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(57) Abrege(suite)/Abstract(continued):
ifting cycle of the crane Is detected and a minimum value of each lifting cycle Is registered, which represents the lowest hydraulic

pressure on the piston side (8a) of the lifting cylinder during the lifting cycle or the lowest cylinder force of the lifting cylinder during
the lifting cycle. For at least some of the lifting cycles, the processing unit (33) determines the present value of the capacity level of
the crane taking into account a control value (V) corresponding to: - the minimum value registered for the previous lifting cycle, or -

the lowest one of the minimum value registered for the previous lifting cycle and the minimum value registered for the present lifting
cycle. The invention also relates to a hydraulic crane (1) comprising means for implementing the inventive method.
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ABSTRACT

The invention relates to a method for determining a present
value of the capacity level of a hydraulic crane (1) provided with
a lifting cylinder (8), the present value of the capacity level be-
ing determined by means of a processing unit (33). The initiation
of each new lifting cycle of the crane is detected and a minimum
value of each lifting cycle is registered, which represents the
lowest hydraulic pressure on the piston side (8a) of the lifting
cylinder during the lifting cycle or the lowest cylinder force of
the lifting cylinder during the lifting cycle. For at least some of
the lifting cycles, the processing unit (33) determines the pre-
sent value of the capacity level of the crane taking into account
a control value (V) corresponding to:

- the minimum value registered for the previous lifting cycle, or

- the lowest one of the minimum value registered for the previ-
ous lifting cycle and the minimum value registered for the pre-

sent lifting cycle.

The invention also relates to a hydraulic crane (1) comprising
means for implementing the inventive method.

(Fig 3)
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Applicant: HIAB AB

Hydraulic crane
FIELD OF THE INVENTION AND PRIOR ART

The present invention relates to a hydraulic crane, preferably a
lorry crane, and a method for regulation of the capacity level of
such a crane.

In this description and the subsequent claims, the term “capacity
level” is used as an expression for the maximum allowed lifting

force of a hydraulic crane.

Hydraulic lorry cranes are used for many different types of work-

ing operations, such as: .

A) lifting of load between a lorry platform and ground, i.e. for
unloading a load from a lorry platform or loading a load onto
a lorry platform,

B) assembly work, comprising for instance lifting and position-

~ ing of a transformer and keeping it in place until it has been
fixed on the intended place,

C) lifting using a jib, e.g. for lifting a load onto the roof of a
building at a building site,

D) minor excavation and construction work with a hydraulically
operated bucket,

E) handling of scrap by means of a hydraulic grab tool,

F) lifting of building material, such as bricks or building plates
arranged on pallets or bundles of plasterboards, by means of
a hydraulic grab tool, and



10

15

20

25

30

35

CA 02507293 2005-05-12

G) lifting and emptying of recycling containers, i.e. containers
for the collection of recyclable waste products, by means of a
hydraulic grab tool.

In the lifting of load between a lorry platform and the ground, i.e.
during working operations of the above-indicated type A, it is for
instance used a hook together with lifting strings or some simple
type of mechanical lifting tool, such as a pallet fork. In this type
of working operation, a rotator may be arranged between the
crane boom and the hook. The stressing on the crane can in this
case normally be characterized as low to moderate.

In working operations of the above-indicated type B, a hook and
lifting strings are normally used. It also occurs that a winch is
used in combination with hook and lifting strings, particularly if
the load is to be lowered down into a narrow hole or the similar.

This type of working operation normally implies a low stressing

on the crane, since the crane is standing stiil and holds a static
load during the major part of the work.

For large lifting heights a so-called jib is used to make possible
a longer reach and a more exact positioning of the load. When a
jib is used, i.e. during working operations of the above-indicated
type C, the crane will generally be subjected to higher stresses
than during working operations of the above-indicated types A
and B due to the long range and the load swings which are in-
creasing with the range. Furthermore, the lifting frequency might
be high when a jib is used, which results in high stressing on the
crane.

Minor excavation and construction works with a hydraulic grab
tool in the form of a hydraulically operated bucket, i.e. working
operations of the above-indicated type D, often result in very
high stressing on the crane. Partly due to the high working in-
tensity in the working operations and partly due to the fact that
the crane besides being used for lifting excavation masses by
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means of the bucket also is used for pressing the bucket down
into the ground, which results in higher stresses per lifting cycle
than during simple lifting operations. The bucket is normally fas-
tened to a rotator which makes possible a rotation of the bucket.

Working operations of the above-indicated type E, involving lift-
ing and dropping of scrap such as metal scrap, often result in
very high stressing on the crane. Partly due to the fact that the
working during this type of working operations normally is very
intense, and partly due to the fact that the crane, as during ex-
cavation and construction work, sometimes is used for exerting
a pressing force In order to press down scrap. Very high
stresses on the crane will also be induced by sudden droppings
of heavy loads of scrap due to the recoil of the crane in connec-
tion with a sudden release of a hanging heavy load. A hydraulic
grab tool particularly designed for scrap handling will in the fol-

lowing be denominated “scrap tool".

