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(57) Abstract: The invention relates to a method for determining the weight of a load using a hydraulic or pneumatic actuator (2) of
a lifting mechanism, com- prising the steps of increasing the actuator pressure to an initial value, in which static friction of the lifting
mechanism is no longer able to maintain the position of the load, maintaining an actuator motion pressure until the load is lifted to a
desired suspended position, adjusting the actuator pressure to a first threshold pressure, in which static friction of the lifting mechan -
ism is no longer able to maintain the position of the load, determining a first threshold pressure value for the first threshold pressure,
adjusting the actuator pressure to a second threshold pressure, in which static friction of the lifting mecha- nism is no longer able to
maintain the position of the load, determining a sec- ond threshold pressure value for the second threshold pressure, calculating
based on the first and second threshold pressure values the weight of the load.
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A method and a device for determining the weight of a load

The present invention relates in a first aspect to a method for deter-
mining the weight of a load. In a second aspect, the present invention relates
to a weighing device.

More specifically, the invention according to the first aspect relates to
a method for determining the weight of a load using a hydraulic or pneumatic
actuator of a lifting mechanism, the method comprising the steps of increas-
ing the actuator pressure to an initial value, in which static friction of the lifting
mechanism is no longer able to maintain the position of the load, maintaining
an actuator motion pressure until the load is lifted to a desired suspended
position, adjusting the actuator pressure to a first threshold pressure, in which
static friction of the lifting mechanism is no longer able to maintain the posi-
tion of the load, determining a first threshold pressure value for the first
threshold pressure, adjusting the actuator pressure to a second threshold
pressure, in which static friction of the lifting mechanism is no longer able to
maintain the position of the load, determining a second threshold pressure
value for the second threshold pressure, and calculating based on the first
and second threshold pressure values the weight of the load.

The principle of this measuring method is known from EP 0 991 927
B1, which describes a method for determining the weight of an aircraft utiliz-
ing the lifting mechanisms of the respective landing gear struts. Hydraulic fluid
is injected into each of the landing gear struts to increase the internal strut
pressure until static friction is overcome and the strut begins to extend. As it
does so, the friction transitions from static friction to dynamic friction that is
lower, which reduces the strut’s resistance against moving, and the internal
strut pressure suddenly drops. The highest strut pressure measured is stored.
Then withdrawal of hydraulic fluid from the landing gear strut is initiated,
which brings the strut to a halt. Withdrawal of hydraulic fluid from the strut is
continued until static friction is overcome and the strut begins to collapse. As
it does so, the static friction transitions to lower dynamic friction, which re-

duces the strut’s resistance against moving, and the internal strut pressure
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suddenly increases due to the collapse of the strut. The lowest strut pressure
measured is stored. For each strut the highest and lowest measured strut
pressure is averaged to identify the strut pressure exclusive of effects origi-
nating from inter alia overcoming friction. On basis of this net strut pressure
the weight supported by each strut is derived.

Another type of method for determining the weight of a load is dy-
namic measuring, where the determination of the load’s weight is based on
moving the load with the exact same speed in two opposite directions. This,
at least theoretically, should eliminate erroneous input coming from e.g. ac-
celeration and friction. However, in practise it is extremely difficult to obtain
the exact same speed, and even small variations lead to erroneous results.

Attempts have been made to find ways to compensate for variations
in speed and other sources of errors, such as variations in the viscosity of the
hydraulic fluid, varying friction in machine elements etc., however, not fully
successfully. Furthermore, as the load has to be moved long enough for a
constant speed to be obtained in both directions, the dynamic measuring
methods require a great ceiling height and are relatively time-consuming. Par-
ticularly when handling an unstable load, moving the load a great distance up
is not desirable. Also, the fact that moving the load up and down is necessary
makes dynamic measuring impractical for dosage weighing.

The method mentioned in the introduction presents a number of
disadvantages as well. One disadvantage being that, even though the load
does not have to be moved much, and although the method is less time-
consuming than dynamic measuring, injecting and withdrawing hydraulic fluid
into and out of, respectively, the actuator at a pace, which, in combination
with the applied measuring frequency, is suitable for obtaining a satisfactory
precision in the determination of the threshold pressure values, takes a given
period of time. A low measuring frequency and/or high requirements as to
determination precision necessitates a pressure adjustment rate, which is
slow enough to obtain a satisfactory precision in the determination of the
threshold pressures.

