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(57) ABSTRACT 
A ?uid poWer load-clamping system includes at least one 
?uid valve for variably regulating the maximum ?uid pres 
sure causing closure of the clamp. Preferably the valve 
increases the maximum ?uid pressure automatically in rela 
tion to the measured magnitude of the Weight of the load to 
regulate the load-gripping force. A controller causes the 
valve to permit a relatively high maximum ?uid pressure as 
the clamp closes toWard the load to enable high initial clamp 
closure speed. Thereafter the valve automatically reduces 
the maximum pressure as the clamping surfaces close into a 
predetermined relationship With the load, and then increases 
the maximum pressure to regulate the gripping force. Other 
preferable features include continuous Weight-responsive 
automatic regulation of the gripping pressure While the load 
is supported by the clamp, and compensation of the Weight 
measurement for the longitudinally-extensible position of 
the lifting mechanism, to maximize the accuracy of the 
load-Weight measurement. Gripping pressure regulation is 
operable in response to linear load-lifting or tilting load 
lifting, Without concurrent clamp closure actuation. Differ 
ent predetermined relationships betWeen the Weight of the 
load and the maximum gripping pressure are selectable 
alternatively. A gravity-referenced tilt controller adjusts the 
load automatically to an attitude Which is untilted With 
respect to gravity. LoWering of the lifting mechanism is 
automatically prevented in response to the setting doWn of 
the load. 
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ADAPTIVE LOAD-CLAMPING SYSTEM 

[0001] This is a continuation-in-part of patent application 
Ser. No. 09/168,358, ?led Oct. 7, 1998, Which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to improvements in 
?uid poWer load-clamping systems for variably regulating 
maximum load gripping forces in a manner automatically 
adaptive to at least one characteristic of the load. 

[0003] Various types of such adaptive load-clamping sys 
tems have been proposed in the past. Such previous systems 
can be categoriZed as folloWs: 

[0004] (1) Systems Which sense the existence of load 
slippage and respond automatically by gradually increasing 
the gripping force on the load by ?xed force increments until 
the sensed slippage stops; 

[0005] (2) Systems Which automatically vary the gripping 
force in proportion either to the sensed Weight or to the 
resistance to gripping of the load, Without regard to Whether 
or not slippage is actually occurring; and 

[0006] (3) Systems Which perform a combination of (1) 
and 

[0007] Fluid poWer clamping systems of any of the above 
types regulate gripping force by gradually increasing grip 
ping ?uid pressure automatically from a relatively loW 
threshold pressure. HoWever such loW threshold pressure 
limits the speed With Which the load-engaging surfaces can 
be closed into initial contact With the load, thereby limiting 
the productivity of the load-clamping system. This problem 
occurs because high-speed closure requires higher closing 
pressures than the desired loW threshold pressure, such 
higher pressures becoming trapped in the system by ?uid 
input check valves during initial closure so that the desired 
loWer threshold pressure is exceeded before automatic regu 
lation of gripping pressure can begin. Although gripping 
pressure relief valve systems have in the past provided high 
and loW relief settings selectable either manually, or auto 
matically in response to clamp closure speed, to enable 
high-speed closure folloWed by loW maximum gripping 
pressure, no such systems capable of automatically changing 
such settings in a manner compatible With automatic vari 
able gripping pressure regulation have been knoWn. 

[0008] Prior ?uid poWer systems such as those disclosed 
in British Patent Publication No. 2312417 and German 
Patent Publication No. 3245715, Which vary the gripping 
?uid pressure in proportion to the sensed Weight of the load, 
obtain Weight measurements by lifting the load. HoWever 
such Weight-sensing systems operate only in response to 
clamp closure actuation, and therefore do not continue to 
vary the gripping ?uid pressure in proportion to load Weight 
during subsequent manipulation of the load in the absence of 
continued clamp closure actuation. Furthermore, such prior 
systems do not Weigh the load in response to lifting of the 
load by tilting Which, in paper roll handling operations, is a 
commonly-used alternative Way to lift the load. The system 
shoWn in the British publication is also susceptible to 
inaccurate Weight measurements due to variations in lifting 
pressure Which are inherent Within the extensible lifting 
mechanism depending upon its degree of extension. 
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[0009] Such prior Weight-responsive systems also do not 
provide for different selectable predetermined relationships 
betWeen the Weight of the load and the gripping pressure, 
Which are needed to account for variations in load fragility 
and stability. 

[0010] Although automatic load tilt adjustment systems 
have been provided in the past for leveling fragile loads to 
prevent edge damage When the load is being set doWn, such 
automatic adjustment systems have not been capable of 
sensing the tilt of the load With respect to gravity, leading to 
inaccurate automatic tilt adjustment depending on Whether 
or not an industrial lift truck is level With respect to its 
supporting surface, or Whether or not such surface is level. 

[0011] Valves for automatically preventing excessive loW 
ering of the lifting mechanism When a clamped load is set 
doWn, to prevent subsequent damage to fragile load surfaces 
by doWnWard slippage of the clamp When it is opened to 
disengage the load, have been provided in the past as shoWn, 
for example, in US. Pat. No. 3,438,308. HoWever, such 
previous systems lack the versatility needed for reliable 
protection of the load under variable circumstances, such as 
variations in the degree of extension of the lifting mecha 
nism When the load is set doWn. 