Working operations of the above-indicated type F, involving lift-
ing and lowering of pallets or bundles of building material, nor-
mally imply a moderate stressing on the crane. A hydraulic grab
tool particularly designed for handling building material in the
form of bricks or blocks arranged on pallets will in the following
be denominated “brick and block clamp”. A hydraulic grab tool
particularly designed for handling bundies of plasterboards will
in the following be denominated “dry wall clamp”.

Working operations of the above-indicated type G normally imply
a moderate stressing on the crane. A hydraulic grab tool particu-
larly designed for handling recycling containers will in the fol-
lowing be denominated “recycling accessory”.

Previously, lorry cranes were normally given one and the same
capacity level, i.e. one and the same maximum allowed lifting
force, for all types of working operations, and were therefore fa-
tigue dimensioned for the hardest type of working. This implied
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that smaller and middle- sized cranes (3-20 ton meters) normally
were dimensioned for working operations of type D, whereas
larger cranes (>20 ton meters) normally were dimensioned for
assembly work or jib working, i.e. working operations of type B
5 or C. A dimensioning for the hardest type of working will resuit
in a non-optimal use of the crane material during all types of
lighter working, since the crane during the performance of work-
ing operations implying lighter working will be unnecessary ex-
pensive and heavy in relation to the capacity level required for
10 these working operations. It should also be mentioned that one
and the same crane often is used for several different types of
working operations. In the extreme case one and the same
crane can be used for all the above mentioned types of working
operations.
15
The different types of working operations cause different dam-
‘aging stress per lifting cycle on the welded steel structure of the
crane. According to more resent steel structure standards for
the dimensioning of cranes (e.g. EN13001) the damaging stress
20 per lifting cycle depends on the difference between the highest
and the lowest load during the respective lifting cycle, the so
called stress range. This will for instance imply that an excava-
tion cycle (working operation of type D), where the crane
presses the bucket down into the ground with a force of 2 kN
25 and thereafter lifts up the bucket filled with load with a lifting
force of 10 kN, causes the same fatigue damage to the crane as
a lifting cycle where a load is lifted in a hook (working operation
of type A) with a lifting force of 12 kN. If the static strength so
allows, it would in accordance with this example be possible to
30 lift approximately 20% more load with one and the same crane
during simple lifting as compared to excavation without jeopard-
izing the fatigue strength.

That particularly excavation work and scrap handling imply very
35 high stressing on the crane is previously known, and different
solutions to the above-mentioned dimensioning problem have
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been suggested during the years. Iin 1985 the applicant, HIAB
AB, introduced the expression “hook working”, which implied
that the crane, if it was not equipped with a set of conduits and
hoses for tool functions and only adapted to the four crane func-
tions rotation, lifting, tiiting and extension, was given a capacity
level that was 5-10% higher than if it had been provided with
such a set of conduits and hoses, since the crane without such a
set of conduits and hoses only could be used for working opera-
tions of type A and B. If the crane was equipped with a set of
conduits and hoses for tool functions it was always given the
lower so-called tool capacity adapted to working operations of
type D and E. This irrespective of whether or not the crane tem-
porarily was used for lighter working involving working opera-
tions of type A and B. The capacity level was completely deter-
mined by the design the crane was given during the assembly
thereof and no good optimisation was obtained.

A more recent solution for aliowing different values of the capac-
ity level for different types of working operations is disclosed in
the applicant’'s Swedish patent SE 520 536 C2. According to this
solution, the crane comprises means for the registration of
which crane functions that are being controlled via the control
system of the crane, and a processing unit adapted to identify,
based on these registrations, the performed working operation
as being of a certain type among a number of predetermined
types of working operations. The processing unit is further
adapted to determine a present value of the capacity level of the
crane in dependence on the identified type of working operation.
A limitation with this solution is that no difference is made be-
tween different types of tool working involving the control of a
hydraulic grab tool, i.e. between working operations of type D-G.
This is due to the fact that the different grab tools used for per-
forming working operations of type D-G normally all are con-
trolled by means of one and the same control button or control
lever.
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OBJECT OF THE INVENTION

The object of the present invention is to accomplish an improved
method for determining a present value of the capacity level of a

hydraulic crane.
SUMMARY OF THE INVENTION

According to the present invention, this object is achieved by a
method having the features defined in claim 1.

The invention is based on the realisation that the lowest value,
here denominated “minimum value”, during a lifting cycle of the
hydraulic pressure on the piston side of the lifting cylinder or the
cylinder force of the lifting cylinder is a factor that affects the
magnitude of the stress on the crane during the lifting cycle. The

lower the minimum value during a lifting cycle, the higher the

stress exerted on the crane for a specific upper value of the load
on the crane during the lifting cycle. This is due to the fact that
the stress range during a lifting cycle will increase when the
lowest value during the lifting cycle of the load on the crane de-
creases for a given upper value of the load on the crane during
the lifting cycle. According to the invention, the processing unit
should for at least some of the lifting cycles determine the pre-
sent value of the capacity level of the crane, i.e. the present
value of the maximum allowed lifting force of the crane, taking
into account a control value corresponding to:

- the minimum value registered for the previous lifting cycle, or

- the lowest one of the minimum value registered for the previ-
ous lifting cycle and the minimum value registered for the pre-
sent lifting cycle.