The time spent on weight determination is really time lost to the



WO 2014/202086 PCT/DK2014/050169

10

15

20

25

30

3

manufacturing company, freight forwarder etc, to whom periods of time,
where the load cannot be moved, is idle time.

It is a desire to minimize the amount of idle time, including that spent
on weight determination. Hence, there is a need for a speedy method for de-
termining the weight of a load.

On this background, it is an object of the present invention to mitigate
or eliminate at least some of the disadvantages of the prior art. In particular, it
is an object to provide a speedy method for determining the weight of a load
and a device adapted to perform the method.

These objects are met by a method according to the introduction, the
method being characterized in that the adjustment of the actuator pressure to
at least the second threshold pressure takes place from an intermediate pres-
sure between the first and second threshold pressures, and in that the inter-
mediate pressure is determined based on the motion pressure.

Up until now no one has thought of utilizing an intermediate pressure,
probably because an intermediate pressure has no immediate relevance for
the actual determination of the two threshold pressures. However, the inven-
tor of the present invention has realized that by identifying an intermediate
pressure, which is based on the actuator motion pressure, this intermediate
pressure can be used as a reference, to which the actuator pressure, after the
first threshold pressure has been determined, can be regulated before the
determination of the second threshold pressure. After having determined the
first threshold value, there is no need for cycles of pressure measurement,
evaluation and fine-adjustment of the actuator pressure before the actuator
pressure is at the intermediate pressure, to which the pressure can be regu-
lated relatively fast. Hereby time can be saved.

Preferably, the actuator pressure is regulated directly to the interme-
diate pressure after the first threshold pressure has been determined. Hereby
time-consuming fine-adjustment of the actuator pressure is skipped with a
faster weight determination method as a result.

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

invention, the initial actuator pressure value is determined and used as the
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first threshold pressure value. Hereby even more time may be saved, since
the step of determining the first threshold pressure is carried out already in
the initial lifting process.

In an embodiment, the intermediate pressure value is offset from the
motion pressure value. The amount of offset should be chosen so that the
intermediate pressure is lying somewhere between the first and second
threshold values.

In an embodiment, the intermediate pressure value is simply offset
from the motion pressure value by zero so that the intermediate pressure is
identical to the motion pressure value. This effectively ensures that the inter-
mediate pressure lies between the first and second threshold pressures.

Due to leakages through seals and the like, over time, hydraulic fluid
will leak out of the actuator during standstill and the actuator pressure will
drop. A build-in feature in most lifting mechanisms relevant to this invention,
such as fork lift trucks, wheel loaders etc, ensures that hydraulic fluid is in-
jected into the actuator to replace what has leaked out so as to maintain
enough pressure for the actuator to maintain its position. This means that
once the load has been lifted off ground and the actuator has been brought to
a standstill, the pressure prevailing in the actuator at any time will be within
the boundaries of the two threshold values, since they demark the pressure
limits where the actuator moves.

Thus, in an embodiment, the actuator pressure that happens to pre-
vail, when the step of adjusting the actuator pressure towards the first thresh-
old pressure is initiated, is measured and stored as intermediate pressure and
used as intermediate pressure, when the step of determining the second
threshold pressure is initiated. Or in other words: The adjustment of the ac-
tuator pressure to the second threshold pressure takes place from an inter-
mediate pressure between the first and second threshold pressures, which
intermediate pressure is determined as a measurement of a value of a previ-
ous intermediate pressure based on the motion pressure. This is advanta-
geous since the intermediate pressure is definitely in between the two thresh-
old values and it does not have to be set to a specific value prior to executing
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In an embodiment of the method according to the first aspect of the
invention, the adjustment of the actuator pressure from the intermediate pres-
sure to the first and/or second threshold pressure is performed stepwise. This
contributes to a high degree of precision in the determination of the respective
threshold pressures, since the actuator pressure is measured while being
constant.

In an embodiment, the adjustment of the actuator pressure from the
intermediate pressure to the first and/or second threshold pressure is per-
formed at a constant rate.

In an embodiment of the method according to the first aspect of the
invention, the calculation of the weight of the load based on the first and sec-
ond threshold pressure values is determined by means of the mean value of
the first and second threshold pressure values. Hereby effects coming from
acceleration, friction etc in both directions of movement are cancelled out
against each other, and only the effect coming from the actual load remains.
Having knowledge of the relevant acceleration due to gravity, the pressure
area of the actuator etc, the weight of the load can be calculated on this
background.

