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(57) Abstract: A method of operating a braking system for a trailer (16) having at least one axle on which are mounted two 
ground-engaging wheels (26, 26', 28, 28'), one of which is provided on a first side of the trailer (16) whilst the other is provided 
on a second side of the trailer (16), each wheel (26, 26', 28, 28') having a brake which is operable independently of the other by 
means of a brake actuator assembly (26b, 26b', 28b, 28b', 46, 46'), the method including controlling the difference between the 
brake pressure applied by the brake to the wheel (26, 28)on the first side of the trailer (16) and the brake pressure applied by the 
brake to the wheel (26', 28') on the second side of the trailer (16) so that it does not exceed a predetermined maximum pressure 
differential.
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Title: Method of Operating a Trailer Braking System

Description of Invention

The present invention relates to a method of operating a trailer braking 

system, in particular for a heavy goods vehicle comprising a tractor, a semi

trailer and a dolly.

It is known for heavy goods vehicles in particular to comprise a tractor and 

semi-trailer. Normally, the semi-trailer is towed by a semi-trailer truck with a 

fifth wheel type coupling, but in some instances, the front coupling of the semi

trailer is mounted on a fifth wheel coupling on a dolly. The semi-trailer is 

effectively converted into a full trailer which can be towed by a truck with a 

conventional drawbar coupling.

Such heavy goods vehicles are also normally provided with an anti-lock 

braking system (ABS) and roll-over control. The aim of the ABS is to prevent 

the vehicle wheels from locking during braking when the frictional forces 

between the tyre and the road surface are not adequate to transmit the braking 

force from the tyre to the road. ABS uses an electronic braking control unit, 

which receives a wheel speed signal from one or more wheel speed sensors, 

and at least one modulator to reduce momentarily the braking pressure 

applied to one or more of the vehicle wheels if wheel lock is detected.

If a vehicle is travelling on a split friction surface, the friction between the road 

surface and the wheel may vary from wheel to wheel, and this will affect the 

tendency of each wheel to lock. For example, the wheels on one side of the 

vehicle may travel over a patch of ice, and in this case, the wheels on the ice 

will lock at lower braking pressures than the other wheels.
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For trailers and semi-trailers, there are two types of ABS available - a 

category A system which meets the ECE Regulation 13 split friction 

deceleration requirements, and a category B system which does not meet 

these requirements. A category B system does not provide for independent 

control of the braking force applied to the wheels on each side of the vehicle, 

and is operated in “select low” mode. This means that as soon as one of the 

wheels locks, the braking force applied to all the vehicle wheels is reduced so 

as to release the locked wheel. The simplest category B system for a semi

trailer need include only two wheel speed sensors and one modulator. It will 

be appreciated, however, that where the vehicle is travelling on a split friction 

surface, a category B system reduces the braking force applied to the wheel or 

wheels on the low friction surface and the wheel or wheels on the high friction 

surface, even though there is no danger of the wheel on the high friction 

surface locking. This, albeit momentary, reduction in the braking force will, of 

course, decrease the rate of retardation of the vehicle, and therefore will 

adversely affect the stopping distance of the vehicle.

In a category A system, enough modulators are provided to allow for 

independent braking control of at least some of the wheels on each side of the 

vehicle. A category A system for a semi-trailer must, therefore, have at least 

two wheel speed sensors and two modulators, each modulator controlling the 

braking force applied to the wheels on one side of the semi-trailer. It is not 

necessary, however, for all the wheels on one side of the vehicle to be 

controllable independently of all the wheels on the other side of the vehicle. A 

category A system for a full trailer may, for example, have one modulator for 

the front right wheels, another modulator for the front left wheels, and a third 

modulator which controls the braking force applied to both wheels on a rear 

axle of the trailer.

A category A system is also generally operated in “select low mode”, so that a 

braking control intervention is initiated as soon as wheel lock is first detected, 

but in this case, the braking control intervention is applied only to wheels on
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the same side of the vehicle as the locked wheel. This means that when the 

vehicle is travelling on a split friction surface and one of the wheels on the low 

friction surface locks, the braking force applied to at least some of the wheels 

on the low friction surface is momentarily reduced, whilst the braking force 

applied to some, if not all, of the wheels on the other side of the vehicle is 

unaffected. This means that maximum use is made of the friction available for 

decelerating the vehicle, and the ABS braking control intervention does not 

have such a significant effect on the stopping distance of the vehicle. The 

braking force differential between the wheels on each side of the vehicle 

resulting from the ABS braking control intervention does, however, affect the 

steering of the vehicle in that it produces a torque which tends to steer the 

vehicle around the unaffected wheels (the wheels on the high friction surface 

in the split friction case). This is referred to as brake torque steer, and 

category A ABS can, therefore be detrimental to the directional stability of the 

vehicle.