The minimum value is intended to be taken into account by the
processing unit in the determination of the capacity level of the
crane at least for lifting cycles involving the operation of a hy-
draulic grab tool, i.e. working operations of type D-G, so as to
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allow different values of the capacity level to be set depending
on the stress range caused by the actual operation of the grab

tool.

A crane is normally operated repeatedly in essentially the same
manner during a working period and the minimum value regis-
tered for the previous lifting cycle can therefore be used as a
rough estimation of the minimum value for a presently performed
lifting cycle. If a higher accuracy is desired, the lowest one of
the minimum value registered for the previous lifting cycle and
the minimum value registered for the present lifting cycle may
be used as the above-indicated control value.

In this description and the following claims the expression “pre-
vious lifting cycle” refers to the lifting cycle performed immedi-
ately before a presently performed lifting cycle, i.e. the immedi-

ately preceding lifting cycle.

According to a first alternative, the present value of the capacity
level of the crane is calculated by a formula having the control
value as a variable parameter. In this case, the minimum value
directly affects the determination of the present value of the ca-
pacity level for the lifting cycles associated with all types of
working operations performed with the crane.

According to a second alternative, the processing unit identifies,
based on registrations of the crane functions that are being con-
trolled, the working operation performed during the respective
lifting cycle as being of a certain type among a number of prede-
termined types of working operations, wherein:

- the processing unit takes the identified type of working opera-
tion into account in the determination of the present value of the
capacity level of the crane by selecting, among a number of
stored preset values representing the capacity level of the crane
for the predetermined types of working operations, the values
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applying for a type of working operation corresponding to the
identified one, and

- the processing unit for each lifting cycle where the performed
working operation is identified as a working operation involving
the operation of a hydraulic grab tool attached to the crane also
takes the control value into account in the determination of the
present value of the capacity level of the crane.

In this case, the minimum value affects the determination of the
present value of the capacity level for the lifting cycles associ-
ated with working operations involving the operation of a hy-
draulic grab tool, i.e. working operations of type D-G. For lifting
cycles associated with the other types of working operations, the
present value of the capacity level may be determined in a man-
ner corresponding to the manner indicated in SE 520 536 C2.

The invention also relates to a hydraulic crane having the fea-

tures defined in claim 9.

Preferred embodiments of the invention will appear from the de-
pendent claims and the subsequent description.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will in the following be more closely described by
means of embodiment examples, with reference to the appended
drawings. It is shown in:

Fig 1 a lateral view of a hydraulic crane equipped with a
bucket,

Fig 2 a lateral view of a hydraulic crane equipped with a jib,

Fig 3 a schematical illustration of an embodiment of the in-

vention, and
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Fig 4 a perspective view of a control unit with a number of
control devices for control of different crane functions.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In this description the expression “force member” is used to des-
ignate the hydraulic force members which execute the crane
movements ordered by the operator of the crane. The expres-
sion force member consequently embraces the hydraulic cyl-
inders 8, 9, 10, 14, 17 and 19 mentioned hereinafter. The ex-
pression “control member” refers to the members, for instance
control levers or control buttons, by means of which the operator
regulates the valve members that are included in the control
system and control the flow of hydraulic fluid to the respective
force member. In the described embodiment, said valve mem-
bers consist of so-called directional-control-valve sections.

In fig 1 a hydraulic crane 1 attached to a frame 2 is shown,
which frame for instance can be connected to a lorry chassis.
The frame is provided with adjustable support legs 3 for sup-
porting the crane 1. The crane comprises a column 4, which is
rotatable in relation to the frame 2 around an essentially vertical
axis. The crane further comprises an inner boom 5 articulately
attached to the column 4, an outer boom 6 articulately attached
to the inner boom 5 and an extension boom 7 displaceable at-
tached to the outer boom 6. The inner boom 5 is operated by
means of a hydraulic lifting cylinder 8, the outer boom 6 by
means of a hydraulic outer boom cylinder 9 and the extension
boom 7 by means of a hydraulic extension boom cylinder 10. In
the shown example, a rotator 11 is articulately attached at the
outer end of the extension boom 7, which rotator in its turn car-
ries a hydraulic grab tool in the form of a bucket 12. Two bucket
parts 13 included in the bucket 12 are pivotable in relation to
each other by means of a hydraulic grab cylinder 14 for opening
and closing of the bucket 12. The rotator 11 is rotatable in rela-
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tion to the extension boom 7 by means of a hydraulic force
member.

In the example shown in fig 1, the crane 1 is equipped for per-
forming excavations, i.e. working operations of the above-
indicated type D. When the crane 1 is to be used for working
operations of type A, i.e. for proper lifting operations, the rotator
11 and the bucket 12 may be removed and replaced by a lifting
hook. It is also possible to keep the rotator 11 and replace the
bucket 12 by a lifting hook. In order to perform lifting operations
of the above-indicated type C, the rotator 11 and the bucket 12
are replaced by a jib 15, see fig 2. The jib 15 comprises a jib
boom 16, which is articulately attached in relation to the exten-
sion boom 7 and operated by means of a hydraulic jib boom cyl-
inder 17. The jib may further comprise an extension boom 18,
which is operated by means of a hydraulic extension boom cyi-

inder 19.