In a second aspect, the present invention relates to a weighing de-
vice adapted to perform the method according to the first aspect of the pre-
sent invention. In one embodiment, the weighing device comprises a fork lift
truck. In another embodiment, the weighing device comprises a wheel loader.

Examples of embodiment(s) of the first and second aspect of the in-
vention will be elaborated in more detail below with reference to the append-
ed figures, where

Fig. 1 is a schematic representation of a course of the actuator pres-
sure over time in a weighing device according to the second aspect of the
invention,

Fig. 2 is a schematic representation of a course of the actuator pres-
sure over time in a weighing device according to the second aspect of the
invention during execution of the method according to the first aspect of the
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Fig. 3 is a diagrammatic representation of a first embodiment of a
weighing device according to the second aspect of the invention adapted to
perform a method according to the first aspect of the invention, and

Fig. 4 is a diagrammatic representation of a second embodiment of a
weighing device according to the second aspect of the invention adapted to
perform a method according to the first aspect of the invention.

What is schematically depicted in Fig. 1 is the actuator pressure pre-
vailing inside a linear, hydraulic actuator of for instance fork lift truck during an
ordinary lifting process.

It is understood that a behavior similar to those described in this
specification in relation to the hydraulic actuator of a fork lift truck could be
observed in the hydraulic actuator of a wheel loader or other similar lifting de-
vice, in a pneumatic actuator or other similar actuator of a lifting device
adapted to implement the method according to the first aspect of the present
invention.

The abscissa of the graph in Fig. 1 indicates time (t), and the ordi-
nate indicates the actuator pressure (P). In the outset, the load rests on the
ground ready to be lifted. It is understood that the outset circumstances could
be different, for instance, the load could be in a suspended position above
ground already. In that case the actuator pressure would be different from
zero in the outset.

Now, starting from the outset at touset, hydraulic fluid is beginning to
be injected into the actuator, whereby the actuator pressure gradually in-
creases. Actuator pressure builds up, but as long as the force coming from
the actuator pressure does not exceed the opposing force coming from inter
alia static friction and the weight of the load, the actuator does not move.

At some point, the actuator pressure reaches a point, Pinreshold, high
where the weight of the load and the static friction is overcome and the actua-
tor suddenly begins to move upwards. The static friction transitions to lower
dynamic friction.

This causes the actuator pressure to drop. While the actuator moves
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upwards, an essentially steady state sets in, and the actuator pressure stabi-
lizes at an actuator motion pressure, Pmotion, high-

When the load has reached a desired suspended position the injec-
tion of hydraulic fluid into the actuator is stopped (at tsiop) and the actuator
comes to a halt. The actuator is yet again subject to the higher static friction
rather than the lower dynamic friction.

Due to small leakages past seals etc in the hydraulic system, hydrau-
lic fluid slowly seeps out of the actuator. As long as no hydraulic fluid is in-
jected into the actuator to replace the hydraulic fluid that has seeped out, the
result is a decrease in actuator pressure. Due to static friction, however, the
actuator does not move, until the actuator pressure reaches a point,
Pinreshold low, Where static friction is overcome and the actuator suddenly begins
to move downwards. The sudden downwards movement of the actuator and
the load with it causes the actuator pressure to increase.

Eventually, while the actuator moves downwards, an essentially
steady state sets in and the actuator pressure stabilizes at an actuator motion
pressure, Pmotion, low-

Many lifting devices have an inbuilt feature that is able to prevent the
actuator from moving out of its position and thus maintaining the load in the
desired position above ground once lifted there. The inbuilt feature of the lift-
ing device is able to inject hydraulic fluid into the actuator to replace the hy-
draulic fluid that has seeped out of the actuator chamber past seals etc in the
hydraulic system.

The actuator pressure schematically depicted with a broken line in
Fig. 1 is an example of a course that the actuator pressure may take when
subjected to an inbuilt position maintenance feature of a lifting device.