Roll-over control typically works by measuring or calculating lateral 

acceleration of the vehicle, and when this reaches a threshold value, 

introducing a low-level test braking pulse to the wheel or wheels on the inside 

of the turn. If the test braking pulse causes one or more of these wheels to 

lock, this indicates that there is loss of adhesion between the tyre and the road 

due to load transfer to the wheels on the outside of the turn caused by lateral 

roll, and therefore that a roll-over control intervention is required to reduce the 

risk of vehicle roll-over. The roll-over control intervention typically comprises 

the application of a high-level braking force to the wheels on the outside of the 

turn, which acts to slow the vehicle, and introduces a brake torque steer which 

acts in opposition to the lateral acceleration of the vehicle.

In a heavy goods vehicle including a dolly and semi-trailer it is known to 

provide the semi-trailer with category A ABS and roll-over control, whilst the 

dolly only has category B ABS and does not have roll-over control.
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According to a first aspect of the invention we provide a method of operating a 

braking system for a trailer having at least one axle on which are mounted two 

ground-engaging wheels, one of which is provided on a first side of the trailer 

whilst the other is provided on a second side of the trailer, each wheel having 

a brake which is operable independently of the other by means of a brake 

actuator assembly, the method including controlling the difference between the 

brake pressure applied by the brake to the wheel on the first side of the trailer 

and the brake pressure applied by the brake to the wheel on the second side 

of the trailer so that it does not exceed a predetermined maximum pressure 

differential.

By providing for independent control of a brake on each side of a trailer vehicle 

such as a dolly, whilst limiting the differential between the braking pressure 

applied by the brakes of either side of the trailer vehicle, the effects of brake 

torque steer on the directional stability of the trailer may be minimised whilst 

providing for roll-over stability control and the ability to take some advantage of 

the available friction during emergency braking on a split friction surface.

Preferably the method includes setting the maximum pressure differential at a 

level dependent on the speed of the vehicle. In this case, the maximum 

pressure differential preferable increases as the speed of the vehicle 

decreases.

Further preferably the method includes the steps of determining whether the 

vehicle is turning and whether there is a risk of vehicle roll-over, and, if there is 

a risk of vehicle roll-over, initiating a roll-over stability control braking 

intervention which comprises the application of at least the brake associated 

with the wheel on the outside of the turn. In this case, the method preferably 

also comprises setting the maximum pressure differential at a roll-over control 

pressure differential level during a roll-over stability control braking 

intervention. The roll-over control pressure differential may be dependent on 

the speed of the vehicle.
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Advantageously, the roll-over stability control braking intervention comprises 

the application of the brakes associated with the wheels on the first and 

second sides of the trailer.

The pressure applied by a brake during a roll-over stability control intervention 

and in the absence of driver demand for braking may be limited so it cannot 

exceed a predetermined absolute maximum pressure.

Further preferably the method also includes the steps of monitoring the speed 

of each of the wheels, determining if there is wheel slip, and, if there is wheel 

slip, initiating an anti-lock braking control intervention. In this case, the method 

preferably also comprises setting the maximum pressure differential at an anti

lock control pressure differential during an anti-lock braking control 

intervention, and may also include changing the anti-lock control pressure 

differential during the course of an anti-lock braking control intervention. The 

anti-lock pressure differential may also be dependent on the speed of the 

vehicle.

Preferably the anti-lock braking control intervention includes at least one anti

lock braking cycle, an anti-lock braking cycle comprising a rapid reduction in 

brake pressure applied the brake to its associated wheel followed by return of 

the brake pressure to a level at or close to the brake pressure prior to the rapid 

reduction. In this case, the method may include setting the anti-lock control 

pressure differential at a first level during the first anti-lock cycle of an anti-lcok 

braking control intervention, and increasing the pressure differential to a 

second level, which is higher than the first level, for a subsequent anti-lock 

cycle and all anti-lock cycles following the subsequent anti-lock cycle. The first 

level may be zero, i.e. there is no difference permitted between the braking 

pressure applied to each of the brakes during at least the first anti-lock cycle in 

any anti-lock control intervention.
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The roll-over control pressure differential may be different to the anti-lock 

control pressure differential.

The method of determining if there is a risk of trailer roll-over may comprise 

automatically (i.e. without the need for driver braking demand) applying a low 

level test braking force to wheels on both sides of the trailer. The trailer may 

comprise a dolly which has two or more axles on each of which is supported at 

least two ground engaging wheels, a tractor connector by means of which the 

dolly may be towed by a towing vehicle, and a trailer connector by means of 

which the dolly may tow a semi-trailer.

According to a second aspect of the invention we provide a trailer having at 

least two ground-engaging wheels, one of which is provided on a first side of 

the trailer whilst the other is provided on a second side of the trailer, each 

wheel having a brake which is operable independently of the other by means 

of a brake actuator assembly, the trailer being further provided with an 

electrical braking controller which controls operation of the brake actuator 

assemblies in accordance with the method of the first aspect of the invention.

