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If this happens suddenly, there may arise violent jerks in the movements of
the crane which are The present invention relates to a method of
extremely unpleasant and even may lead to over- preventing puncture in a
load sensing and pres-      loading of the crane. This phenomenon of one or
sure-compensating control system for a hydraulic   5   more crane functions
being deprived of flow is crane when the hydraulic flow  requested to the
called puncture. different  functions of  the crane exceeds  the maxi-  The
only prior-art solution to this problem con- mum hydraulic flow avaiiable.
The invention further  sists in oversizing the pump so that the flow there-
concerns  a device for  implementing the method.  from will at all times be
sufficient, regardless of the Fig. 1 illustrates a conventional hydraulic
crane   10  operations indicated by the operator on the control which
includes a body  1, a first boom section 2    means. However, such
oversizing renders the articulated  to the body 1, an outer boom 3 articu-
crane control system more expensive and energy- lated to the first boom
section 2, and an extension  intensive. In mobile systems, it may in
addition be boom 4 fixed to the outer boom 3. The first boom     difficult
to make room for large pumps. section is operated by means of a hydraulic
lifting   15  The object of the present invention is, there- cylinder 5,
the outer boom 3 is operated by means   fore, to provide a method and a
device which solve of a hydraulic outer boom  cylinder  6, and the      the
above-mentioned problem and make it possible extension  boom  4  is
operated by means of a      to use pumps with lower maximum flow without
hydraulic extension boom cylinder 7.          risking a puncture of the
control system. The control system  for controlling the different  20  This
object is achieved by a method which is crane functions (lifting/lowering
by means of the   characterised by lifting cylinder, tilting by means of
the outer boom   a) measuring the value of each control signal cylinder,
and extending/retracting by  means of the     representing a flow requested
to a crane func- extension  boom . cylinder) comprises a pump 10
tion; wiih pumps  hydraulic fluid from a tank 9 to a   25  b) adding up the
measured values of the control directional-control-valve  block 12
containing a di-  signals;and rectional-control-valve section  for each of
the cyl-   c) comparing the sum of the control-signal val- inders 5-7 to
which the hydraulic-fluid is supplied ues with a maximum-flow value
representing the in conventional manner as  a function of the  position
maximum hydraulic flow available and, should of   the slide member in
each valve section. The   30    the sum exceed the maximum-flow value, mul-
directional-control-valve sections are remote-con-  tiplying each control
signal by a scale factor [err], trolled by a control means 13 with one
lever for        wherein i = 1, ...N, and [err] <1, before supply to a each
crane function. The signals from the control     respective means for
controlling the hydraulic means  13 are  transmitted via a cable or  a
wireless  flow to a crane function, and, should the sum fall connection to
a  microprocessor 16 which in turn   35  below the maximum-flow value,
supplying each the position of the side  members in the       control
signal unmodified to the respective valve  sections of the
directional-control-valve block  means for controlling the hydraulic flow
to a 12 as a function of the value of the  respective       crane function.
control signal from  the control means.                 This ensures that a
hydraulic flow is supplied In   advanced  cranes, the  control system, or
40.  to all the controlled crane functions, thus avoiding a more precisely
the  directional-control-valve block  puncture of the control system and
eliminating the 12, can  be load-sensing and pressure-compensat-    risk of
overloading. ing, which  means that a certain  lever position on    As
recited in appended claim 2, step c) is the control means 13 produces
acertain flow to the   preferably repeated after the scaling down. The
associated crane function, regardless of the load on   45  scale factors
may then be so chosen that there is this function and regardless of the
flow to and load  only a slight scaling down, since there will be a on the
remaining crane functions.   .                renewed check on whether the
sum is smaller than However, this only applies as long as the sum    the
maximum-flow value, so that the scaling down the hydraulic flows requested
by the levers of  can be repeated if need be. the control  means 13 to the
different crane func-  50  The scale factors can be the same for all the
tions is smaller than or equal to the maximum      functions or, as recited
in appended claim 3, be hydraulic flow that the pump 10 can provide. When
different for different crane functions, so that cer- the total hydraulic
flow  requested to the different  tain functions may be prioritised. crane
functions exceeds that available from the        The invention also
concerns a device for im- pump,  the flow  is primarily directed to the
crane   55   plementing the method, which shows the features function(s)
with  the lightest load  At worst, no hy-  recited in appended claim 5.
draulic flow at all is supplied to the function(s) with  The invention can
be applied to hydraulic the heaviest load; and these  will then stop
working.  cranes with load-sensing and pressure-compensat- 2    
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systems. The crane functions of such a  processor 16, whereupon the method
is imple- crane may, for Instance, include liffing/lowering the  mented in
the manner described above. This vari- first boom section, tilting the
outer boom, extend-  ant may be used not only in remote-controlled
ing/retracting the extension boom, liffing/lowering  systems, but also in
hand-lever-controlled, load- the jib boom, and rotating the crane.