As is seen, as soon as the actuator pressure drops below a certain
lower pressure limit, Pmaintainjow, Nydraulic fluid is injected into the actuator in
order to (at least partially) compensate for the hydraulic fluid that has been
lost through seepage and to increase the actuator pressure so as to maintain
the actuator in the desired position. The lower pressure limit, Pmaintain low, May,
as in the depicted example, be a preset value. It may be set to a higher or
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lower value than depicted in the figure, however, no lower than the lower
pressure threshold, Piresholdjow- The lower pressure limit Pmaintain jow May simp-
ly be identical to the lower pressure threshold, Pinreshold jow-

The injection of hydraulic fluid continues until the actuator pressure
reaches a certain upper pressure limit, Pmaintain, high, after which point the injec-
tion of hydraulic fluid is stopped. The higher pressure limit, Pmaintain,high, may,
as in the depicted example, be a preset value. It may be set to a higher or
lower value than depicted in the figure, however, no higher than the higher
pressure threshold, Pinreshoidnigh. However, in principle, the higher pressure
limit Prmaintain high May simply be the higher pressure threshold, Pinreshold,high-

As the injection of hydraulic fluid is stopped, seepage past seals will
yet again cause the actuator pressure to drop, and the inbuilt position mainte-
nance feature of the lifting device will yet again see to that the pressure is
increased, and so on. The described pattern is repeated as long as the load is
to be kept at its desired position above ground.

Now, turning to Fig. 2, it schematically depicts the actuator pressure
during the process of determining the weight of a load according to the inven-
tion. Similar to Fig. 1, the abscissa of the graph in Fig. 2 indicates time (t),
and the ordinate indicates the actuator pressure (P).

The course drawn with a solid line is similar to the lifting process ex-
plained above in connection with Fig. 1. The course drawn with a broken line
depicts an example of a course that an actuator pressure follows during the
weight determination process according the invention.

Hence, following the solid line from the outset, touset, hydraulic fluid is
injected into the actuator chamber to increase the actuator pressure to the
higher threshold pressure, Pinreshold,high, after which point the supply of hydrau-
lic fluid into the actuator is continued in order to sustain the actuator pressure
at the actuator motion pressure, Pmation,high, Until the load has been lifted to its
desired position above ground. Hereafter the supply of hydraulic fluid to the
actuator is stopped at tstop.

The desired suspended position does not have to be high above

ground. Actually, a hardly visible movement of the actuator will suffice as long
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as the load is free of the ground. In principle, however, the load may be lifted
arbitrarily high above the ground.

Then the steps for determining the first threshold pressure are com-
menced following the broken line in Fig. 2. In the depicted example, the pres-
sure adjustment step is initiated right after the initial lifting of the load, at time
= tadjustment,1. [f more time had passed from the actuator was brought to a halt
until the adjustment step was initiated, the inbuilt position maintenance fea-
ture of the lifting device would have maintained the pressure within the
boundaries of Pmaintain,nigh and Pmaintain jlow along the zigzag-course as described
above in connection with Fig. 1. The adjustment step may be initiated at any
point during maintenance of the actuator position from whatever actuator
pressure prevails at that instant.

At the initiation of the adjustment step, the prevailing actuator pres-
sure is measured and stored as an intermediate actuator pressure, Pintermediate-
Since the actuator pressure has been maintained to keep the actuator still,
the intermediate actuator pressure Pintermediate 1S Known to lie somewhere in
between the higher and the lower maintenance actuator pressures,
Prmaintenance, low @8Nd Pmaintenance, high and thus, ultimately, between the higher and
lower threshold pressures, Pinreshold,high aNd Pihreshold,low-

With the intermediate pressure, Pinermediate, @S Starting point, a step-
wise supply of hydraulic fluid into the actuator is initiated at time = tagjustment, 1-
The stepwise injection of hydraulic fluid into the actuator causes a stepwise
increase in the actuator pressure. After each injection of hydraulic fluid, the
actuator pressure is measured and compared to the previously measured
actuator pressure. As long as the new pressure is higher than the previous
pressure, the point, where the weight of the load and the static friction is
overcome, the actuator moves upwards and the static friction transitions to
dynamic friction, has not yet been reached.

The stepwise injection of hydraulic fluid continues until the new actu-
ator pressure is suddenly smaller than the previous actuator pressure. Once
the measured actuator pressure is smaller than the previously measured ac-

tuator pressure, this indicates that the point where the weight of the load and
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the static friction has been overcome, the actuator has moved upwards and
the static friction has transitioned to dynamic friction, has been reached.
Thus, the previously measured actuator pressure, which is higher than or
equal to the newly measured one is stored as a first threshold pressure,
Pihreshold, high-

Now, having identified the higher threshold pressure, Pinreshold, high, the
actuator pressure is regulated back down to the intermediate actuator pres-
sure, Pintermediate-