In addition to the crane elements shown in fig 1 and 2, the crane
1 may also be equipped with a hydraulically controllable winch,
which can be used in combination with a lifting hook either with
or without jib 15. The crane 1 may also be equipped with other
types of hydraulic grab tools than a bucket, such as a scrap tool,
a brick and block clamp, a dry wall clamp or a recycling acces-

sory.

The control system for controlling the different crane functions,
i.e. lifting/lowering by means of the lifting cylinder 8, tilting by
means of the outer boom cylinder 9, extension/retraction by
means of the extension boom cylinder 10 etc, comprises a pump
20 which pumps hydraulic fluid from a reservoir 21 to a direc-
tional-control-valve block 22. The directional-control-valve block
22 comprises a directional-control-valve section 23 for each of
the hydraulic force members 8, 9, 10, 14, 17, 19, to which hy-
draulic fluid is supplied in a conventional manner depending on.
the position of the slide member in the respective valve section
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23. The position of the slide members in the directional-control-
valve sections 23 is controlled via a number of control members,
for instance in the form of control levers 24, each of which being
connected to its own slide member, or by remote control via a
control unit 25 (see fig 4) comprising a control lever or button
for the respective slide member. In case of remote control, the
control signals are transmitted via cable or a wireless connec-
tion from the control unit 25 to a microprocessor, which in its
turn controls the position of the slide members in the valve sec-
tions 23 of the directional-controi-valve block 22 depending on
the magnitude of the respective control signal from the control
unit 25.

Each separate directional-control-valve section 23 consequently
controls the size and the direction of the flow of hydraulic fluid
to a specific force member and thereby controls a specific crane

function. For the sake of clarity, only the directional-control-

valve section 23 for the lifting cylinder 8 is illustrated in fig 3.

The directional-control-valve block 22 further comprises a by-
pass valve 26 pumping excessive hydraulic fluid back to the res-
ervoir 21, and an electrically controlled dump valve 27 which
can be caused to return the entire hydraulic flow from the pump
directly to the reservoir 21.

In the shown embodiment, the directional-control-valve block 22
is of load-sensing and pressure-compensating type, which im-
plies that the hydraulic flow supplied to a force member is at all
times proportional to the position of the slide member in the cor-
responding directional-control-valve section 23, i.e. proportional
to the position of the lever 24. The directional-control-valve sec-
tion 23 comprises a pressure-limiting device 28, a pressure-
compensating device 29 and a directional-controi-valve 30. Di-
rectional-control-valve blocks and directional-control-valve sec-
tions of this type are well-known and available on the market.
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However, also other types of directional-control-valves than the
one described here can be used.

A load holding valve 31 is arranged between the respective
force member and the associated directionai-control-valve sec-
tion 23, which load holding valve makes sure that the load will
remain hanging when the hydraulic system runs out of pressure
as the dump valve 27 is caused to return the entire hydraulic
flow from the pump 20 directly to the reservoir 21.

A sensor 32 is arranged in each of the directional-control-valve
sections 23 in order to detect the movements of the valve slide
member in the respective directional-control-valve section 23.
These sensors 32 are connected to a processing unit 33 suitably
constituted by a microprocessor. By means of these sensors 32,
the processing unit 33 can obtain information that a certain

~valve slide member is influenced and thereby that a certain

crane function is controlled via the control system of the crane.
In case the valve slide members are regulated via a remote con-
trol unit 25, the processing unit 33 can instead be adapted to
obtain information about which crane functions that are being
controlled by reading the control signals transmitted from the
control unit 25.

The crane further comprises a first pressure sensors 34a

adapted to measure the hydraulic pressure on the piston side 8a
of the lifting cylinder 8 and a second pressure sensor 34b
adapted to measure the hydraulic pressure on the rod side 8b of
the lifting cylinder. These pressure sensors 34a, 34b are con-
nected to the processing unit 33.

The crane 1 further comprises detecting means 36 for detecting
the initiation of a new lifting cycle of the crane by detecting
when the crane lifts up a load. The detecting means 36 detects
this by detecting the velocity of the pressure increase on the
piston side 8a of the lifting cylinder 8, which pressure increase
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is measured by the pressure sensor 34a. During lifting up of a
load, the pressure on the piston side 8a of the lifting cylinder 8
very rapidly increases just at the moment when the load is lifted
up from the underlay and becomes free hanging. This pressure
increase is much more rapid than the pressure increases caused
by the natural oscillations which are present in the steel struc-
ture of the crane, and hereby it will be possible for the detecting
means 36 to separate “lifting up” and “oscillation”. A lifting up of
a load, i.e. the initiation of a new lifting cycle, may consequently
be established when the velocity of the pressure increase on the
piston side 8a the lifting cylinder 8 exceeds a given threshold
value. A rapid pressure increase may however also be caused
by the induced pressure on the piston side 8a of the lifting cyl-
inder that may ensue during a lowering movement due to the
fact that a certain pressure is required on the rod side 8b of the
lifting cylinder in order to open the load holding valve 31. In or-

der to avoid an erroneous detection of a new lifting cycle in

connection with a pressure increase of the last-mentioned type,
the detécting means 36 is adapted to detect the initiation of a
new lifting cycle of the crane when the following conditions are
simultaneously fulfilled:

- the measured velocity of a hydraulic pressure increase on the
piston side 8a of the lifting cylinder exceeds the given threshold
value, and '

- it is detected that a lifting movement of the crane 1 is taking
place.

