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A VEHICLE STEERING SYSTEM

The present invention relates to a vehicle steering system.

The present invention relates particularly, although by no means exclusively, to a

steering system for trucks and other large vehicles.

The present invention relates more particularly to a steering system for large and very

large trucks of the type used in mining operations.

Large and very large mining trucks are a special class of vehicle in many respects.
Besides being able to carry very large and very heavy loads on a small number of ty-
res (for example payloads of more than 300 tonnes on only six tyres), they can do this
on very uneven surfaces. They are also able to travel at speeds in excess of 60km/h
on suitable surfaces. They are generally produced in relatively small quantities, but
they are not “one off’ vehicles. Production rates for any particular model range from

just a few per year to about 100 units per year.

The suspension and steering systems for these vehicles have developed along relati-
vely unique lines because of a number of factors, including the size of the vehicles, the
size of the front steering wheels (up to about 4 meters in diameter), the harshness of
the working environments, and the very high forces in the components of the suspen-

sion and steering systems.

Most large and very large mining trucks employ independent front wheel suspension
systems and the most common system is a “sliding pillar” (alternatively referred to as a
“sliding king-pin”) type of front suspension that is not widely used outside the mining
truck industry. Figure 1 shows the general arrangement of this type of front wheel
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suspension system. A front wheel spindle is attached to the lower end of a vertical or
near vertical rod (king-pin) which slides in a cylindrical housing to provide the suspen-
sion compliance effect. The rod is also free to rotate in the cylindrical housing to turn

the front wheel and provide a steering effect for the vehicle.

In most front wheel suspensions of this type, the rod is a piston which operates in an
hydraulic cylinder and the suspension compliance (spring effect) is provided by a vo-
lume of gas (generally nitrogen) acting on the top of the oil in the hydraulic cylinder. In
some others, the spring effect is provided by a set of elastomeric pads acting on the
top of the sliding rod (king-pin). The rod and its mating cylindrical housing are often
inclined at a small angle (typically about 3.5 degrees) from vertical. This reduces the
wheel offset relative to the centre-line of the rod (generally referred to as the king-pin
offset) and has the desirable result of reducing side ioad induced friction between the
rod and the cylindrical housing. This is necessary to minimise “friction locking” of the

front wheel suspension system.

With this type of front wheel suspension system, the steering arm is attached to the

spindle which in turn is attached to the base of the rod (king-pin).

Primarily because of their size and the magnitude of the forces involved, steering sy-
stems for this type of vehicle are fully power-operated rather than power-assisted as is
the case for on-highway vehicles. The driver's steering wheel operates an hydraulic
valve system that regulates the flow of pressurised oil into and out of hydraulic steering
cylinders that are mechanically connected to the front wheels. There is no direct me-
chanical connection between the driver's wheel and the road wheels. Generally, two
double acting and interconnected hydraulic cylinders are used to steer the front
wheels. Typically these cylinders have a piston of about 140mm diameter. The two
front wheels are connected by a linkage system that endeavours to provide a good
approximation to the “Ackerman” relationship between the turn angle of the inside front
wheel and the outside front wheel as well as minimising changes in front wheel align-
ment (toe-in or toe-out) as the front wheels move through their range of suspension

(vertical) travel.
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Figure 2 shows a typical arrangement of hydraulic cylinders and linkages for a large
mining truck with independent sliding pillar type front wheel suspension systems. The
central idler arm of this steering system provides the “Ackerman” steering geometry
between the inside and the outside front wheels during turning manoeuvres and it mi-
nimises the change of front wheel alignment as the front wheels and their steering

arms move up and down, parallel to the inclined centre-line of the suspension cylinder.

Figure 3 shows a typical schematic arrangement for the hydraulics part of a steering
system of the type shown in Figure 2. The inter-connection between the two steering
cylinders is used to increase the effective area of the cylinders and thereby minimise
the cylinder diameters. Keeping the cylinder diameter as small as possible is im-

portant because of space constraints. It also helps to reduce costs and weight.