BRIEF SUMMARY OF THE INVENTION 

[0012] In one preferred aspect of the invention, a control 
ler automatically enables high initial clamp closure speed 
prior to automatic gripping pressure regulation by initially 
permitting relatively high ?uid pressure to close the clamp, 
folloWed by an automatic reduction in the maximum ?uid 
pressure as the clamping surfaces close into a predetermined 
relationship With the load, folloWed by an increase in the 
maximum ?uid pressure pursuant to automatic maximum 
gripping pressure regulation. 
[0013] In another separate preferred aspect of the inven 
tion, the load-Weight measurement is compensated to 
account for variations in extension of the lifting mechanism, 
also to maximiZe the accuracy of the load-Weight measure 
ment. 

[0014] In another separate preferred aspect of the inven 
tion, automatic Weight-responsive gripping pressure regula 
tion is operable Without concurrent clamp closure actuation. 

[0015] In another separate preferred aspect of the inven 
tion, automatic Weight-responsive gripping pressure regula 
tion is operable in response to lifting of the load solely by 
tilting. 
[0016] In another separate preferred aspect of the inven 
tion, different predetermined relationships betWeen the 
Weight of the load and the maximum gripping pressure are 
selectable alternatively. 
[0017] In another separate preferred aspect of the inven 
tion, a gravity-referenced tilt controller automatically 
adjusts the load to an attitude Which is untilted With respect 
to gravity. 

[0018] In another separate preferred aspect of the inven 
tion, an improved system is provided for automatically 
preventing further loWering of the lifting mechanism When 
the load is set-doWn. 

[0019] In another separate preferred aspect of the inven 
tion, the speed of loWering of the lifting mechanism is 
limited automatically to aid the accuracy of the loWering 
prevention system. 
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[0020] The foregoing and other objectives, features, and 
advantages of the invention Will be more readily understood 
upon consideration of the following detailed description, 
taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0021] FIG. 1 is a front vieW of an exemplary embodiment 
of a ?uid-poWered load-handling clamp in accordance With 
the present invention. 

[0022] FIG. 2 is a top vieW of the load-handling clamp of 
FIG. 1. 

[0023] FIG. 3 is a schematic diagram of an exemplary 
electrohydraulic circuit for the clamp of FIG. 1. 

[0024] FIGS. 4A-4F are an exemplary simpli?ed logic 
?oW diagram of an initialiZation sequence, a load clamping 
sequence, and a disengagement sequence utiliZed by the 
microprocessor-based controller in the circuit of FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0025] An exemplary embodiment of a load-handling 
clamp in accordance With the present invention is indicated 
generally as 10 in FIGS. 1 and 2. The exemplary clamp 10 
is a hydraulically-poWered, pivoted-arm clamp having a 
base 15 adapted for mounting on a lift truck carriage Which 
is selectively reciprocated linearly along an upright hydrau 
lically-poWered load-lifting mast indicated schematically as 
11 in FIG. 3. The mast is selectively tiltable forWardly and 
rearWardly by a pair of tilt cylinders such as 13 in FIG. 3. 
The particular clamp 10 depicted in-the draWings is for 
handling large paper rolls such as 12 in FIG. 2 used in the 
publishing and paper industries Which, if deformed exces 
sively as a result of overclamping to prevent slippage, Will 
become too distorted for use on the high-speed printing 
presses or other machinery for Which they are intended. On 
the other hand, under-clamping can cause the paper roll 12 
to slip from the frictional grasp of the clamp 10, particularly 
When the load-engaging surfaces 14 and 16 of the clamp 10 
are oriented vertically by the clamp’s rotator 18 Which 
rotates the respective clamp arms 20 and 22 relative to the 
base frame 15 about an axis 24 (FIG. 2). Although the 
hydraulically-operated paper roll clamp 10 is described 
herein as the preferred embodiment, the present invention is 
also applicable to many other types of load clamps. For 
example, clamps in accordance With the present invention 
could alternatively have sliding rather than pivoted arms, 
and could handle rectilinear rather than round loads. 

[0026] Each of the clamp arms 20 and 22 is rotatable about 
its respective pivot pins 26, 28 selectively toWard or aWay 
from the other clamp arm by the selective extension or 
retraction of respective pairs of hydraulic cylinders 30 and 
32 associated With the respective arms 20 and 22. The 
cylinders 30 Which actuate the shorter clamp arm 20 are 
primarily used only to position the clamp arm 20 in advance 
for carrying rolls 12 of different diameters and different 
desired lateral positions. Therefore, closure of the clamp 
arms and their load-engaging surfaces to grip the load is 
normally accomplished solely by movement of the clamp 
arm 22 in response to extension of the cylinders 32. In some 
clamps, the shorter clamp arm 20 could be ?xed, and the 
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cylinders 30 eliminated. In other clamps, particularly those 
With sliding arms, closure Would normally be accomplished 
by moving both clamp arms simultaneously toWard each 
other. Moreover, closure may be caused by retraction of 
cylinders instead of extension thereof. 