The detecting means 36 may obtains information whether or not
a lifting movement of the crane is taking place via the sensors
32 which register the movements of the slide members in the
directional-control-valve sections 23. The detecting means 36 is
connected to the processing unit 33, to which it transmits infor-
mation concerning detected initiations of new lifting cycles. In
fig 3 the detecting means 36 is shown as separate units, but it
may with advantage be integrated in the processing unit 33.
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According to the present invention, the crane 1 comprises
means 38, e.g. integrated in the processing unit 33, for registra-
tion of a minimum value V., of each detected lifting cycle rep-
resenting the lowest hydraulic pressure p; on the piston side 8a
of the lifting cylinder during the lifting cycle or the lowest cylin-
der force F. of the lifting cylinder during the lifting cycle. The
processing unit 33 is adapted to determine the present value of
the capacity level of the crane taking into account, for at least
the lifting cycles involving the operation of a hydraulic grab tool
12, a control value V. corresponding to:

- the minimum value V., registered for the previous lifting cycle,
or |

- the lowest one of the minimum value V., registered for the
previous lifting cycle and the minimum value V., registered for
the present lifting cycle.

‘According to a first embodiment of the invention, the processing

unit 33 is adapted to calculate the present value of the capacity
level of the crane by a formula having the control value V. as a
variable parameter. In this case the following formula is prefera-
bly used:

Lmax = Pumax (1_(VMAX _VC)/pMAX)

where Lax IS the present value of the capacity level of the crane
expressed in the maximum allowed hydraulic pressure on the
piston side 8a of the lifting cylinder, puax is a preset upper value
of the capacity level of the crane expressed in the maximum al-
lowed hydraulic pressure on the piston side of the lifting cylin-
der, V¢ is the control value expressed in hydraulic pressure, and
Vmax is a preset value of the hydraulic pressure on the piston
side of the lifting cylinder corresponding to the lowest possible
load on the crane when equipped for performing working opera-
tions of the above-indicated type A without any rotator between
the boom and the hook. When using this formula, the minimum
value Vnin is chosen to represent the lowest hydraulic pressure
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p; on the piston side 8a of the lifting cylinder, corresponding to
the lowest force in the piston rod as calculated by the formula
F.=p -p, (D*-d*)/D* indicated in the next paragraph below,

during the respective lifting cycle. The above-indicated formula
L. =pux -V -Ve) Puix) 9ives a present value of the capac-
ity level of the crane for lifting cycles involving any of the above-
indicated types A-G of working operations. The values pyax and
Vumax are constants. pyax represents the maximum capacity level
of the crane and is established for the respective crane type by
means of stress calculations related to static strength as well as
fatigue strength. V,ax may be established empirically.

The cylinder force F. of the lifting cylinder may be determined by
measuring the force on the piston rod 8c or the cylinder 8d of
the lifting cylinder, e.g. by means of strain gauges. Alternatively,
the cylinder force F. of the lifting cylinder may be calculated by

the following formula:

Fe = p _.pz -(D* ""dz)/Dz

where ps is the hydraulic pressure on the piston side of the lift-
ing cylinder measured by the pressure sensor 34a, p; is the hy-
draulic pressure on the rod side of the lifting cylinder measured
by the pressure sensor 34b, D is the diameter of the piston 8e of
the lifting cylinder and d is the diameter of the piston rod 8c of
the lifting cylinder.

According to an alternative embodiment of the invention, the
processing unit 33 is adapted to identify, based on registrations
of the crane functions that are being controlled via the control
system of the crane, the working operation performed during the
respective lifting cycle as being of a certain type among a num-
ber of predetermined types of working operations. The process-
ing unit 33 is able to register the control of a specific crane
function based on the information from the above-mentioned
sensors 32. In this case, the processing unit 33 is adapted to
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take the identified type of working operation into account in the
determination of the present value of the capacity level of the
crane by selecting, among a number of stored preset values rep-
resenting the capacity level of the crane for the predetermined
types of working operations, the values applying for a type of
working operation corresponding to the identified one. Further-
more, the processing unit 33 is for each ongoing lifting cycle
that is identified as a type of working operation involving the op-
eration of a hydraulic grab tool adapted to aiso take the above-
mentioned control value V. into account in the determination of

‘the present value of the capacity level of the crane.

The predetermined types of working operations may comprise:

- a first type of working operation embracing simple lifting opera-
tions, i.e. working operations of the above-indicated types A and
B,

- a second type of working operations embracing lifting opera-

tions with the use of a jib, i.e. working operations of the above-
indicated type C, and

- a third type of working operations embracing working opera-
tions involving the operation of a hydraulic grab tool, i.e. work-
ing operations of the above-indicated types D-G.

At least one preset value of the capacity level is established for
each predetermined type of working operations that has been
defined. Said values are preferably stored in a memory 35 in-
cluded in the processing unit 33 and are established for the re-
spective crane type by means of stress calculations related to
static strength as well as fatigue strength.