Preferably, the actuator pressure is regulated directly and essentially
immediately back to the intermediate actuator pressure. The faster a regula-
tion, the more vertical the pressure course is during the pressure regulation
after the determination of the higher threshold pressure, Pinreshola,nigh, before
reaching the intermediate actuator pressure, Pintermediate- AS indicated by the
smooth line, no time is spent on stepwise fine-adjustment of the actuator
pressure at this point in the process. Since the intermediate actuator pressure
is positively known to be higher than the lower threshold pressure (and lower
than the higher threshold pressure), there is no need to waste time on adjust-
ing the actuator pressure in small decrements all the way down from the
higher threshold pressure to the intermediate pressure.

Decreasing the actuator pressure almost momentarily after determi-
nation of the higher threshold pressure entails that the actuator barely moves.
Hence, the method is well suited for applications of dosage weighing.

Now, after having determined the higher threshold pressure,
Pihrehold,high, and starting from the intermediate pressure, Pintermediate; & Stepwise
decrease of the actuator pressure is initiated at time = tagjustment,2. The proce-
dure is similar to that described above for the determination of the higher
threshold pressure, only with opposite signs: With the intermediate pressure,
Pintermediate, @S Starting point, a gradual withdrawal of hydraulic fluid out of the
actuator is initiated at time = tagjustment, 2. The gradual withdrawal of hydraulic
fluid out of the actuator causes a stepwise decrease in the actuator pressure.
After each withdrawal of hydraulic fluid, the actuator pressure is measured
and compared to the previously measured actuator pressure. As long as the
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new pressure is lower than the previous pressure, the point, where the static
friction is overcome, the actuator moves downwards and the static friction
transitions to dynamic friction, has not yet been reached.

Once the measured actuator pressure is higher than or equal to the
previously measured actuator pressure, this indicates that the point where the
static friction has been overcome, the actuator has moved downwards and
the static friction has transitioned to dynamic friction, has been reached.
Thus, the previously measured actuator pressure, which is lower than or
equal to the newly measured one, is stored as the second threshold pressure,
Pthreshold, low-

Now that the two threshold pressure values have been determined,
the mass of the load can be calculated on basis of the higher and the lower
threshold pressures, when the pressure area of the actuator, the relevant ac-
celeration due to gravity and any gearing ratio between the lifting forks and
the hydraulic cylinder of the lifting device are known.

It is understood that, although the adjustments in actuator pressure in
this example is performed stepwise, the actuator pressure may alternatively
be altered at a constant rate or a combination of both a constant rate and
stepwise. For instance, the first pressure adjustment may be performed step-
wise and the second pressure adjustment at a constant rate, or oppositely, or
both the first and second pressure adjustment may be performed stepwise or
at a constant rate.

Also, although the higher threshold pressure in the present example
is identified first and the lower threshold pressure is identified afterwards, the
lower pressure threshold, Pinesholdjow May be identified before the higher
pressure threshold, Pinreshold,high-

In that case, the actuator pressure is adjusted stepwise (or constant-
ly) downwards at time = tagjustment,1 Until the lower threshold pressure, Pinreshold,
low, Nas been identified. Then the actuator pressure is regulated directly back
up to the intermediate actuator pressure, Pintermediates from where the actuator
pressure is adjusted stepwise (or constantly) upwards at time = tagjustment2,

until the higher threshold pressure, Pinreshold, high, has been identified.
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Also, although not depicted in the figures, the first threshold pressure
value may be determined already in the initial lifting process. This however,
necessitates from the beginning pressure measurements and injection of hy-
draulic fluid at a pace adapted to the requirements to pressure determination
precision and the applied measuring rate.

Now, with reference to Figs. 3 and 4, examples of a device adapted
to perform the method according to the first aspect of the invention are ex-
plained. Elements similar to the different embodiments are denoted with simi-
lar reference signs.

Starting with the embodiment schematically depicted in Fig. 3, a hy-
draulic actuator of a lifting device (which could for instance be a fork lift truck
or a wheel loader) is denoted by reference sign 2. The actuator 2 comprises a
fixed part, including a cylinder 2a, and a moveable part, including a piston 2b
and a piston rod 2c. The actuator 2 is connected to a hydraulic fluid line 3, via
which hydraulic fluid can be supplied to and withdrawn from an actuator
chamber 2d. The actuator pressure is the pressure existing in the actuator
chamber 2d.

