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(57) ABSTRACT 
The invention relates to a method in the check weighing of a 
weighing system. In the method, a hoist (15) equipped with a 
weighing system (14) is used to lift a load (27), which is 
weighed, and the value measured by the weighing system 
(14) is recorded. In the method, the weighing system (14) is 
adjusted as required, on the basis of the recorded values. A 
real load (28), which is weighed when not moving, is used as 
the load (27). The same real load (28) is also weighed during 
a normal movement while moving. A reference value is 
defined from these two weighings of the same real load (28), 
on the basis of which the weighing system (14) is adjusted if 
necessary and/or the precision probably achieved by the 
weighing system (14) is estimated. The invention also relates 
to a software product and an arrangement in the check weigh 
ing of a weighing system, and materials handling equipment. 
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METHOD IN THE CHECK WEIGHING OFA 
WEIGHING SYSTEMAND SOFTWARE 
PRODUCT AND ARRANGEMENT IN THE 
CHECK WEIGHING OF AWEIGHING 
SYSTEMAND MATERALS HANDLING 5 

EQUIPMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

10 

This application is a U.S. national stage application of PCT 
application PCT/FI2012/050058, filed Jan. 24, 2012, and 
claims the benefit of priority from Finnish patent applications 
20115087, filed Jan. 28, 2011, and 20115480 filed May 18, 
2011. 15 

BACKGROUND OF THE INVENTION 

The present invention relates to a method in the check 
weighing of a weighing system, in which method a hoist 20 
equipped with a weighing system is used to lift a load, which 
is weighed, and the value measured by the weighing system is 
recorded, and, in the method, the weighing system is adjusted 
as required, on the basis of the recorded values. The invention 
also relates to a software product and an arrangement in the 25 
check weighing of a weighing system, and to materials-han 
dling equipment. 

According to the prior art, in forestry and particularly in 
timber harvesting and timber trading, Volume measurement 
has become an established form of measurement. This can 30 
indeed be done reliably, even automatically, for example 
using harvesters that are as such known and the measuring 
devices used in them. In addition, especially earlier, Volume 
measurement has been performed, for example, at timber 
processing plants, by, among other means, immersion, as well 35 
as by means of so-called circumference measurement or vari 
ous measurement portals, such as a system based on laser 
measurement. However, particularly in terms of functioning 
logistics, it would be advantageous to have the measurement 
performed at the earliest possible stage in the timber-sourcing 40 
chain, such as most advantageously immediately in connec 
tion with the timber harvesting, or the local transportation of 
timber. Particularly during the harvesting of energy wood, 
which has become widespread in recent years, it is difficult to 
arrange reliable and functioning Volume measurement in con- 45 
nection with a chipper that harvests the said timber grade or 
with some other harvester, because the timber material or 
timber grade being harvested is often of a small dimension 
and has a trunk shape that makes it practically impossible to 
accurately measure the diameter or length. In addition, in the 50 
case of energy wood, the form of harvesting generally used is 
so-called mass processing, instead of harvesting individual 
trees. This means principally that several trunks at a time are 
fed through the harvester head, possibly stripping them par 
tially or totally, or alternatively completely without stripping 55 
them. For the aforementioned reasons among others, in for 
estry, particularly when trading in fibre and energy wood, and 
also in Stumps harvested for energy use, a change has taken 
place to weighing the said timber grade already in the forest. 
In other words, a change has been made to using mass-based 60 
measurement instead of conventional Volume-based mea 
Surement, because energy wood and other fractions collected 
from the forest have many different properties. For this pur 
pose a special loader scale is fitted to the loader of a forwarder, 
by means of which each load lifted can be weighed. Typically, 65 
by Summing the masses of the individual loads, the total mass 
of the forwarder's load can be determined and correspond 

2 
ingly by Summing the masses of the loads the mass of the 
timber collected, by grade, from the entire harvesting area is 
calculated. Because generally the measurement performed 
using a loader scale in this way is the only weighing per 
formed in the whole delivery chain, the weighing result must 
correspond with an acceptable accuracy to the real mass of the 
harvested and transported loads. The buyer and the seller can 
then be confident that the weighing will be correct. Part of the 
weighing system described above is a loader scale, which is 
fitted to the loader that acts as a hoist, especially in the case of 
a forwarder or timber truck. The hoist can be a crane, which is 
used to move any bulk or piece goods whatever, though the 
benefits of the Solution according to the invention are empha 
sized in weighing systems, in which the particular character 
istics of the material being weighed and of the actual loading 
process cause dispersion and imprecision in the weighing 
result. 
Check weighing has been developed to evaluate and moni 

tor the adjustment and operation of the loader scale and the 
weighing precision. Software, in which it is possible to pro 
gram, for example, the acceptable accuracy, as well as other 
functions relating to the loader scale, is stored in the central 
unit belonging to the loader scale. A special test weight with 
a known mass is used in known check weighing, and is moved 
from the load space of the forwarder to a stack, according to 
normal working procedure, as is done normally with the loads 
handled in actual loading work. The moves are repeated and 
the value of each weighing is recorded. On the basis of the 
values given by check weighings made in this manner, the 
loader scale is adjusted so that the value measured/deter 
mined by the loader scale will correspond to the mass of the 
test weights used in the check weighing. The adjustment is 
preferably carried out by software, in such a way that the 
driver enters, or at least accepts the proposed correction, for 
example, through the central unit of the weighing system. 

