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(57) Abrégé/Abstract:

Different exemplary control systems for a hydraulically powered load-handling clamp, of the type usually mountable on industrial lift
trucks or automatically guided vehicles, are disclosed. The disclosed systems variably limit a hydraulic force, by which load-
clamping arms move a load substantially transversely, automatically depending on the weight of the load being moved, so as to
avoid excessive transverse force applied to fragile loads.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2018/052468 A1 | I0E 000 OO O

CA 03028648 2018-12-19

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P <
O remiation = 00T 02 O A
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 201 8/ 052468 Al

22 March 2018 (22.03.2018) WIPOIPCT

(51) International Patent Classification: HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
B25J 13/08 (2006.01) B66F 9/20 (2006.01) KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG,
B66F 9/18 (2006.01) B66F 9/22 (2006.01) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(21) International Application Number:
PCT/US2016/069365

(22) International Filing Date: (84) Designated States (unless otherwise indicated, for every

30 December 2016 (30.12.2016) kind of regional protection available): ARIPO (BW, GH,
(25) Filing Language: English GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(26) Publication Language: English TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(30) Priority Data: EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
15/267,694 16 September 2016 (16.09.2016) US MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(71) Applicant: CASCADE CORPORATION [US/US]; 2201 KM, ML, MR, NE, SN, TD, TG).

NE 201st Avenue, Fairview, OR 97024-9718 (US).

(72) Inventor: PETRONEK, David, W.; 14323 S.E. Nicholas  Published:
St., Boring, OR 97009 (US). —  with international search report (Art. 21(3))

(74) Agent: VILHAUER, Jacob, E. ct al.; Chernoff Vilhauer
McClung & Stenzel, LLP, 111 SW Columbia Street, Suite
725, Portland, OR 97201 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(54) Title: HYDRAULIC CLAMPING SYSTEMS HAVING LOAD SIDE-SHIFTING VARIABLY RESPONSIVE TO LOAD
WEIGHT

(57) Abstract: Different exemplary control systems for a hydraulically pow-
ered load-handling clamp, of the type usually mountable on industrial lift

' ] . trucks or automatically guided vehicles, are disclosed. The disclosed sys-
O 16 w g tems variably limit a hydraulic force, by which load-clamping arms move
9 & Wy ji: ™ a load substantially transversely, automatically depending on the weight of
[ L —1  the load being moved, so as to avoid excessive transverse force applied to
%/ " NEA T _ fragile loads.
14 ’—l I <
i g 148
60—
( I ¥ 7
i S 8 i i
3;‘2 SIDE
) i SHIFTING
CIRCUIT |58

68

L

50

HOIST

—~CIRCUIT

T 56

s i g2y, M pomn %y 1 /v

RN & o1 P LRSS

Wl TR, Tald &M‘ AL /T{J/vx‘

CLAMP & { SDESHFT [ 7 &5 HOIST 11 58
==
[

FIG. 1 Cf)m?z =

L
N B o M g 2] ]

29§



CA 03028648 2018-12-19

-1-

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

CROSS-REFERENCE TO RELATED APPLICATIONS
[ooo1] Not applicable.

BACKGROUND OF THE INVENTION

fooo2] Hydraulic load-handling clamp assemblies, of the type normalily mountable on lift
trucks and other industrial vehicles for manipulating and transporting loads, often have a pair
of transversely openabie and closable clamp arms powered 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 twa 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, theraby
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 &

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

[0003] 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 oad
clamiping forces applied by both clamp arms to the load in respective opposite directions, while
at the same time the side-shifting function requires side-shifting forcas applied by both clamp
arms in the same direction. The result is that the bidirectional clamping force is automatically
diminished by the simultaneous unidirectional side-shifting force, thereby enabling a clamped
{oad 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 fimited
hydraulic clamping force is already being applied to grip a fragile load to avoid overclamping
damage to the lpad, at the same time that the hydraulic side-shifting force is not being
sufficiently limited due to the clamp operator’s desire for rapid side-shifting.

fecod] 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

[oo0s] Fig. 1 is a hydraulic circuit diagram exemplifying a load-handling 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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[ooee] Fig. 2 is a hydraulic circuit 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.

