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TOWING DEVICE

The present invention relates to an apparatus for towing
behind an underwater vehicle, providing improved diving

5 and towing stability.

It is known to diving and stability of a buoyant
underwater body using a yoke, which is attached to the
body approximately at its centre. This helps to provide

10 stable towing.

However, the known towing devices do not counteract
forces on the towed body that tend to destabilise the
towing operation. In particular, they are not designed

15 to counteract positive buoyancy of towed objects.

The present invention relates to an apparatus which has
improved stability during underwater towing, and in
particular which has means which help to oppose

20 destabilising forces acting on the towed body. At its
most general the present invention proposes that the
connection of the towing cable or other link is via a

pivotable device with a wing generating a force on the

body.

25
In a first aspect of the invention, there may be provided
an apparatus for towing behind an underwater vehicle,
comprising

30 a device pivotably connectable to the body at least

one pivot point, having a towing point remote from said
pivot point,
wherein the device comprises at least one wing which

is adapted to generate a resultant force on the body, the
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magnitude of which is variable in dependence on the

orientation of the device relative to the body.

When the apparatus is being towed by a vehicle, the
relative water flow causes the wing to generate a force
(the resultant force). In use this force tends to reduce

the displacement of the tow point from the pivot point,

_in at least one plane. The resultant force on the body

has two components, a force perpendicular to the
direction of movement of the body and a drag force due to
the wing parallel to the direction of movement of the
body. As the angle of the wing changes relative to the
body, these components change, varying both the direction

and magnitude of the resultant force.

The displacement may be vertical and/or lateral
displacement. The wing may reduce the vertical and/or
lateral element of this displacement. In other worxds,
the forces acting on the wing tend to improve the
alignment of the pivot point with the vehicle and/or the
tow point in the direction of movement, but they need not

act to bring them into perfect alignment.

Since the orientation magnitude of the resultant force is
variable depending of the orientation of the device
relative to the body, the stabilisation is self-
regulating. Altering the orientation of the device
relative to the body alters the angle of attack of the
lift-providing surface on the wing. For instance, where
the displacement of the pivot point from the axis of
vehicle movement (and hence from the tow point) is high,
the wing will present a high angle of attack which will
cause a resultant force tending to oppose this

displacement. However, as the pivot point is brought
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into line behind the tow point the angle of attack will
be reduced (i.e., the surface of the wing will be
presented to the water flow at a reduced angle) and the

1lift force will also be reduced.

The size of the 1lift force will also be affected by the
area of the lift surface. Preferably, the wing has a
substantially planar surface which acts as the 1lift

surface. More preferably, the wing is a plane.

The direction of the lift force may also be switchable in
dependence on the orientation of the device relative to
the body. The direction in which the lift force is
applied will depend on whether the angle of attack of the

wing’s 1lift surface is positive or negative.

For example, and in respect of preferred embodiments of
the invention, if the body is raised relative to the axis
of movement of the vehicle and hence to the tow point,
then the towing device and the wing will be orientated
relative to the body such that the lift force tends to
depress the body. However, if the pivot point is lower
than the tow point, then the towing device and the wing
will be orientated relative to the body such that the
lift force tends to raise the body.

Preferably, the wing 1s adapted to generate a force which
tends to control vertical displacement of the pivot point

from the tow point at any particular speed.

For example, the wings may be arranged such that if the
towing device is orientated with first and second
connection means located on a horizontal axis, then the

wings extend substantially horizontally.
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This arrangement is particularly desirable when the towed
body tends to rise or sink relative to the direction of
movement. Hence, the arrangement is particularly
suitable for towed bodies with positive or negative

buoyancy, and most preferably positive buoyancy.

Alternatively, the wings may be adapted'to generate a
1ift force which tends to reduce lateral displacement of
the pivot point from the axis of movement of the towing
vehicle. For example, the wings may be arranged such
that if the towing device is orientated with first and
second connection means located on a horizontal axis,

then the wings extend substantially vertically.

In a preferred embodiment, the towing device has two arms
which are adapted to extend on either side of the towed
body, wherein each arm is connectable to the body at a
pivot point. One such arrangement is a yoke. It may be
preferred that the two arms of the towing device or yoke
are connected to a shaft, which is adapted to pass
through a corresponding aperture in the towed body so as
to allow the towing device or yoke to pivot about the
axis of the shaft. Alternatively, each arm may be

connected to a separate region of the towed body.

Preferably, the pivot points lie on an axis which passes
through the body’s centre of gravity or centre of
buoyancy. This helps to stabilise the body, since a 1lift
force applied to the pivot point acts in direct
opposition to the negative or positive buoyancy of the
body, and does not tend to tilt the body about the pivot

point.
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The term “pivot point” is intended to refer to any or
all points of connection between the towing device and
the towed body, where said connection allows the towed
body to pivot relative to the device. For example, if
the towing device comprises a shaft extending between two
arms, which shaft passes through a corresponding aperture
in the towed body, then all parts of the body in contact

with the shaft are considered to be a pivot point.

