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[57] ABSTRACT

A tracked vehicle of narrow aspect suitable for un-
manned operation both in hazardous environments and
on routes normally accessible only to pedestrians, com-
prises two identical vehicle units (1, 2) each having an
independently drivable, full width track (3), the units
being interconnected in tandem configuration by an
articulation mechanism (9) permitting relative rotation
about a yaw axis (Y). In one aspect the articulation
mechanism is passive, being arranged with an offset
yaw axis, thereby permitting steering by application of
a velocity differential to the two tracks. In a second
aspect the articulation mechanism is active being pow-
ered by an actuator (94) to provide articulation steering.
The articulated units may also be secured in parallel
configuration for conventional skid-steering operation.

7 Claims, 3 Drawing Sheets

S
; 2L _ZEN
g 5/5Y 8 i /7 / ‘«ll’ )
\ S ” £ n-uuuv-_ﬁﬂ!m - “I "/ .
S Py ) /‘ = 4 3
G | TR s
@l TR G 1 e
= QY % //20



Mar. 20, 1990 Sheet 1 of 3 4,909,341

U.S. Patent

y
il I,
;_i |
7§
o ¢ o 161 ..\ﬂm\ Z m\.., /2.




Mar. 20, 1990 Sheet 2 of 3 4,909,341

US. Patqnt




4,909,341

Sheet 3 of 3

U.S. Patent

Mar. 20, 1990

2l /6 &
; A
" e I
i LA | __1
(]
66 : e |
| t 7t
o/ co \\\




4,909,341

1
UNMANNED ARTICULATED VEHICLE

TECHNICAL FIELD OF THE INVENTION

This invention relates to a tracked vehicle suitable for
unmanned deployment in hazardous environments and
capable of using routes normally only accessible to

. pedestrians.

BACKGROUND ART

The mobility of an unmanned vehicle is extremely
dependent upon the terrain, obstacles in the path of the
vehicle causing various mobility failures such as over-
turning, gross slippage, nose-in failure and hang-up
failure, the latter two being caused by engagement of
the nose and belly respectively of the vehicle with the
terrain.

Susceptibility to such failures can be reduced to some
extent by the use of large vehicle size as obstacles then
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become less significant but, for certain mobility objec- 20

tives, eg a vehicle that could go anywhere a man could
walk, excessive dimensions are not practicable. Walking
machines have been often proposed for high mobility,
and it is certainly true that many animals with legs are

highly mobile and if one is attempting to duplicate their 25

capabilities it is reasonable to consider using similar™
mechanisms. However, the potential for mobility failure
is much higher than that of more conventional vehicles,
as each foot must be safely placed and moved in such a
way as to produce the desired vehicle motion. Simple
control strategies can be used but these do not in gen-
eral produce the mobility apparent in legged animals.
For these reasons fully fledged walking machines are
not practical at present although some mobility aids are
known which go some way in this direction.

Wheeled or tracked vehicles are more appropriate for
unmanned use, but the width necessary for stable opera-
tion of most conventional vehicles prevents them from
following many routes that are easy for a man. A motor-
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cycle has very good mobility from many respects but is 40

vulnerable to a great many failure modes and is only
useful when allied with a competent operator. Very
small tracked vehicles are also known which are de-
signed to be able to operate inside buildings and to
climb stairways, but these are unable to carry a large
payload and are defeated by fairly simple obstacles.

Wide track vehicles of larger size are known for
coping more effectively with obstacles, the substantially
full underside cover provided by the twin wide tracks
used making the vehicle bellyless and hence less suscep-
tible to hang-up failure. However these vehicles need
substantial width for effective steering, the mode of
steering normally employed being skid steering, in
which the two independently drivable, parallel tracks
are made to skid about a pivot axis trajectory deter-
mined by the velocity differential of the two parallel
tracks and by the load distribution of the vehicle upon
" them.

The present invention seeks to provide a bellyless
vehicle of narrower aspect capable of an alternative
steering mode.

THE INVENTION

Accordingly, the present invention comprises an
articulated vehicle comprising two separate vehicle
units each provided with a single, full width, indepen-
dently drivable track, and having center lines, the two
units being interconnected in tandem arrangement by an
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articulation mechanism having a single jaw pivot only,
enabling relative rotation of the two vehicle units about
a yaw axis which is offset from the center lines of the
two vehicle units, the vehicle being steerable by appli-
cation of a velocity differential between the two tracks,
which controls the said rotation.

