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(57) Abstract

A load monitoring system for a road vehicle has
a strain link mounted at a location on the vehicle
which has been carefully chosen to provide an accu-
rate and reliable representation of the applied load.
Ideally this location is centrally of and on top of a
single-wheeled axle of the vehicle. A microprocessor-
controlled computing apparatus processes the sensor
output to provide computer outputs representing such
load parameters as axle weights, gross vehicle weight,
and payload, and a combined display and manual
control console has a digital display which can be
made to display all of the load parameters in a prede-
termined sequence. The system has an inclinometer
for measuring vehicle inclination and compensates for
such inclination at the time of measurement. Also, the
system can compensate for fuel level so as always to
give readings for the load parameters as if the tank or
tanks were full. These features combine in the dis-
closed embodiment to provide the accuracy required
to ensure compliance with strict legal requirements
without having to substantially underload the vehicle.
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VEHICLE LOAD MONITORING SYSTEM
TECHNICAL FIELD
This invention relates to a system for monitoring
the load on a road vehicle,
BACKGROUND TO THE INVENTION
Commercial road vehicles are usually required by law

to operate within legally defined limits for axle Wweights
and gross vehicle weights, and the penalties for
exceeding these limits can be severe, However,

commercial vehicles have not hitherto been fitted with
any form of monitoring system which enables the vehicle

operator or driver to determine with a high degree of

accuracy the magnitudes of these critical parameters
during the use of the vehicle. The only way in which
this information has been available has been by the use.
of a conventional fixed weighbridge. However, the
checking of a loaded vehicle using such equipment is both
inconvenient and time-consuming, and furthermore

Involves the risk of the vehicle being driven on public
roads in an overloaded condition. To avoid the need to
use a weighbridge and yet avoid the risk of prosecution,

operators and drivers tend to underload their vehicles,

but this leads to inefficient and uneconomical use of a

vehicle's load-carrying capacity.

There is therefore a need for a load monitoring
system which can be installed on a commercial vehicle to
provide the operator or driver with an immediate
indication of such parameters as the axle weights and
gross vehicle weights of his vehiele at any time during
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use, e.g. during loading and unloading of the vehicle.

The present invention concerns various aspects of such a .
P

system, the different aspects relating to different
features, each of which 1is intended to enhance the
accuracy and rellability of the information presesnted to
the driver,

SUMMARY OF THE INVENTION
In a first aspect, the invention is concerned with

the disposition of a load sensor or sensors so as to
supply to a control processor a sensor signal from which
the required vehicle load parameters may be accurately
determined. According to this aspect of the invention
there is provided a load monitoring system for a road
vehicle, comprising a strain sensor for mounting on a
single-wheeled axle of the vehicle, or on a support
member of the vehicle at a position which is at a
substantially fixed or determinable distance with
respect to the load to produce a sensor output which
varies with the magnitude of the load, and a computing
apparatus which is operable to process said sensor output
and to precduce in response thereto at least one computer
output representative of a required load parameter of the
vehicle and visual display means for producing a visual
representation of said computer output.

The significance of the sensor position defined
above will be described later herein. '

The strain sensor preferably comprises one or more
strain gauges mounted on a strain link which is mountable
at the specified position on the vehicle. The computing
apparatus is preprogrammed  in accordance with
predetermined functions which establish the relationship

PCT/GB86/00589
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between loads on the vehicle and the affect which is
detectable as strain at such specified position or
positions for the strain sensor. The computing apparatus
s also preprogrammed with such parameters as the
vehicles' unladen weight, and is adapted to perform the
required calculations using these preset parameters and
the determined load value to provide the required load

parameters.

Means may be provided for storing the calculated
values for these load parameters for record or vehicle
log purposes.

In another aépect, the present invention is
concerned with the problem of providing an indication of
the vehicle load with compensation being made for the
amount of fuel carried in the vehicle's fuel tanks.

It will be appreciated that in commercial vehicles

the large capacity of the fuel tank or tanks can lead to
the problem that even with an accurate on-board load
monitoring system, if the vehicle is loaded up to or
close to the legal limit with the fuel tank or tanks
substantially less than full, subsequent refuelling can
very easily increase the total load over the limit.