Preferably the trailer is a dolly which has two axles, on each of which are 

mounted two ground-engaging wheels, the axles being arranged such that the 

entire weight of the trailer can be supported exclusively by the ground- 

engaging wheels, the trailer also having a tractor connector by means of which 

the trailer may be towed by a towing vehicle, and a trailer connector by means 

of which the trailer may tow a semi-trailer.

An embodiment of the invention will now be described, by way of example 

only, with reference to the following figures:

FIGURE 1 shows a schematic illustration of a side view of a heavy goods 

vehicle fitted with a braking control system operable using the method 

according to the first aspect of the invention,
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FIGURE 2 shows a schematic illustration of a plan view of the heavy goods 

vehicle shown in Figure 1,

FIGURE 3 shows a schematic illustration of the braking control system of the 

vehicle shown in Figures 1 and 2,

FIGURE 4 shows a schematic illustration of the operation of a braking system 

using an embodiment of the method according to the first aspect of the 

invention,

FIGURE 5 shows a graph of braking demand pressure against time during a 

roll-over control intervention for a braking control system operated using an 

embodiment of the method according to the first aspect of the invention, and

FIGURE 6 shows a graph of vehicle speed, anti-lock cycles, and braking 

demand pressures against time during an anti-lock braking control intervention 

for a braking control system operated using an embodiment of the method 

according to the first aspect of the invention.

Referring first to Figures 1 and 2, there is provided a vehicle 10, in this 

example a heavy goods vehicle comprising a truck 12 and a semi-trailer 14 

which are connected together via a dolly 16. The semi-trailer 14 is mounted 

on a fifth wheel coupling 18 provided on the dolly 16, and the dolly 16 is 

mounted on a hitch coupling 20 at the rear of the truck 12.

The truck 12 has front axle (not shown) on which are mounted two front 

wheels 22, 22’, and a rear axle (not shown) on which are mounted two rear 

wheels 24, 24’, one of the front and rear wheels 22, 24 being mounted on the 

left-hand side of the vehicle 10, and the others 22’, 24’ being mounted on the 

right-hand side of the vehicle 10. The dolly 16 also has a front axle (not 

shown) on which are mounted two front wheels 26, 26’, and a rear axle (not 

shown) on which are mounted two rear wheels 28, 28’, one of the front and 

rear wheels 26, 28 being mounted on the left-hand side of the vehicle 10, and
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the others 26’, 28’ being mounted on the right-hand side of the vehicle 10. 

The semi-trailer 14 has six wheels 30, 30’ mounted towards the rear of the 

semi-trailer 14, three of which 30 are provided on the left-hand side of the 

vehicle 10, and three of which 30’ are provided on the right-hand side of the 

vehicle 10.

The vehicle 10 is provided with an electronic braking system (EBS), key 

elements of which are schematically illustrated in Figure 3. Each of the three 

parts of the vehicle 10, namely the truck 12, semi-trailer 14 and dolly 16, is 

provided with a braking electronic control unit (ECU) 34, 36, 38 respectively, 

and each wheel 22, 22’, 24, 24’, 26, 26’, 28, 28’, 30, 30’ has an associated 

wheel speed sensor 22a, 22a’, 24a, 24a’, 26a, 26a’, 28a, 28a’, 30a, 30a’. 

Each wheel speed sensor 22a, 22a’, 24a, 24a’, 26a, 26a’, 28a, 28a’, 30a, 30a’ 

is connected to the ECU 34, 36, 38 of the part of the vehicle 10 on which the 

sensor is mounted, and provides the ECU 34, 36, 38 with an input signal 

representative of the speed of the associated wheel 22a, 22a’, 24a, 24a’, 26a, 

26a’, 28a, 28a’, 30a, 30a’.

Each wheel 22a, 22a’, 24a, 24a’, 26a, 26a’, 28a, 28a’, 30a, 30a’ is provided 

with a brake (not shown) which is operated using a standard fluid pressure 

operated brake actuator 22b, 22b’, 24b, 24b’, 26b, 26b’, 28b, 28b’, 30b, 30b’. 

The braking system also includes a plurality of modulators each of which is 

electrically operable to control the flow of pressurised fluid (typically 

compressed air) from a pressurised fluid reservoir to one or more of the fluid 

pressure operated brake actuators 22b, 22b’, 24b, 24b’, 26b, 26b’, 28b, 28b’, 

30b, 30b’.

In this embodiment of the invention, the truck 12 is provided with four 

modulators 42, 42’, 44, 44’, each of which is electrically connected to the truck 

ECU 34, and has a pressurised fluid delivery outlet which is connected to an 

input port of one of the brake actuators 22, 22b’, 24b, 24b’ respectively. Thus, 

independent control of the operation of each of the four brake actuators 22b,
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22b’, 24b, 24b’ on the truck is possible. It should be appreciated, however, 

that fewer than four truck modulators may be provided. For example, two 

modulators could be provided - each one controlling the flow of pressurised 

fluid to the two brake actuators associated with the wheels on one axle of the 

vehicle (hereinafter referred to as “axle-wise control”). Alternatively, three 

modulators may be used - one controlling the flow of pressurised fluid to the 

two brake actuators associated with the wheels on one axle of the truck 

(preferably the front axle), and the other two each controlling the flow of 

pressurised fluid to one of the brake actuators associated with the wheels on 

the other axle.