[0027] With reference to FIG. 3, hydraulic clamping cyl 
inders 32 are controlled through hydraulic circuitry indi 
cated generally as 34 to receive pressuriZed hydraulic ?uid 
from the lift truck’s reservoir 38 through a pump 40 and 
supply conduits 42 and 43. Safety relief valve 44 opens to 
shunt ?uid back to the reservoir 38 if excessive pressure 
develops in the system. 

[0028] A priority ?oW control valve 49 insures that a 
predetermined priority ?oW, for example one gallon per 
minute, of ?uid is diverted to conduit 43 before excess ?oW 
is permitted to conduit 42. The priority ?oW in conduit 43 is 
for automatic gripping pressure regulation, While the excess 
?oW in conduit 42 supplies manually actuated load-clamp 
ing and hoisting selector valves 36 and 80 respectively, as 
Well as a tilt control valve 82. 

[0029] The clamp control valve 36 is controlled selec 
tively by the operator to cause the cylinders 32 to open the 
clamp arms and to close the clamp arms into initial contact 
With the load 12. To open the clamp arms, the spool of the 
valve 36 is moved doWnWardly in FIG. 3 so that pressuriZed 
?uid from line 42 is conducted through line 46 to the rod 
ends of cylinders 32, thereby retracting the cylinders 32 and 
moving the clamp arm 22 aWay from the clamp arm 20. 
Pilot-operated check valves 50 are opened by the pressure in 
line 46 communicated through pilot line 52, enabling ?uid 
to be exhausted from the piston ends of cylinders 32 through 
line 54 and valve 36 to the reservoir 38 as the cylinders 32 
retract. Alternatively, to close the clamp arms, the spool of 
the valve 36 is moved upWardly in FIG. 3 so that pressuriZed 
?uid from line 42 is conducted through line 54 to the piston 
ends of cylinders 32, thereby extending the cylinders 32 and 
moving the clamp arm 22 toWard the clamp arm 20. Fluid is 
exhausted from the rod ends of the cylinders 32 to the 
reservoir through line 46 via the valve 36. 

[0030] During closure of the clamp arms by extension of 
the cylinders 32, the maximum closing pressure in the line 
54 is preferably regulated by a pilot controlled modulating 
pressure regulator valve assembly 75 of Which the pilot 
control is by variably controlled relief valve assembly 74. 
The variable relief valve assembly 74 preferably comprises 
a single relief valve Whose relief setting is in?nitely pro 
portional to a variable signal received from the controller 70 
through signal line 76. Alternatively, the maximum closing 
pressure could be regulated by single or multiple relief valve 
and/or regulator valve assemblies With different settings 
automatically selectable by a signal from the controller 70, 
or by an automatically-variable pressure-reducing valve 
assembly having one or more pressure-reducing valves in 
series With line 54 Whose output pressure settings are 
variably regulated by the controller 70. 

[0031] As the clamp arms are closed toWard the load, the 
controller 70 operates in accordance With the steps of FIGS. 
4C-4E, and in accordance With the initialiZation values 
previously entered into the controller 70 by the operator 
pursuant to FIGS. 4A and 4B using keyboard sWitches such 
as 118. Appropriate portions of these ?gures Will be refer 
enced in the folloWing operational description of the clamp. 
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[0032] During initial clamp arm closure, the controller 70 
sets the variable relief pressure of the valve assembly 74, as 
indicated at step 200 of FIG. 4C, at a relatively high level 
previously selected by the operator at step 300 of the 
initialization sequence of FIG. 4B from among three alter 
native levels “1, 2, 3.” Such pressure level enables high 
speed closure of the clamp arms toWard the load prior to 
actually gripping the load. Thereafter, in response to contact 
of the load-engaging surfaces of the clamp arms With the 
load, the clamp-closing pressure in line 54 as sensed by 
pressure sensor 78 increases above a minimum pilot pres 
sure level previously selected by the operator at step 315. At 
the same time the volumetric ?oW rate in line 54 decreases 
and causes a corresponding decrease in the positive differ 
ential, betWeen the pressure reading by the pressure sensor 
78 and the reading by the pressure sensor 66, to a differential 
value beloW that previously selected by the operator at step 
301 of the initialiZation sequence of FIG. 4B. In response to 
such changes, re?ecting a predetermined resistance by the 
load to further closure of the arms, the controller 70 at steps 
202 and 204 of FIG. 4C immediately reduces the relief 
setting of the relief valve assembly 74 to a relatively loW 
threshold level previously selected by the operator from 
among three alternatives at step 302 of FIG. 4B. This 
decreases the pressure, betWeen the pilot-operated check 
valves 50 and the cylinders 32, to the reduced relief setting 
so that the high-speed initial closing pressure is not main 
tained betWeen the check valves 50 and the cylinders 32. 
Such reduced pressure is the threshold gripping pressure 
from Which subsequent increases in gripping pressure Will 
be automatically regulated as described beloW. 

[0033] Instead of reducing the closing pressure in response 
to load resistance as described, other predetermined rela 
tionships betWeen the load and the load-engaging surfaces 
could trigger the pressure reduction, such as a predetermined 
proximity therebetWeen. 

[0034] After the desired threshold gripping pressure is 
established at step 204, the operator moves the valve 36 to 
its centered, unactuated position and begins to lift the load, 
either by manually actuating the hoist-control valve 80 to 
move the load linearly upWard, or by manually actuating the 
tilt control valve 82 to tilt the load rearWardly. 