5   sensing and pressure-compensating valves. An embodiment of the present
invention will be      Finally, it should be observed that, by using the
described below with reference to the accompany-    flow chart in Fig. 2,
the expert may easily imple- ing drawings, in which
ment the invention to take the shape of a program Fig. 1,   which already
has been described,      in the microprocessor 16. illustrates a
conventional hydraulic  10 crane with associated control system,   Claims
and Fig. 2    is a flow chart for implementing the    1. Method of
preventing puncture in a load-sens- method.
ing and pressure-compensating control system In order to avoid that a
load-sensing and pres-  15  for a hydraulic crane when the hydraulic flow
sure-compensating crane control system  of the         requested to the
different functions of the type illustrated in Fig. 1 is punctured when the
crane exceeds the maximum  hydraulic flow hydraulic flow requested by an
operator to the          available, different crane functions exceeds the
maximum           characterised by hydraulic flow available, the control
signals from    20  a) establishing the value of each control the control
means are processed in the following          signal ([err]) representing a
flow request- manner (see the flow chart in Fig. 2). In a first step    ed
to a crane function; 20 is measured the value of each of the control
b) adding up the established values of the signals [err] representing a
flow requested to a          control signals ([err]); and crane function
and being transmitted from the con-   25   c) comparing the sum ([err]) of
the control- trol means 13 to the microprocessor 16. In the
signal values with a maximum-flow value subsequent step 21, the
thus-established values of        ([err]) representing the maximum
hydraulic the control signals [err] are added up, which            flow
available and, should the sum ([err]) ex- gives the sum [err]. Then, the
sum [err] is, in step 22,        ceed the maximum-flow value ([err]), mul-
compared with a maximum-flow value [err]. repre-  30        tiplying each
control signal by a scale factor senting the maximum hydraulic flow
available from         [err], wherein i = 1, ...N, and [err] <1, before the
pump. Should the sum [err] exceed the maxi-              supply to a
respective means (12) for con- mum-flow value [err], the system would be
punc-            trolling the flow to a crane function, and, tured unless
the control signals [err] were modi-         should the sum fall below the
maximum- fled before being transmitted to the directional-  35     flow
value, supplying each control signal control-valve block 12. To prevent
such a puncture,       unmodified to the respective means (12) for each
control signal [err] is, in step 23, multiplied by a    controlling the
flow to a crane function. scale factor [err], wherein i = 1, ...N, which
optionally may be the same for all the control signals. There-  2. Method
as claimed in claim 1, characterlsed after, the control signals [err] are,
in step 24, scaled   40  by repeating step c) after the multiplication by
down to [err], and the adding up of step 21 and the        the scale
factors [err]. comparison of step 22 are repeated. Should the sum [err] for
the requested hydraulic flow still ex-   3.  Method as claimed in claim 1
or 2, charac- ceed the maximum-flow value [err] another scal-
terised by using scale factors k, with different ing down of the control
signals is performed. If, on   45  values for the control signals to
different crane the other hand, the sum [err] is smaller than or equal
functions. to the maximum-flow value [err], the control sig- nals are, in
step 25, transmitted as they are to the  4. Method as claimed in any one of
the preced- respective directional-control-valve section in the -   ing
claims, characterised by establishing the directional-control-valve block
12. This program is  50  value of each control signal ([err]) by mea-
repeated at suitable intervals, thereby avoiding a      suring the
displacement caused by said signal puncture of the system.
of a control element provided in each means It should also be pointed out
that the control-     (12) for controlling the flow to a crane function.
signal value need not be measured directly after the control means 13, but
may instead be mea-   55  5. Device for preventing puncture in a load-sens-
sured by establishing the displacement of the slide    ing and
pressure-compensating control system member in the valve 12 caused by the
signal. The        for a hydraulic crane, said control system -
thus-established values are returned to the micro-      prising
load-sensing and pressure-compensat- 3    



3                 EP 0 557 390 B1                    4 ing control systems.
The crane functions of such a  processor  16, whereupon the method is
imple- crane may, for instance, include lifting/lowering the  mented in the
manner described above. This vari- first boom section, tilting the outer
boom, extend-  ant may be used not only in remote-controlled ing/retracting
the extension boom, lifting/lowering  systems, but also in
hand-lever-controlled, load- the jib boom, and rotating the crane.