According to this aspect of the present invention,
therefore, there is provided a load monitoring system for
a road vehicle, the system including sensor means for
mounting on the vehicle for providing a sensor output
which varies in accordance with the load carried by the

PCT/GB86/00589
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venicle, and a computing apparatus which is operable to
process said sensor output and a signal representative of
the amount of fuel in the vehicle's own fuel tank or
tanks, to provide a computer output representative of the
value which a load parameter of the vehicle would assume
if there were a predetermined amount of fuel in said tank
or tanks, and a visual display means for producing a
visual representation of the computer output,

In the disclosed embodiment the computer means is
adapted to provide axle and gross vehicle weights for
full fuel tank conditions. The computer is programmed
with data indicative of the maximum fuel tank capacity
and can calculate the difference at any time between this
maximum and the current amount of fuel being carried. It
can then calculate the weight of fuel which could be
added to the tank, and adjusts the calculation of the
load parameter in accordance with this calculated weight.
Thus, whatever amount of fuel there is in the vehicles
fuel tank or tanks, the reading on the visual display
means always glves the driver the value for the 1load
parameter (e.g. gross vehicle weight) as if the vehicle's
tank or tanks were full, so avoiding later unintentional
overloading through refuelling.

In a further aspect, the invention is concerned with
the problem which arises when, as is very common, a
vehicle is loaded on sloping ground. Even if an on-board
load monitoring system is provided, if the calculations
made automatically for determining axle and gross vehicle
weights using strain sensor outputs assume incorrectly
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that the vehicle is on level ground, a problem arises
when the vehicle actually does move onto level ground and
'the load distribution between the vehiele's axles
cnanges. —

.An.illustratibn of this problem is shown in figures
122 and 12b of the accompanying drawings, which show a
two-axled commercial vehicle V on a horizontal surface
and on a slope at an angle O to the horizontal,
respectively. The centre of gravity of the vehicle is at
a point P, and it will be seen that the ratio of the
distances, measured horizontally between the centre of
gravity and the front and rear axles changes fronm AL - BL
for the horizontal condition to Ai - Bi for the inclined
condition. Accordingly, the ratio of the front to rear
axle weights will also change. Thus the'measurement of
axle weight on a slope 1s not valid for the horizontal
vehicle position, which is the position in which the
vehicle load parameters would be checked on a
weighbridge. Overloading could thus occur if a vehicle
is lcaded up to a given axle weight measured on a slope,
and then driven onto a horizontal surface.

In accordance with this aspect of the invention,
there is provided a load monitoring system for a road
vehicle comprising at least one first sensor for mounting
on the vehicle for providing a sensor output which varies
in accordance with the load carried by the vehicle, a
second sensor for mounting on the vehicle for providing a
sensor output indicative of the inclination of the
vehicle to a datum, e.g. the horizontal, a computing

PCT/GB86/00589
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apparatus which is operable to process the sensor outputs
from said first and second sensors to provide at least
one computer output indicative of the value which a load
parameter of the vehicle would assume when said
inelination to said datum i{s zero, and visual display
means for ‘producing a visual representation of the
computer output.

The second sensor is preferably an 1inclinometer
which can be wounted on the vehicle chassis, the
inclinometer having a casing, a pendulum member suspended
within said casing, and means which provides a signal
‘which varies in accordance with the angular relatioaship
between the casing and the pendulum. Such inclinometers
are commercially available.

In the disclosed embodiments, these different
aspects of the invention are all included in a monitoring
system providing the advantages which combine to produce
practical and reliable operation.

A preferred embodiment of the invention will now be
described by way of example with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a partly schematic diagram illustrating
the basic components of a loéd'monitoring system for a
road vehicle according to the present invention;

Figure 2 is a block schematic diagram of the CPU of
the system shown in Figure 1;

Figure 3 illustrates a strain link and the preferred
process of attachment of the strain link to a load
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bearing member of a vehicle;

Figure 4 is a schematic view of a twin-wheeled axle
of a commercial vehicle on a cambered road surface;

Figure 5 is a schematic view of a twin-wheeled axle
of a commercial vehicle with the outer wheel of one wheel
pair resting on a kerb;

Figure 6 is a schematic illustration of the mounting
positions of the components of- the Figure 1 system as
applied to the tractor unit of an articulated lorry;

Figure 7 1is a side elevational view of a tractor
unit of an articulated lorry showing an alternative
mounting position for the strain link in the figure 1
system;

Figure 8 is a side elevational view of a typical
refuse collection vehicle to which the figure 1 system is
applied;

Figure 9 is a side elevational view of a typical
vehicle fitted with a tipping body and to which the
figure 1 system is applied; V