However, existing check weighing utilizing a special test 
weight with a known mass has certain drawbacks, particu 
larly in a dynamic weighing situation. It has been shown in 
practical tests that, in certain cases, the real mass of the timber 
may deviate excessively from the mass obtained using loader 
scales. For example, by adjusting a loader scale to display 
precisely the mass of the test weight using a known check 
weighing method, too great a mass may be obtained as the real 
result of the loader scale. There can be several reasons leading 
to this in the weighing system itself, in the material being 
weighed, or, for example, in the environmental conditions. 

There is one significant difference between a test weight 
and real loads, particularly energy-wood loads. An energy 
wood load, with a weight of an order of magnitude corre 
sponding essentially to that of the test weight, has a length 
that is typically considerably longer than that of the test 
weight. Such a load can have a nearly arbitrary shape in its 
other dimensions, which can cause variations in a precise 
weighing performed in a dynamic weighing situation, in 
which the load is in a rotational and/or translational move 
ment relative to one or more axes. At its longest, an energy 
wood load can be as much as nearly ten-meters long, com 
prising entire energy trees, or at least long parts of their 
trunks. Generally, the goods grade, mass, and dimensions of 
the load affect the loading event, and thus the measurement 
result. Other influencing factors include the environment, the 
driver, and the machine, such as the forwarder. In other words, 
there can be several different reasons for a loader scale to 
show an erroneous load, compared to the real mass. 

In addition, test weighing using a special test weight, along 
with its repeats, takes up an excessively large part of actual 
working time and is not productive. Therefore in practice test 
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weighing may be performed only about once a week, which is 
not necessarily sufficient to ensure Sufficiently good weigh 
ing precision. Conditions and the operation of the device may, 
however, change during a week, leading to an increased risk 
of a weighing error. Typically Such a change can be, for 
example, a change in the electronics effecting the measure 
ment of the shackle, or especially in the Zero position or 
angular coefficient of the strain gauges, which may indicate a 
need to perform calibration or check weighing. Similarly, for 
example, over the course of a week or a day the timber grade 
and also the operator of the weighing system and loader may 
change, which can also increase the error. In addition, check 
weighing always demands a separate test weight, which must 
be carried along with the forwarder. The test weight may be 
lost, or damaged when being handled, or its other properties 
may change, despite it being built to be as stable and durable 
as possible for its purpose, which will in turn act to weaken 
the reliability of the check weighing. 

SUMMARY OF THE INVENTION 

The invention is intended to create a new type of method 
for the check weighing of a weighing system, by means of 
which the precision of a weighing system will be improved, 
more simply and more quickly than before. In addition, the 
invention is intended to create a new type of software product, 
by means of which the precision of a weighing system will be 
made better than before. Further, the invention is intended to 
create a new type of arrangement for the check weighing of a 
weighing system, which can be implemented by means of 
known components. The invention is also intended to create a 
new type of materials-handling machine, which can be used 
for efficient working, while retaining a high weighing preci 
sion and simultaneously effectively monitoring the weighing 
precision. The Solution according to the invention permits 
continuous and graphic monitoring, to estimate the weighing 
precision at any time. The characteristic features of the 
method according to the invention are stated in the accompa 
nying Claim 1 and the characteristic features of the software 
product according to the invention in the accompanying 
Claim 14. Correspondingly, the characteristic features of the 
arrangement according to the invention are stated in the 
accompanying Claim 16 and the characteristic features of the 
materials-handling machine in the accompanying Claim 18. 
According to the invention, the test weight can even be left 
completely unused, by replacing it with a real load. In addi 
tion, test weighing is performed in a new and Surprising 
manner, in which any detrimental effect of the operator is 
minimized. In other words, the check weighing takes into 
account the personal working habits of each operator. At the 
same time, check weighing is part of normal working, so that 
the work performance of a forwarder or other materials 
handling hoist or loader, using a loader Scale will remain 
essentially the same, despite the testing. Check weighings can 
then be made considerably more frequently than previously, 
thus further improving the precision of the loader scale. At the 
same time, possible changes in the timber grade and condi 
tions will be taken into account. In addition, the precision can 
be improved without addition sensor arrangements. Possible 
device faults with also be noted more quickly than previously 
and the check weighing can exploit a wider mass range than 
previously. In other words, the Solution according to the 
present invention can be easily used to arrange the continuous 
monitoring of the weighing precision of a weighing system. If 
necessary, the system can also be programmed to warn the 
operator of a detected reduction in the assumed precision, of 
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4 
an increase in dispersion, or some other automatically detect 
able disturbance or other fault in the measurement results. 
A functionality, which ensures that the load being used in 

check weighing at any time will remain unchanged for the 
entire duration of the check weighing, can be added to the 
implementation of the check weighing, for instance to the 
loader scale’s software. For example, it is possible to prevent 
the opening movement of the grapple for the entire duration 
of the check weighing. Similarly, the use of the hoists func 
tions can be prevented during the static stage of check weigh 
ing. The Software is part of the Software product according to 
the invention, which implements the stages of the method 
according to the invention. 

