is achieved by shearing of the
shear pins, which allows substantially free relative rotation to occur between the first member
28 and the second member 30. Allowing rotation in this way reduces the load on the
suspension system (and other systems within the running gear system and the vehicle body),
and helps avoid failure of these systems. The first bearing 34a and the second bearing 34b
continue to support the second member 30 within the first member 28, thereby preventing
relative displacement between the first member 28 and the second member 30.

During relative rotation between the first member 28 and the second member 30, the
drive shaft 32 continues to connect the motor to the drivetrain, allowing the track of the first
running gear system to be driven 4a. During relative rotation between the first member 28 and
the second member 30, fluid flow from the first member 28 to the second member 30
continues to be permitted via the channel 36, allowing the brakes to be operated. This means
that the track and the brakes of the first running gear system 4a may still be operated while

there is relative rotation (for example, after a blast).

Referring to FIG. 5, there is shown an exploded view of the vehicle body 6. The vehicle
body 6 comprises a main portion 40, a vehicle rear portion 42 and a vehicle nose portion 44.
The main portion 40 comprises the motor (not shown) and the vehicle rear portion 42

comprises a battery for powering the motor.
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The main portion 40 comprises a first connector 43, located at a rear of the main portion
40. The first connector 43 comprises an electrical connection (not shown) for receiving power
from the battery. The first connector 43 comprises a pair of first rails 48a 48b. The first
connector comprises a pair of pins 50 and a series of loops 52. The vehicle rear portion 42
comprises a pair of second rails (not shown), which are complementary to the first rails 48a

48b. The vehicle rear portion 42 comprises a series of loops 52.

The first connector 43 connects the main portion 40 to the vehicle rear portion 42 using
the first rails 48a 48b, which engage with the second rails, and the pins 50, which pass through

interlocking loops 52 of the main portion 40 and the vehicle rear portion 42.

The main portion 40 comprises a second connector 45, located at a front of the main
portion 40. The second connector 45 comprises a series of loops 52 and a pair of pins 50. The
vehicle nose portion 44 comprises a series of loops 52. The second connector 45 connects the
main portion 40 to the vehicle nose portion 44 using the pins 50, which pass through

interlocking loops of the main portion 40 and the vehicle front portion 42.

Referring to FIG. 6 and FIG. 7, there is shown a vehicle system 54. The vehicle system
54 comprises a first vehicle 2a and a second vehicle 2b. The first vehicle 2a comprises a first
vehicle body 6a, which comprises a main portion 40a and a vehicle nose portion 44,
connected together as described above. The second vehicle 2b comprises a second vehicle
body 6b, which comprises a main portion 40b and a vehicle rear portion 42, connected

together as described above.

The vehicle system 54 further comprises a connector portion 46. The connector portion

46 comprises a battery, for powering the motor of the first vehicle 2a.

The connector portion 46 comprises a pair of second rails (not shown) at a front of the
connector portion 46. The pair of second rails of the connector portion 46 is identical to the pair
of second rails of the vehicle rear portion 42, as described above. The connector portion 46
comprises series of loops 52 at a rear of the connector portion 46. The series of loops 52 of
the connector portion 46 are identical to those of vehicle nose portion 44, as described above.

The connector portion 46 connects to the main portion 40a of the first vehicle 2a via the
first connector 43 of the main portion 40a of the first vehicle 2a and the pair of second rails of
the connector portion 46. The connector portion 46 connects to the main portion 40a of the
second vehicle 2b via the second connector 45 of the main portion 40a of the second vehicle
2b and the series of loops 52 of the connector portion 46. This provides a non-articulated and

substantially rigid connection between the first vehicle 2a and the second vehicle body 2b,



WO 2019/043361 PCT/GB2018/052397

10

15

20

25

30

35

12

formed by the first connector 43 of the first vehicle 2a and the second connector 45 of the
second vehicle 2b. The electrical connection of the first connector 43 receives power from the

battery located in the connector portion 46.

The non-articulated connection formed between the first vehicle and the second vehicle
means that if one of the first vehicle and the second vehicle is a damaged vehicle (for
example, damaged by a blast), the damaged vehicle can be transported to a location for repair
by the other of the first vehicle and the second vehicle. The non-articulated connection means
that the damaged vehicle can be transported more easily. The vehicle system 54 is particularly
advantageous after the partial disconnection of the running gear system from the vehicle body
(as described above) of one of the first vehicle and the second vehicle, as the non-articulated
connection formed between the first vehicle and the second vehicle allows the vehicle system

to be transported by the other of the first vehicle and the second vehicle to a location for repair.