Figure 10 is a side elevational view of a typical
vehicle fitted with a tank or bulk container and to which
the figure 1 system is applied;

Figure 11 is a side elevational view of a typical
commercial load vehicle to which the figure 1 system is
applied; and

Figures 12a and 12b are schematic illustrations of
the change in axle-weight distribution for changing
Inclination of the vehicle.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference first to figures 1 and 6 a commercial
rocad vehicle 1 to which a system 2 according to the
present invention is applicable comprises an articulated
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lorry having a tractor unit. 3 and a trailer 4 attached to
the tractor unit 3 by means of the "fifth wheel" 5. (see
Fig 7 for components 4 and S). The tractor unit 3 has a
chassis 6 supported by a front pair of single wheels 7 on
a front axle 8 and a rear pair of double wheels 9 on a
rear axle. Mounted on the chassis 6 is a driver's cab 11
and a fuel tank 12.

A strain sensor 13 is mounted on the front axle 8
for detecting the strain in the front axle, a fuel sensor
14 is mounted on or in the fuel tank 12 for detecting the
amount of fuel in the tank, and an inclinometer 15 is
mounted on the chassis for detecting the ineclination of
the vehicle to the horizontal.

The strain sensor 13, fuel sensor 14 and
inclinometer 15 are coupled to a microprocessor control
unit 16 located in the drivers cab 11 by way of
individual leads 17, a junction box 18 and a common cable
19. The control unit 16 has an electronies board 10
carrying a microprocessor and is coupled to a display and
control console 21 positioned suitably within the
driver's cab for operation and viewing by the driver. In
the embodiment shown, the console 21 has a tube-shaped
outer casing with apertures for a four digit numerical
display panel 22, a mode indicator 23 and four operating
buttons 24, 25, 26, and 27, the functions for which will
be discussed later,

With reference to figure 3, the strain sensor 13
comprises a pair of conventional strain gauges 28 fixed
to upper and lower surfaces of a strain link 29 which is
secured to the vehicle's front axle 8. 1In the disclosed

PCT/GB86/00589
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Vembodiment opposite ends of the strain link are securely

bolted to respective ones of a pair of support feet 30,
and these feet are welded to the axle 8.

In use, strain created in the axle 8 by the affect
of the vehicles own weight and the load carried by the
vehicle is transmitted through the feet 30 to the link 29
and thereby to the gauges 28. Each gauge will be
connected, in a conventional manner, in one arm of a
respective bridge network. An adjustable component in
another arm of the bridge is used to calibrate the
bridge. The provision of the pair of gauges, one on top
and one underneath the strain 1link 1is to permit
compensation for the effects of temperature change etc.
It is a characteristic of strain gauges arranged in this
way that thelr output is somewhat unreliable if they'are
made to operate in both compression and tension. More
particularly, fluctuations ocecur at the zero compression
point and in this region the output is unpredictable.
For this reason, steps are taken to ensure that the
strain gauge 28 always operates under compression in this
embodiment., More particularly, the link 29 is mounted on
Eop of the axle, which is always under compression, and
the link is pre-compressed during the mounting procedure.
This procedure, as shown in figure 3 involves first
bolting the link 29 to the feet 30, then clamping the
resulting unit in a G clamp 31 (only partly shown) to
apply a given amount of compression, and welding the
compressed unit to the top of the axle 8 along
longitudinal lines 32 only and not along transverse lines
(this could interfere significantly with the strain
characteristics of the axle 8) while clamping the clamped
unit with another G-clamp (not shown) between points A

PCT/GB86/00589
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and B as shown., When the two G-clamps are rewoved, the
strain link 29 is still compressed, and in use in the
vehicle the varlations in the strain in the axle will
never cause the compression of the strain gauge to reduce
to zero.

The fuel sensor 14 and the inclinometor 15 can each
be of a conventional type. The signals from the three
sensors are routed via the junction box to the control
unit 16 which has a plurality of input 1lines 33 for
recelving these sensor signals. A cable 34 between the
control unit and the consol 21 comprises a number of
lines which carry control signals generated in response
to the operation of the buttons 24 to 27, to the
microprocessor, and a plurality of output lines from the
microprocessor for controlling the display panel 22 and
mode indicator 23.