[0035] In the case of the hoist valve 80, its spool is moved 
upWardly to lift the load and doWnWardly to loWer the load 
as seen in FIG. 3. When the valve 80 is actuated to lift the 
load, the valve 80 conducts pressuriZed ?uid from line 42 
through lines 84 and 88 to the base of one or more hoist 
cylinders, schematically indicated as 90, of the mast 11. A 
pressure sensor 92 senses a resultant increase in pressure in 
line 88 and signals the controller 70 that lifting has begun, 
as indicated at step 206 of FIG. 4C. In response, the 
controller actuates solenoid valve 94, as indicated at step 
208 of FIG. 4D, by moving its spool upWardly in FIG. 3 so 
that the priority ?oW in line 43 can ?oW through line 54 to 
the cylinders 32 to further close the clamp arms. 

[0036] The controller 70 senses the magnitude of the 
Weight of the load through the signal from the pressure 
sensor 92, and adjusts the relief setting of the valve assembly 
74 upWardly in a predetermined relation to the sensed 
magnitude of the load Weight in a manner to be explained 
more fully hereafter. Since solenoid valve 94 is actuated, this 
increases the maximum ?uid gripping pressure in line 54 in 
a predetermined relation to the magnitude of the load 
Weight. The cushioning effect of accumulator 87 minimiZes 
dynamic effects on the load-Weight measurement and 

Sep. 19, 2002 

thereby maximiZes the accuracy of such measurement. If 
necessary, a restrictor (not shoWn) in the line 88 can be 
optionally included to limit lifting speed and thereby further 
minimiZe dynamic effects. 

[0037] After the foregoing maximum ?uid gripping pres 
sure has been achieved, the controller 70 deactivates the 
solenoid valve 94 as indicated at step 212 of FIG. 4E, 
moving the spool of the valve doWnWard in FIG. 3 so that 
automatic gripping pressure regulation ceases. The valve 74 
is set by the controller 70 to prevent any further gripping 
pressure increases Which might otherWise result from the 
operator’s manipulation of valve 36, as indicated by step 214 
in FIG. 4E. Thereafter, the system begins continuous moni 
toring of the ?uid gripping pressure relative to the sensed 
load Weight and, if necessary, readjusts the gripping pressure 
as explained more fully hereafter. 

[0038] Alternatively, the operator’s manual actuation of 
the tilt control valve 82 to tilt the load rearWardly and thus 
lift it, by moving the spool upWardly in FIG. 3, also initiates 
the foregoing load-Weighing and pressure-regulating opera 
tion in the same manner, since the pressure sensor 92 Will 
sense a resultant increase in pressure in line 88 due, to the 
lifting of the load and Will initiate the above-described 
sequence beginning With step 206. 

[0039] It Will be recogniZed that sensors other than ?uid 
pressure sensors 66, 78 and 92 could be used. For example, 
?oW meters and/or electromechanical force sensors could be 
substituted as appropriate. 

[0040] During the above described load-Weighing and 
pressure-regulating operation, increased ?uid gripping pres 
sure causes some extension of the clamping cylinders 32, 
requiring the exhaust of some ?uid through line 46 from the 
rod ends of the cylinders 32. Since the clamp control valve 
36 Would normally be centered during such operation, such 
?uid is exhausted to the reservoir 38 through a parallel line 
48 and pilot operated check valve 58 Which is opened by the 
pressure in line 54 transmitted through pilot line 60. 

[0041] The accuracy of the load-Weight measurement is 
enhanced by compensating for variations in extension of the 
mast 11 Which vary the pressure reading of the sensor 92. 
Such pressure variations can result from multiple causes, 
such as changes in effective pressure areas of the hoist 
cylinder or cylinders 90, or the fact that telescopic sections 
of the mast 11 may or may not be supported by the hoist 
cylinder or cylinders 90, depending upon Whether the mast 
is in its loWer “freelift” range of extension or in its higher 
“mainlift” range of extension. To account for these variables, 
as Well as variables in the load-handling clamps that might 
be mounted interchangeably on the mast, the controller 70 is 
initialiZed according to FIGS. 4A and 4B to calibrate the 
load-Weighing system With respect to such variables. Such 
initialiZation includes reading and storing the respective 
pressures sensed by the sensor 92 in both the freelift and 
mainlift ranges of extension of the mast While dynamically 
lifting the load-handling clamp, both Without a load as 
shoWn in steps 304 and 306 of FIG. 4A to obtain Pf and Prn 
respectively, and With a load of knoWn Weight as shoWn in 
steps 308 and 310 to obtain PfW and PrnW respectively. The 
controller 70 also reads respective pressures Pf5 and Prns 
sensed by sensor 92 With no load in the freelift and mainlift 
ranges, respectively, under static conditions, i.e. in the 
absence of dynamic lifting, and stores the pressures as 
indicated at steps 313 and 314 of FIG. 4B. Furthermore, the 
controller stores the knoWn load Weight Wk as indicated at 
step 312 in response to operator entry using keyboard 



