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Trailer Safety

The present invention relates to trailer safety and in particular, to the
safety of trailers towed behind road vehicles.

In this document, the term “trailer” will be used to encompass caravans,
trailers and other like arrangements. When towing a trailer on the road,
particularly behind a private vehicle, it is common to use a single point tOWing
hitch, commonly known as a tow ball. This arrangement provides safe control
over the trailer when the towing vehicle is accelerating, so that positive forces
are being applied to the trailer through the hitch. However, when the towing
vehicle stops accelerating, the trailer is no longer stabilised in this manner and

can begin to sway dangerously, particularly when the towing vehicle

decelerates.

Systems are known which determine lateral sway or acceleration of a

vehicle during cornering and then selectively apply braking to control that
sway. An example of such a system is given in US 4023864 (Lang et al).
Unfortunately, lateral sway is only one form of vehicle instability and may not

be a significant factor with vehicle stability when travelling in a straight line.
- Furthermore, it would be desirable to detect and prevent vehicle_instability

before there is lateral sway.

The present invention provides a trailer control system comprising
sensor means operable to measure forces between the towing vehicle and the
trailer, control means operable while the vehicle is in operation and in response
to the measurements to assess the behaviour of the trailer relative to the towing
vehicle, the control means being further operable to apply braking to the trailer
to modify the trailer behaviour independently of operation of the vehicle brakes
by the operator whereby at least load axially applied to the vehicle by the trailer
is continuously assessed, and the control means thereby applies braking to

substantially ensure that the load remains positive.

Preferably the system calculates whether or not towing forces are being
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applied to the trailer. The trailer may be operable to apply braking if towing

forces are not being applied. Braking may be applied until towing forces are
restored. Braking is preferably enabled and disabled in pulsed manner until

towing forces are restored.

The sensor means may provide information enabling the system to detect

the alignment of the trailer behind the towing vehicle. The system may Qe
operable to apply braking selectively to one side of the trailer or the other to
correct misalignment. The sensor means may provide information enabling the
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system to sense the vehicle turning. Preferably the system refrains

from applying braking to the trailer while the vehicle is turning.

The sensor means are preferably arranged to sense forces in the
mounting arrangement by which the trailer hitch point is mounted on
the towling vehicle. The sensor means may comprise a spacer member
which, 1in use, 1s entrapped between the towing vehicle and the
trailer hitch point, and transducer means operable to detect forces
within the spacer member. The transducer means may comprise strain
gauges, which are preferably under compression when the system is at
rest. The transducer means may comprise a plurality of transducers
distributed around the spacer member. The system may further
comprise accelerometer means operable to measure acceleration of the
towing vehicle and/or trailer. Preferably the accelerometer means
measure acceleration of the towing vehicle, and derive the
acceleration of the trailer from the measured acceleration and from

the force measurements of the sensor means.

The system may further comprise actuator means operable to
apply control forces to a brake cable of the trailer. The actuator
means may comprilise at least one stepper motor. The actuator means

may be operable to apply control forces independently to individual

brake cables.

In one aspect of the 1invention, there 1is provided a wvehicle
trailer control system comprising sensor means operable to provide
measurements of the forces between a towing vehicle and a trailer,
control means operable while the towing vehicle is in operation and
in response to signals received from the sensor means corresponding
to the measurements to assess the behaviour of the trailer relative
to the towing vehicle, the control means being further operable to

apply braking to the trailer to modify the trailer behaviour
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independently of operation of the towing wvehicle brakes by the
operator whereby at least load axially applied to the vehicle by the
trailer 18 assessed substantially continuously, and the control
means thereby applies braking to substantially ensure that a towing
force acts upon the trailer, the system having accelerometer means
providing signals to the control means for determining velocity and

direction of travel of the towing vehicle.

Examples of the present invention will now be described in more

detail, by way of example only, and with reference to the

accompanying drawings, in which:

Fig. 1 1s a schematic elevation of a vehicle and trailer

arrangement of the type with which the invention may be used;

Fig. 2 shows the tow ball of Fig. 1 i1n more detail;

Fig. 3 1s a section through the tow ball of Fig. 2, along the

line 3-3 1n Fig.
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Fig. 4 is a block schematic of the electrical circuits associated with the

tow ball arrangement of Figs. 2 and 3;
Fig. 5 illustrates the measurements made by the apparatus; and
Fig. 6 illustrates the braking applied by the arrangement.

Fig. 1 shows a towing vehicle 10 towing a trailer 12 connected to the
vehicle 10 at a tow ball 14.