Some large mining trucks use an A-arm front wheel suspension system which also
provides fully independent suspension for the two front wheels. In these suspensions,
the lower end of the king-pin is retained by an A-arm which pivots about a longitudinal
axis on the main frame (chassis) of the truck. At least two different arrangements for
locating the top end of the king-pin and attaching the suspension spring unit are used
in the industry. With these suspension systems, the steering arm is attached to the
king-pin or the wheel spindie at a height just above the swivelling joint between the A-
arm and the lower end of the king-pin. A typical arrangement of an A-arm front wheel

suspension system is shown in Figure 4.

A typical arrangement of hydraulic cylinders and linkages for a large mining truck with
an independent A-arm type front suspension is shown in Figure 5. In this arrange-
ment, the connection points for the “tie rods” on the central idler arm are much closer
together than for the system shown in Figure 2, and most of the “Ackerman” geometry
effect is obtained by the angling of the steering arms compared to the centre-line of the
tyres. Without turning of the vehicle steering (front) wheels, vertical travel of the sus-
pension and the steering arm will cause the connection point on the steering arm to
traverse a different trajectory to that for the outer end of the tie rod which is pivoting
about the connection to the idler arm at its inner end. The inflexibility of the tie rod
causes the connection point on the steering arm to follow the trajectory of the outer

end of the tie rod and this causes a small turning of the vehicle’s front (steering) wheel
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without any steering input. This causes a small change of relative alignment (toe-in or
toe-out) between the front (steering) wheels. The degree of alignment change de-
pends on several geometry factors. In some cases the change of front wheel align-
ment over the full range of suspension travel can be relatively small, but in some large
mining trucks it is known to be relatively large. Suspension travel induced alignment
changes of more than 150mm (measured in the conventional way as the difference in
track width between the front of the tyres and the rear of the tyres) are known to occur

for some large mining trucks.

The steering systems shown in Figures 2 and 5 suffer from the following problems.

They require eight ball joint type connections on the ends of the tie rods, hydraulic cy-
linder rods and the hydraulic cylinder housings. One double bearing system is also
required to support the central idler arm - ten bearings in all. Generally, each of these
ten bearings has to be separately greased and each is a limited life component. On
vehicles of this type, greasing is often done automatically, but each bearing requires a
separate grease line from the central greasing system: Each grease line adds to the
multitude of cables, pipes and hoses in this area of the vehicle and each grease line is
a source of failure. Every greased bearing adds to the amount of grease build up on
the truck which in turn creates difficulties for maintenance personnel. It also eventually

ends up contaminating the environment somewhere.

The idler arms are heavy and expensive. The weight of a typical idler arm (without
bearings, support structure, etc) is approximately 200kg. The mounting system for the
idler arm and the associated bearing systems also incurs additional cost and weight.
When required, the replacement of the bearing systems on which the idler arms pivot
can be a difficult and time consuming task.

The two double acting hydraulic cylinders require interconnecting hydraulic hoses and
additional hose connections. There are two hoses passing from one side to the other
and a total of six pressure hose connections in the area. Each of these connections is
a potential source of oil leakage and possible steering failure during the operating life
of the truck.
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The system is complex and space consuming. Even though these vehicles are large,
the steering system has to be in a space directly under the engine where general
access to the engine etc is important. Current systems cause significant loss of
access to the underside of the engine and access for maintenance work on some

steering system components is also restricted to less than is desirable.

Particularly as applied to A-arm front suspension systems, the steering systems can
cause significant change of front wheel alignment as the suspension operating height
changes. Toe-in changes (measured at the tyre diameter) of at least 150mm are
known to occur. This situation arises because the complexity and space requirements
of the current steering systems limit where they can be placed relative to the front

wheel and suspension systems.

An object of the present invention is to provide a large vehicle having a steering sy-
stem which is applicable to both “sliding pillar" and A-arm suspensions and which is

not subject to the disadvantages described in the preceding paragraphs.