It will be appreciated that main portion 40, vehicle rear portion 42, vehicle nose portion
44 and connector portion 46 components may be connected together in various different
combinations to form different vehicles and vehicle systems. A non-articulated connection
might therefore allow a single, rigid system to be formed in a modular (or similar) manner. The
non-articulated connection might, in general, mean that a single rigid vehicle system can be
easily and conveniently realised. This is in contrast with an articulated connection, which is
typically for allowing improved manoeuvrability between bodies. Therefore, it is counterintuitive

to connect vehicle bodies in a non-articulated manner.

While the specific form of the first connector 43 described herein is particularly
advantageous, it will be appreciated that the first connector could take an alternative form,
provided that the first connector of the vehicle is able to form a non-articulated connection with
an additional vehicle (for example, via the connector portion and a second connector of the
additional vehicle as described above). Additionally, while the specific form of the second
connector 45 described herein is particularly advantageous, it will be appreciated that the
second connector could take an alternative form, provided that the second connector of the
vehicle is able to form a non-articulated connection with an additional vehicle (for example, via
the connector portion and a first connector of the additional vehicle as described above).

In an embodiment, it is possible that a first vehicle as described above may be
connected or connectable to a second vehicle as described above. Each vehicle may
comprise one or more features of functions as described above. Two connected vehicles may
be preferable to one, larger or longer vehicle, since two vehicles allow for flexibility in terms of

a modular approach to the design and functionality of the vehicles, and related interchanging
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of the vehicles. This might be useful for implementing different functionalities, or even for

maintenance and repair.

One vehicle, for example a lead vehicle or a trailing vehicle, might be a primary or
master vehicle. One or more other connected or connectable vehicles may be a secondary or
slave vehicle. Primary or main might mean that the vehicle comprises the, or the main, control
system or similar for the overall set of vehicles, or the drive mechanism, or a power source.
Secondary or slave might mean that the vehicle does not comprise the, or the main, control
system or similar for the overall set of vehicles, or the drive mechanism, or a power source.
The secondary or slave vehicle might therefore be at least partially, mainly or wholly controlled

by, or driven by, or powered by, the primary or main vehicle.

One, more or all vehicles of the connected vehicles may be tracked. This may assist the
vehicle in travelling around and across terrain. Also, all vehicles being tracked might be useful
if vehicle roles are to be reversed, in terms of the interchangeable nature of the vehicles, as
above. Also, all vehicles being tracked might make it easier for the vehicles to, together, travel
in different directions (e.g. forwards and backwards), so that there is not, for example, a lead

tracked vehicle and a trail or slave wheeled vehicle or trailer.

One, more or all vehicles may be unmanned. This might mean that the vehicle does not,
or cannot (e.g. is not shaped or designed) house a driver or pilot or other human controller.
One, more or all vehicles may be unmanned, and/or be autonomous, in that they can be
controlled without need for the presence of a human user in or on the vehicle. One, more or all
vehicles may be autonomous, in that they are capable of following another vehicle or moving
object (e.g. a person). All of this might allow for the one, more or all vehicles to be used in a
wide range of applications, all whilst limiting or reducing the risks to personnel, which risks may
be high in a potentially dangerous setting (for example in terms of emergency services-like

applications, or military applications).

Much, in not all, of the functionality above is specifically designed with unmanned
operation in mind. Whilst the functionality can be applied to manned vehicles, the functionality
above facilitates maintained operation of a vehicle when, for example, a blast or explosion
takes place proximal to the vehicle. This functionality more easily allows for the vehicle to be
unmanned, since then no operators are required to fix the vehicles once damaged, in the
vicinity of the location where the blast took place — the vehicle can continue to operate, and

move, without immediate repair.

One, more or all vehicles may be unmanned. This might allow for efficient operation

and/or maintenance of the vehicles, in terms of the batteries being easily replaceable and so
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on, as opposed to combustion-engine maintenance being required, etc. Again, this might find
synergy with unmanned vehicles, where maintenance on-the-fly will not be possible or
practical. Also, this may allow the battery to be recharged in-use, for example by solar or wind
power, which might allow a vehicle (e.g. and particularly an unmanned vehicle) to spend
prolonged periods in use, for example on a patrol or scouting mission, or a rescue mission, or
to spend a long time in a stasis-like or hibernating state. The battery or batteries may not be
hard-wired in to the vehicle, but may be readily loaded, re-loaded, interchanged with spare
batteries, and so on, again to facilitate ease of use and maintenance. For example, the battery
may be readily loaded or brought into and out of engagement with electrical connectors of the

vehicle in a slot-like, or cassette-like, or plug and socket-like, manner.

