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HYDRAULIC CLAMPING SYSTEMS HAVING LOAD SIDE-SHIFTING
VARIABLY RESPONSIVE TO LOAD WEIGHT

CROSS-REFERENCE TO RELATED APPLICATIONS

[ooo1l Not applicable.

BACKGROUND OF THE INVENTION

foon2] Hydraulic load-handling clamp assembiies, of the type normally mountable on lift
trucks and other industrial vehicles for manipulating and transporting loads, often have a pair
of transversely openable and closable clamp arms powerad by one or more linear or rotary
hydraulic actuators for selectively gripping and releasing loads. Such hydraulic clamp
assemblies also commonly have a selectable hydraulic side-shifting capability which can move
the clamp arms transversely in unison in either of two opposite directions while clamping a
foad. In some of such clamp assemblies, the same hydraulic actuator(s) which perform the
load-clamping function also selectively perform the side-shifting function, thereby
advantageously minimizing the size and weight of the assembly. Such systems are referred to
herein as "integral” load clamping and side-shifting units. Conversely, in "non-integral”
systems, the clamp assembly's load-clamping hydraulic actuator(s) are movably carried by a

saparate side-shifting assembly having its own separate side-shifting hydraulic actuator(s).

(00031 A longstanding problem has existed with respect to both the foregoing integral and
non-integral types of units, in that the above-described load-clamping function requires load
clamping forces applied by both cdamp arms o the ioad in respective opposite directions, while
at the same time the side-shifting function requires side-shifting forces applied by both clamp
arm in the same direction. The result is that the bidirectional clamiping force is automaticaily
diminished by the simultaneous unidirectional side-shifting force, theraby enabling a clamped
load to slip and fall from the clamp during side-shifting if the side-shifting force is too great
relative to the clamping force. The most problematic situation of this type occurs when limited
hydraulic clamping force is already being appliad to grip a fragile load t© avoid overclamping
damage to the lnad, at the same time that the hydraulic side-shifting force is not being

sufficiently limited due to the clamp operator's desira for rapid side-shifting.

[oon4] The foregoing summary will be more readily understood upon consideration of the
following detailed description of the invention taken in conjunction with the accompanying
drawings.

Brier DESCRIPTION OF THE SEVERAL DRAWINGS

[ooos] Fig. 1 is a hydraulic circuit diagram exemplifying a load-handiing clamp assembly in an
integral combination with a clamp side-shifting assembly, and also showing a load hoisting

circuit, all operable in accordance with the present invention.
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fooos] Fig. 2 is a hydraulic dircuit diagram exemplifying a non-integral side-shifting assembly
in place of the integral side-shifting assembly of Fig. 1, omitting the load-handling clamp

assembly for purposes of clarity and also operable in accordance with the present invention.

[ooo7] Fig. 3 is a hydraulic circuit diagram similar to Fig. 2 except that its exemplary non-
integral side-shifting assembly utilizes a bidirectional rotary hydraulic motor to perform the

side-shifting function.

(00081 Fig. 4 s a hydraulic dircuit diagram similar to Fig. 2 except that its exemplary non-

integral side-shifting assembly utilizes a reciprocating rotary hydraulic motor to perform the
side-shifting function,

DETAILED DESCRIPTION OF PREFERZED EMBODIMENTS
ronoel Integral Embodiments

[s010] The hydraulic arrangement shown in Fig. 1 exemplifies a typical integral load clamping
circuit 9 for controlling a pair of clamp arms 10, 12 each laterally movable selectively toward or
away from each other for selectively clamping or unclamping a load {(not shown) between
them. The clamp arms are laterally closable toward each other to clamp a load by the
introduction of pressurized hydraulic fluid through lines 14, 16 and 18 from a manually or
electrically controlled clamp valve 20 which, upon movement toward the right in Fig. 1,
introduces hydraulic fluid under pressure from pump 22 through clamping lines 14, 16 and 18
to move pistons 26 and 28 toward each other to clamp a load. During the foregoing clamping
movements of the pistons 26 and 28, hydraulic fluid is exhausted from the opposite sides of
the pistons 26 and 28 through lines 36 and 38 respectively, through pilot operated check
valves 37 and 39 respectively, and through a conventional flow divider/combiner valve 34 to
fine 32, from which the fluid is exhausted through valve passageway 25 of clamp valve 20 and

exhaust line 27 to a hydraulic fluid reservoir 29.