A hydraulic power unit 4 of the lifting device is connected to the hy-
draulic fluid line 3. Although the depicted example utilizes the hydraulic power
unit 4 of the lifting device, there could, in principle at least, be provided a sup-
plemental hydraulic power unit for the measuring process.

Also connected to the hydraulic fluid line 3 is a pressure transmitter
5, by means of which the pressure prevailing in the actuator chamber 2d is
measured (as it is essentially the same pressure as in the hydraulic fluid line
3). The measured pressure is passed on to a processor or computing unit
(not shown).

A three-way pressure regulating valve 10 with a pressure port 10a, a
tank port 10b and an outlet port 10c is provided so that the pressure port 10a
is connected to a pressure line 4a of the hydraulic power unit 4 and the outlet
port 10c is connected to the actuator chamber 2d via the hydraulic fluid line 3.
The tank port 10b of the three-way pressure regulating valve 10 is connected
to a tank line 4b of the hydraulic power unit 4 via a solenoid valve 11.
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The components encircled by the dash-dot-line make a weight de-
termination unit adapted to perform the method according to the invention in
collaboration with a lifting device. The unit may be integratedly built into the
lifting device adapted to carry or lift loads, such as a fork lift truck, wheel
loader, rear dumper, lorry truck or the like, or it may be retrofitted as an after-
market unit. The interface of the weight determination unit limits itself to three
hydraulic fluid lines, the connecting of which enables easy retrofitting.

When the actuator 2 is to be operated during normal operation, hy-
draulic fluid pressurized by the hydraulic power unit 4 is injected via the hy-
draulic fluid line 3 and withdrawn the same way.

However, when the weight determination method is performed, hy-
draulic fluid is passed from the hydraulic power unit through pressure line 4a,
through the pressure regulating valve 10, past the pressure transmitter 5 and
into the actuator chamber 2d.

During actuator pressure build-up, the solenoid valve 11 is closed so
as to prevent pressure relief via the tank port 10b of the pressure regulating
valve 10.

When the actuator pressure is to be lowered, the solenoid valve 11 is
opened so as to allow flow from the actuator chamber 2d via the pressure
regulating valve 10’s tank port 10b through the solenoid valve 11 and the tank
line 4b into the of the hydraulic power unit 4.

A flow control orifice 12 is arranged between the three-way pressure
regulating valve 10 and the pressure transmitter 5 in order to ensure a con-
trolled flow both when hydraulic fluid flow from the actuator 2 towards the
pressure regulating valve 10 and when hydraulic fluid flows the opposite way
from the pressure regulating valve towards the actuator.

Fig. 4 shows another embodiment, where the pressure line from and
the tank line to the hydraulic power unit 4 have been replaced by two hydrau-
lic accumulators 6, 7 in an arrangement, which will be described in more de-
tail in the following.

The first hydraulic accumulator 6 is connected to the hydraulic fluid

line 3 via a first non-return valve 8. The first non-return valve 8 allows hydrau-
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lic fluid to flow from the actuator 2 and the hydraulic power unit 4 into the first
hydraulic accumulator 6 but inhibits flow in the reverse direction. The first hy-
draulic accumulator 6 is also connected to the pressure port 10a of the three-
way pressure regulating valve 10.

The second hydraulic accumulator 7 is connected to the hydraulic flu-
id line 3 via a second non-return valve 9. The second non-return valve 9 al-
lows hydraulic fluid to flow from the second accumulator 7 towards the actua-
tor 2 but inhibits flow in the reverse direction. The second hydraulic accumula-
tor 7 is also connected to the tank port 10b of the three-way pressure regulat-
ing valve 10 via the solenoid valve 11.

When the weight determination method is executed, hydraulic fluid
passes from the hydraulic power unit 4 through pressure line 3 into the actua-
tor chamber 2d and via the first non-return valve 8 into the first hydraulic ac-
cumulator 6 and via the pressure port 10a of the pressure regulating valve 10,
past the pressure transmitter 5 and into the actuator chamber 2d.

During pressure build-up in the actuator 2, the first hydraulic accumu-
lator 6 is loaded with a pressure generated by the effects coming from lifting
the load, friction etc. The first non-return valve 8 assists in ensuring that the
pressure in the first hydraulic accumulator 6 is not released during pressure
build up in the actuator 2.

During actuator pressure build-up, the solenoid valve 11 is closed so
as to prevent pressure relief via the tank port 10b of the pressure regulating
valve 10.