According to the present invention there is provided a large vehicle, such as a large
mining truck and a very large mining truck, which vehicle includes: a main frame; a
pair of front wheel assemblies; an independent suspension system which couples each
wheel assembly to the main frame; and a steering system for the wheel assemblies,

which steering system includes:

(a) a double-ended hydraulic cylinder mounted to the main frame;

(b) a piston rod mounted for sliding movement in the cylinder;

(c) a pair of tie rods, each tie rod being coupled at an inner end to the piston rod and
at an outer end to one of the wheel assemblies so as to provide differential tur-

ning (steering) movement of the wheel assembilies as the piston rod is moved in

the cylinder; and
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the location of the coupling between the inner end of each tie rod and the piston rod
being at a position that does not cause large changes of wheel alignment as the

wheels move through their range of heights relative to the main frame of the truck.

The above broad statement of the invention describes in functional terms the important
requirement of the steering system of the vehicle of the present invention that it ac-
commodate relative vertical movement of the wheel assemblies and the piston
rod/cylinder, which may be up to 300mm or more for very large trucks, in response to

operation of the suspension system.

It is preferred that the inner ends of the tie rods be connected to the piston rod for swi-
velling movement relative to the piston rod in order to accommodate relative vertical

movement of the wheel assemblies and the piston rod/cylinder.

More particularly, it is preferred that the piston rod includes a holiow section, typically
in the form of a cylindrical bore, that extends into the piston rod from each end and that

the inner ends of the tie rods be located in the hollow sections.

The above-described recesses in the piston rod are an important feature for at least
vehicles having “sliding pillar” independent suspension systems because it makes it
possible for the length of the tie rods to be similar to those on the current steering sy-
stems operating with this type of independent suspension system and thereby minimi-

ses front wheel toe-in and toe-out changes with changes in suspension height.

It is preferred that the ratio of the diameter of the piston rod to the diameter of the cy-
linder bore be at least 0.5:1, more preferably at least 0.6:1. This feature is important
because it makes it possible to have a substantial bearing area between the cylinder
and the piston rod and this improves transfer of side loads which are generated when
the tie rods are at a significant angle without excessive wear rates in the bearings or
the tie rods. It also means that the diameter of the piston rod is relatively large and this
allows the inner end of the tie rods to be recessed into the piston rods as described

above.

it is preferred that each tie rod be connected to the piston rod by a swivel joint.
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It is preferred that each tie rod be connected to the wheel assemblies by a swivel joint.
It is preferred that each swivel joint be a spherical ball joint.

The present invention is described further by way of example with reference to the ac-

companying drawings, of which:

Figures 6a and 6b are a top plan view and a rear elevation respectively illustrating the
general arrangement of a steering system for a “sliding pillar” type front suspension of

one embodiment of a vehicle of the present invention;
Figure 7 is a detailed top plan view of the steering system shown in Figures 6a and 6b;

Figures 8a, 8b and 8c are top plan views and a rear elevation of the arrangement
shown in Figures 6a and 6b which illustrate different steering positions and different

relative positions of the suspension and the steering system;
Figure 9 is a hydraulic schematic view for the steering system shown in Figures 6 to 8;

Figure 10 is a top plan view illustrating the general arrangement of a steering system
and an A-arm type front suspension of another embodiment of a vehicle of the present

invention; and
Figure 11 is a detailed top plan view of the steering system shown in Figure 10.