DESCRIPTION OF THE DRAWINGS 

In the following, the invention is described in detailed with 
reference to the accompanying drawings showing some 
embodiments of the invention, in which 

FIG. 1a shows a side view of a forwarder, 
FIG. 1b shows a schematic diagram of an as such conven 

tional loader scale with its central unit, separately from the 
loader, 

FIG.2a shows the first stage of the method according to the 
invention, 

FIG. 2b shows the termination of the first stage of the 
method according to the invention, 

FIG.2c shows the second stage of the method according to 
the invention, 

FIG. 3 shows the stages of the method according to the 
invention, in a normal situation in check weighing, 

FIG. 4 shows the stages of the method according to the 
invention, in an error stage in check weighing, 

FIG. 5 shows the stages of the method according to the 
invention, in an alternative check weighing. 

DETAILED DESCRIPTION 

FIG. 1 shows an, as such, known forwarder 10, which 
includes a loader 11 and a load space 12. FIG. 1b shows a 
schematic diagram of a loader scale 13, together with its 
accessories. In this case, the forwarder is an example of a 
materials-handling machine, in which there is an arrange 
ment according to the invention. A weighing system 14, in 
which the hoist 15 is a loader 11 and the weighing system 
includes a loader Scale 13, is presented as an example appli 
cation. The central unit 16 belonging to the totality is prefer 
ably located, for example, in the cab of the forwarder and 
incorporates a display device 17 for transmitting and present 
ing information to the operator of the weighing system (FIG. 
1b). Both the display device and the central unit and other 
necessary data-processing means can, in a manner that is as 
Such known, be in a forestry machine or other vehicle, or in a 
work machine in general, while other devices arranged to 
serve the system, or especially for the loader scale can be, for 
instance, fitted to a forestry machine. The central unit has the 
requisite storage and processing power, by means of which 
the measuring data of the loader scale can be processed and 
presented to the operator. The actual loader scale is formed of 
a shackle 18, which is attached between the boom 19 and 
rotator 20 of the loader 11. In the application of FIG. 1a, a 
grapple 20', which is turned by the rotator 20, is attached to 
the rotator 20. The loader scale can also be installed in other 
vehicles or machines, which relate to materials handling and 
in which reliable weighing is required. The detailed construc 
tion and placing of components of the loader Scale can vary 
considerably within the scope of the present invention. For 



US 9,297,690 B2 
5 

example, the force and possible acceleration sensors con 
tained in the shackle referred to in the detailed description of 
the application could also be located somewhere else than 
between the end of the boom and the rotator, however in such 
a way that the desired force and/or weight data, and, for 
example, acceleration data, can be measured. 
The length of the shackle is typically about 300 mm and the 

practical weighing range, for example, 70-2000 kg. In the 
shackle 18, there is a weight sensor 21, by means of which the 
load being loaded is primarily weighed. Functionally, the 
matter in this case is of a sensor reacting to force. Because the 
force is caused by the mass being weighed, the term weight 
sensor is used. The weight sensor can be based, for example, 
on a strain-gauge sensor, or alternatively on, for instance, a 
hydraulic operating device, preferably a combination of a 
hydraulic cylinder and a pressure sensor/transmitter. The 
shackle also includes one or more acceleration sensors mea 
Suring acceleration relative to one or more axes, such as in this 
case one dual-axis acceleration sensor 22, which can be used 
to monitor the movements of the loader. Indeed, simple loader 
scales are known, which do not have the said acceleration or 
other feedback, and are intended to operate reliably only in 
static situations. Acceleration data can also be used to adjust 
the load scale, as the movement of the load will naturally 
affect the weighing result. Data obtained from acceleration 
sensors can be used to correct the mass of a moving load. The 
entire lift can then be used to weigh the load and thus to obtain 
better precision. The detection axes of the acceleration sen 
sors are arranged to form a cross with each other, allowing 
comprehensive information on the movement and attitude of 
the shackle to be obtained even using only two sensors. It is 
naturally also possible to use an arrangement measuring 
acceleration relative to three axes, in which the sensors mea 
Suring acceleration parallel to each axis can be separate, or 
integrated to form a single totality. In the central unit there are 
also the necessary Voltage feeds and data-transfer connec 
tions for operating various components. In this case, there is 
a CANbus 23 between the shackle 18 and the central unit 16. 
In a manner that is, as Such, known, the data transfer can also 
be implemented if desired entirely wirelessly. This can be an 
advantage if the information should be transferred in difficult 
environmental conditions, such as in connection with the 
booms of a forestry machine that can easily strike external 
obstacles. 
A weight sensor 21 is built into the shackle 18 and can be 