According to a preferred embodiment of the invention, one pre-
set capacity level value Lnaxiifting IS €stablished and stored for
the above-indicated first type of working operations and one
preset capacity level value Lnayx b is established and stored for
the above-indicated second type of working operations. For the
above-indicated third type of working operations, i.e. working
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operations involving the operation of a hydraulic grab tool, sev-
eral preset capacity level values are established and stored. The
respective one of the last-mentioned preset capacity level val-
ues is associated with a specific type of grab tool and adapted
to the stress range normally occurring during the operation of
the grab tool type Iin question. The preset capacity level values
for said third type of working operations may for instance in-
clude a first value Lnax brick/ibiock @ssociated with grab tools in the
form of brick and block clamps and dry wall clamps, a second
value Lmax digging @Ssociated with grab tools in the form of exca-
vation buckets, and a third value Lyaxscrap @ssociated with grab
tools in the form of scrap tools. In this case said first, second
and third values should have the following magnitude in relation

to each other: Lmax brick/block™bmax,digging™L-max,scrap-

For the above-indicated third type of working operations, i.e.

‘working operations involving the operation of a hydraulic grab

tool, threshold values V,;, to be used for evaluating the above-
mentioned control value Ve are also established and stored.
Said threshold values should be one less than the number of
preset capacity level values established for the above-indicated
third type of working operations. In a case where the preset ca-
pacity level values include the above indicated values
L max. brick/biocks Lmax,digging and Lmaxscrap, @ first threshold value
Vin,brick/ibiock @Nd a second threshold value Vi gigging Should con-
sequently be established. In this case said first and second
threshold values should have the following magnitude in relation
to each other: Vin brick/biock™ Vin, digging-

The above-indicated preset capacity level values L max,lifting»

Lmax,jibs Lmax.brick/blocks Lmax.diggings Lmax.scrap @nd threshold values
tablishment of the present value of the capacity level of a crane:

If the working operation performed during a lifting cycle is identi-
fied as being of the above-indicated first type of working opera-
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tion, i.e. if no control of a jib function or tool function is de-
tected, the processing unit 33 is adapted to set the present
value of the capacity level to Lax,lifting-

If the working operation performed during a lifting cycle is identi-
fied as being of the above-indicated second type of working op-
eration, i.e. if the control of a jib function is detected during the
lifting cycle, the processing unit 33 is adapted to set the present
value of the capacity level to Lpay jib- '

If the working operation performed during a lifting cycle is identi-
fied as being of the above-indicated third type of working opera-
tion, i.e. if the control of a tool function (grab function) is de-
tected during the lifting cycle, the processing unit 33 is adapted
to compare the control value V. with the threshold values
Viin.brick/blocks Vth.digging: 1 h€ processing unit 33 is adapted to set

the present value of the capacity level to:

- Lmax,brickibiock, If the comparison shows that V>V prickiiocks

Vth,brick/block™ V¢ Vin, diggings
- Lmax.scrap, if the comparison shows that Vc<Vy, gigging-

If the crane is equipped with a winch, a fourth type of working
operations embracing lifting operations with the use of winch
could also be defined. In this case, a preset capacity level value
Lmax winch Should also be established and stored for this fourth
type of working operations. If the working operation performed
during a lifting cycle is identified as being of this fourth type of
working operation, i.e. if the control of a winch function is de-
tected during the lifting cycle, the processing unit 33 is adapted
to set the present value of the capacity level t0 L ax winch-

For the first lifting cycle after a start up of the crane, the control
value V. may for instance be set to correspond to the latest reg-
istered control value before the start up.
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The order between the control members for controlling the dif-
ferent functions of a lorry crane has been standardised for many
years. Fig 4 schematically shows an example of a conventionally
designed control unit 25 with six control levers S1-S6 for con-
trolling six different crane functions. A lorry crane which is not
provided with any winch normally has such a control unit pro-
vided with six control levers. In case the crane has a winch, the
control unit normally is provided with seven or nine control lev-
ers.

Lever S1, i.e. the right lever in the figure, controls the rotation of
the column 4. The lever S2 controls the lifting function, i.e. the
hydraulic flow to the lifting cylinder 8. The lever S3 controls the
tilting function, i.e. the hydraulic flow to the outer boom cylinder
9. The lever S4 controls extension and retraction, i.e. the hy-
draulic flow to the extension boom cylinder 10. The levers S5

and S6 control different crane functions depending on how the’

crane is equipped. When a rotator 11 is attached to the exten-
sion boom 7, the lever S5 controls the rotation of the rotator 11,
i.e. the hydraulic flow to the force member of the rotator. How-
ever, if a jib 15 is attached to the extension boom 7, the lever
S5 is adapted to control the tilting of the jib boom 16, i.e. the
hydraulic flow to the jib boom cylinder 17. If a hydraulic grab
tool 12 is attached to the rotator 11, the lever S6 controls the
grab function of the grab tool, i.e. the hydraulic flow to the grab
cylinder 17. If however a jib 15 is attached to the extension
boom 7, the lever S6 controls the extension function of the jib,
i.e. the hydraulic flow to the extension boom cylinder 18 of the
jib. It is realised that also other orders of the control levers for
the different crane functions are possible and that also other
crane functions than the ones here described may be arranged
to be controlled by the control levers.