Conveniently, the articulation mechanism is capable
of being rotated through 180° so as to permit the two
units to be folded together and locked in parallel track
configuration for conventional skid-steer if and when a
wider base and/or a tighter turning circle is required.
Self engaging latches are conveniently disposed interja-
cent the two confrontable sides of the vehicle units for
maintaining this parallel track configuration in use.

Preferably the articulation mechanism further pro-
vides rotation about a roll axis and a pitch axis, the
angular deflection of either of which may be unre-
stricted or limited or, in some modes of operation sub-
jected to programmed control.

Each vehicle unit preferably has a chassis and a cov-
ering body disposed entirely within the perimeter of the
track, drive mechanisms for the track being mounted
therein. The body is further provided with a top hamper
bridging the tracks, to which the articulation mecha-
nism is attached. Access to the drive mechanisms may
be achieved by a drawer system, ie the various compo-
nents being slideably mounted on runners transverse to
the longitudinal centre line of the unit.

The maximum height of obstacle that can be mounted
by each vehicle unit is of course dependent upon the
length of the ground-engageable portion of its track, ie
track base. In a preferred arrangement, the track rotates
upon three direction changing rollers only, two lower
rollers of the three defining the track base and the third,
upper roller being disposed forwardly of the track base.
This configuration is preferable to the four direction -
changing rollers of conventional tracks in providing a
longer track base and shifting the centre of gravity of
the unit forward; thereby to provide a unit which will
also behave well in a backwards direction. Vehicle units
of this configuration may be conveniently intercon-
nected in back-to-back arrangement.

SPECIFIC EXAMPLE OF THE INVENTION

Specific embodiments in accordance with the inven-
tion will now be described by way of example only with
reference to the accompanying drawings of which

FIG. 1 is a diagrammatic plan view of two vehicle
units provided with a passive articulation mechanism,

FIG. 2 is a side elevation of the same two units from
viewpoint II of FIG. 1,

FIG. 3 is an end view of one of the same vehicle units
viewed from line III—III of FIG. 1,

FIGS. 4, 5 and 6 are perspective diagrams of the same
two units in tandem operation on level ground and with
pitch and roll displacements respectively,

FIG. 7 is a perspective diagram of the same two units
in parallel track configuration, and

The articulated vehicle illustrated in FIGS. 1, 2 and 3
comprises two identical vehicle units 1 and 2, each
having a full width track 3 independently drivable in
forward and reverse direction around two full width
lower rollers 4 and a full width upper roller 5 compris-
ing a track drive sprocket roller disposed forwardly of
the track base defined by the lower rollers 4 and located
so as to ensure that the centre of gravity of the unit acts
substantially midway between the two rollers 4. The
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rollers 4 and 5 are supported by a chassis (not seen)
enclosed by a body 6 located within the periphery of the
track 3. Drive mechanisms (not shown) are mounted
within the body 6, which body also supports a top ham-
per 7 having an end face 8.

The two units 1 and 2 are interconnected by a passive
articulation mechanism 9 which includes for each unit a
roll pivot 10 attached centrally to the end face 8 so as to
be rotatable about a roll akis R, the pivot 10 having a
radial arm 11 disposed to extend laterally to the edge of
the face 8 when in non-roll condition (see FIG. 3). The
distal end of the arm 11 is flexibly attached to a tie bar
12 which extends along the side of the unit to engage
the body 6 at a ball joint 13. A

Also at the distal end of the radial arm 11, adjacent
the tie bar 12, is a pitch pivot 14 to which is attached
one end of a linkage arm 15 so as to be deflectable about
a pitch axis P in line with the radial arm 11. The other
ends of the linkage arm 15 of each unit are mutually
conjoined at a yaw pivot 16 so as to be relatively rotat-
able about a yaw axis Y.

Self-engaging latches 17 and 18 are attached to one
side of each body 6 of the two units 1 and 2 respectively
so as to be engageable when the units are folded to-
gether about the yaw axis Y. R

Electronic drive control means 19 including sensors,
analysers and motivators (not shown) are located on
each top hamper 7, which control means may be ar-
ranged for remote command or for command by a pre-
programmed computer also included in the drive con-
trol means 19 so as to make the vehicle autonomous.