The sensor signals input to the control uhit 16 are
amplified in respective amplifiers 35, selected by,an'
analogue selector 36 controlled by the microprocessor 20,
and digitalized into a form suitable for use in the
central processing unit of the microprocessor by an
analogue-to-digital converter 37. The memory of the
microprocessor contains instructions defining an
operating program, and can temporarily store values
produced by the calculating operations performed by the
CPU during operation of the system. The microprocessor
is arranged to be powered from the battery 38 of the
vehicle via a suitable voltage converter 39. 1/0 units
40 receive inputs to and supply outputs from the
microprocessor assembly 42.4 serial output unit Y43 can
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output information provided by the microprocessor 20 from

the control unit 16,
device 44,

{IM\

for example to a log recording

The microprocessor 20 is programmed to process the

signals from the strain link,

gauge,

inclinometer and fuel

and to drive the digital display 22 to indicate

the value ‘of a parameter determined by the operation of
the buttons 24 to 27, these buttons being associated with

different modes of the systen.

24 is a "reset™

described later.

button,

More particularly, button
the function of which will be

Button 25 is labelled "weight" and can

be operated to cause the calculated load parameters to be
displayed. Button 26 is a calibration button which can
be operated when certain calibration functions, to be

described later, are required.

Button 27 is a "time-set™

button which is operable to set the time indicated by the

digital display in a clock mode of the systen.

It should

. be mentioned that the microprocessor also includes a

continually running

- controlled that it will

clock,

and the
show time,

is so
the reset,

display
unless

weight or calibration modes are selected.

The mode indicator 23 is controlled to display a

character indicating the present display mode.
"weight"

placed into the

When

indicating mode, the systém

automatically runs through a cycle of load parameter

displays.

For example, the sequence of display may be:

front axle weight; rear (or drive) axle Wweight; total
tractor weight; fifth-wheel load, each parameter being
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identified by a given digit display by the mode
indicator. In the embodiment, the microprocessor 20 is
preprogrammed with the legalhyequirements applicable to
the particular vehicle conégrned, and responds to any
particular load parameter exceeding the relevant
threshold by interrupting the sequence and providing a
visual warning of the overload condition. In this
embodiment, the warning comprises the repeéted flashing
of the mode display digit for the offending load
parameter. When this occurs, the Sequence may be resumed
by a further operation of the weight button 25.

The "reset" button 24 allows for the resetting of
the unladen weight of the vehicle. For example, although
the microprocessor is programmed with a value for the
unladen weight which 1includes a statistical average
weight of a commercial vehicle driver, greater precision
. for this factor for the particular driver concerned can
be provided by this "reset™" facility.  When the driver
operates the reset button when seated in the cab, the
system is reset so as to identify the current calculated
vehicle weight as the new unladen welight.

The system provides two calibration functions which
can be selected by operation of the calibration button
26, followed by another one of the function buttons. The
first of these functions is an initialization ‘operation
which is carried out when the system 1is first installed
in the vehicle for the purposes of calibration of the
various different sensors. The program in the
microprocessor assumes that the outputs of the sensors
will have certain predetermined values under given load
and vehicle conditions, and this initialization

PCT/GB86/00589
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procedure 1s necessary to establish this calibration of
the sensors. In this first calibration mode, the
"welght" button 25 1s operated to select the different
sensors in a predetermined sequence, the selected sensor
being identified by the display of the mode indicator 23.
For each selected sensor, a zero condition corresponding
to a predetermined load or = vehiecle condition is
established. Adjustments are made to set both the sensor
output, and the amplified sensor output to zero in this
predetermined condition. A predetermined non-zero
condition is then applied, and the relevant amplification
factor is adjusted to provide the required predetermined
output. This procedure is repeated for each sensor in
turn.

In a second calibration procedure, the system can be
made to perform a self-checking routine. Again, the
vehicle 1is placed under standard conditions, e.g. on
level ground with no load, and the calibration button 26
1s operated, followed by a predetermined sequence of the
other buttons. In this mode, the system reads the sensor
outputs in a predeterminéd séquence and compares them

‘with predetermined reference values stored in the

microprocessor memory. If any of the measured values is
beyond a -predetermined tolerance with respect to the
respective reference value, the sensor reading 1is
repeatedly flashed on the numerical display 22 to give a
visual warning. The mode indicator 23 identifies the
particular sensor concerned. The relevant sensor and/or
amplifier adjustment can then be made to bring the system
back into calibration.