In the example above, the levers S5 and S6 are adapted to con-
trol different crane functions depending on how the crane is
equipped. For the processing unit to be able to decide which
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type of crane function that is controlled when any of these levers
is manipulated, the crane has to comprise means for detecting
the type of crane element that is mounted to the extension boom
7. Such a means is included in an overload protection device
developed by HIAB AB and available on the market. This over-
load protection device comprises means for detecting whether or
not the sensors (pressure sensor and inclinometer) of the jib are
connected. When the overload protection device identities that
these sensors are connected, the manipulation of any of the
levers S5 and S6 is interpreted as a control of a jib function (tilt-
ing and extension, respectively) and the overload protection de-
vice applies the logic relating to working operations including

‘use of a jib. If the jib is temporarily demounted, for instance

when the crane is to be used with a hydraulic grab tool instead
of a jib, a specnally constructed plug has to be placed in the
electric line to the jib. When the overload protectlon device iden-

tifies that this plug has been put in place, the manipulation of

any of the levers S5 and S6 is mterpreted as a control of rotator
and grab tool respectively.

The inventive solution implies that the capacity level, i.e. the
maximum allowed lifting force, is automatically adjusted depend-
ing on how the crane is operated, whereby it will be possible to
regulate the capacity level in such a way that the crane can be

used efficiently during all types of working operatlons without
jeopardizing the fatigue strength.

The invention is of course not in any way restricted to the pre-
ferred embodiments described above. On the contrary, many
possibilities to modifications thereof will be apparent to a person
with ordinary skill in the art without departing from the basic

idea of the invention as defined in the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for determining a present value (L,ax) of the capacity level of
a hydraulic crane provided with a lifting cylinder , the present value of the
capacity level being determined by means of a processing unit wherein
- the initiation of each new lifting cycle of the crane is detecteq,
- a minimum value (V,) of each lifting cycle is registered, which
represents the lowest hydraulic pressure (p4) on the piston side of the
lifting cylinder during the lifting cycle or the lowest cylinder force (F.) of the
lifting cylinder during the lifting cycle, and
- the processing unit for at least some of the lifting cycles determines the
present value (L.x) of the capacity level of the crane taking into account
a control value (V.) corresponding to:

- the minimum value (V,,,) registered for the previous lifting

cycle, or

- the lowest one of the minimum value (V,,,) registered for the

previous lifting cycle and the minimum value (Vn,) registered for

the present lifting cycle.

2. A method according to claim 1, wherein the hydraulic pressure (p4) on
the piston side of the lifting cylinder and the hydraulic pressure (p,) on the
rod side of the lifting cylinder are measured during each lifting cycle, and
that the measured hydraulic pressure (p4) on the piston side of the lifting
cylinder and the measured hydraulic pressure (p2) on the rod side of the
lifting cylinder are used for calculating the cylinder force (F.) of the lifting

cylinder.

3. A method according to claim 1, wherein the cylinder force (F.) of the
lifting cylinder is determined by measuring the force on the piston rod or

the cylinder of the lifting cylinder.
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4. A method according to any one of claims 1 to 3, wherein the present

value of the capacity level (L ax) of the crane is calculated by a formula

having the control value (V.) as a variable parameter.

5. A method according to claim 4, wherein the minimum value (Vin)
represents the lowest cylinder force (F.) of the lifting cylinder during the
respective lifting cycle, and wherein the present value (L.a.x) of the

capacity level of the crane is calculated by the following formula:

Lmax = Pmax (1-(Vimax-Ve)/Pmax)

where L,.« is the present value of the capacity level of the crane
expressed in the maximum allowed hydraulic pressure on the piston side
of the lifting cylinder, puax is a preset upper value of the capacity level of
the crane expressed in the maximum allowed hydraulic pressure on the
piston side of the lifting cylinder, V. is the control value expressed In
hydraulic pressure, and Vyax is a preset value of the hydraulic pressure
on the piston side of the lifting cylinder corresponding to the lowest
possible load on the crane when equipped for performing working
operations using a lifting hook and without any jib boom or rotator

attached to the crane.

6. A method according to any one of claims 1 to 3, wherein the crane
comprises a control system for controlling different crane functions for the
performance of different types of working operations and means for
registration of which crane functions that are being controlled via the
control system during the respective lifting cycle, and wherein:

- the processing unit identifies, based on the registrations of the crane

functions that are being controlled, the working operation performed
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during the respective lifting cycle as being of a certain type among a
number of predetermined types of working operations,

- the processing unit takes the identified type of working operation into
account in the determination of the present value (L) of the capacity
level of the crane by selecting, among a number of stored preset values
(Lmax.tifting, Lmax.jib, Lmax brickiblock, Lmax,digging, Lmax scrap) representing the capacity
level of the crane for the predetermined types of working operations, the
values applying for a type of working operation corresponding to the
identified one, ana

- the processing unit for each lifting cycle where the performed working
operation is identified as a type of working operation involving the
operation of a hydraulic grab tool attached to the crane also takes the
control value (V.) into account in the determination of the present value

(Lmax) Of the capacity ievel of the crane.