In this embodiment of the invention, the semi-trailer 14 is provided with two 

modulators 48, 48’, each of which is electrically connected to the trailer ECU 

36, and has a pressurised fluid delivery outlet which is connected to an input 

port of each of the brake actuators 30b or 30b’ on one side of the vehicle 10. 

Thus, independent control of the operation of the brakes on either side of the 

vehicle 10 is possible (hereinafter referred to as “side-wise control”), but 

independent control of the operation of individual brakes is not permitted. It 

should be appreciated, however, that more than two modulators may be 

provided on the semi-trailer to provide for any combination of side-wise and 

axle-wise control, as long as there is side-wise control for at least one axle if it 

is required that the semi-trailer braking system qualifies as a Category A 

system.

The dolly 16 is also provided with two modulators 46, 46’, each of which is 

electrically connected to the dolly ECU 38, and has a pressurised fluid delivery 

outlet which is connected to an input port of each of the brake actuators 26b, 

28b or 26b,’ 28b’ on one side of the vehicle 10. Thus, independent control of 

the operation of the brakes on either side of the vehicle 10 is possible, but 

independent control of the operation of individual brakes is not permitted. It 

should be appreciated, however that more than two modulators may be 

provided. For example, three modulators may be used - one controlling the
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flow of pressurised fluid to the two brake actuators associated with the wheels 

on one axle of the dolly, and the other two each controlling the flow of 

pressurised fluid to one of the brake actuators associated with the wheels on 

the other axle. Alternatively, four modulators may be provided - one for each 

wheel 26, 26’, 28, 28’ of the dolly 16.

A brake pedal 40, which is operable by a driver of the vehicle to indicate the 

degree of vehicle braking required by the driver, is provided on the truck 12. 

The brake pedal 40 is connected to the truck ECU 34, and when operated, 

transmits to the ECU 34 an electrical signal indicative of the degree of braking 

required by the driver (the driver demand signal). The truck ECU 34 is 

connected to the dolly ECU 38 and the dolly ECU 38 is connected to the semi

trailer ECU 36 by standard CAN bus connectors, and the ECUs 34, 36, 38 

programmed such that any driver demand signal generated by operation of the 

brake pedal 40 is transmitted from the truck ECU 34 to the dolly ECU 38 and 

the semi-trailer ECU 36.

Each modulator 42, 42’, 44, 44’, 46, 46’, 48, 48’ is connected to the ECU 34, 

36, 38 on the part of the vehicle 10 on which the modulator is mounted, and, 

when a driver demand signal is received, each ECU 34, 36, 38 is programmed 

to generate and transmit to each modulator 42, 42’, 44, 44’, 46, 46’, 48, 48’ an 

electrical modified demand signal. The modified demand signal operates the 

modulator 42, 42’, 44, 44’, 46, 46’, 48, 48’ to allow flow of pressurised fluid to 

its associated brake actuator or actuators 22b, 22b’, 24b, 24b’, 26b, 26b’, 28b, 

28b’, 30b, 30b’ so that the brake actuators 22b, 22b’, 24b, 24b’, 26b, 26b’, 

28b, 28b’, 30b, 30b’ operate the associated brake and the desired braking 

force is applied to the vehicle 10. In this example, the semi-trailer 14 and the 

dolly 16 are each provided with a load sensor 52, 54 which is electrically 

connected to the respective ECU 36, 38 and which provides a signal indicative 

of the load borne by the axles of these parts of the vehicle 10. The loading of 

the vehicle 10, can therefore be taken into account by the ECU 34, 36 when 

producing the braking control signal, so that, for example, a greater braking
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force is applied if the vehicle is heavily loaded than when the vehicle is not 

carrying a significant load.

In this embodiment of the invention, the brake actuators 22b, 22b’, 24b, 24b’, 

26b, 26b’, 28b, 28b’, 30b, 30b’ are operated pneumatically, the electronic 

braking control signal generated by the central ECU being converted by the 

modulator 42, 42’, 44, 44’, 46, 46’, 48, 48’ to a pneumatic braking control 

signal which is then transmitted to one or more of the brake actuators 22b, 

22b’, 24b, 24b’, 26b, 26b’, 28b, 28b’, 30b, 30b’. The invention may, of course, 

be applied to a braking system in which the brake actuators are hydraulically 

or electrically operated.