used to measure forces in both the longitudinal and transverse 
directions of the shackle 18. In a static situation, when the 
forwarder is on a horizontal Surface, the longitudinal direc 
tion will be essentially in the direction of gravity and an 
essentially straight pull will be directed on the weight sensor, 
assuming that the load has been gripped centrally relative to 
its centre of gravity. When the forwarder is on a sloping 
Surface and/or with an unbalanced load, Slanting forces will 
also be directed to the shackle, which can also be measured 
using the weight sensor. A dual-axis acceleration sensor 22 is 
located on the electronics card 24. At the upper end of the 
shackle 18 there is a hole 25 for a pin, by means of which the 
shackle 18 is attached to the boom. Correspondingly, at the 
lower end there is a second hole 26 for a pin, by means of 
which the shackle 18 is attached to the rotator. The holes are 
at right angles to each other, so that the grapple can Swing in 
two directions. In other words, the holes are crosswise, in 
Such a way that the upper pin permits movement parallel to 
the boom and the lower pin permits transverse movement. At 
the same time, the weight sensor can be used to measure the 
forces caused by an eccentric load. In this, case, the lower pin 
is in the aforementioned transverse direction. Above is 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
described one example of an application of a loader scale. 
However, the method itself is also suitable for other kinds of 
weighing systems. 

FIGS. 2a-c show schematically the stages of the method 
according to the invention. The method is intended for use in 
the check weighing of a loader scale. Check weighing is 
required in order to assess and determine the reliability of the 
loader Scale. Check weighing is also required in order to 
adjust the loader scale, if deviations over set limits appear in 
the check weighing. In the method, a load 27, which is 
weighed, is raised by means of a loader 11 equipped with a 
loader scale 13. In the check weighing, the values measured 
by the loader scale 13 are recorded and the loader scale 13 is 
adjusted on the basis of the recorded values. The adjustment 
is primarily by means of Software. In other words, specific 
setting values are altered with the aid of the user interface of 
the central unit. According to the invention, a real load 28. 
which is weighed when not moving, is used as the load 27. 
First of all, by using a real load it is possible to eliminate the 
previously used test weight. In addition, the weighing is first 
of all performed without movement, so that the measurement 
result for the mass of the load is obtained in a static state. In a 
static state, the factors disturbing weighing are as insignifi 
cant as possible. After this, the same real load 28 is weighed 
during a normal transfer. In other words, the load is weighed 
while moving, for example, when moving the load from the 
load space to a stack. One way to implement the check weigh 
ing is described in the example. The method according to the 
invention also works, for example, in a loading situation. The 
normal transfer is then from outside the load space, for 
example, from the Surface of the ground to the load space. The 
inverse operation would be suitable, for example, for the 
handling of bulk goods, in which the bulk goods are handled 
only once by the grapple. If necessary, the load is lowered 
back into the load spacefonto the load space, to be carried by 
it, so that the load scale will be reset and the second lift will 
correspond as closely as possible to a normal lift. A reference 
result will then be obtained for the mass of the load in a 
dynamic state. According to the invention, a reference value 
of the same real load 28 is determined from these two weigh 
ings, on the basis of which the loader scale 13 is adjusted, if 
necessary, and/or the precision of the loader scale 13 is deter 
mined. In other words, if on the basis of the check weighing, 
the precision of the loader scale is at an acceptable level, the 
check weighing stops and work can continue normally. On 
the other hand, an excessive deviation requires measures to be 
taken, about which more later. The reference value can be an 
individual value, or it can consist of several values, or there 
can be a plurality of values. The Solution according to the 
present invention in any event permits an effective estimate of 
the precision implemented by the weighing system at any 
time and, for example, a warning to be transmitted to the 
operator of the weighing system, Such as the driver of a 
forestry machine, if the precision is detected as deviating 
from the set objectives. In other words, the operator of the 
weighing system is given and/or shown an estimate of the 
weighing accuracy of the weighing system at any time. Gen 
erally, the precision value is determined essentially continu 
ously and the precision value at any time and/or its assumed 
estimate is transmitted to the operator. 
The said two weighings of the same real load can also be 

made in a different order. In other words, the check weighing 
can also be implemented in Sucha way that the operator is not 
informed that the matter is of a check weighing. The load will 
then be transferred from the load space normally to a stack 
and, at the same time, the load will be weighed while moving. 
After the movement, the arrangement requests the load to be 
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stopped momentarily, so that the load is weighed when not 
moving. The driver cannot influence the weighing, because 
the arrangement informs them of this only afterwards. If 
necessary, the load is lowered in order to reset the scale prior 
to weighing. The manner described above is easily imple 
mented, as the scale is connected to the machine's control 
system. The Software can then be used to prevent the grapple 
opening, if the question is of a check weighing. After a sta 
tionary weighing, the load can be lowered onto a stack and the 
grapple opened. After this, unloading continues normally. 