Fig. 2 shows the tow ball arrangement in more detail (with the trailer 12
unhitched). A mounting bracket 16 is carried by the rear of the vehicle and
provides a mounting for the tow ball 14, by means of fixing bolts (not shown)
centred at the lines 18 and positioned one to either side of the tow ball 14. A
spacer member 20 is interposed between the tow ball 14 and mounting bracket
16.

The spacer member and associated components can be described in more
detail by reference also to Fig. 3. The spacer member 20 consists of a relatively
thin block of material, such as aluminium, having the same general outline as
the face of the tow ball 14 offered to the mounting bracket 16, which in this
example is rectangular. Two apertures 22 are provided for receiving mounting
bolts extending between the tow ball 14 and mounting bracket 16, which
additionally serve to locate the spacer member 20. Four transducers 24 are
provided in the region of the corners of the spacer member 20. A central region
of the spacer member 20 carries a printed circuit board 26 and an attitude
sensing arrangement to be described below.

Each transducer 24 is a strain gauge or series of strain gauges which
project through both faces of the spacer member 20, as can be seen in Fig. 2, so
that when the tow ball 14 is mounted on the bracket 16, the mounting bolts
may be tightened to pre-load the transducer 24 by compression between the
ball 14 and bracket 16. This pre-loading ensures that the transducers 24 can
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provide signals representing forces in the forward or rearward direction.

The transducers 24 form part of an electronic circuit arrangement
illustrated in simple block diagram form in Fig. 4. The arrangement of Fig. 4 is
implemented primarily by means of a microprocessor based circuit 30 located
on the circuit board 26 and accompanied by appropriate support circuits such
as power supplies, memory and the like (not shown separately in Fig. 4). Each
of the transducers 24 provides an input to the microprocessor 30, as follows.
The strain gauge of the transducer 24 acts as a variable resistance in a
Wheatstone bridge arrangement, the output of which is applied through a gate
32 to an input of the microprocessor 30. The microprocessor 30 can, in this
manner, receive a signal indicating the force instantaneously experienced by the
transducer 24, which can be either in the positive or negative sense, by virtue of
the preloading. Each of the four transducers 24 provides an input to the
microprocessor 30 in this manner.

Two further inputs to the microprocessor 30 are from the attitude
sensing arrangement 28, which incorporates an elevation sensor 34 and an

azimuth sensor 36.

The microprocessor 30 provides three outputs, as follows. Two outputs
38 are applied to a gate 40, illustrated schematically as a power transistor, to
control the operation of a motor 42 used to actuate a trailer brake, as will be
described. Each output 38 is controllable entirely independently of the other.

Thus, the microprocessor 30 can independently control each brake of the trailer
12.

A third output from the microprocessor 30 is in the form of a display 44
provided for the operator of the vehicle 10 and preferably mounted in the cab,
dashboard or other convenient location. The microprocessor 30 is preferably

linked with the display 44 by a remote telemetry arrangement such as a radio
link. '
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The motors 42 are preferably stepper motors able to operate control
cables of the trailer brakes in order to apply the brakes. These are preferably
arranged in such a manner as to supplement a conventional overrun trailer
braking system which can therefore operate in a conventional manner in

addition to operation of the arrangements of the invention.

The arrangements which have been described allow the microprocessor
30 to obtain data from the four transducers 24 and from the elevation and
azimuth sensors 34,36 and to control trailer brakes through the outputs 38.
The manner in which these facilities are used in accordance with the invention

can now be described in more detail by explaining the operation of the system

in various situations which will arise during use.

Trailer at Rest

When the trailer is at rest, the nose weight of the trailer will be applying a
vertical force to the tow ball 14, causing the tow ball 14 to deflect relative to the

mounting bracket 16 and apply corresponding forces to the transducers 24.
This results in signals to the microprocessor 30 and these signals can, after
calibration, be used to calculate the current deflection of the tow ball 14, and

thus the nose weight of the trailer. This value is stored for future use.

The microprocessor 30 can transmit information to the display 44, such
as the nose weight of the trailer on the vehicle.

Vehicle Moving Forward (Straight Line)

When the vehicle begins to move forward, the accelerometers 34,36 will
sense the change. The microprocessor 30 can calculate the current speed of the

vehicle 10 by repeatedly reading the sensors 34,36 and using the conventional
velocity equation:

=U +a
n n n n
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where v_ is the current vehicle velocity, u_ is the velocity calculated by a
previous calculation, a_is the acceleration reported by the sensors 34,36 and t_

is the elapsed time between readings.