In operation, when the tracks 3 of both units 1 and 2
are driven at the same speed but in opposed directions
relative to the respective body 6 (as indicated by arrows
20 in FIG. 2), the two units will proceed in tandem
along a straight course in the direction indicated by
-~ arrow 21 of FIGS. 1 and 2. This mode of travel is also
illustrated diagrammatically in FIG. 4.

Application of a positive velocity differential to the
lead unit (unit 1 as drawn) either by increasing the track
speed of the lead unit or by decreasing the track speed
of the rear unit, will cause the lead unit to slew in a
clockwise direction, as viewed in FIG. 1, about the yaw
axis Y,.thereby steering the vehicle to the right. Con-
versely, a negative velocity differential will cause the
lead unit to slew counter clockwise thereby steering the
vehicle to the left. Upon removal of the velocity, the
two units will continue along a circular course, the
radius of which is dependent upon the duration and
magnitude of the previously applied differential. A sub-
sequent application of a similar velocity diffential in
reversed direction will cause the rear unit to slew back
into line with the lead unit, whereafter continuance of a
zero differential will allow the units to proceed in tan-
dem along a straight course departing tangentially from
the circular course.

The pitch pivots 14 of the articulation mechanism 9
permit the in-tandem units to pitch relatively when
riding over uneven, stepped terrain as is depicted in
FIG. § and the roll pivots 10 permit relative roll when
either one of the units is tilted laterally by obstacles or
varying cross slopes, as is illustrated in FIG. 6.

An additional mode of operation is available as illus-
trated in FIG. 7, for which the two units 1 and 2 are

folded together from the tandem configuration into a
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parallel track configuration by continued application of
a positive velocity differential to the lead unit 1, thus
causing the unit 1 to slew clockwise through 180° until
the latches 17 and 18 engage. Once the vehicle is in this
configuration, any velocity differentials applied to the
two, now parallel, tracks 3 will drive the vehicle in
conventional skid steering mode, thus providing a facil-
ity for tighter turning circles and greater lateral stabil-
ity, the latter facility being particularly useful when
steep, open cross slopes are encountered.

Clearly the turning circle of the tandem configuration
is limited when the vehicle is turning away from the
side at which the yaw axis is located (turning to the left
as seen in FIG. 1), by the restricted separation between
the two units 1 and 2, which separation is desirably as
small as possible within the constraints of permitting full
closure on the yaw axis side, to minimise the possibility
of mobility failure due to obstruction by large obstacles
intruding between the two tracks 3.

The articulated vehicle may be advantageously used
for various purposes, for example, for sentry, surveil-
lance, supply or decoy duties. It can be used in hazard-
ous environments where a man’s health or life would be
at risk and may also be adapted for underwater use.

We claim:

1. An articulated vehicle comprising two separate
vehicle units each provided with a single, full width,
independently drivable track, and having centre lines,
the two units being interconnected in tandem arrange-
ment by an articulation mechanism having a single yaw
pivot only, enabling relative rotation of the two vehicle
units about a yaw axis which is offset from the centre
lines of the two vehicle units, the vehicle being steerable
by application of a velocity differential between the two
tracks, which controls the said rotation.

2. A vehicle as claimed in claim 1 wherein the yaw
pivot is rotatable through 180° thereby permitting the
two vehicle units to be disposed in a parallel track con-
figuration. _

3. A vehicle as claimed in claim 2 wherein the two
vehicle units are each provided with self-engaging
latches for securing the two units together when dis-
posed in parallel track configuration.

4. A vehicle as claimed in claim 1 wherein the articu-

lation mechanism further includes at least one pitch

pivot enabling relative rotation of the two units about a
pitch axis. .

5. A vehicle as claimed in claim 1 wherein the articu-
lation mechanism further includes at least one roll pivot
enabling relative rotation of the two vehicle units about
a roll axis.

6. A vehicle as claimed in claim 1 whetein each vehi-
cle unit has a forward end and a rearward end, and the
track of each unit is provided with three direction
changing rollers comprising two lower rollers defining
a track base and an upper roller which is disposed for-
wardly of the track base in the rearward end to forward
end direction, the centre of gravity of the vehicle unit
being arranged to act substantially midway between the
two lower rollers.

7. A vehicle as claimed in claim 6 wherein the two
vehicle units are interconnected in back to back ar-

rangement.
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