FIG. 2a shows Schematically a check weighing according 
to the invention. In this case, the real load 28 has been raised 
to a height of about one meter over the machine’s load space 
12 and/or the load that is in it and now hangs freely without 
touching anything. On the basis of the acceleration sensors or 
the measurement data in general, the weighing system 
decides that the Swinging has stopped, when the static load is 
weighed. In principle, in the existing manner, there can be a 
predefined program for check weighing in the central unit. 
The operator then selects the program in question and acts in 
the manner described above. However, the real load 28 is 
preferably selected randomly, or by classifying in the desired 
manner the loads as belonging to the classes obtained, so that 
a sufficiently representative sample will be obtained for the 
check weighing. Classification can preferably take place, for 
example, with the aid of mass classes for the load and/or by 
timber grades. For example, the mass classes could be, for 
instance, 200-400 kg, 400-600 kg, and 600-800 kg, while the 
timber grades could be, for instance, pine fibre, energy-wood 
fraction, spruce log, etc. The operator then need not, and 
cannot be alerted for the check weighing, instead the system 
itself selects the loads being used as the objects for check 
weighing, in order to obtain the most useful sample. In other 
words, the weight and/or timber-grade classes are selected 
preferably emphasizing check weighing. The operator can 
then concentrate on his work, leaving the central unit to 
determine when the check weighing will take place. This will 
also ensure that check weighing is done Sufficiently fre 
quently. On the basis of the measured values, the central unit 
can also alter the frequency of the check weighings. For 
example, if the driver and the timber grade remain unchanged 
for a long time, check weighing may only be needed infre 
quently. Correspondingly, when the number of variables 
increases and/or become more frequent, check weighing can 
be done frequently. In the same way, the frequency can be 
altered on the basis of the check weighings. If the precision 
decreases, check weighing will be performed more fre 
quently and Vice versa. On the basis of calculations and tests, 
four to five check weighings a day should be sufficient. It is 
obvious that, ifunnecessary check weighings can be avoided 
by using the solution according to the invention, considerable 
advantages can be gained. A random command by the central 
unit to make a check weighing will reduce the effect of the 
operator on the result. In other words, prior alerting is elimi 
nated, so that more comprehensive and precise check weigh 
ing will be obtained. In addition, the weighing arrangement 
can sense changes taking place in working procedures, for 
example, on the basis of the signals given by the acceleration 
sensor and demand or Suggest that a check weighing be made 
when this need appears. On the other hand, the driver can, if 
desired, make check weighing Supported by the system. 
Then, for example, five load lifts can be made, when the 
system will select randomly the said five lifts from the fol 
lowing loads, which are check weighings. In this way, the 
loader Scale can be rapidly made to measure correctly, for 
example, after maintenance operations, if a fault has made it 
necessary, for example, to install a new weight sensor. 
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In FIG. 2b, the real load 28 is lowered back into the load 

space 12, when the loader scale is reset. During resetting, the 
grapple is kept closed, so that the load will remain essentially 
the same. The system can also be programmed to prevent the 
grapple from opening, thus preventing the load from varying. 
In the second stage of the check weighing, the load 27 is lifted 
and moved to stack (FIG. 2c) in accordance with normal 
working procedure. If the result of check weighing performed 
in this manner is an acceptable precision, work can continue 
without interruption. 

Above, reference has been made to random check weigh 
ing, defined by the central unit. The loads being lifted are then 
unavoidably of different weights. For example, some of the 
loads can consist of long fibre timber and some of only tree 
tops. Thus, according to the invention, loads of different 
weights are weighed in the check weighing. In practice, the 
loads can be, for example, 100-1000 kg. When unloading of 
the load space starts, the grapple is easily filled, when a heavy 
load is formed. Correspondingly, for example, when taking 
the last fibre tree from the load space, a light load is formed. 
Thanks to the central unit, the operator however need not 
think of the coming check weighing, and canthus concentrate 
on his actual work. The central unit is also programmed in 
Sucha way that the timbergrade being loaded at each time can 
be entered in the central unit. Thus, different grade loads can 
also be weighed in the check weighing, allowing their special 
characteristics to be taken into account. For example, in first 
thinning, or when harvesting energy timber, the full-length 
commercial timber or energy-wood bundles being loaded will 
be several meters long. In that case, a load formed of com 
mercial timber often tilts, which can cause an error in weigh 
ing. On the other hand, stumps, for example, are dense but 
heavy. In addition to the timber grade and load weight, check 
weighing and adjustment of the arrangement are driver-spe 
cific. In other words, different settings can be set for different 
drivers, so that the effect of the driver's personal manner of 
working can be filtered out from interfering. If desired, it is 
also possible to take into account, for example, the direction 
of movement of the loader when unloading a load. Thus, it is 
possible to take into account whether the load is being 
unloaded to the right-hand or left-hand side of the load space, 
seen from the direction of the loader's rotating device. The 
rotating device is conventionally fitted with sensors, in Such a 
way that the angle of rotation of the booms relative to the 
rotation device's attachment base is known. 