The microprocessor may also be arranged to provide a
burglar alarm function. The system can be put into the

PCT/GB86/00589
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alarm mode by a predetermined sequence of operation of
the function buttons. The system is thereafter inactive
for a short period which is sufficient to enable the
driver to leave the cab, 'Thereafter, the system is
responsive to any sudden change in the output of the load
sensor by an amount exceeding a predetermined limit to
cperate an audible and/or visual alarm. For example, the
vehicle's horn may be operated and headlights may be
flasled. A predetermined delay between detection of the
load inerease and operation of alarm is provided in order
to enable the driver reentering the cab to deactivate the
alarm system By inputting a predetermined code comprising
the original, or a different, Sequence of operation of
the function buttons. When active, the system may also

_fespond to sudden changes in the supply voltage from the

battery, as would be caused by the automatic Switching on
of an internal light in the trailer upon unauthorised
opening of the trailers rear door.

The microprocessor may also be arranged to operate
in conjunction with the distance measuring element of a
Tachograph 45 which is a time distance measurement and
recording device. The system can be operated to provide
the driver with information as to his compliance with the
legal requirements of maximum driving hours 1in a
predetermined period, and this information can be
retrieved in combination with the weight variables to
provide a record for management purposes of tinme,
distance, fuel, weight and unauthorised activity,

The microprocessor is adapted to compensate for the
current fuel level in the vehicle tank or tanks and to
drive the numerical display 22 to provide a visual output

PCT/GB86/00589
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corresponding to the full-tank condition. It will be
apprecliated that commercial vehicles have large-capacity
fuel tanks and that accordingly if the vehicle is loaded
up to the legal limit with the fuel tank significantly
less than full, subsequent refuelling will put the
vehicle into an illegal load condition. Accordingly, by
compensating for the fuel level, the present system
avoids this problen. To provide this function, the
microprocessor 20 1s programmed in accordance with
theknown relationship between amount of fuel in the
vehicle tank 12 and the affect which the 1load
corresponding to that amount of fuel has upon the load
sensor 13. The microprocessor c¢an calculate the
difference between the maximum capacity of the fuel tank
and the current fuel level, the corresponding weight of
the fuel which could be added to the fuel tank, and an
appropriate compensation factor to be applied to the
sensor output.

Accordingly, the load parameters displayed on the
numerical displayer 22 always correspond to the full-tank
condition of the vehicle.

It will also be appreciated that the output of the

load sensor or sensors for a given vehicle loading is
" affected significantly by the inclination of the vehicle
to the horizontal, as previously described with reference
to figures 12a and 12b. The legal limits for the load
parameters are set for a horizontal disposition of the
vehicle, but it frequently happens that loading-up of the
vehicle takes place in an ,inclined position of the
vehicle. The microprocessor in the embodiment of the
present invention 1is programmed to compensate for any
inclination of the vehicle to the horizontal so that the
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readings provided on the numerical display correspond to
the values which the load parameters would assume in the
horizontal pasition of the vehicle. To provide this
function, the microprocessor is programmed in accordance
with the known geometrical configuration of the vehicle
and the predeterminable functions relating the vehicle
inclination to the change in the affect of the vehicle
weight and the load on the load sensor or sensors.

On some commercial vehicles there is both a main
fuel tank and an auxiliary fuel tank. In a parallel fuel
delivery system, these two tanks are connected in
parallel so that their respective fuel levels are always
the same. 1In this case, a fuel sensor output from one of
the tanks provides the microprocessor with suffiéient
information for it to establish the cﬁrrenﬁ'total fuel
level and the compensation to be applied. 'However, in
another known arrangement, the auxiliary fuel tank is
carried on top of the main fuel tank, its contents being
emptied into the main fuel tank when the fuel level in
the latter drops to a predetermined level. In this case,
the low fuel condition}of the main tank is signalled to
the driver, who then operates a switch to open a valve
which dumps the fuel from the auxiliary tank into the
main tank. To provide sufficient information to the
microprocessor 20 in such an arraﬁ%ement, the fuel sensor
14 senses the fuel level in the main tank, and a simple
electronic detector detects whether the auxiliary tank is
full or empty. The microprocessor is programmed with the
fuel capacity of the adxiliary tank and can respond to
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the output of the electronic sensor to determine whether
or not this amount of fuel 'is present in addition to the
amount of fuel indicated by the fuel sensor output.

Having thus described the load monitoring system
itself, 1its application to various different forms of
commercial vehicle will now be discussed. However,
before describing these applications individually,
reference will be made to figures U4 and § which
illustrate certaih problems which would be encountered if
a load sensor were to be mounted on a twin-wheeled
vehicle axle té detect that axle weight.