5   sensing and pressure-compensating valves. An embodiment of the present
invention will be     Finally, it should be observed that, by using the
described below with reference to the accompany-   flow chart in Fig. 2,
the expert may easily imple- ing drawings, in which
ment the invention to take the shape of a program Fig. 1,   which already
has been described,      in the microprocessor 16. illustrates a
conventional hydraulic  10 crane with associated control system,   Claims
and Fig. 2    is a flow chart for implementing the   1. Method of
preventing puncture in a load-sens- method.
ing and pressure-compensating control system In order to avoid that a
load-sensing and pres-  15  for a hydraulic crane when the hydraulic flow
sure-compensating crane control system  of the         requested to the
different functions of the type illustrated in Fig. 1 is punctured when the
crane exceeds the maximum hydraulic flow hydraulic flow requested by an
operator to the         available, different crane functions exceeds the
maximum          characterised by hydraulic flow available, the control
signals from   20   a) establishing the value of each control the control
means are processed in the following          signal ([err]) representing a
flow request- manner (see the flow chart in Fig. 2). In a first step   ed
to a crane function; 20 is measured the value of each of the control
b) adding up the established values of the signals [err] representing a
flow requested to a        control signals ([err]); and crane function and
being transmitted from the con-  25   c) comparing the sum ([err]) of the
control- trol means 13 to the microprocessor 16. In the            signal
values with a maximum-flow value subsequent step 21, the thus-established
values of       ([err]) representing the maximum hydraulic the control
signals [err]N are added up, which            flow available and, should
the sum ([err]) ex- gives the sum [err]. Then, the sum [err] is, in step
22,       ceed the maximum-flow value ([err]). mul- compared with a
maximum-flow value [err] repre-  30       tiplying each control signal by a
scale factor senting the maximum hydraulic flow available from         k,,
wherein i =  1 , ...N, and [err] <1, before the pump. Should the sum [err]
exceed the maxi-             supply to a respective means (12) for con-
mum-flow value [err], the system would be punc-           trolling the flow
to a crane function,  and, tured unless the control signals [err] were
modi-         should the sum fall below the maximum- fled before being
transmitted to the directional-  35    flow value, supplying each control
signal control-valve block 12. To prevent such a puncture,       unmodified
to the respective means (12) for each control signal [err] is, in step 23,
multiplied by a    controlling the flow to a crane function. scale factor
[err] wherein i = 1, ...N, which optionally may be the same for all the
control signals. There-  2. Method as claimed in claim 1, characterised
after, the control signals [err] are, in step 24, scaled   40  by repeating
step c) after the multiplication by down to [err], and the adding up of
step 21 and the       the scale factors [err]. comparison of step 22 are
repeated. Should the sum [err] for the requested hydraulic flow still ex-
3.  Method as claimed in claim 1 or 2, charac- ceed the maximum-flow value
[err], another scal-        terised by using scale factors [err]with
different ing down of the control signals is performed. If, on   45  values
for the control signals to different crane the other hand, the sum [err] is
smaller than or equal    functions. to the maximum-flow value [err], the
control sig- nals are, in step 25, transmitted as they are to the  4.