The present invention replaces altogether the idler arm, its associated bearings, and
the two double acting hydraulic cylinders that characterise the known steering systems
for large vehicles with a steering system that is based on a single double-ended hy-
draulic cylinder piston rod and has features which make it suitable for large vehicles.
Specifically, the piston rod forms a central section between the tie rods and acts di-
rectly on the tie rods and movement of the piston rod in the hydraulic cylinder moves

the tie rods without any intermediate linkages.
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In the embodiment of the vehicle shown in Figures 6 to 9, the steering system, gene-

rally identified by the numeral 3, includes:

(a) a double-ended hydraulic cylinder 5 with end caps 29 that is mounted to a for-

ward vehicle frame member 7;

(b) a piston rod 9 supported by bearings 23 in the end caps 29 (see Figure 7) for sli-

ding movement in the cylinder 5; and

(c) a pair of tie rods 11 that are coupled at inner ends to the piston rod 9 and at outer
ends to steering arms 13 that extend from spindles 15 of front wheel assemblies

of the vehicle (not shown).

The diameter D4 of the piston rod 9 is less than the diameter D, of the bore of the cy-
linder 5 and the resultant annular open ends of the cylinder 5 are sealed by the end
caps 29. As a result the cylinder 5 and the piston rod 9 defines a closed annular
chamber. An outer annular piston member 19 divides the chamber into two chambers
17a, 17b, whereby in use selective supply of hydraulic fiuid to the chambers acts
against the piston member 19 and moves the piston rod 9 to the left or the right. This
movement is transferred via the tie rods 11 to the wheel assemblies and turns (steers)

the wheel assemblies - as is shown by way of example in Figure 8b.

The hydraulic schematic in Figure 9 shows the number of hoses and hose connections
required for the steering system. When this Figure is compared to the hydraulic sche-
matic for the known steering system shown in Figure 3 it can be appreciated that the

steering system requires considerably fewer hoses and hose connections.

The steering system is characterised by the ratio of the diameter D4 of the piston rod 9
to the diameter D, of the cylinder bore being relatively large, preferably greater than
0.5. The relatively large piston rod diameter provides for a substantial bearing area
between the piston rod 9 and the bearings 23. This allows the piston rod 9 to transfer
the side loads which are generated when the tie rods 11 are at a significant angle to

the piston rods 9 without excessive wear rates in the bearings or the piston rods 9.



WO 00/48894 PCT/IB00/00548
-9-
In the above-described arrangement the cylinder 5 is fixed to the vehicle frame and the
outer ends of the tie rods 11 are fixed to the wheel assemblies. In accordance with the
present invention the inner ends of the tie rods 11 are coupled by swivel connections
25 to the piston rod 9 to accommodate relative movement between the vehicle frame
and the connection points on the steering arms which are attached to the wheel as-
semblies that occurs as a consequence of the operation of the front suspension sy-

stem of the vehicle and/or turning of the steering wheels.

Moreover, the relatively iarge diameter D4 of the piston rod 9 allows the swivel connec-
tions 25 to be recessed inside the piston rod 9. Specifically, the piston rod 9 includes
hollow sections in the form of cylindrical bores 21 that extend from the ends of the pi-
ston rod 9, and the tie rods 11 are positioned in these bores and are connected to the
piston rods 9 by the swivel connections 25 at the inner ends of the bores 21. The left
hand side of Figure 8c illustrates the extent of possible vertical movement of the ve-
hicle frame relative to the front wheel assemblies that can be accommodated by the
recessed tie rods 11. Figures 8a and 8b illustrate the extent of horizontal movement of
the steering arm connection points relative to the main frame and the consequent an-

gulation of the tie rods 11 relative to the piston rod 9.

The feature of recessed tie rods 11 allows the length of the tie rods 11 to be similar to
those for current steering systems operating with this type of suspension. This ensu-
res that the change of wheel alignment as the suspension system travels through its
working range is similar to that for current steering systems working with this type of
suspension system. With appropriate height relationships between the cylinder 5 and
the steering arms 13 on the front wheel spindies 15, the change of front wheel align-
ment between the loaded and empty truck positions of the suspension system can be
kept small.