It has in the past been proposed to fix load sensors
to various points on a longitudinal load-bearing chassis
component, the magnitude of an applied load being
calculated éutomatically from the load sensor outputs.
However, such arrangements are impracticéble since they
take no account of the distribution of the load on the
vehicle. More particularly, the sensors may provide the
same outputs for two different load distributions, one of
which creates axle loadings which are within the level
limit, and the other of which creates {llegal axle
weights in one or more axles. It has been proposed that
this problem should be overcome by positioning one or
more load sensors on each of the veaicles axles, so as to
provide direct measurement of the axle Weights. However,
quite apart from the serious problem of excessive cost of
such a multi-sensor system (the sensors being
particularly expensive components),there are additional
problems associated with the use of strain gauges on the
twin-wheeled axle or axles of a commercial road
vehicle,these problems resulting in inaccuracies in the

PCT/GB86/00589
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measurement of the axle weight for such a twin-wheeled
axle. Figure U4, illustrates one situation in which these
inaccuracies would arise. Here, the vehicle is parked on
a road surface U6 having a large camber, and it will be
seen that this results in the load which is applied
through the tyres to the road sQrface being unevenly
distributed amongst the four wheels 9. More
particularly, in the extreme situation illustrated, the
inner wheels take the whole of the load, and accordingly
the leverége applied to the axle 47 at an intermediate
position where a sensor 13 would be positioned is
different from the leverage which would be applied if the
vehicle were supported on a perfectly flat surface.
Figure 5 illustrates another situation producing
inaccurate senéing of twin-wheeled axle weight. Here,
the vehicle has been parked with the left outer wheel
reéting on a kerb 48, and it can readily be seen that the
rlevérage épplied at the sensor 13 would be greater than
rin the case when the vehicie is supported on a flat
surface because all of the weight applied by the left
pair of wheels is imposgd through the outermost wheel.

Accordingly, we propose that the ideal position for
the sensor 1is centrally on a single-wheeled axle, sucn an
arrangement being free from the inaccuracies described
above, and that there should be no sensors on any twin-
wheeled axle.

Figures 6 and 7 illustrate the use of the described
monitoring system on an articulated lorry, Certain
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particular factors should be mentioned about this type of
vehicle. Firstly, the front end of the trailer 4 is
attached to the rear of the tractor unit 3 through a
device which is known as the "fifth wheel®™ 5 which, as
can be seen from figure 7, is located close to but
forwardly of the rear drive wheels 9 of the tractor unit
3. The trailer 4 normally has two or three palrs of rear
twin-wheeled axles 49,

The load due to the trailer unit 4 and the pay load
1s applied to the tractor unit 3 at a fixed position i.e.
at the fifth wheel. Accordingly, in this particular
case, for the purpose of calculation of the effect on the
axle weights of the tractor unit of the trailer, the
sensors may be mounted elsewhere than on the front,
single-wheeled axle, and in particular upon chassis
components 50 directly over the rear drive wheels, as
illustrated in Figure 7. If this alternative 1load
sensing position is employed, it should be noted that two
sensors will be required, one on each side in order to
allow for lateral imbalance, for example where the lorry
is laterally tilted.

Another point in relation articulated vehlicles is
that the critical load parameters are the axle weights on
the tractor unit, the legal requirements relating to the
trailer axles being significantly more flexible. In
particular, a large part of the limit for the axle
weights of the tractor unit is already accounted for by
the weight of the tractor unit i{tself, and therefore the
affect of the applied load fromAghg_trailer is a eritical
factor. '

Let us assume that there is a single strain link
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mounted in the ideal position, i.e. centrally on the
front axle. The geometry of the vehicle is, of course,
known, and the microprocessor is preprogrammed in
accordance with the known relationship between varying
loads applied to the fifth wheel and the affects they
have upon the front axle sensor. Accordingly, when the
driver selects the weighing mode by pressing the "weight™"
button 25, the microprocessor computes from the strain
link, inclinometor and fuel tank sensors the load applied
to the fifth wheel. To do this, the microprocessor
processes .the output from the sensor and compensates for
inclination to calculate the load applied to the fifth
wheel. It then compensates for the level of the fuel in
the manner described earlier (taking account also of
inclination) and calculates the total load being applied
through the axles of the tractor unit, the unladen weight
being,- of course, a known parameter. Since the 1locad
sensor 13 provides an output directly representative of

- the front axle weight, the microprocessor can by
subtraction calculate the axle weight of the rear drive
axle,

Although 1in this arrangement the system cannot
calculate the axle weights for the rear axles 49 of the
traller these are in practice much less critical and
rarely if _ever, present a problem of potential
infringement of legal limits.