Method as claimed in any one of the  preced- respective
directional-control-valve section in the    ing claims, characterised by
establishing the directional-control-valve block 12. This program is  50
value of  each control signal ([err]) by mea- repeated at suitable
intervals, thereby avoiding a     suring the displacement caused by said
signal puncture of the system.                                of a control
element provided in each means It should also be pointed out that the
control-    (12) for controlling the flow to a crane function. signal value
need not be  measured directly after the control means 13, but may instead
be mea-   55  5. Device for preventing puncture in a load-sens- sured by
establishing the displacement of the slide    ing and pressure-compensating
control system member in the valve 12 caused by the signal. The       for a
hydraulic crane, said control system corn-. thus-established values are
returned to the micro-     prising  load-sensing and pressure-compensat- 3



5                 EP 0 557 390B1 ing valve means (12) for controlling the
hy-   3  Verfahren nach Anspruch 1 oder 2, gekenn- draulic flow to the
different crane functions,     zeichnet durch das Anwenden von Skalenfak- -
-   and means (13) for controlling the valve means     toren kj mit
verschiedenen Werten fOr die (12) by contro! signals,
Steuersignale an verschiedene Kranfunktionen. characterlsed by the 'device
comprising    5 means for establishing the value of each    4. Verfahreon
nach.elnem der vorhergehenden An. control signal (Q -QN),
spriche,. gekennzelchnet.durch das Feststel- means for adding up: the
established val-      len des Wertes jedes Steuersignals (QrQN) ues of the
control signals (Q -QN),                durch Mesen: der Verschiebung, die
das ge- means for comparing the sum (Qp) of the   10   nannte Signal eines
Steuerelements in jedem measured values with a maximum-flow value
Glied (12) zum:Steuern der Stromung an eine --    (Qma). representing a
maximum hydraulic flow        Kranfunktion verursacht. available, and means
for multiplying the control signals   5  Anordnung zum Verhindem von
Durchbruch in by a scale factor ki, wherein i = 1, ...N, and k, t5  einem
lastfihlenden und druckausgleichenden <1, should the sum. (Qp).exceed'the
maximum-       Steuersystem fOlr einen hydraulischen Kran, flow value
(amd).                                  wobei das: Steuersystem
lastfUhlende und druckausgleichende  Ventiglieder (12) zum 6. 'Device as
claimed in claim. 5. haracterlsed       Steuern. der' Hydraulikstromung an
verschiede- 4   in that the means for establishing the control-  20  ne
Kranfunktionen und Mittel. (13) zum Steuem signal values include means for
establishing       der Ventilglieder (12) durch Steuersignale um- the
displacement of a slide member in the          fasst,'gekennzeichnet durch
valve means (12).                                     Mittel zum
Feststellen des Wertes jedes Steuersignals (Q -QN), PatentansprUche!
25          Mittel zum Summieren der festgestellten Werte der Steuersignale
(Q1N).  - ;:1. 'Verfahren-zum' Verhinder von Durchbruch in          Mittel
zum .Vergleichen der Summe (Qpj einem lastfUhlenden und:
druckausglelchenden       der gemessenen Werte mit einem Maximum-
Steuersystem  far einen hydraulischen Kran,        stromungswert (Qma..)
der eine verfOgbare ma- wenn die' fUr die veradhiedenen Funktionen   30
ximale Hydraulikstromung darstellt, und . des Krans angeforderte
Hydraulikstromung die        Mittel zum Multiplizieren der Steuersignale 0
verfd'gbare maximale- Hydraulikstr6mung Ober-    mit einem SkaIenfactor ki,
worn i = 1, ...N, steigt,                                            und kI
<1, falls die Summe (Qp) den maxima- - ekennzeolhnet durch.
len Stromungswert (Qm.nc) Oberschreiten sollte. a) das .Feststellen des
Wertes jedes Steuer-  35 signals (QrQN). das ein fOr eine Kranfunk-   6.
Anordnung nach Anspruch 5, dadurch ge- tion angeforderte Strdmung
darstellt;            kennzelchnet, dass die Mittel zum Festellen b) das
Summieren:der fe'stestellten Werte       der Steuersignalwerte Mittel zum
Feststellen der Steuersignaile (QQN); und                   der
Verschiebung eines Gleitglieds in den Ven- c) das, Vergleichen der Summe
(Qp) der  4o      tilgliedern (12) enthalten. Steuersignalwerte mit: einem
Maximumstrd- mungswert: (Q@, der die verflgbare maxi-     Revendlcatlons
'male Hydraulikstrcmung darstellt und, falls die Summe (Q) den:
Maximumstromungs-         1. Proc"dX pour empecher la perforation d'un wert
(Q.n). Oberschreiten sollte, das Multi-  45  systbme de commande d6tecteur
de charge et plizieren jedes Steuersignals mit einem         compensateur
de pression pour une grue hy- Skalenfaktor kI, worin  iI, .....N, und ki
<1,  draulique lorsque l'ecoulement hydraulique sol- .or dem ZufOhren an
ein jeweiliges Glied        licite pour les fonctions diffdrentes de la
grue (12) zum Steuem der Strdmung an eine            excide l'ecoulement
hydraulique maximal dis- ' Kranfunlktion und, falls: die.Summe Wleiner  Go
ponible, sein sollte als der maximale Stromungswert,     caractdrlsW par le
fait que das Zuf.fhren jedes'Steuersignals unverdn-         a) I'on etablit
la valeur de chaque signal de dert an d". jeweilige  1lied (12) zum Steu-
commande (Q1-QN) representant un ecoule- emr der Str8mung an eine
Kranfunktion.             ment sollicite pour une fonction de la grue; -
55    b) I'on additionne les valeurs des signaux 2. Verfahren' nach.