US 2002/0131852 A1 

switches such as 118. Other operator entries using keyboard 
sWitches include one or more desired clamp-force-to-load 
Weight ratios CF/W ratio 1, 2, 3, as indicated at step 316, and 
a “clamp factor” X at step 320 representing the total effec 
tive pressure area of the combined clamping cylinders 32 
multiplied by the e?iciency percentage of the clamp cylin 
ders 32. Such e?iciency percentage corresponds to the ratio 
of the clamp force generated by the load-engaging surfaces 
16 (after frictional and other mechanical losses) to the 
product of the effective pressure area of the combined 
clamping cylinders 32 and the applied ?uid pressure. 
[0042] As indicated at step 324 at the beginning of the 
initialiZation process of FIG. 4A, all of the foregoing 
parameters-need be entered only for neW installations or 
changes of load-handling clamps or masts. OtherWise, only 
the shorter list of entries designated as “Option 2” in FIG. 
4 need be entered, or no entries if the operator does not Wish 
to change any listed parameter. 

[0043] Returning to the load-clamping sequence of FIGS. 
4C-4E, the controller 70 controls the load-Weight measure 
ment and gripping pressure regulation processes by auto 
matically accounting for the range of extension of the mast 
11 (freelift or mainlift), different desired clamp-force-to 
load-Weight ratios, and the other variables mentioned in 
connection With FIGS. 4A and 4B. Immediately after clamp 
pressure is relieved at step 204 of FIG. 4C, the controller 
senses at step 218 Whether a mechanical sWitch 219, respon 
sive to the degree of extension of the mast 11, is closed. If 
the sWitch is closed, the controller 70 determines at step 218 
that the mast is in its loWer, or freelift, range of extension; 
otherWise the controller determines that the mast is in its 
higher, or mainlift, range of extension. Depending on such 
determination, the controller 70 sets the future load-Weight 
calculation With parameters appropriate either for the freelift 
range of extension or the mainlift range of extension of the 
mast. After the actuation of solenoid 94 at step 208 in 
response to the operator’s lifting of the load by actuation of 
the hoist valve 80 or the tilt valve 82 as previously described, 
the controller reads the lifting pressure P sensed by pressure 
sensor 92 as indicated at step 220, and at step 222 calculates 
therefrom the load Weight W using the appropriate freelift or 
mainlift calculation. 

[0044] For the freelift range of extension of the mast 11, 
the calculation is as folloWs: 

: (P— Pf)(Wk) 

(Pm-Pf) 

[0045] For the mainlift range of extension of the mast 11, 
the calculation is as folloWs: 

[0046] In the foregoing calculations, Pf and Prn are the 
values Which Were previously entered during steps 304 and 
306, respectively, of the initialiZation sequence of FIG. 4A, 
While PfW and PrnW are the values previously entered during 
steps 308 and 310. Wk is the Weight of the knoWn load used 
during initialiZation and previously entered at step 312 of the 
initialiZation sequence. 
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[0047] After calculation of the load Weight W at step 222 
of FIG. 4D, the controller determines Which predetermined 
clamp-force-to-load-Weight ratio CF/W Was previously 
selected by the operator at step 316 of FIG. 4B, and 
determines at step 224 of FIG. 4E the desired maximum 
clamp force CF by the equation: 

[0048] Having determined the desired maximum clamp 
force CF at step 224, the controller 70 determines the clamp 
factor X previously entered by the operator at step 320 and 
calculates the maximum ?uid gripping pressure CP at step 
226 by the equation: 

[0049] At step 228 the controller then adjusts the maxi 
mum pressure relief setting of valve 74 to the desired 
maximum ?uid gripping pressure CP. This process repeats 
continuously until the controller determines that the actual 
?uid gripping pressure sensed by sensor 66 equals or 
exceeds the desired ?uid gripping pressure CP, as indicated 
at step 230. The controller 74 then deactivates the solenoid 
94 at step 212 and sets the valve 74 at step 214 to prevent 
manually activated pressure increases as described previ 
ously. 

[0050] Instead of manual keyboard selections of different 
clamp-force-to-load-Weight ratios at step 316 of FIG. 4B, or 
different initial threshold gripping pressures at step 302, 
different relationships betWeen maximum gripping pressure 
and load Weight to account for differences in fragility or 
stability of the load can be selected automatically in 
response to an electronic code reader 120 Which senses 
characteristics of a load by reading a coded label on the load. 
Such variable relationships can also be selected automati 
cally by a proximity sensor 122 Which senses the distance 
betWeen the load-engaging surfaces of the clamp arms to 
determine the siZe of the load being gripped. Accordingly, 
different types of predetermined relationships betWeen ?uid 
gripping pressure and load characteristics are contemplated 
by the present invention, as Well as different types of 
mechanisms for selecting such different relationships. 