Where the towing device comprises two arms, then it may
be preferred that each arm bears a wing or wings. This

may help to avoid rotational forces on the towed body.

The provision of an apparatus according to the present
invention may result in some embodiments in improved
stability, reduced drag and/or improved diving

characteristics of the towed body.

In some embodiments the apparatus of the present
invention is to allow a buoyant body to be depressed
sufficiently to allow it to be towed to a depth
underwater with good stability, and at high speeds. The
vertical displacement of the buoyant body relative to the
dive angle of the vehicle results in the wing presenting
an oblique angle to the relative water flow, and this
results in a 1lift force which tends to push the body
downwards, opposing its buoyancy. The lift force will

increase with the speed of movement.

It may be preferred that the towed body has a stabilising
tail, for example a tail which is arranged to resist
pivoting of the body about its pivot point. Preferably

the tail extends rearwardly.
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The design can in addition incorporate a control system
such as means for actuating the wings. However, in
preferred embodiments the apparatus does not require an
additional control system (e.g., a system which is
electronically or externally controlled). Therefore, in
preferred embodiments, the apparatus does not have such a

system.

An embodiment of the invention will now be described by
way of example, with reference to the accompanying
drawings, which are intended to illustrate but not to

limit the invention, and in which ;

Figure 1 shows a side view of a towed body and towing

device of the embodiment.

Figure 2 shows a front view of a towed body and towing

device of the embodiment.

Figures 1 and 2 show a buoyant body 1 having a
stabilising tail 2 which extends from the rear of the
body. The body 1 is a sealed watertight bedy, which may,
for example contain electrical components for permitting

signalling to or from the body 1.

The buoyant body 1 is pivotally mounted to a U shaped
yoke 3 having a tether point 4 at the bottom of the U.
The yoke 3 is freely pivotable about its connection point
5 at the approximate centre of the body 1. A cable or
other link (not shown) is connected to the tether point
and extends to a powered underwater vehicle (not shown)

which is driven to tow the body 1 in the water.
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The yoke has two arms 6 and 7. Each arm has a dive plane
8 extending laterally relative to the buoy. When the
yoke is horizontal, then the dive planes 8 also extend

horizontally.

In use, the apparatus will be towed from its tether point
4. Figure 1 shows the forces which will be acting on the
dive plane when the direction of tow is forwards (i.e.,
from left to right in figure 1) The buoyancy of the body
1 caused it to be raised relative to the vehicle, and as
a result the yoke 3 has pivoted about the connection
point 5 to the body 1 and about its tether 4. The yoke
defines an angle 6 relative to the direction of movement
of the vehicle and hence to the relative water flow. The
dive planes 8 are presented to the water flow at the same
angle ©. This results in a resultant force exerted on

the dive plane 8, which tends to depress the body.

As the forward tow speed increases the buoyant body is

depressed by the resultant force. The size of the force
is dependent on the area of the dive planes 8, the angle
of inclination © to water flow and the speed of the flow

over them.

The resultant force on the buoyant body is the vector
summation of all of the forces acting thereon (shown in
figure 1). In particular, the forces are the tow force,
the buoyancy force due to the inherent buoyancy of the
body 1, the drag force due to the drag of the body 1 in
the water, and the resultant force due to the dive
planes. Since the yoke 3 is attached to the body at its
centre of buoyancy, all these forces act at a common

point. As a result, the tow force and the resultant force
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do not exert a pivoting force on the body 1, and the body
1 is kept stable by the action of the stabilising tail 2.

As the body 1 descends closer to the depth as the tether
5 point 4, the angle of inclination of the dive planes 8 to

the water flow decreases and the 1lift force is reduced.

At any given speed of the buoyant body 1 an equilibrium

point is reached for all the forces in the system.
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CLAIMS

1. An apparatus for towing behind an underwater
vehicle, comprising

a device pivotably connectable to the body at at
least one pivot point, having a towing point remote from
said pivot point,

wherein the device comprises at least one wing which
is adapted to generate a resultant force on the body, the
orientation and magnitude of which is variable in
dependence on the orientation of the device relative to

the body.

2. The apparatus of claim 1, wherein the towed body has

positive buoyancy.

3. The apparatus of claim 1 or claim 2, wherein the
wing is adapted to generate a resultant force which tends
to oppose vertical displacement of the pivot point from

the towing point.

4. The towing device of any of the preceding claims,
wherein the towing device has two arms which are adapted
to extend on either side of the towed body, wherein the
arms have connecting means for pivotably connecting the

towing device to the body.

5. The towing device of claim 3, wherein the device

comprises a wing extending from each arm.

6. The apparatus according to claim 4 or claim 53,
wherein the connecting means for pivotably connecting the

towing device to the body lie on an axis which runs
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through the centre of gravity or centre of buoyancy of
the body.

7. The towing device according to any one of the

5 preceding claims, wherein the wing has a planar surface.

8. The apparatus of any one of claims 6-10, wherein the

towed body has a stabilising tail.

10
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