Anspruch 1 gekennzelchnet            de commande (Q. -QN) ainsi etablies;
et durch- dasWioderhilen des Schritts c) nach            c) I-on compare le
total (Qp) des valeurs des der MUtpikimteSkalenfaktoren k1
signaux d  cm nde avec un  valeur iainti d.   ...*omand  aecun ~~~~ . St-5
~ ~ ~ ~ ~ ~ ~ ~ ~ 1 I       I  V1. 4C 



d'&coulomont maximal (Q,) repr6sentant           est supdrieur a la valeur
d'ecoulement maxi- l'6coutement hydraulique-maximal disponi-        mal
(Qma4 ,bl~e t, dans le.cas o. 1o total (Qp) est supdrieur a .a valeur
d'.coulernent maximal  6. Dispositif selon la revendication 5, caractirs6 -
-(O~me x). r! '.on multiplie chaque signal de corn-   5  en ce quo les
moyens d'4tablissement des marde par une 4chelle kf: cdans laquelle i =
valeurs des signaux de commande compren- -1, ...N, ot k ,<1, avant do Ie
fournir  a dsnnt des moyens d'6tablissoment du ddplace- moyens respectifa
(12) de commando de            ment d'un 4ltment coulissant dans les moyens
l'Acoulement a uno fonction do la gruo, ot,      de vanne (12). dan sis cat
oO 1e total est inf6rieur a la  io valeur d'dcouloment maximal, l'on
fournit tous ls signaux de commande non-modi- fi6s aux Mrqens rospeotifh
(12) de com- :-   mando do: I'6couloenrt & uno fonction de la grue.
15 2. .Proced6 selon Ia revendication 1, caramotrls6 par. Ie  it quo l'on
repetts l'"tape c) apres la . multiplication par les .6cheIless ki. 3.
Proc~do salon la revendicationr 1 ou 2, carac- t:Isd:, par Ie feat qote
.'ron utiliseo des 6chelles k1 ayant dOes valeurs diff6rentes pour les
signaux -de commande a des fonctions.dlffdrentes de la grue.
25 4. Procdd6 solon une quelconque des revendica- iions. pr6.c~dentes,
oaraotr -o: par le fait quo *Ion  tabbit. Ia valeur de chaque signal de
com- mandoe (Qi -QN) en :osurant 1o d6placement  so provoqu6 par 1e signal
d'unl-didment de com- mande pr6v.u dans chaque moyen (12) de commande de
l'4coulerment & une fonction de ai grue. 35 S. Dispositif pour:,.empecher
la perforation d'un systerne do commnde d6tectou de charge et cormpensateur
deopression. pour une grue hy- *b           dratli'uol .ldlt sysime de
commande com- preliant. dis moyens de vanno dt6tectours de   40 A -large at
cornpensateurs de pression (12) destins &A comuniander l'6couloment
hydrauli- quo aux fonctions diftenles do Ia grue, et des -lTioyers. 213)
desi3a..s b commander les moyens de valne (12) a i'aide do signaux de   45
comnmande,   . ,CearaWirIse par des mniyens d'dtablissemont de la valeur de
chaaque sigal do oom~ nande (Q1-QN); des moyens d'addition des valours des
50 .si-aux do commande (CQl-QN) ainsi 4tablies; :.'Cj. apovkns de
cmrnparaison du total (0p) d*is ve Auu'  esurtes avec une valeur d'dcou-
.o-  ;t  dmaxirnal.(ma,,,) repressntant I'4coule- * t.-iraulique maximal
disponible; et  55 ,.-.-is  oyons de. multiplication des signaux cc.
nmrj.anldo par uno chelle k1. dans laquollo =1    WeD ...N;t kc1, dans lt
cas ob le total (Q,,) 5    