Next, with reference to figure 8, the application of
the described 1load monitoring system to a refuse
collection vehicle will now be described. Such a vehicle
50 has a chassis, a front single-wheel axle 51 and a rear
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twin-wheeled axle 52, a driver's cab 53 and a refuse
container 54 mounted on the chassis. A compression plate
55 is mounted in the container, and a hydraulic ram 36
attached at one end to the chassis and at the other end
to the compression plate 55 is intermittently operated to
compress the refuse introduced into the container toward
the front end of the container. As can be seen from the
figure, the inclination & of the ram relative to the
vehicle chassis provides an indication of the position of
the compression plate, and this latter position at the
end of a compression cycle is itself indicative of the
position of the load, this load having been compressed
into a substantially cuboid space S defined between the
fixed front end of the container and the moving
compression plate. On the assumption that the density of
the refuse material compressed within this space S is
substantially uniform, the position of the centre of
gravity P of the load can readily be calculated.

In this embodiment, in addition to the main chassis
inclinometer, there is provided a further inclinometer 57
mounted on the ram 56, and the output of this further
inclinometer 57 1s coupled to the microprocessor 20 of
the monitoring system.

The microprocessor 1is programmed so that in the
weighing mode 1t calculates from the output of the
further inclinometer 57 the position of the centre of
gravity P of the load. From the output of the strain
link mounted on the front axle, the microprocessor can
then calculate the magnitude of the load acting at the
determined centre of gravity which will have the measured

PCT/GB86/00589
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effect at the front axle. This calculated load can then
be added to the known unladen weight of the vehicle to
produce the vehicle gross weight. The front axle welight
is known from the load sensor output, and the rear axle
weight can be simply calculated by subtraction.
Accordingly, all the required load parameters can readily
be determined and displayed sequentially on the numerical
display 22 of the console 21.

The application of the system to a vehicle provided
with a tipping mechanism for a fluid load is illustrated
in figure 9. For a vehicle 58 of this type, the
microprocessor will be programmed on therassumptiqn that
the centre of gravity P of the load in the container 59
will be at a position which is substantially central
longitudinally of the load container. Again, the load
sensor 1s mounted on the front axle, and the
microprocessor is operable, in the weighing mode‘bf the
system, to caldulate the magnitude of the load acting.at
the assumed centre of gravity position which creates the
measured effect at the front axle. This load is added to
the known unladen weight of the vehicle to produce the
gross vehicle weight, and the front axle weight, known
from the output of the sensor, is subtracted from the
gross vehicle weight to produce the rear axle weight.

With reference to figure 10, the application of the

' system to a vehicle 60 fitted with a closed tank 61 for a
liquid or bulk load is illustrated. TIf the tank has a
single compartment, the centre of gravity is assumed to
be at a 1longitudinal position which is substantially
central of the tank. If there 1is more than one
compartment, the centre of gravity can be calculated from
the known geometry of the tank, and from outputs from
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individual sensors indicating the respective levels of
the fluid load in these compartments. Again, the load
sensor 13 is in the form of a strain link mounted on the
front axle 8, and the microprocessor is operable, in the
welghing mode, to calculate from the load sensor output
the magnitude of the 1load acting at the assumed or
calculated centre of gravity which produced the measured
effect at the front axle. The further calculations
performed by the mircoprocessor comprise the addition of
the calculated load to the unladen weight of the vehicle,
the calculation directly from the sensor output of the
front axle weight, and the calculation, by substraction
of the rear axle welght.

The application of a load monitoring system

according to the invention to a vehicle 62 fitted with a.

load support 63 mounted on the chassis for carrying a
distributed load 64, is illustrated in figure 11. In
practice, it is found that the problems with this type of
vehicle are 1less serious than with the previously
described vehicles,and primarily result in overloading
of the front axle. The load sensor is in the form of a
strain 1link mounted on the front axle 8 and the
microprosessor is operable, in the weighing mode, to
calculate from the sensor output only the front axle
weight.