Usually, even a single check weighing performed from 
time to time will give sufficiently good certainty of the reli 
ability of the loader scale and, in addition, this information 
can be recorded in the log file of the weighing system, or some 
other suitable location, which will in practice permit the 
monitoring of the weighing system’s precision to be docu 
mented. However, the reference value is preferably deter 
mined from several consecutive check weighings of different 
loads and a precision value, on the basis of which the loader 
scale is adjusted, is calculated from the determined reference 
values. The central unit can also collect the values of several 
check weighings and form a result from these, on the basis of 
which the loader scale can be adjusted, if necessary. The 
effects of the operator and the goods grade on the operation of 
the loader scale can then be taken into account, in which case 
the value of the loader scale can be made to correspond better 
than before to the real mass. If the error is systematic, i.e. it 
repeats irrespective of the operator and the timber grade, a 
corresponding correction can be made in the central unit. In 
that case, the operator alters the setting values from the central 
unit. In addition, the central unit can be programmed to use 
the historical data on the normal weighings and check weigh 
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ings, to adjust the operation of the loader scale. In other 
words, on the basis of the measurements performed, the cen 
tral unit can estimate specific setting and correction values, in 
which case the loader scale is adjusted independently. In other 
words, on the basis of the precision value of the check weigh 
ings, for example, the loader scale is adjusted by means of 
Software on the basis of the check-weighing results. 

Even though the check weighing takes place with Sufficient 
precision in the manner described above, the reliability of the 
loader scale can be further improved by using an as Such 
known test weight as the load. A test weight 29 is shown in 
FIG.1a and can be, for example, a three-meter long Steel pipe, 
which is cast full of concrete or some other material, in order 
to create the desired mass. As such, the size or mass of the test 
weight is of little significance, as long as the mass is known 
precisely and can be assumed to be distributed evenly inside 
the test weight. In that case, the test weighing is performed 
only statically, so that the loader scale is brought theoretically 
into the correct measurement range and errors caused by, for 
example, device faults can be detected. A greater precision 
than that demanded of the weighing system is preferably used 
and a check weighing is also performed when the test weight 
is tilted. Tilting is achieved by gripping the test weight eccen 
trically, in such a way that the test weight settles into a tilted 
attitude, with one end being lower than the other. In other 
words, the upper and lower pins of the shackle permit the load 
to tilt into an attitude corresponding to a state of equilibrium. 
In static check weighing, an accuracy of, for example, t2% is 
demanded. The values of the check weighing, which is per 
formed from time to time, for example, once a week, are 
recorded and exploited in the check weighing according to the 
invention. 

Because the matter is of a check weighing, it will be suffi 
cient to ascertain that the precision of the loader scale is 
within the permitted limits. However, in each check weigh 
ing, the reference value or precision value created from ref 
erence values is compared to the set limit values and, if the 
limit value is exceeded, an error report is created. The error 
repot can be, for example, simply a notification to the opera 
tor, who carries out the agreed operations. According to the 
above, especially in Systematic errors, the central unit can 
adjust the setting values by means of software. However, one 
or more check weighing are preferably performed on the 
basis of the error report, so that random errors in the check 
weighing or in the actions of the operator can be eliminated. 
If, after repeated check weighings, an acceptable precision is 
reached, work can continue normally. If, however, at least 
three check weighings cause an error report, the loader Scale 
is adjusted manually. If necessary, a test weight is used, so that 
sensor faults, for example, can be eliminated. 

FIG. 3 shows the stages of a check weighing according to 
the invention. The central units program proposes, for 
example, from four to five times in a working day, that the 
question is of a checklift. The Suggestion, or rather notifica 
tion appears on the display device, when a load is started to be 
lifted from the load space to the stack. An audiovisual indi 
cation of the notification can also be given, for example an 
audible signal and/or an indicator light, or more preferably a 
message given on the screen of the display device and Sound 
signal. According to the instruction given, the operator lifts 
the load off the load space and leaves the load to hang freely. 
Once the load has stopped Swinging, the loader scale weighs 
the static load. That the load has stopped can be ascertained 
also from the measurement data of the weight and/or accel 
eration sensors. If the measurement data and the values deter 
mined from them are within the set limits, the weighed mass 
can be recorded. After the instruction comes to the display 
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10 
device, the operator lowers the loadback onto the load space, 
when the loader scale resets. Finally, the operator makes a 
normal lift from the load space to the stack and, at the same 
time, monitors the lifting speed and/or the time taken by the 
lift, which can be utilized in the weighing system. 

Reference information is recorded in the central unit from 
each check weighing, so that during one week, for example, 
20-check weighings are easily accumulated, which corre 
sponds to the known check weighing based on a test weight. 
Because the decision concerning a check weighing is made 
when the lift is started, the program can selected the loads in 
Such a way that the check weighing will be made using loads 
of different weights, for example, in the range 100-1000 kg, 
and in addition with different timber grades. Comprehensive 
measurement information will then be obtained, on the basis 
of which the loader scale can be fine-tuned in such a way that 
it will measure different kinds of load as correctly as possible. 
From the loader-scale monitoring obtained from the check 
reports obtained from the central unit easily understandable 
and reliable information is available for a person selling 
standing timber, for contractors, and for timber buyers, as 
well as for machine entrepreneurs, machine contractors, and 
for the driver too. At the same time, the number of times test 
weights are used can be clearly reduced and even during a 
check weighing timber is moved from the load space to the 
stack. The saving intime compared to present check weighing 
can easily be more than two hours each week, if previously 
the test weight was used once a day and about half an hour was 
taken up with the check weighing. At the same time, the 
precision of the loader Scale is improved substantially. 