Whilst the vehicles may be unmanned in terms of control, one or more vehicles may be
configured to carry a person, for example an injured person. The one or more vehicles may
serve as a mobile stretcher, or stretcher bearer, for example being controllable to move toward
and into proximity with an injured person, for that person to climb onto, or be loaded onto, the
one or more vehicles. An uppermost surface of the one or more vehicles may serve as a
region on which a person may sit or lie. The surface might be planar, or convex (e.g. bowl-like
or half-pipe section-like), to support or retain the person. One or more dedicated retaining
straps, arms or members in general may be used by the user, or controlled by the vehicle
(autonomously, or via command of the person or another user), to move from a disengaged to
an engaged state, once a person is suitably positioned on the vehicle. The surface might on
one vehicle, or across more than one vehicle. If across (even discontinuously) more than one
vehicle, a non-articulated connection between vehicles may limit or prevent substantial
movement between such vehicles, maintain the profile of the surface, and the position or pose
of the person. This might be desirable for comfort or damage-limitation purposes with respect
to the carried person. The damage avoidance or compensation discussed above, in
combination with the unmanned nature, leads to an efficient and effective way of transporting a
person out of a dangerous situation, whilst limiting exposure of other people to that dangerous
situation.

Although a few preferred embodiments have been shown and described, it will be
appreciated by those skilled in the art that various changes and modifications might be made

without departing from the scope of the invention, as defined in the appended claims.

Attention is directed to all papers and documents which are filed concurrently with or
previous to this specification in connection with this application and which are open to public
inspection with this specification, and the contents of all such papers and documents are

incorporated herein by reference.
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All of the features disclosed in this specification (including any accompanying claims,
abstract and drawings), and/or all of the steps of any method or process so disclosed, may be
combined in any combination, except combinations where at least some of such features

and/or steps are mutually exclusive.

Each feature disclosed in this specification (including any accompanying claims,
abstract and drawings) may be replaced by alternative features serving the same, equivalent
or similar purpose, unless expressly stated otherwise. Thus, unless expressly stated
otherwise, each feature disclosed is one example only of a generic series of equivalent or

similar features.

The invention is not restricted to the details of the foregoing embodiment(s). The
invention extends to any novel one, or any novel combination, of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), or to any novel one,

or any novel combination, of the steps of any method or process so disclosed.
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Claims

1. A bias system for a suspension system for a running gear system, the bias
system comprising a first axle arm for attachment to a first wheel of the suspension system,
the bias system comprising:

a first bias device, the first bias device adapted to resist rotation of the first axle arm

about a first pivot point of the running gear system.

2. A bias system according to claim 1, wherein the first bias device comprises:

a casing rotatable about the first pivot point, the casing fixed to the first axle arm; and

an axial spring located within and fixed to the casing,

wherein rotation of the casing about the first pivot point causes displacement of the axial
spring so that the axial spring resists rotation of the casing about the first pivot point to resist

rotation of the first axle arm about the first pivot point.

3. A bias system according to claim 2, wherein a first end of the axial spring is fixed
to the casing, and a second end of the axial spring is fixable to the running gear system at a
spring pivot point, so that rotation of the casing about the first pivot point causes rotation of the

spring about the spring pivot point to cause displacement of the axial spring.

4, A bias system according to claim 3, wherein the axial spring is fixable to the
running gear system at the spring pivot point by a spring retention cup, the spring retention cup
rotatably fixable to the spring pivot point, wherein the second end of the axial spring retained

by the spring retention cup.

5. A bias system according to any of claims 2 to 4, the suspension system

comprising a plurality axial springs.

6. A bias system according to any preceding claim, the running gear system
comprising a second axle arm for attachment to a second wheel of the suspension system,
and the suspension system comprises:

a second bias device, the second bias device adapted to resist rotation of the second

axle arm about a second pivot point of the running gear system.

7. A bias system according to claim 6, wherein the second pivot point is at the same

location as the first pivot point.

8. A bias system according to claim 6 or 7, wherein the first bias device and the

second bias device are formed as a single unit.
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9. A suspension system for a running gear system, the suspension system
comprising the bias system of any preceding claim, the suspension system comprising the first

wheel, the first wheel attached to the first axle arm.

10. A running gear system for a vehicle, the running gear system comprising a
suspension system according to claim 9 and a track, wherein the first wheel is coupled to the

track so that the first wheel is supported by and rotates as the track rotates in use.

11. A vehicle comprising the biasing system according to claims 1 to 8, the

suspension system according to claim 9, or the running gear system according to claim 10.

12. A vehicle according to claim 11, the vehicle comprising a v-shaped hull for

deflecting a blast.

13. A vehicle according to claim 11 or 12, wherein the vehicle is an unmanned

vehicle.

14. A vehicle according to any of claims 11 to 13, wherein the vehicle is a military

vehicle.

15. A bias device comprising:

a casing rotatable about a pivot point; and

an axial spring located within and fixed to the casing,

wherein rotation of the casing about the pivot point causes displacement of the axial

spring so that the axial spring resists rotation of the casing about the pivot point.
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