[o0e7] Fig. 3 is a hydraulic dreuit 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 is a hydraulic drcuit diagram similar t© 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 PREFERRED EMBODIMENTS

[ooe9] Integral Embodiments

[soiel The hydraulic arrangement shown in Fig. 1 exemplifies a typical integral load clamping
circuit 9 for controlling a pair of clamp arms 18, 12 each laterally movabie selectively toward or
away from each other for selectively damping 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
glectrically controfled 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 sach 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 hydrautic fluid reservoir 29.

(o011l 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
16 and 12. During the clamp-opening process, hydrauiic fluld is exhausted from the pistons
26 and 28 and through lines 16 and 18, through a pilot-operated chack valve 40 openad by
prassure in line 32, and through line 14 and valve passageway 42 to exhaust line 27 and
hydraulic reservoir 29,

(80121 As also exemplified in the integral arrangement of Fig. 1, the clamp arms 18, 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 & 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 fluid under prassure 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 clamp 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 lzakage 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,

[eo13y] Conversely, upon activation of valve 44 to the left in the figure, pressurized hydrauiic
fiuid is simifarly 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 damping a load, the rightward
pressure on piston 28 can nevertheless cause clamping fluid in line 18 to be 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-operatad check valve 40 praserves the clamping pressure as

mentionad above.

[oo141 In Fig. 1, a ioad hoist valve 56, if moved to the left, selectively conducts hydraulic
load-lifting pressurized fluid from line 27 through valve passageway 58 and line 5% to one or
more ioad-heisting hydraulic cylinders such as 64, 62 which Eft the oad damp 10, 12.
Movement of the valve 56 to 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 ift” cylinder arrangements having

different piston diameters for extending sequentially.

[oe1s] The longstanding problem referred to in the foregoing Background of the Invention is
solved herein by ioad-weight responsive side-shifting systems exempiified by a side-shifting
force control circuit 68 shown in the various figures 1-4. The variable weights of the ioads
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, controlied 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 fines
48 or 5C as sensed between check valves 49 and 51, through line 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.

[ea16] Thus with a lower-weight load, where the clamping pressure can likewise be safely
lower, the side-shifting pressure in either of lines 48 or 50 is variably limited by the
automaticaily variable relief setting of the valve 70 in response to the variable weight of the
load, as sensed through lines 66 and 72, This sclves the problem, described previously in the
Background of the Invention, whereby, when reduced hydraulic clamping pressure is needed
for a lighter or more fragiie load, but the hydraulic side-shifting pressure is not automatically
limited by a side-shifting pressure-relief circult 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 to slip or fall from the clamp during side-
shifting.

[oo171 It should be recognized that the foregoing solution is intended to interfere only with
the unintended consequences of the clamp's side-shifting circuit, and is purposely prevented
from interfering with the clamping function of the load clamping circuit as controlled by clamp
valve 28. This separation of functions is accomplished by the pilot-operated chedk 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 applving pressure through line 32.

rooig} 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 & separate attachment to
the lift truck or other 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.

[poze}  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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[oo21] Fig. 4 shows a further exemplary alternative side-shifting circuit with g rotationally
reciprocating hydraulic motor 104 capable of performing 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
controf.

[eo22] The terms and expressions which have been employed in the foregoing specification
are used therein as ferms 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-handling applications. However, equivalent electrical actuators, and/or electrical
control systems, could alternatively be used in such lpad-handling applications to perform
similar funclions 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

covered by the claims which follow.



1. A control system comprising a load-handling clamp assembly having opposed load-
clamping arms movable laterally selectively toward and away from each other, and in unison
with each other along a common lateral direction, said control system comprising a side-shifting
force control circuit configured to decrease a side-shifting pressure progressively in response to
lower load weights, the side-shifting force control circuit containing a pressure relief valve that
opens to relieve the side-shifting pressure, and a sensor assembly capable of sensing a weight
of a load supported between said load-clamping arms and, automatically in response to said
weight, variably limiting a force by which said opposed load-clamping arms are movable laterally
selectively toward and away from each other, and alternatively in unison with each other, along

said common lateral 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 capable 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 common 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 capable of variably limiting

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

each other along a curved direction.

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

said force hydraulically.

CA 3028648 2019-10-22
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