Without the geometry effect of the prior art central idler arm, the angle of the steering
arms 13 on the front wheel spindies 15 must be changed in order to obtain the “Ak-
kerman” steering geometry effect. Methods for establishing the optimum angle of the
steering arms 13 are well established and widely used in the design of on-highway ve-

hicles, as well as large mining trucks.
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Approximate cylinder bore and piston rod sizes for the single steering cylinder applied
to a typical large mining truck are 220mm and 150mm respectively. Whilst the cylinder
diameter is about 80mm greater than for each of the two cylinders of an existing sy-
stem, this does not present any significant problems and it is more than offset by the
reduction in the number of components.

The swivelling joints 25 between the piston rod 9 and the tie rods 11 can be oil lubri-
cated, with the oil being retained by a conventional rubber boot between the tie rods 11
and either the piston rod 9 or the cylinders. The number of bearings in the steering sy-
stem that require grease lubrication is then reduced to only two.

With reference to Figures 10 and 11, when applied to A-arm suspension systems, the
piston rod 9 of the double ended hydraulic steering cylinder 5 shown in the Figures 6 to
9 embodiment is extended so that the swivel connections 25 with the tie rods 11 are
close to being in line with the longitudinal pivoting axis for the A-arm of the suspension
system (when the front wheels are in the straight ahead position). This minimises the
change of front wheel alignment as the front wheels travel through the range of height

changes allowed by the suspension system.

The swivelling connections 25 between the tie rods 11 and the piston rod 9 could be
similar to the linkage connections in current technology mining truck steering systems.
However, another option is to use ball ends on the tie rods 11 similar to that shown for
the “sliding pillar” front suspension system embodiment. Using this type of swivel con-
nection has advantages in that it can be permanently lubricated with oil, it makes ad-
justment of front wheel alignment easier, it eliminates the need to maintain any parti-
cular rotational alignment of the piston rod 9 and it has a wider range of articulation
capabilities. As for the previously described embodiment, the number of swivelling

connections requiring grease lubrication is reduced to two.

Many modifications may be made to the preferred embodiments of the vehicles, and
more particularly to the steering systems of the vehicles, without departing from the

spirit and scope of the present invention.
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Claims

Vehicle steering system for the wheel assemblies, comprising

a) adouble-ended hydraulic cylinder mounted to the main frame;

b) a piston rod mounted for sliding movement in the cylinder;

c) a pair of tie rods, each tie rod being coupled at an inner end to the piston
rod and at an outer end to one of the wheel assemblies so as to provide
differential turning (steering) movement of the wheel assemblies as the pis-

ton rod is moved in the cylinder.

Vehicle steering system according to claim 1 wherein it is provided for a large
vehicle, such as a large mining truck and a very large mining truck, which vehicle
includes: a main frame; a pair of front wheel assembilies; an independent suspen-

sion system which couples each wheel assembly to the main frame.

Vehicle steering system according to claim 1 or 2 wherein the location of the cou-
pling between the inner end of each tie rod and the piston rod being at a position
that does not cause large changes of wheel alignment as the wheels move

through their range of heights relative to the main frame of the truck.

Vehicle steering system according to one of claims 1 through 3 wherein the inner
ends of the tie rods are connected to the piston rod for swivelling movement rela-
tive to the piston rod in order to accommodate relative vertical movement of the

wheel assemblies and the piston rod/cylinder.
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Vehicle steering system according to one of claims 1 through 4 wherein the pis-

ton rod includes a hollow section, typically in the form of a cylindrical bore, that

extends into the piston rod from each end and that the inner ends of the tie rods

be located in the hollow sections.

Vehicle steering system according to one of claims 1 through 5 wherein the ratio
of the diameter of the piston rod to the diameter of the cylinder bore be at least

0.5:1, more preferably at least 0.6:1.

Vehicle steering system according to one of claims 1 through 6 wherein each tie
rod be connected to the piston rod by a swivel joint.

Vehicle steering system according to one of claims 1 through 7 wherein each tie

rod be connected to the wheel assembilies by a swivel joint.

Vehicle steering system according to one of claims 1 through 8 wherein each

swivel joint be a spherical ball joint.
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