In addition to calculating the velocity in this manner, the microprocessor
30 can monitor the load applied to the vehicle 10 by the trailer 12, by reading
the transducers 24. Consequently, two plots of the type shown in Fig. 5 can be
notionally produced within the microprocessor 30.

In Fig. 5, the horizontal axis indicates time elapsed. The lower plot 46
indicates the velocity in the forward direction measured by the sensors 34,36.
The plot 48 represents the load applied to the bracket 16 by the two ball 14.
Initially, the load 48 will be increasing as the vehicle 10 seeks to move the
trailer, by overcoming friction and the like. In due course, this resistance is
overcome at point A and the trailer begins to accelerate. The load on the
vehicle 10 begins to reduce and the trailer continues to accelerate with the
vehicle 10. At point B, the trailer resistance has been fully overcome. At this
point, the microprocessor 30 calculates and stores a reading for the resistive
force exerted by the trailer on the vehicle 10, for future reference.

While the trailer continues in motion (as determined by the
microprocessor 30 monitoring trailer velocity), the resistive force exerted by the
trailer weight measured instantaneously and repeatedly by the microprocessor
30 is continuously compared with the initial stored value. The purpose of this
is to determine whether the mean resistive force has dropped below the stored
reference value. If so, this indicates that the vehicle 10 is not applying towing
forces to the trailer 12, but the trailer 12 is either coasting behind the vehicle
10, or moving faster than the vehicle 10. In either case, the microprocessor 30
calculates whether the outputs 38 are to be activated to actuate the motors 40
in order to apply the trailer brakes. This will cause the trailer to slow down,
which will result in an increase of the effective resistive force of the trailer
perceived by the microprocessor 30. The trailer brakes continue to be used to
slow down the trailer until the effective resistive force has reached or passed
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the stored reference value. At that point, the trailer is again under towing
forces from the vehicle, and will be under safe control. Once the effective gross
weight has exceeded the stored value, the trailer brakes are no longer actuated.

The recalculation is carried out frequently, preferably sufficiently
frequently as to be, in effect, continuous, in comparison with the rate of change

of the measured parameters.

It will be apparent that the algorithm used by the microprocessor 30 for
controlling the activation of the brakes should incorporate hysterisis to avoid
unnecessary operation and release of the brakes.

In addition, it is envisaged that the microprocessor 30 will not operate
the trailer brakes continuously for longer than a predetermined time period, to
ensure that trailer brakes do not become overheated, reducing braking
efficiency. Thus, the microprocessor 30 will operate and release the brakes in a
pulsed manner until resistive force exerted by the trailer has returned to a value
at or above the stored value. The result can be illustrated diagrammatically as
in Fig. 6. In Fig. 6, the horizontal axis represents time. The vertical axis is used

to illustrate various parameters, as follows.

The trailer velocity is illustrated at 50 and is initially reducing because
the brakes have been applied, as illustrated by the square wave 52 of which the
higher value illustrates application of brakes, and the lower value indicates
release of brakes. The velocity 50 continues to decrease until the brakes are
released at C to allow the brakes to cool. The brakes remain released until D,
when they are re-applied. Between the times C and D, the trailer velocity 50 will
increase. When the brakes are re-applied, the velocity 50 again begins to
reduce. Thus, the arrangement can steadily reduce the trailer velocity in this
pulsed manner until an acceptably low trailer velocity is reached, causing the
trailer to become under control of the vehicle 10 by virtue of towing forces
being applied.
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In addition it is envisaged that the microprocessor 30 will use the
resistive force exerted by the trailer to calculate the towed mass M of the trailer

itself, by using the conventional force equation:
F=MXA

Where F is the force exerted by the trailer on vehicle 10, and A is the
acceleration of vehicle 10 reported by sensors 34 and 36.

The microprocessor 30 can then transmit the calculated mass of the

trailer to the display 44 via the output 38.

Moving Forward (Cornering)

Repeated application of the brakes in the manner described above could
be dangerous while the vehicle is negotiating a corner. Braking the trailer in
this situation could cause the trailer to step dangerously out of line with the
vehicle 10 (moving sideways out of the corner). Cornering of the vehicle 10 can
be sensed by the accelerometers 34,36 and reported to the microprocessor 30.
While cornering is being reported, the microprocessor 30 ceases to attempt to
align the trailer in a straight line behind the vehicle 10, allowing the trailer to be

out of line by an amount appropriate to the speed and degree of cornering.