In the following, the stages of the method according to the 
invention are described in principle, with reference to FIGS. 
3 and 4. The flow diagram of FIG. 3 continues on page 4, 
according to the arrows. Stage 30 is the start, which generally 
corresponds to the switching on of the central unit. On the 
other hand, the check weighing can also be started manually. 
In this case, the system assumes that check weighing will be 
carried out with the next load. Thus the following stage 31 is 
the bringing of a new load. By default, the system operates in 
the background, so that the operator cannot prepare for the 
coming check weighing, unless he himself has started the 
check. In the following stage 32, the unloading of the load 
onto the stack is started. On the basis of a random sample, the 
system notifies the operator that this is a check weighing 
(stage 33). The notification comes only once the lift has 
commenced, and not before it. Thus, the operator cannot 
prepare for the check weighing. The operator stops the load to 
leave it to hang freely (stage 34). Once the load has stopped, 
the system records the mass of the load (stage 35). After 
recording, the system notifies the operator of the matter (stage 
36), when the operator, guided by the system, lowers the load 
back into the load space (stage 37). The stopping of the load 
can, as described above, be detected automatically, by 
exploiting the information available from the weight and/or 
acceleration sensors. On the other hand, the interpretation of 
the load as having been stopped can also, if desired, be left to 
be done by and to be the responsibility of the operator of 
the weighing system. The operator receives a notification that 
resetting has been performed and normal lift is possible (stage 
38). Once again, the system guides the operator to perform a 
normal lift to a stack (stage 39) and during the lift the load is 
weighed dynamically. According to the invention, the system 
calculates a reference value from the two measurements and 
notifies whether the precision was within the permitted limits 
(stage 40). In the selection stage 41, a YES response termi 
nates the check weighing, as a result of which a report is 
created. The report remains in the system as historical data 
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and can be transferred to other systems, for example, in order 
to attest to the check weighing, or for other purposes. After the 
reporting, the system returns to the normal operating state, in 
which each load is weighed dynamically in order to deter 
mine the total mass of the load. However, the check weighing 
is all the time in the background in the system, and starts 
randomly or at the initiation of the operator. The randomness 
can also be directed and/or emphasized as described above to 
desired load categories, for example, on the basis of the loads 
weight and/or grade of goods. The system can also monitor 
the precision and, if necessary, start check weighing at any 
time when it is felt to be advantageous, for example, in terms 
of absolute weighing precision and/or dispersion. 

In selection stage 41, a NO response is also possible, in 
which case the system notifies of the deviation and the opera 
tor is shown a report (stage 42). In this case, the operator, 
guided by the system, makes a new lift (stage 43). For 
example, if the deviation is still great after three lifts, the 
operator changes to manual adjustment (stage 44). In this 
exemplary embodiment, the weight display of the system is 
adjusted, by altering which the system is calibrated (stage 
45). After adjustment, the adjustment is acknowledged in the 
system (stage 46), which returns to the normal operating 
state. If desired or when Suggested by the system, the operator 
can next make a check weighing, according to stages 31-41. 

FIG. 5 shows an alternative way to perform a check weigh 
ing. In this case, the load is moved normally to the stack, so 
that the system weighs the load when moving (stage 39). 
Guided by the system, the operator stops the load to hang over 
the stack, without opening the grapple (stage 34). Now, the 
same load is weighed when not moving. After the check 
weighing, the grapple is opened and the unloading of the load 
can continue normally. 
The following is one example of the determining of the 

precision value. In this case, the weighing system records five 
consecutive check weighings. In addition, the system calcu 
lates first the difference between the static lift and the 
dynamic lift from each check weighing. Next, the weighing 
system calculates the percentage difference of the static lift. 
The percentage share in question is the precision value, which 
can be notified to the operator. The weighing system monitors 
the check lifts and on their basis the future precision can be 
estimated, or the mean precision of the five previous check 
weighings, for example, can be notified. For example, the 
static weighings of the load were 821, 727,969, 822, and 704 
kg. Correspondingly, the dynamic weighings were 867, 738, 
961, 901, and 724 kg. From these, a mean precision value can 
be calculated, i.e. in this case a percentage difference of 
+1.16%, which is within the permitted limits. Different vari 
ables can be added to the determining of the precision value, 
but the basic values are two consecutive weighings of the 
same load. 
The weighing system can generate and transmit automati 

cally a value and/or symbol or other signal depicting the 
precision of the weighing system, with the aid of which the 
driver can easily and essentially continuously monitor the 
estimated precision, while working. In practice, the operator 
will be given, for example, a graphical symbol or simple 
numerical value, from the display device. 
The system is able to take into account several different 