The second non-return 9 valve assists in ensuring that pressure is
not built up in the second hydraulic accumulator 7 during pressure build-up in
the accumulator 2.

When the actuator pressure is to be lowered, the solenoid valve 11 is
opened so as to allow flow from the actuator chamber 2d via the pressure
regulating valve 10’s tank port 10b through the solenoid valve 11 and into the
second hydraulic accumulator 7. The second hydraulic accumulator 7 thus
receives hydraulic fluid becoming redundant during the lowering of the actua-

tor pressure.
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The second non-return valve 9 ensures that as soon as the actuator
2 is relieved from pressure (but not before), the accumulated pressure in the
second hydraulic accumulator 7 is relieved as well.

Although the above-described embodiments comprise a solenoid
valve, use of other appropriate types of valves may be envisaged.

Also, although the above-described embodiments comprise a three-
way pressure regulating valve, use of other appropriate types of valves may
be envisaged. For instance, two two-way pressure regulating valves may be
used instead of the three-way pressure regulating valve; one two-way pres-
sure regulating valve for regulating the pressure up and one for regulating the

pressure down.

Example 1
With basis in an actuator pressure course as lined out in Fig. 2, the

example below illustrates plausible examples of values as to measuring fre-
quency, pressures etc when a fork lift truck lifting a load of unknown weight
performs the weight determination method according to the first aspect of the
invention. It is understood that the actual numbers will vary with the type of
lifting device, seals, load, requirements as to weight determination precision
and so on, so the numbers in the following are for exemplary purposes only.

On forklift trucks, the forks are usually arranged with a certain gear-
ing in relation to the actuator, so that the forks move a distance corresponding
to approximately twice the distance the hydraulic cylinder of the lifting device
move. So, in case of a truck with a gearing ratio between hydraulic actuator
and forks of say 1:2 all weighing results should be divided by 2.

However, for the sake of simplicity, in the example given below no
account is taken of any such ratio of gearing. The load in the example below
is simply assumed to be lifted directly by the actuator of the lifting device. It is
understood, however, that the calculations could easily be modified to take
into account any gearing ratio applicable for the weighing device in question.

The diameter of the cylinder of the hydraulic actuator in this example
is 4 cm, which gives a pressure area of the hydraulic actuator of approximate-
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ly Aget = 12.56 cm?.

The hydraulic power unit of this example is able to provide a maxi-
mum operating pressure of Py, max = 150 bar. That, together with the pressure
face of the cylinder of the hydraulic actuator, gives a maximum lifting capacity
of Fmax = 1884 kg. With a scale division of the system of n = 1000, a weight
determination precision e = F5/n = 1.88, approximately e = 2 kg, is obtained.

In order to determine the weight of forks of the lifting device, the
method according to the invention is performed once without any load on the
forks. This only needs to be done once for a particular set up of forks, lifting
device etc. as long as nothing in the setup is changed.

Hence, starting at the outset, hydraulic fluid is beginning to be inject-
ed into the actuator so as to make the actuator and the forks of the lifting de-
vice move. When the forks have reached their desired position above ground,
the injection of hydraulic fluid into the actuator is stopped and the actuator is
brought to a halt. The actual height is not important, only the forks should be
lifted so as to be free of the ground.

When the step of adjusting the actuator pressure towards the first
threshold pressure is initiated, the intermediate pressure, Pinermediate, IS Meas-
ured to be approximately 9 bar.

Now, the actuator pressure is measured with a measuring frequency
of 1 measurement per 10 milliseconds. Hydraulic fluid corresponding to a
pressure increase of Pmax/(2:n) = 0.075 bar (before the first pressure thresh-
old is met) is injected into the actuator every 20 milliseconds.

A pressure drop is registered indicating that the first threshold pres-
sure, Pinresholgnigh has been met. The previously measured (higher) pressure is
thus recorded as the first threshold pressure, Pinreshoig,high- It has been meas-
ured to be approximately Pinreshold,high = 12 bar.

The pressure is then regulated directly back to the intermediate pres-
sure of Pintermediate = 9 bar .

Now, starting from the intermediate pressure, the step of adjusting
the actuator pressure towards the second threshold pressure is initiated. Yet

again, the applied measuring frequency is 1 measurement per 10 millisec-
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onds. Hydraulic fluid corresponding to a pressure decrease of 0.075 bar (be-
fore the second pressure threshold is met) is withdrawn from the actuator
every 20 milliseconds.