[0051] After initial automatic regulation of the gripping 
pressure during initial clamp closure, the system continually 
senses Whether the clamped load is being supported by the 
clamp by comparing the hoist pressure sensed by sensor 92 
With the appropriate unloaded static hoist pressure Pf5 or Prns 
previously stored at steps 313 and 314, depending on 
Whether the sWitch 219 is closed, as indicated at step 240. As 
long as the hoist pressure at sensor 92 is greater than the 
appropriate stored unloaded static hoist pressure, indicating 
at step 242 of FIG. 4F that the operator has not set the load 
doWn, the system repeatedly recalculates the desired ?uid 
gripping pressure CP as before, and compares it to the actual 
?uid gripping pressure at sensor 66. In the comparison at 
step 244, the system determines Whether the actual ?uid 
gripping pressure is at least a predetermined percentage 
(such as 95%) of What it should be. If not, the system 
automatically readjusts the relief setting of the valve assem 
bly 74 upWardly to the neW desired maximum ?uid gripping 
pressure CP and readjusts the ?uid gripping pressure and 
resultant gripping force, beginning at step 218 of FIG. 4C, 
by recalculating the gripping pressure CP and reactivating 
the solenoid valve 94. On the other hand, if the actual ?uid 
gripping pressure is still Within the predetermined percent 



US 2002/0131852 A1 

age at step 244, the controller merely continues to recalcu 
late and compare the actual ?uid gripping pressure, Without 
also readjusting it. This automatic repetitive monitoring and 
correction of the ?uid gripping pressure and resultant grip 
ping force corrects for such variables as leakage in the clamp 
cylinders 32 Which could decrease the gripping force, or the 
possibility that the load Was not fully supported by the clamp 
during the initial automatic regulation of the gripping pres 
sure. The priority ?oW from the priority ?oW control valve 
49, and the parallel exhaust line 48, insure the reliability of 
the continuous gripping-force correction feature, even 
though the clamp control valve 36 is in its centered, unac 
tuated condition. 

[0052] The foregoing repetitive monitoring and, if neces 
sary, correction operation continues until the system senses, 
at step 242 of FIG. 4F, that the operator has set the load 
doWn. Thereafter, once the operator has opened the clamp, 
as sensed at step 232 by a pressure rise at sensor 98, the load 
clamping sequence returns to its origin at step 200 of FIG. 
4C Where the relief pressure of valve 74 is reset at the 
relatively high level needed for high speed closure, as 
described previously. 

[0053] To minimiZe the possibility of setting a fragile load 
doWn onto a supporting surface in a tilted attitude such that 
the edge of the load Would be damaged, a gravity-referenced 
tilt sensor 124 is optionally mounted on the base frame 15 
of the clamp 10 to determine Whether or not the load is tilted 
forWardly or rearWardly With respect to gravity and to cause 
the controller 70 to automatically adjust the load to a level 
attitude by corrective solenoid actuation of the tilt control 
valve 82. Mounting the gravity-referenced tilt sensor 124 on 
the clamp structure, rather than on the mast 11, alloWs the 
sensor to determine Whether or not the load is tilted With 
respect to gravity irrespective of any tilting of the mast 11 
due to mast de?ection or other factors. The gravity-refer 
enced sensor is also independent of Whether or not the lift 
truck is level With respect to its supporting surface, or 
Whether or not such surface is level. HoWever, despite its 
foregoing advantages, the gravity-referenced sensor 124 is 
also susceptible to instability and long settling times if 
subjected to dynamic disturbances during lift truck travel, 
such as acceleration or braking, or vertical dynamic distur 
bances caused by ramps or uneven surfaces. For this reason, 
the controller 70 actuates the tilt control valve 82 correc 
tively only in response to a decrease in load-Weight detected 
by pressure sensor 92 (i.e. a negative pressure slope) in 
response to loWering of the load by the mast 11 to set the 
load doWn. During such loWering of the load, dynamic 
disturbances are minimiZed due to stoppage of the lift truck. 

[0054] Another problem Which can lead to load damage 
While setting the load doWn onto a supporting surface is the 
possibility that the operator may continue to loWer the mast 
11 after the load has been set doWn but before the operator 
has opened the clamp arms. In such case, the chains of the 
mast Which normally support the clamp Will become slack 
because the clamp is then supported by the clamped load 
rather than the mast. Thereafter, When the operator ?nally 
opens the clamp arms to disengage the load, the load 
engaging surfaces of the clamp arms slide doWn the surfaces 
of the load, causing external damage to fragile loads such as 
paper rolls. To minimiZe the possibility of such damage a 
solenoid valve 47 doWnstream of a priority ?oW control 
valve 45 is preferably provided so as to be automatically 
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controlled by the controller 70, in response to the setting 
doWn of a clamped load, to prevent further loWering of the 
mast until after the clamp arms have been opened to disen 
gage the load. In the normal loWering mode, ?uid ?oWs 
through the priority path of the priority ?oW control valve 
45, and ?oWs through conduit 84 and hoist control valve 80, 
in its loWering position, through line 56 to the reservoir 38. 
The priority ?oW control valve 45 is of a design Where the 
priority ?oW requirements must be satis?ed before the valve 
Will permit any ?oW to bypass through its excess ?oW port 
and the excess ?oW conduit 51. With reference to FIG. 4E, 
When the controller 70 detects through sensor 92 at step 240 
that the hoist pressure has declined to a level equal to or less 
than the unloaded static pressure Pfs or Pms, this indicates 
that a clamped load has been set doWn on a supporting 
surface. Accordingly, pursuant to step 242 of FIG. 4F the 
controller 70 activates the solenoid valve 47 at step 236 
thereby blocking the priority ?oW path. Without the priority 
?oW condition being ful?lled, the priority ?oW control valve 
45 blocks excess ?oW from returning to the reservoir alter 
natively through conduit 51 and thereby prevents the mast 
from loWering further. When the clamp is subsequently 
opened, as automatically determined at step 232 by sensing 
a pressure rise at sensor 98, the controller deactivates the 
solenoid valve 47 at step 238, and the mast and clamp can 
thereafter be further loWered by the operator Without dam 
aging the load. During loWering of the mast 11, an optional 
restrictor 55 can be employed to limit loWering speed to 
maintain the accuracy of the pressure sensed by sensor 92 
even if the operator opens the loWering control valve rapidly 
and fully. The foregoing loWering prevention system is also 
applicable to other types of loads and load-engaging struc 
tures, such as forks, to prevent free-fall of the load-engaging 
structure When disengaged from the load. 