7. A method according to claim 6, wherein the processing unit for each
lifting cycle where the performed working operation is identified as a
working operation involving the operation of a hydraulic grab tool
compares the control value (V.) with a number of threshold values
(Vinbricklock, Vindigging), the present value (Lax) of the capacity level of the
crane being determined by the processing unit in dependence on the

result of said comparison.

8. A method according to any one of claims 1 to 7, wherein the velocity of
hydraulic pressure increases on the piston side of the lifting cylinder is
measured, and that the initiation of a new lifting cycle of the crane is
detected when the following conditions are simultaneously fulfilled:

- the measured velocity of a hydraulic pressure Increase on the piston
side of the lifting cylinder exceeds a given threshold value, and

- it is detected that a lifting movement of the crane is taking place.
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9. A hydraulic crane comprising a lifting cylinder and a processing unit for
determining a present value (La) of the capacity level of the crane
wherein
- the crane comprises detecting means for detecting the initiation of a
new lifting cycle of the crane,
- the crane comprises means for registration of a minimum value (V) of
each lifting cycle representing the lowest hydraulic pressure (p4) on the
piston side of the lifting cylinder during the lifting cycle or the lowest
cylinder force (F.) of the lifting cylinder during the lifting cycle, and
- the processing unit is adapted to determine the present value (Liax) Of
the capacity level of the crane taking into account, for at least some of the
ifting cycles, a control value (V,) corresponding to:

- the minimum value (V) registered for the previous lifting

cycle, or

- the lowest one of the minimum value (Vq,) registered for the

previous lifting cycle and the minimum value (V.,,) registered for

the present lifting cycle.
10. A hydraulic crane according to claim 9, wherein the crane comprises
means for measuring the hydraulic pressure (p4) on the piston side of the
lifting cylinder and means for measuring the hydraulic pressure (p,) on
the rod side of the lifting cylinder, and the processing unit is adapted to
use the measured hydraulic pressure (p1) on the piston side of the lifting
cylinder and the measured hydraulic pressure (p,) on the rod side of the

lifting cylinder for calculating the cylinder force (F.) of the lifting cylinder.

11. A hydraulic crane according to claim 9 or 10, wherein the processing
unit is adapted to calculate the present value (L) of the capacity level

of the crane by a formula having the control value (V.) as a variable

parameter.
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12. A hydraulic crane according to claim 11, wherein the minimum value
(Vmin) represents the lowest cylinder force (F;) of the lifting cylinder during
the respective lifting cycle, wherein the processing unit is adapted to
calculate the present value (L) of the capacity level of the crane by the

following formula:

Lmax = Pmax (1 = (Vmax = Ve)/Puax)

where L,., is the present value of the capacity level of the crane
expressed in the maximum allowed hydraulic pressure on the piston side
of the lifting cylinder, puax is a preset upper value of the capacity level of
the crane expressed in the maximum allowed hydraulic pressure on the
piston side of the lifting cylinder, V. is the control value expressed in
hydraulic pressure, and Vyax is a preset value of the hydraulic pressure
on the piston side of the lifting cylinder corresponding to the lowest
possible load on the crane when equipped for performing working
operations using a lifting hook and without any jib boom or rotator

attached to the crane.

13. A crane according to claim 9 or 10, wherein the crane comprises a
control system for controlling different crane functions for the performance
of different types of working operations and means for registration of
which crane functions that are being controlled via the control system
during the respective lifting cycle, and wherein

- the processing unit is adapted to identify, based on the registrations of
the crane functions that are being controlled, the working operation
performed during the respective lifting cycle as being of a certain type
among a number of predetermined types of working operations,

- the processing unit is adapted to take the identified type of working

operation into account in the determination of the present value (Lnyax) of



10

15

20

29

CA 02507293 2012-02-27

26

the capacity level of the crane by selecting, among a number of stored

preset values (Lmax,lifting, I-max,jib, Lmax,brick/b!ock, Lmax,digging, Lmax,scrap)

representing the capacity level of the crane for the predetermined types of
working operations, the values applying for a type of working operation
corresponding to the identified one, and

- the processing unit for each lifting cycle where the performed working
operation is identified as a type of working operation involving the
operation of a hydraulic grab tool attached to the crane Is adapted to also
take the control value (V.) into account in the determination of the present

value (Lax) of the capacity level of the crane.

14. A crane according to claim 13, wherein

- the processing unit for each lifting cycle where the performed working
operation is identified as a working operation involving the operation of a
hydraulic grab tool is adapted to compare the control value (V.) with a
number of threshold values (Vi prickibiock, Vin digging), @nd

- the processing unit is adapted to determine the present value (Lax) Of
the capacity level of the crane in dependence on the result of said

comparison.

15. A crane according to any one of claims 9 to 14, wherein the crane
comprises means for measuring the velocity of hydraulic pressure
increases on the piston side of the lifting cylinder and means for detecting
lifting movements of the crane, and that the lifting cycle detecting means
IS adapted to detect the initiation of a new lifting cycle of the crane when
the following conditions are simultaneously fulfilled:

- the measured velocity of a hydraulic pressure increase on the piston
side of the lifting cylinder exceeds a given threshold value, and

- it is detected that a lifting movement of the crane is taking place.
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