Each ECU 34, 36, 38 also provides anti-lock braking control, and therefore 

processes the wheel speed signals from the associated wheel speed sensors 

22a, 22a’, 24a, 24a’, 26a, 26a’, 28a, 28a’, 30a, 30a’ and is programmed to 

detect when any of the wheels locks, and to modify the braking control signal 

accordingly. The truck and semi-trailer ECUs 34, 36 both use standard ABS 

control algorithms to determine what modification to the braking control signal 

is required and when, and both operate in “select low” mode. The invention 

relates to the ABS control of the dolly 18, which will be discussed in more 

detail below.

The braking system also provides for roll-over stability control of the vehicle 

10. To achieve this, the vehicle 10 is also equipped with an accelerometer 50 

which is configured to measure the lateral acceleration of the vehicle 10. In 

this example, a standard roll-over stability control system is provided on the 

semi-trailer 14, and the accelerometer 50 is connected to the semi-trailer ECU 

36 and provides the ECU 36 with an input signal representative of the lateral 

acceleration of the vehicle 10 so that the ECU 36 can detect when and which 

way the vehicle 10 is turning. The ECU 36 is programmed such that when the 

lateral acceleration of the vehicle 10 exceeds a predetermined value, it uses 

the lateral acceleration input to determine which way the vehicle is turning. If
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the vehicle is, for example, turning to the right as shown in Figures 2 and 3, 

the ECU 36 then sends a braking demand signal to the modulator 48’ 

providing a pneumatic braking signal to the brake actuators 30b’ associated 

with the wheels 30’ on the inside of the turn, so as to apply a low level test 

braking pulse to each of the inside wheels 30’, and uses the wheel speed 

sensors 30a’ to monitor the speed of each of the inside wheels 30’.

The magnitude of the test braking force applied to each of the inside wheels 

30’ is such that with full or substantially full adhesion between the inside 

wheels 30’ and the road, the test braking force would have little impact on 

wheel speed. If, however, adhesion between any of the inside wheels 30’ and 

the road is reduced because the inside wheels 30’ are tending to lift off the 

road, the test braking force is sufficiently high to cause the wheels 30’ in 

question to stop or slow down until there is a high level of slip between the 

road and the wheels 30’. If the ECU 36 determines that the test braking pulse 

has induced slip in the inside wheels 30’, wheel lift is deduced to be present, 

and the ECU 36 initiates a roll-over stability control intervention.

In this embodiment of the invention, if wheel lift is detected, the ECU 36 is 

programmed to initiate a stability control braking intervention, and send a 

braking demand signal to the modulator 48 providing a pneumatic braking 

signal to the brake actuators 30b associated with the outside, non-lifting 

wheels 30 so as to slow the vehicle down, and hence reduce the likelihood of 

rollover. This stability control intervention thus comprises the automatic 

actuation of the vehicle brakes without the need for any driver intervention or 

driver initiated braking demand. It will be appreciated, however, that the 

control intervention could comprise other means of reducing the vehicle speed, 

such as throttling the vehicle engine. Alternatively, if wheel lift is detected, the 

ECU 36 may be programmed to generate a rollover alarm signal, which may 

comprises an audible or visual alarm or both, to alert the driver that braking is 

required to reduce the vehicle speed, and hence avoid rollover.
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It should be appreciated that the exact nature of the roll-over stability control 

system used on the semi-trailer 14 is not important, and any known method of 

roll-over instability detection, and type of roll-over stability control intervention 

may be used. Similarly, whilst, in this example, the truck 12 is not provided 

with roll-over stability control, this need not be the case, and a standard truck 

stability control system may be employed, in addition to or instead of the semi

trailer system.

In this invention, the dolly 16 is also provided with roll-over stability control, 

and, in this example, also has an accelerometer 56 which is connected to the 

dolly ECU 38 and which provides the ECU 38 with an input signal 

representative of the lateral acceleration of the vehicle 10. The operation of 

the braking system (including the ABS and roll-over stability control) of the 

dolly is as follows, and as illustrated schematically in Figure 4.

When the dolly ECU 38 receives a braking demand signal, it uses the input of 

the load sensor 54 to produce a load modified braking demand for the wheels 

26, 28 on the left of the vehicle 10, and a load modified braking demand for the 

wheels 26’, 28’ on the right of the vehicle 10 in accordance with standard EBS 

control algorithms. In the absence of roll-over or ABS control intervention, the 

ECU 36 uses the load modified braking demand to generate a left modified 

demand signal for the brakes on the left of the vehicle which is transmitted to 

the modulator 48, and right modified demand signal for the brakes on the right 

of the vehicle 10 which, which, is transmitted to the modulator 48’. The 

modulators 48, 48’ then operate to send a pneumatic braking control signal to 

the brake actuators 30b, 30b’ and the air pressure builds up in the brake 

actuators 30b, 30b’, the braking pressure applied to the wheels 30, 30’ by the 

brakes increases generally linearly until it reaches the level demanded.