[0055] The foregoing loWering prevention system can 
alternatively be implemented Without the priority ?oW con 
trol valve 45 and excess ?oW conduit 51 by employing a 
solenoid valve 47 capable of a larger volumetric ?oW rate. 

[0056] The terms and expressions Which have been 
employed in the foregoing speci?cation are used therein as 
terms of description and not of limitation, and there is no 
intention, in the use of such terms and expressions, of 
excluding equivalents of the features shoWn and described 
or portions thereof, it being recogniZed that the scope of the 
invention is de?ned and limited only by the claims Which 
folloW. 

1. A load-handling clamp having selectively closable and 
openable load-engaging surfaces for selectively gripping 
and releasing a load positioned betWeen said surfaces, said 
clamp comprising: 

(a) at least one ?uid poWer actuator connected to at least 
one of said surfaces for selectively closing said surfaces 
relative to each other to grip said load; 

(b) at least one ?uid valve assembly connected to said 
actuator for variably regulating the maximum ?uid 
pressure causing said actuator to close said surfaces 
relative to each other; 

(c) an electrical controller connected to said valve assem 
bly automatically operable, in response to closure of 
said load-engaging surfaces into a predetermined rela 
tionship With said load, to cause said valve assembly to 
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reduce said maximum ?uid pressure While said surfaces 
are closing, and thereafter automatically operable, in 
response to at least one characteristic of said load, to 
cause said valve assembly to increase said maXimum 
?uid pressure variably in relation to said characteristic 
of said load. 

2. The apparatus of claim 1 Wherein said predetermined 
relationship is a predetermined resistance by said load to 
closure of said load-engaging surfaces. 

3. The apparatus of claim 1 Wherein said controller is 
automatically operable, in response to the Weight of said 
load, to cause said valve to increase said maXimum ?uid 
pressure variably in relation to the magnitude of said Weight. 

4. A load-handling clamp having selectively closable and 
openable load-engaging surfaces for selectively gripping 
and releasing a load positioned betWeen said surfaces, said 
clamp comprising: 

(a) at least one ?uid poWer actuator connected to at least 
one of said surfaces for selectively closing said surfaces 
relative to each other to grip said load; 

(b) at least one ?uid valve assembly connected to said 
actuator for variably regulating the maXimum ?uid 
pressure causing said actuator to close said surfaces 
relative to each other; 

(c) an electrical controller connected to said valve assem 
bly automatically operable, in response to the Weight of 
said load, to cause said valve assembly to increase said 
maXimum ?uid pressure variably in relation to the 
magnitude of said Weight; 

(d) an elongate, longitudinally-eXtensible lifting mecha 
nism for lifting said load to enable said load to be 
Weighed, said lifting mechanism supporting the Weight 
of said load longitudinally by means of at least one 
reactive force in said mechanism Which is variably 
dependent upon the longitudinally-eXtensible position 
of said mechanism; 

(e) said controller being operable to sense the magnitude 
of said reactive force and to determine therefrom the 
magnitude of said Weight of said load independently of 
changes in said longitudinally-extensible position of 
said mechanism effective to vary said reactive force. 

5. A load-handling clamp having selectively closable and 
openable load-engaging surfaces for selectively gripping 
and releasing a load positioned betWeen said surfaces, said 
clamp comprising: 

(a) at least one ?uid poWer actuator connected to at least 
one of said surfaces for selectively closing said surfaces 
relative to each other to grip said load; 

(b) at least one ?uid valve assembly connected to said 
actuator for variably regulating the maXimum ?uid 
pressure causing said actuator to close said surfaces 
relative to each other; 

(c) an electrical controller connected to said valve assem 
bly automatically operable, in response to the Weight of 
said load, to cause said valve assembly to increase said 
maXimum ?uid pressure variably in relation to the 
magnitude of said Weight; 

(d) said controller being operable, in response to a vari 
able selector, to cause said valve assembly to increase 
said maXimum ?uid pressure alternatively in different 
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predetermined relationships to the magnitude of said 
Weight depending upon variation of said selector. 

6. The apparatus of claim 5 Wherein said selector is 
manually variable. 

7. The apparatus of claim 5 Wherein said selector is 
automatically variable in response to code reading. 

8. The apparatus of claim 5 Wherein said selector is 
automatically variable in response to variations in proXimity 
of said load-engaging surfaces to each other. 