It will be understood from the foregoing description
that in its different aspects the invention provides
significant advantages. Thus, by positioning a 1load
sensor on a single-wheeled axle, extremely accﬁrate and
reliable readings can be obtained for various load

PCT/GB86/00589
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parameters, depending upon the nature of the vehicle, and
the need to provide a larée number of sensors around the
vehicle 1s avoided, so giving cost benefits. The
provision of a chassis inelinometer permits measured
parameters to be compensated and resolved to a horizontal
vehicle orientation so improving the accuracy of load
display, and the programming of the microprocessor to
compensate for fuel level provides a further safeguard
agalnst overloading.

The described system has numerous other novel
features which the skilled man will appreciate give rise
to advantages. These are each independent aspects of the
in?ention to be covered by the present application,
irrespective of whether or not they are included within
the scope of the following claims.

PCT/GB86/00589
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CLAIMS:

1. A load monitoring system for a road vehicle,
comprising a strain sensor for mounting on a single-
wheeled axle of the vehicle, or on a support member of
thé vehicle at a position which is at a substantially
fixed or determinable distance with respect to the load
to produce a sensor output which varies with the
magnitude of the load, and a computing apparatus which is
operable to process said sensor output and to produce in
response . theréto at least one computer output
representative of a required load parameter of the
vehicle and visual display means for producing a visual
representation of said computer output.

2. A'system according to claim 1 wherein said computing
apparatus 1is programmed with predetermined vehicle
parameters to enable it to calculate from the sensor
oufput at least one said load parameter relating to a
part of the vehicle remote from the position of said
Jensor.

3. A system according to claim 2 wherein said computing
apparatus is programmed to calculate from the known,

or determined position of a load applied to the vehicle,
from the sensor output, and from said predetermined
vehicle parameters the magnitude of said load which
creates said sensor output.

4, A system according to «claim 3, wherein said
computing apparatus is operable to store a value for the
unladen weight of the vehicle and to determine from the
calculated load and the unladen weight the gross vehicle
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weight for that vehicle.

5. A system according to claim 2 wherein said computing
apparatus 1s operable to determine the axle weights for a
plurality of axles of the vehicle in accordance with said
sensor output.

6. A system according to claim 1 wherein said computing
apparatus is operable to compute values for a plurality
of different said load parameters and to control said
visual display means to display said values for said
parameters in a predetermined sequence.

7. A system according to claim 1 wherein said computing
apparatus is operable to store a threshold value

for sald load parameter and to activate a warning if the
value for the load parameter exceeds said threshold.

8. A system according to claim 1 wherein said visual
display means is operable also in a time indicating mode
to provide a clock display.

9. A system according to claim 1, further including
means which is operable when active to provide an alarm
in response to a change in the sensor output exceeding a
predetermined level.

10. A system according to claim 1 wherein there is
further provided an inclinometer mountable on the vehicle
to supply to said computing apparatus a further sensor
signal indicative of the inclination of the vehicle, the
computing apparatus being operable to compensate for a
detected said inclincation so that said computer output

~ PCT/GB86/00589
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represents said load parameter for a horizontal
disposition of the vehicle.

11. A system according to claim 1l wherein said computing
apparatus 1s adapted to receive a fuel sensor signal
indicative of the 1level of fuel contained 1in the
vehicle's fuel tank or tanks, and to compensate for
varlations in said fuel sensor signal such that said
computer output represents said load parameter for a
predetermined fuel tank condition® of the vehicle,
regardless of the actual detected fuel level.

12. A load monitoring system for a road vehicle, the
system including sensor means for mounting on the vehicle
for providing a sensor output which varies in accordance
with the load carried by the vehicle, and a computing
apparatus which is operable to process sald sensor output
and a signal representative of the amount of fuel in the
vehicle's own fuel tank or tanks, to provide a computer
output representative of the value which a load parameter
of the venicle would assume if there were a predetermined
amount of fuel in said tank or tanks, and a visual
display means for producing a visual representation of
the computer output.

13. A load monitoring system for a road vehicle
comprising at least one first sensor for mounting on the
vehicle for providing a sensor output which varies in
accordance with the load carried by the vehicle, a second
sensor for mounting on the vehicle for providing a sensor
output indicative of the inclination of the vehicle to a

PCT/GB86/00589
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datum, e.g. the horizontal, a computing apparatus which
is operable to process the sensor outputs from said first
and second sensors to provide at least one computer
output indicative of the value which a load parameter of
the vehicle would assume when said inclination to sald
datum is zero, and visual display means for producing a
visual representation of the computer output.
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