The ECU 36 is also programmed to use the input from the accelerometer 56 to 

monitor the lateral acceleration of the dolly 16, and if this exceeds a 

predetermined threshold, it generates a roll control demand signal for both left
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and right modulators 46, 46’. If there is no driver demand, these roll control 

demand signals are transmitted to the modulators 46, 46’ to cause a low level 

test braking pressure to be applied to the wheels 26, 26’, 28, 28’ on both sides 

of the dolly 16. The application of the test braking pressure to the wheels 26, 

28, 26’, 28’ on both sides of the dolly 16 (as opposed to only the inside wheels 

as in existing systems) is advantageous because the test braking pulse will 

have negligible effect on the steering of the vehicle 10. Moreover, if there is a 

risk of roll-over, retardation of the vehicle 10 is required, and this starts sooner 

if there is already a braking force being applied to the outside wheels 26, 28 at 

the start of the roll-over control intervention.

If, for example, the accelerometer 56 indicates that the vehicle 10 is turning to 

the right, the adhesion between the road and the right-hand wheels 26’, 28’ of 

the dolly 16 is limited, and the application of the test braking pulse may cause 

these wheels to slip. If wheel slip is detected, a roll-over stability control 

intervention is initiated to decelerate the vehicle 10 and therefore reduce the 

risk of vehicle roll-over. It should be appreciated that the invention resides in 

what occurs during the roll-over stability control intervention, and is therefore 

not restricted to the use of this particular method of roll-over risk detection.

The roll-over stability control intervention comprises the ECU 36 producing 

right and left roll control demand signals, which, in the absence of any driver 

braking demand or requirement for anti-lock braking intervention, become the 

right and left modified demand signals which transmitted to and operate the 

modulators 46’, and 46 respectively, to apply the vehicle brakes.

In a normal roll-over system, the control intervention would simply comprise 

generating a roll control demand signal which alters the modified demand 

signal sent to the left-hand modulator 46 to increase the braking pressure 

applied to the left-hand wheels 26, 28, i.e. the wheels on the outside of the 

turn with good adhesion to the road. In this system, however, the ECU is 

programmed such that the differential between the braking pressure applied to
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both sides of the dolly 16 cannot exceed a pre-determined maximum, so as to 

minimise brake torque steer effects and therefore maintain the directional 

stability of the vehicle 10. As such, in most instances the braking pressure 

needed to decelerate the vehicle 10 at a sufficient rate to avoid roll-over is 

sufficiently large, that a braking pressure must also be applied to the right

hand wheels 26’, 28’, i.e. the wheels on the inside of the turn, so that the 

pressure differential does not exceed this maximum. The roll-over stability 

control intervention therefore comprises generating left and right roll control 

demand signals, which alter the modified demand signals transmitted to the 

right-hand modulator 46’ to apply a braking pressure to the right-hand wheels 

26’, 28’, and to the left-hand modulator 46 to increase the braking pressure 

applied to the left-hand wheels 26, 28. The right roll control demand signal 

must, however, be as low as possible, and certainly lower than the left roll 

control demand signal, in view of the relatively limited adhesion between the 

right-hand wheels 26’, 28’ and the road. As such, at the start of the control 

intervention, the right and left roll control demand signals are set such that the 

pressure differential is at its maximum permitted level.

The ECU 36 may be programmed to vary the maximum pressure differential 

permitted during a roll-over stability control intervention according to the 

vehicle speed, for example, at the start of the roll-over stability control 

intervention.

As the vehicle slows down, the adhesion between the inside wheels 26’, 28’ 

and the road increases, and therefore the braking pressure applied to these 

wheels can be increased without causing wheel lock. The ECU 26 is therefore 

programmed to modify the right and left roll control demand signals to steadily 

increase the braking pressure applied to both sides of the dolly 16 whilst 

maintaining the pressure differential at its maximum level.

In this embodiment of the invention, the ECU 36 is also programmed to set an 

absolute limit to the roll control demand pressure. This can be advantageous
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as it may prevent over-braking with respect to an un-braked attached semi

trailer.

As the roll-over control intervention progresses, if the higher of the left or right 

roll control demand pressure (in this example, the left roll control demand) 

reaches the absolute limit, it is maintained at this level whilst the other roll 

control demand pressure continues to increase. As a result, the pressure 

differential decreases until, eventually, both left and right roll control demand 

pressures reach the absolute limit.

An example of this is illustrated in Figure 5, in which line A shows the left 

modified demand, whilst line B shows the right modified demand, whilst the 

vehicle 10 is turning right. The maximum demand pressure differential is set 

at 100 kPa, and at the start of the roll control intervention, the left modified 

demand is 150 kPa and the right roll control demand is 50 kPa. The left and 

right roll control demands increase linearly over time until at time t1 the left roll 

control demand reaches the absolute limit of 200 kPa, and is maintained at 

this level. The right roll control demand pressure continues to increase until, at 

time t2, it too reaches the absolute limit.