9. A load-handling clamp having selectively closable and 
openable load-engaging surfaces for selectively gripping 
and releasing a load positioned betWeen said surfaces, said 
clamp comprising: 

(a) at least one ?uid poWer actuator connected to at least 
one of said surfaces for selectively closing said surfaces 
relative to each other to grip said load With a gripping 
force in response to actuation of a load-clamping 
selector valve; 

(b) at least one ?uid valve assembly connected to said 
actuator for variably regulating said gripping force; 

(c) an electrical controller connected to said valve assem 
bly automatically operable, in response to a sensed 
Weight of said load, to cause said valve assembly to 
increase said gripping force controllably in predeter 
mine relation to the magnitude of said Weight Without 
concurrent actuation of said load-clamping selector 
valve. 

10. The apparatus of claim 9 Wherein said load-clamping 
selector valve is manually operable. 

11. The apparatus of claim 9 Wherein said controller is 
selectively operable as described in element (c) in response 
to support of said load by said pair of load-engaging 
surfaces. 

12. The apparatus of claim 9 Wherein said controller is 
automatically operable, in response to a decrease in said 
gripping force, to cause said valve assembly to increase said 
gripping force controllably in predetermined relation to the 
magnitude of said Weight Without concurrent actuation of 
said load-clamping selector valve. 

13. Aload-handling clamp having selectively closable and 
openable load-engaging surfaces for selectively gripping 
and releasing a load positioned betWeen said surfaces, said 
clamp comprising: 

(a) at least one ?uid poWer actuator connected to at least 
one of said surfaces for selectively closing said surfaces 
relative to each other to grip said load; 

(b) at least one ?uid valve assembly connected to said 
actuator for variably regulating the maXimum ?uid 
pressure causing said actuator to close said surfaces 
relative to each other; 

(c) a lifting mechanism operable, in response to actuation 
of a tilt selector, to lift said load by tilting said load to 
enable said load to be Weighed; and 

(d) an electrical controller connected to said valve assem 
bly automatically operable, in response to the Weight of 
said load, to cause said valve assembly to increase said 
maXimum ?uid pressure variably in relation to varia 
tions in the magnitude of said Weight caused solely by 
said actuation of said tilt selector. 
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14. Aload-handling clamp having selectively closable and 
openable load-engaging surfaces for selectively gripping 
and releasing a load positioned betWeen said surfaces, said 
clamp comprising: 

(a) at least one ?uid poWer actuator connected to at least 
one of said surfaces for selectively closing said surfaces 
relative to each other to grip said load; 

(b) a tilting mechanism operable to tilt said load; 

(c) a gravity-referenced sensor operable to determine 
Whether or not said load is tilted relative to gravity; and 

(d) an electrical controller connected to said tilting 
mechanism automatically operable, in response to said 
gravity-referenced sensor, to cause said tilting mecha 
nism to adjust said load to an attitude Which is untilted 
With respect to gravity. 

15. The apparatus of claim 14 including a lifting mecha 
nism operable to lift and loWer said load linearly, said 
controller being automatically operable selectively in 
response to loWering of said load by said lifting mechanism. 

16. The apparatus of claim 14 including a lifting mecha 
nism operable to lift and loWer said load linearly, said 
gravity-referenced sensor being operable to determine 
Whether or not said load is tilted With respect to gravity 
irrespective of any tilting of said lifting mechanism. 

17. A load-handling apparatus comprising: 

(a) a load-engaging structure; 

(b) a selectively liftable and loWerable lifting mechanism 
to selectively lift and loWer said load-engaging struc 
ture, said lifting mechanism having an electrical con 
troller automatically operable, in response to loWering 
of said load onto a supporting surface, to prevent 
loWering of said lifting mechanism; 

(c) said lifting mechanism having an elongate, longitudi 
nally-eXtensible structure operable to support the 
Weight of said load longitudinally by means of at least 
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one reactive force in said mechanism Which is variably 
dependent upon the longitudinally-eXtensible position 
of said mechanism, said loWering controller being 
operable to detect, from said reactive force, said loW 
ering of said load onto said supporting surface inde 
pendently of changes in said longitudinally-eXtensible 
position of said mechanism effective to vary said 
reactive force. 

18. The apparatus of claim 17 Wherein said load-handling 
structure is a clamp. 

19. The apparatus of claim 17 Wherein said lifting mecha 
nism includes a variable loWering speed controller, and a 
loWering speed limiter operable independently of said loW 
ering speed controller. 

20. Aload-handling clamp having selectively closable and 
openable load-engaging surfaces for selectively gripping 
and releasing a load positioned betWeen said surfaces, said 
clamp comprising: 

(a) at least one poWer actuator connected to at least one of 
said surfaces for selectively closing and opening said 
surfaces relative to each other to selectively grip and 
release said load; 

(b) a selectively liftable and loWerable lifting mechanism 
to selectively lift and loWer said load, said lifting 
mechanism having an electrical loWering controller 
automatically operable, in response to loWering of said 
load onto a supporting surface, to prevent loWering of 
said lifting mechanism until said load-engaging sur 
faces have been opened to disengage said load; 

(c) said loWering controller being responsive to a ?rst 
sensor operable to detect said loWering of said load 
onto said supporting surface, and a second sensor 
separate from said ?rst sensor operable to detect that 
said load-engaging surfaces have been opened to dis 
engage said load. 

* * * * * 