Moving Forward (Trailer Swaying)

The description above has indicated that each trailer brake can be
individually operated by the microprocessor 30. In particular, it is desirable
that the brakes on either side of the trailer can be operated separately, but may
be operated individually or as a group. Consequently, if the microprocessor 30
determines (by reference to the outputs from the transducers 24 and sensors
34,36) that the trailer is swaying from side-to-side behind the vehicle 10 which
is travelling in a straight line, the microprocessor 30 can produce appropriate
outputs 38 to operate brakes on one side or the other of the trailer,
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intermittently, to bring the trailer back under control.

Reversing

The vehicle can be detected as reversing by reference either to the
outputs of the accelerometers 34,36, or by reference to the perceived nose
weight, which will steadily decrease as the vehicle continues to reverse. When
the microprocessor 30 senses that the vehicle is reversing, no braking is applied
by the system to the trailer.

It will thus be apparent from the above that the system allows the
behaviour of the trailer to be monitored continuously, and modified when
appropriate, to assist in achieving safe operation at all times. This monitoring
and control takes place independently of the operation of the brakes by the
vehicle operator, which can continue to operate in the normal manner. In
particular, it is important to note that the trailer brakes may be applied by the
system to control trailer behaviour, even while vehicle braking is not being

instructed by the vehicle operator.

It will be apparent that very many variations and modifications can be
made to the apparatus described above, without departing from the scope of
the present invention. In particular, many different types of transducer and
arrangements of transducer could be used, with appropriate adjustment of the
algorithms for assessing trailer behaviour from their outputs. A microprocessor
based arrangement is envisaged, in the interests of size, cost, programming
simplicity and the like, but other circuit arrangements could be used.

Whilst endeavouring in the foregoing specification to draw attention to
those features of the invention believed to be of particular importance it should
be understood that the Applicant claims protection in respect of any patentable
feature or combination of features hereinbefore referred to and/or shown in the

drawings whether or not particular emphasis has been placed thereon.
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What 1s claimed 1is:

1. A vehicle trailler control system comprising Sensor means
operable to provide measurements of the forces between a towling
vehicle and a trailer, control means operable while the towing
vehicle 1s 1in operation and in response to signals received from the
sensor means corresponding to the measurements to assess the
behaviour of the trailer relative to the towing vehicle, the control
means being further operable to apply braking to the trailer to
modify the trailer behaviour independently of operation of the
towing vehicle brakes by the operator whereby at least lcad axially
applied to the vehicle by the trailer is assessed substantially
continuously, and the control means thereby applies braking to
substantially ensure that a towing force acts upon the trailer, the
system having accelerometer means providing signals to the control

means for determining veloclity and direction of travel of the towing

vehicle.

2. A system according to claim 1 1n which the system is operable

to apply braking until towing forces are restored.

3. A system according to claim 1 or 2, in which braking is enabled

and disabled i1n pulsed manner until towing forces are restored.

4 . A system according to any of Claims 1-3, in which the sensor
means provide 1nformation enabling the system to detect the

alignment of the trailer behind the towing vehicle.

5. A system according to any of Claims 1-4, in which the system is
operable to apply braking selectively to one side of the trailer or

the other to correct misalignment.
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6. A system according to any of Claims 1-5, 1n which the
accelerometer means 1s operable to provide information enabling the

system to sense the towlng vehicle turning.

7. A system according to Claim 6, 1n which the vehicle trailer
control system 1s adapted to refrain from applying braking to the

trailer while the vehicle is turning.

8. A system according to any of Claims 1-7, in which the trailer
has a hitch point, and 1in which the sensor means are arranged to
sense forces 1n a mounting arrangement by which the trailer hitch

point is mounted on the towing vehicle.

9. A system according to c¢laim 8, in which the sensor means
comprise a spacer member which, in use, is entrapped between the
towlng vehicle and the trailer hitch point, and transducer means

operable to detect forces within the spacer member.

10. A system according to claim 9, in which the transducer means

comprise strain gauges.

11. A system according to claim 10, in which the strain gauges are

under compression when the system is at rest.

12. A system according to claims 9, 10 or 11, in which the
transducer means comprise a plurality of transducers distributed

around the spacer member.

13. A system according to any of Claims 1-12, in which the
accelerometer means measures acceleration of the towing vehicle, and
derives the acceleration of the trailer from the measured

acceleration and from the force measurements of the sensor means.
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14. A system according to any of Claims 1-13 further comprising at

least one stepper motor operable to apply control forces to a brake

cable of the trailer.

15. A sgystem according to claim 14, in which the at least one

stepper motor 1s operable to apply control forces independently to

individual brake cables.
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