A pressure increase is registered indicating that the second threshold
pressure, Pinesholdlow has been met. The previously measured (lower) pres-
sure is thus recorded as the second threshold pressure, Pinresholdiow It has
been measured to be approximately Pinresholdjow = 8 bar.

On this background and with knowledge of the relevant acceleration
due to gravity and the pressure surface of the actuator, the weight of the forks
can be determined to be Migks = (Pthreshold,high+Pihreshold,ow)/2:A = 120.56 kg.

Having thus determined the weight of the forks of the lifting device,
the procedure is carried out again now lifting the load, the weight of which is
actually to be determined.

Hence, load and forks are lifted off ground and brought to a standstill,
and the weight determination process is initiated from an intermediate pres-
sure, which happens to be Pinermediate = 101 bar at the instant the process is
initiated.

The measuring frequencies and the pressure regulating steps remain
the same as described before; however, the threshold pressures have
changed due to the alteration in load. The first threshold pressure is met at
Pthreshold,nigh = 102 bar, and the second threshold pressure is met at Pinreshold,low
= 98 bar.

Hence, the weight of the load and forks may thus be determined to
be approximately Minsioad = 596 kg, and the weight of the load alone mgaq =
476 kg.

The present invention has been described herein with reference to
specific embodiments, however, it is understood that other embodiments or
combinations of features than the ones explicitly disclosed are possible within
the scope of the invention as defined by the appended claims.
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List of reference signs:

1 Weighing device
2  Actuator
2a Cylinder of actuator
2b Piston of actuator
2c Piston rod of actuator
2d Actuator chamber
Hydraulic fluid line
4  Hydraulic power unit
4a Hydraulic power unit’s pressure line
4b Hydraulic power unit’'s tank line
Pressure transmitter
First hydraulic accumulator

Second hydraulic accumulator

0 N OO O

First non-return valve

9  Second non-return valve

10 Three-way pressure regulating valve

10a Three-way pressure regulating valve’s pressure port
10b Three-way pressure regulating valve’s tank port

10c Three-way pressure regulating valve’s outlet port

11 Solenoid valve

12 Flow control orifice

t Time

P Actuator pressure
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PATENT CLAIMS

1. A method for determining the weight of a load using a hydraulic or
pneumatic actuator of a lifting mechanism, comprising the steps of

increasing the actuator pressure to an initial value, in which static
friction of the lifting mechanism is no longer able to maintain the position of
the load,

maintaining an actuator motion pressure until the load is lifted to a
desired suspended position,

adjusting the actuator pressure to a first threshold pressure, in which
static friction of the lifting mechanism is no longer able to maintain the posi-
tion of the load,

determining a first threshold pressure value for the first threshold
pressure,

adjusting the actuator pressure to a second threshold pressure, in
which static friction of the lifting mechanism is no longer able to maintain the
position of the load,

determining a second threshold pressure value for the second
threshold pressure,

calculating based on the first and second threshold pressure values
the weight of the load,

characterized inthat

the adjustment of the actuator pressure to at least the second
threshold pressure takes place from an intermediate pressure between the
first and second threshold pressures, and in that

the intermediate pressure is determined based on the actuator mo-
tion pressure.

2. A method according to claim 1, wherein the initial actuator pres-
sure value is determined and used as the first threshold pressure value.

3. A method according to claim 1 or 2, wherein the adjustment of the
actuator pressure to the second threshold pressure takes place from an in-
termediate pressure between the first and second threshold pressures, and

that the intermediate pressure is determined as a measurement of a
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value of a previous intermediate pressure based on the motion pressure.

4. A method according to any of the preceding claims, wherein sub-
sequently to the determination of the first threshold pressure value the actua-
tor pressure is immediately adjusted to the intermediate pressure.

5. A method according to any of the preceding claims, wherein the
adjustment from the intermediate pressure to the first and/or second threshold
pressure is performed stepwise.

6. A method according to any of the preceding claims, wherein the
calculation of the weight of the load based on the first and second threshold
pressure values is determined by means of the mean value of the first and
second threshold pressure values.

7. Weighing device adapted to perform the method according to any
of the claims 1 to 6.

8. Weighing device according to claim 7, wherein the weighing de-
vice comprises a fork lift truck.

9. Weighing device according to claim 7, wherein the weighing de-

vice comprises a wheel loader.

Awapatent A/S
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