[oo11] Conversaly, upon movement of valve 20 to the left in Fig. 1, pressurized hydraulic
fluid is introduced from pump 22 through valve passageway 30 and line 32, flow
divider/combiner valve 34, and lines 36 and 38 to move the pistons 26 and 28, and their
corresponding clamp arms 10 and 12, away from each other thereby opening the clamp arms
10 and 12. During the clamp-opening process, hydraulic fluid is exhausted from the pistons
26 and 28 and through lines 16 and 18, through a pilot-operated check valve 40 openead by
pressure in line 32, and through line 14 and valve passageway 42 to exhaust line 27 and
hydraulic reservoir 29,

[oo12] As also exemplified in the integral arrangament of Fig. 1, the clamp arms 10, 12 are
laterally movable bidirectionally in unison selectively either to the left or right in Fig. 1 while

the load-clamping valve 20 is closed, so as to perform a side-shifting function, either while
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clamping a load or without any load. In the exemplary hydraulic circuit shown in Fig. 1, upon
movement of the side-shifting control valve 44 to the right, hydraulic fiuid under pressure is
introduced from pump 22 and line 27 through the side-shift valve passageway 46, side-
shifting line 48 and thus to line 36, thereby imposing leftward pressure on the piston 26 .
Whether or not the damp arms 10, 12 are currently clamping & load, the leftward pressure on
piston 26 causes clamping fluid in line 16 to be transferred o line 18 of the other clamping
cylinder, thereby causing corresponding leftward pressure also on piston 28 and the
exhaustion of fluid from line 38 through line 50 and valve passageway 52 to the hydraulic
reservoir 29, so that the pistons 26 and 28 side-shift to the left in unison. No leakage of the
fluid is permitted through clamping line 14 during the foregoing left side-shifting process

because the pilot-operated check valve 40 preserves the clamping pressure.

[oa13] Conversely, upon activation of valve 44 to the left in the figure, pressurized hydraulic
fluid is similarly introduced from pump 22 and line 27 through valve passageway 54 of valve
44 , right side-shifting line 50 and line 38, thereby imposing rightward pressure on the piston
28. Whether or not the clamp arms 10, 12 are currently clamping a load, the rightward
prassure on piston 28 can nevertheless cause clamping fiuid in line 18 to he transferred to the
corresponding opposite line 16 of the other clamping cylinder, thereby causing corresponding
rightward pressure on piston 26 and the exhaustion of fluid from line 36 through line 48 and
valve passageway 55 to the hydraulic reservoir 29, so that the pistons 26 and 28 side-shift in
unison to the right. No leakage of the fluid is permitted through clamping line 14 during right
side-shifting because pilot-operated check valve 40 preserves the clamping pressure as

mentionead above,

(06141 In Fig. 1, a load hoist valve 56, if movad to the left, selectively conducts hydrauiic
foad-lifting pressurized fluid from line 27 through valve passageway 58 and line 59 to one or
more ioad-heisting hydraulic cylinders such as 60, 62 which lift the load clamp 10, 12.
Movement of the valve 56 o the right exhausts fluid from line 59 through valve passageway
64 to the hydraulic reservoir 29, thereby lowering the clamp 10, 12. The load-hoisting
cylinders can have any suitable arrangement, including "free lift" cylinder arrangements having

differant piston diameters for extending seguentially.

[og15] The longstanding problem referred to in the foregoing Background of the Invention is
solved herein by load-weight responsive side-shifting systems exemplified by a side-shifting
force control circuit 68 shown in the various figures 1-4. The variable weights of the loads
may be sensed preferably, but not necessarily, from variable hydraulic pressure in hoist line 59
through a sensing line 66 of a side-shifting force control circuit 68. Progressively lower load

weights, as sensed through lines 66 and 72, automatically progressively decrease the side-shift
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pressure relief setting of a valve 70, controlled by a valve spring 74, from its higher settings
normally tending to hold the pressure relief valve 70 closed as shown in Fig. 1. In response to
such decrease in the side-shift relief pressure setting of relief valve 70, valve 70 opens and
thereby relieves the side-shifting pressure in line 71, representing the highest pressure in lines
48 or 50 as sensed bebween check valves 49 and 51, through ling 76 and whichever check-
valve 78 or 80 and line 48 or 50 is not exposed to side shifting pressure from valve 44 and