variables simultaneously, as described above. In addition to 
variations in timbergrades and operators, changes in working 
conditions and procedures and their effects can be taken into 
account in check weighing. For example, the asymmetricality 
of the forwarder or loader can be taken into account, in which 
case the same precision will be obtained when unloading or 
loading the load tractor to and from both the right and left 
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12 
sides. The possible asymmetricalities and non-idealnesses 
can then be programmed into the system. Possible differences 
can be discovered by making check weighings in both direc 
tions, i.e. to the right and to the left, from the load being 
unloaded. If necessary, a lift can be made to the left, even 
though the stack might be on the right, and vice versa. The 
necessary adjustments are made by the operator and/or the 
system. Technically, the weighing system is able to determine 
the unloading direction without any action by the operator, as, 
when the loader scale, for example when installing the loader 
or hoist, in the loader, sensor means monitoring the angle of 
rotation are installed, for example, in its rotation device. 
Thus, the sensor arrangements of the loader Scale notifies the 
weighing system of the rotation angle at any time. On the 
other hand, the movements of the loader can also be moni 
tored with sufficient accuracy for the purpose also without 
separate sensor arrangements, if the operations of the loader, 
especially the control of its rotation device, are monitored 
while working. 

The invention claimed is: 
1. A method in the check weighing of a weighing system, 

comprising: 
lifting a real load of material with a hoist equipped with a 

Weighing System; 
weighing the real load of material during a normal working 

procedure, the weighing comprising weighing the real 
load of material when the load is stopped and weighing 
the real load of material when the real load of material is 
moved with a hoist; 

recording a value measured by the weighing system; 
determining a reference value from these two weighings of 

the same real load, on the basis of which the weighing 
system is adjusted if necessary and/or the assumed pre 
cision achieved by the weighing system is estimated; 
and 

adjusting the weighing system as required, on the basis of 
the reference value. 

2. A method according to claim 1, wherein the real load is 
selected randomly. 

3. A method according to claim 1, wherein reference values 
are determined from several consecutive check weighings of 
different loads and a precision value is calculated from the 
determined reference values, on the basis of which the weigh 
ing system is adjusted, if necessary, and/or the precision of the 
weighing system is ascertained. 

4. A method according to claim 3, wherein the precision 
value is determined continuously and the precision value at 
any time and/or its assumed estimate is transmitted as Such 
numerically or in some other manner to an operator. 

5. A method according to claim 3, wherein the weighing 
system is adjusted by means of software on the basis of the 
precision value and/or its estimate. 

6. A method according to claim 1, wherein loads of differ 
ent weights are weighed in the check weighing. 

7. A method according to claim 1, wherein loads represent 
ing different grades of goods are weighed in the check weigh 
1ng. 

8. A method according to claim 6, wherein different types 
of loads are classified and weight and/or goods-grade classes 
formed are selected for emphasis in check weighing. 

9. A method according to claim 1, wherein in addition to 
the real load, a test weight is used as the load at least from time 
to time, wherein the mass of the test weight is known pre 
cisely and by means of which the check weighing is made 
only statically. 
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10. A method according to claim 1, wherein the reference 
value is compared with a set limit value and, if the limit value 
is exceeded, an error report is created. 

11. A method according to claim 10, wherein on the basis 
of the error report, one or several check weighings using the 
real load are performed. 

12. A method according to claim 11, wherein if at least 
three check weighings cause an error report, the weighing 
system is adjusted manually. 

13. A method according to claim 1, wherein the real load is 
weighed first when stopped and then when moving. 

14. A method according to claim 1 wherein the real load is 
weighed first when moving and then when stopped. 

15. A non-transitory computer readable medium encoded 
with software code elements, which are arranged to perform 
the stages of the method according to claim 1. 

16. An arrangement in the check weighing of a weighing 
System, comprising: a hoist belonging to the arrangement 
being equipped with a weighing system for weighing a load to 
be lifted by the hoist, the weighing system including a central 
unit for recording a value measured by the weighing system 
and, if necessary, for adjusting the weighing system on the 
basis of the recorded value, wherein a lifted real load of 
material is arranged to be used as the load in order to weigh 
the same lifted real load of material both when stopped and 
when moving during the same normal working movement, 
and 
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wherein the central unit is arranged to determine a refer 

ence value from these two weighings of the same real 
load, in order to adjust the weighing system if necessary, 
and/or to estimate the assumed precision achieved by the 
weighing system. 

17. An arrangement according to claim 16, wherein the 
central unit includes a non-transitory computer readable 
medium encoded with software code elements, which are 
arranged to perform the stages of a method comprising 

lifting a real load of material with a hoist equipped with a 
weighing system; 

weighing the real load of material during a normal working 
procedure, the weighing comprising weighing the real 
load of material when the load is stopped and weighing 
the real load of material when the real load of material is 
moved with a hoist; 

recording a value measured by the weighing system; 
determining a reference value from these two weighings of 

the same real load, on the basis of which the weighing 
System is adjusted if necessary and/or the assumed pre 
cision achieved by the weighing system is estimated; 
and 

adjusting the weighing system as required, on the basis of 
the reference value. 

18. An arrangement according to claim 16, wherein the 
arrangement is included in materials handling equipment. 