If there is driver braking demand at the same time as a roll-over control 

intervention, the ECU 36 compares the right load modified demand with the 

right roll control modified demand, and whichever is the highest becomes the 

right prioritised demand and is used as the right modified demand transmitted 

to the right modulator 46’. Similarly, the ECU 36 compares the left load 

modified demand with the left roll control demand, and whichever is highest 

becomes the left prioritised demand and is used as the left modified demand 

transmitted to the left modulator 46.

The ECU 36 is also programmed continuously to monitor the wheel speed 

signals received from the left and right wheel speed sensors 26a, 26a’, 28a, 

28b’ and to use standard ABS algorithms to determine if wheel slip is
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occurring. Say, for example, the wheels 26’, 28’ on the right-hand side of the 

dolly pass over a low friction surface and one or both slips, as soon as the 

ECU 36 determines that there is wheel slip, the ECU 36 initiates an ABS 

control intervention which briefly reduces the braking force applied to all the 

wheels 26, 26’, 28, 28’ on the dolly 16, as in standard ABS control operated in 

“select low” mode.

The anti-lock control intervention comprises at least one anti-lock cycle in 

which the ECU 36 superimposes a sudden reduction in pressure on left and 

right prioritised demand signals to generate the left and right modified demand 

signals before allowing the demands to increase once more to around the 

same level as before the reduction. In the first anti-lock cycle, the ECU 36 

processes the prioritised demand signals such that the left and right modified 

demand signals transmitted to the modulators 46, 46’ become very similar and 

therefore the braking pressure differential between the left wheels 26, 28 and 

right wheels 26’ 28’ is zero or minimal. During subsequent anti-lock cycles, 

the differential between the left modified demand and the right modified 

demand is allowed to increase, so that the braking pressure applied to the 

wheels 26, 28 on the left-hand side of the dolly 16 (i.e. the wheels on the high 

friction surface) is increased compared to the braking pressure applied to the 

wheels 26’, 28’ on the right-hand side of the dolly 16 (i.e. the wheels on the 

low friction surface). Thus, the braking pressure applied to the left-hand 

wheels 26, 28 is brought closer to the braking pressure demanded by the 

driver, compared to the braking pressure applied to the right-hand wheels 26’, 

28’, until the braking pressure differential between the left-hand wheels 26, 28 

and the right-hand wheels 26’, 28’ reaches a pre-determined maximum value, 

in this example 200 kPa, at low vehicle speeds. This means that brake torque 

steers effects are reduced to a manageable level whilst reasonable use is 

made of the available friction to decelerate the dolly 16. In other words, in this 

system, a compromise is made between directional stability (brake torque 

steer is permitted but only to a limited, manageable extent) and deceleration of
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the dolly 16, with priority being given to directional stability at the start of the 

braking, i.e. when the speed of the vehicle 10 is high.

The maximum pressure differential may be maintained at the zero or minimal 

level for only the first anti-lock cycle in each anti-lock control intervention, or for 

the first few (two or three) anti-lock cycles in each anti-lock control 

intervention, before being increased as the vehicle slows down.

An anti-lock braking control intervention when there is no roll-over risk is 

illustrated in Figure 6, in which line C represents the load modified braking 

demand, line D represents the left modified demand signal transmitted to the 

left-hand modulator 46, line E represents the right modified demand signal 

transmitted to the right-hand modulator 46’, line F represents the number of 

anti-lock cycles, and line G represents the vehicle speed.

Figure 5 illustrates an anti-lock control intervention taking place during roll-over 

control intervention. Anti-lock control intervention is initiated at time t3 due to 

slip of one of the right-hand (low adhesion) wheels 26’, 28’, and therefore there 

is a momentary reduction in both the left and right modified demands. This is 

repeated in a second anti-lock cycle at time t4. By time t5, the left modified 

demand can be maintained at the absolute limited of 200 kPa during an anti

lock cycle as the reduction in right modified demand comprising the anti-lock 

cycle does not cause the pressure differential to exceed the maximum 

pressure differential of 100 kPa.

The ECU 36 is preferably programmed set a roll status flag to indicate that a 

roll-over control intervention is taking place, and to set the maximum permitted 

pressure differential between the right and left modified demands during an 

anti-lock control intervention to a different value depending on whether or not 

roll-over control is also required. For example, if there is no roll-over control 

intervention a maximum differential of 200 kPa may be permitted, but if the roll
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status flag is active, indicating that a roll-over control intervention is taking 

place, the maximum pressure differential may be reduced to 100 kPa.

Whilst the dolly 16 described above has two axles, it should be appreciated 

that the invention could equally be applied to a dolly with a single axle or more 

than two axles. Moreover, whilst the invention is described as being applied to 

a dolly 16, it may equally be applied to the braking of the front axle or axles of 

a full-trailer. The invention can also be applied to a road train consisting of 

more than one dolly and semi-trailer combination or a mixture of full trailers 

and dolly / semi-trailer combinations, with the invention being applied to some 

or all of the dollies or full trailers in the road train.