therefore can exhaust fluid through valve 44 to reservoir 29,

[ea1s] Thus with a lower-weight load, where the clamping pressure can likewise be safely
fower, the side-shifting pressure in either of lines 48 or 50 is variably limited by the
automatically variable relief setting of the valve 70 in response to the variable weight of the
load, as sensed through lines 66 and 72. This solves the problem, described previously in the
Background of the Invention, wheraby, when reduced hydraulic clamping pressure is needed
for a lighter or more fragile load, but the hydraulic side-shifting prassure is not automatically
limited by a side-shifting pressure-relief circuit such as 68, the resultant high side-shifting
pressure could harmfully cause a reduction in clamping force by opposing the clamping force,
thereby possibly causing an elevated clamped load o slip or fall from the clamp during side-
shifting.

[sa17] It should be recognized that the foregoing solution is intended o interfere only with
the unintended consequences of the clamp's side-shifting circuit, and is purposely pravented
from interfering with the clamping function of the load clamping circuit as conirolied by clamp
valve 20. This separation of funclions is accomplished by the pilot-operated chack valve 40 in
the load clamping circuit which isolates the clamping pistons 26 and 28 from any decrease in
clamping pressure other than as dictated by the load clamping valve 20 to unseat the check

valve 40 by applying pressure through line 32.

106181 Non-Integral Embodiments

[oo18] Fig. 2 shows an exemplary alternative side-shifting circuit with a reversible side-
shifting linear actuator 100, which need not be integral with the exemplary clamp circuit 9 (not
shown). Instead the side-shifting circuit can, iIf desired, be part of a separate attachment to
the lift truck or cther load-carrying vehicle, usable in conjunction with a side-shifting unit or as
part of a side-shifting unit, possibly together with other attachments which utilize side-shifting
such as bale clamps, fork damps, paper roll clamps, and so forth.

[poz0] Fig. 3 shows a further exemplary alternative side-shifting circuit with a reversible
rotary hydraulic motor 102 capable of performing a side-shifting function, and which need not

be integral with the clamp circuit 9.
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foaz1}  Fig. 4 shows a further exemplary alternative side-shifting circuit with a rotationally
reciprocating hydraulic motor 104 capable of parforming a curved side-to-side swinging motion
for layer-picking load clamps, and which need not be integral with the clamp circuit 9.

Ancther example of such a layer picking application could be a telescopic boom clamping force

control.

[oe22] The terms and expressions which have besn employed in the foregoing specification
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 exciuding equivalents of the features shown and
described or portions thereof, it being recognized that the scope of the invention is defined
and limited only by the daims which follow. In particular, all of the foregoing embodiments
are shown as being hydraulic in nature because of the predominant use of hydraulic actuators
in load-handiing applications. However, equivalent electrical actuators, and/or elecirical
control systems, could alternatively be used in such load-handling applications to perform
similar functions to those described herein, as would be recognized by those skilled in the art.
Accordingly, such equivalent electrical actuators and control systems are intended to be

coverad by the claims which follow.
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What is claimed is:

1. A control system for controlling a lsad-handling clamp having opposad load-clamping

arms movable selectively either toward each other, or in unison with each other, along a
common direction, said control system comprising a sensor assembly capable of sensing a
weight of a load supported between said load-clamping arms and, automatically in response o
said weight, variably imiting a force by which said pair of damp arms are movable in unison

with each other along said common direction.

2. The control system of claim 1 wherein said control system is capable of variably limiting

said force hydraulically.

3. The control system of claim 1 wherein said control system is capahle of variably limiting
said force by limiting force applied by plural actuators to move said pair of clamp arms in

unison with each other along said commeon direction.

4, The control system of claim 3 wherein said control system is capable of variably limiting

said force hydraulically.

5. The control system of claim 1 wherein said control system is capable of variably limiting
said force by limiting force applied by a single actuator to move said pair of clamp arms in

unison with each other along said common direction.

6. The control system of claim 5 wherein said control system is capabile of variably limiting

said force hydraulically,

7. The control system of claim 1 wherein said control system is capahle of variably limiting
said force by imiting force applied by an actuator to move said pair of clamp arms in unison

with each other along a curved direction.

g. The control system of claim 7 wherein said control system is capable of variably limiting

said force hydraulically.
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