When used in this specification and claims, the terms "comprises" and 

"comprising" and variations thereof mean that the specified features, steps or 

integers are included. The terms are not to be interpreted to exclude the 

presence of other features, steps or components.

The features disclosed in the foregoing description, or the following claims, or 

the accompanying drawings, expressed in their specific forms or in terms of a 

means for performing the disclosed function, or a method or process for 

attaining the disclosed result, as appropriate, may, separately, or in any 

combination of such features, be utilised for realising the invention in diverse 

forms thereof.
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CLAIMS

1. A method of operating a braking system for the trailer of a vehicle 

comprising a towing vehicle and a trailer, the trailer having at least two ground- 

engaging wheels, one of which is provided on a first side of the trailer whilst 

the other is provided on a second side of the trailer, each wheel having a 

brake which is operable independently of the other by means of a brake 

actuator assembly, the method including controlling the difference between the 

brake pressure applied by the brake to the wheel on the first side of the trailer 

and the brake pressure applied by the brake to the wheel on the second side 

of the trailer so that it does not exceed a predetermined maximum pressure 

differential.

2. A method according to claim 1 wherein the method includes setting the 

maximum pressure differential at a level dependent on the speed of the 

vehicle, and the maximum pressure differential increases as the speed of the 

vehicle decreases.

3. A method according to any preceding claim wherein the method 

includes the steps of determining whether the trailer is turning and whether 

there is a risk of trailer roll-over, and, if there is a risk of trailer roll-over, 

initiating a roll-over stability control braking intervention which comprises the 

application of at least the brake associated with the wheel on the outside of the 

turn.

4. A method according to claim 3 wherein the method also comprises 

setting the maximum pressure differential at a roll-over control pressure 

differential during a roll-over stability control braking intervention.

5. A method according to claim 4 wherein the roll-over control pressure 

differential is dependent on the speed of the vehicle.
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6. A method according to claim 3 wherein the pressure applied by a brake 

during a roll-over stability control intervention and in the absence of driver 

demand for braking is limited so it cannot exceed a predetermined absolute 

maximum pressure.

7. A method according to any preceding claim wherein the method also 

includes the steps of monitoring the speed of each of the wheels, determining 

if there is wheel slip, and, if there is wheel slip, initiating an anti-lock braking 

control intervention.

8. A method according to claim 7 wherein the method also comprises 

setting the maximum pressure differential at an anti-lock control pressure 

differential during an anti-lock braking control intervention.

9. A method according to claim 8 wherein the method also comprises 

changing the anti-lock control pressure differential during the course of an anti

lock braking control intervention.

10. A method according to claim 8 wherein the anti-lock pressure 

differential is dependent on the speed of the vehicle.

11. A method according to claim 8 wherein the anti-lock braking control 

intervention includes at least one anti-lock braking cycle, an anti-lock braking 

cycle comprising a rapid reduction in brake pressure applied the brake to its 

associated wheel followed by return of the brake pressure to a level at or close 

to the brake pressure prior to the rapid reduction.

12. A method according to claim 11 wherein the method includes setting 

the anti-lock control pressure differential at a first level during the first anti-lock 

cycle of an anti-lock braking control intervention, and increasing the pressure 

differential to a second level, which is higher than the first level, for a 

subsequent anti-lock cycle and all anti-lock cycles following the subsequent 

anti-lock cycle.
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13. A method according to claim 12 wherein the first level is zero.

14. A method according to claims 4 and 8 wherein the roll-over control 

pressure differential is different to the anti-lock control pressure differential.

15. A method according to claim 3 wherein the method of determining if 

there is a risk of trailer roll-over comprises the steps of automatically applying 

a low level test braking force to brakes on wheels on both sides of the trailer.

16. A method according to any preceding claim wherein the trailer 

comprises a dolly which has two or more axles on each of which are mounted 

two ground engaging wheels, a tractor connector by means of which the dolly 

may be towed by a towing vehicle, and a trailer connector by means of which a 

semi-trailer may be towed by the dolly.

17. A trailer having at least two ground-engaging wheels, one of which is 

provided on a first side of the trailer whilst the other is provided on a second 

side of the trailer, each wheel having a brake which is operable independently 

of the other by means of a brake actuator assembly, the trailer being further 

provided with an electrical braking controller which controls operation of the 

brake actuator assemblies in accordance with the method of any preceding 

claim.

18. A trailer according to claim 17 wherein the trailer is a dolly which has 

two or more axles on each of which are mounted two ground engaging wheels, 

and the axles are arranged such that the entire weight of the trailer can be 

supported exclusively by the ground-engaging wheels, the trailer also having a 

tractor connector by means of which the dolly may be towed by a towing 

vehicle, and a trailer connector by means of which a semi-trailer may be towed 

by the dolly.
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