/060065 A2 |V 000 0 0O

o

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
8 June 2006 (08.06.2006)

7 3
PO |0 000000 00 0 0O O A

(10) International Publication Number

WO 2006/060065 A2

(51) International Patent Classification:
AOID 85/00 (2006.01)

(21) International Application Number:
PCT/US2005/036978

(22) International Filing Date: 14 October 2005 (14.10.2005)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
11/000,783
11/187,619

30 November 2004 (30.11.2004)
22 July 2005 (22.07.2005)

Us
us

(71) Applicant (for all designated States except US): CAS-
CADE CORPORATION [US/US]; 2201 N.E. 201st Av-
enue, Fairview, OR 97024-9718 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): PRENTICE, Glenn
[US/US]; 113522 S.E. Nixson Avenue, Milwaukie, OR
97222 (US). ARMONY, Patrick, A. [US/US]; 6966
SW Aldercrest Court, Wilsonville, OR 97070 (US).
PETRONEK, David [US/US]; 14323 SE Nicholas Street,
Boring, OR 97009 (US).

(74) Agents: VILHAUER, Jocab, E. et al.; Chernoff, Vil-
hauer, McClung & Stenzel, LLP, 1600 ODS Tower, 601
SW Second Avenue, Portland, OR 97204-3157 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, 7ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: LIFT TRUCK LOAD HANDLER

SENSORS I’v81

i
i
78 ' 80
S 1 80a
)
B :—---& »»»»» 1
1 =84
----- g-<--:—--—»»——b [07\ -
! T
78a ! 80a
T
76a
62 76 82
§
76b 30
66 .
= 60
)
]
i
7 i . ' T L ]
!
LIFT TRUCK | LOAD HANDLER 24 32
1

(57) Abstract: A fork positioner, usable alternatively either as an attachment to an existing load-lifting carriage with forks, or as
part of the original equipment of a load-lifting carriage, has a pair of elongate hydraulic piston and cylinder assemblies mountable
& in an interconnected parallel relationship between an upper transverse fork-supporting member and a lower transverse member of
& the carriage. Each of a pair of fork-positioning guide members has a fork-engagement surface movable by a respective piston and
cylinder assembly and connectable thereto so that the fork-engaging surfaces face substantially perpendicularly away ftom an imag-
inary plane containing the respective longitudinal axes of the piston and cylinder assemblies. An exemplary carriage mounting the
fork positioner is also disclosed, together with a wireless hydraulic function control system for use with the fork positioner or other

multi-function load handlers.



WO 2006/060065 A2 II}1H1 Y N]VYH0 AT VKO 00 AT OO0 AR

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



WO 2006/060065 PCT/US2005/036978

10

15

20

25

30

LIFT TRUCK LOAD HANDLER

TECHNICAL FIELD

[0001] This invention relates to load handlers which mount on lift truck carriages.
In one aspect, the invention relates particularly to a load handler having a fork
positioner which can be attached to an existing lift truck carriage, or incorporated as
original equipment in a newly-manufactured carriage. In a separate aspect, the
invention relates to a wireless fluid power function selector for multifunction load
handlers of different types, which may include fork positioners, push-pull

attachments, load clamps or other types of load manipulators.

BACKGROUND ART

[0002] Fork positioners actuated by pairs of hydraulic cylinders, motor-driven
screws, or the like represent one type of load handler used extensively on fork-
supporting lift truck carriages. Most of these fork positioners are furnished as integral
components of a carriage, often in combination with a side-shifting function which
enables the carriage to be moved transversely so as to side-shift the forks in unison.
Some detachably-mountablé fork positioners have been provided in the past, such as
those shown in U.S. Patents 4,756,661, 4,902,190 and 6,672,823, to enable existing
lift truck carriages without fork-positioning capability to be provided with such
capability. However such detachably-mounted side-shifters have in the past increased
the dimensions of the lift truck carriage, either horizontally as shown in U.S. Patent
4,756,661 which reduces the load-carrying capacity of a counterbalanced lift truck by
moving the load forward, or vertically as shown in U.S. Patents 4,902,190 and
6,672,823 which impairs the lift truck operator’s visibility over the top of the carriage.

[0003]  Many types of load handlers have multiple separately-controllable fluid
power functions. Most of these functions require bidirectional, reversible actuation.
Examples of such load handlers include side-shifting fork positioners, side-shifting
push-pull attachments, side-shifting and/or rotational load clamps having either
parallel sliding clamp arms or pivoting clamp arms, and other types of fluid power-
actuated multi-function load handlers. Normally, the foregoing types of load handlers
are mounted on a load carriage which is selectively raised and lowered on a mast of
an industrial lift truck. Multiple fluid control valves are often provided in the lift
truck operator’s compartment- to separately regulate each of the multiple fluid power

functions of the load handler. In such cases, four or even six hydraulic lines must
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communicate between the lift truck and the load handler to operate the multiple
bidirectional functions. To avoid the necessity for more than two hydraulic lines, it
has long been common to provide only a single control valve in the operator’s
compartment connected to a single pair of hydraulic lines extending between the lift
truck and a multi-function load handler. In such case, one or more solenoid valves are
mounted on the load handler controlled by electrical wires routed between the lift
truck and the load handler so that the operator can electrically select which load
handler function will be actuated by the single pair of hydraulic lines. However,
routing the electrical wires over the lift truck mast to a vertically movable load
handler requires exposure of the wires and their connectors to significant hazards,
wear and deterioration, resulting in breakage, short-circuiting, corrosion and other
problems which require relatively frequent replacement and downtime. Moreover, lift
truck electrical systems range from twelve to ninety volts, requiring a variety of

special coils for the solenoid valves.

[0004] In other types of industrial work equipment, it has been known to control
one or more remote solenoid valves by means of a radio transmitter controlled by the
operator, which controls the solenoid valve(s) by sending signals to a remote receiver,
as shown for example in U.S. Patents 3,647,255, 3,768,367, 3,892,079, 4,381,872,
4,526,413, and 6,662,881. However, these control systems are generally not
compatible with the special requirements of lift truck-mounted load handlers with
respect to minimizing the size and electrical power demands of such systems, and
maximizing the safety thereof. For example, their lack of two-way wireless
communication between the transmitter and receiver limits the functionality,

reliability and safety of their working components.

DISCLOSURE OF THE INVENTION

[0005] In one aspect of the invention, a need exists for a highly-compact fork
positioner which does not require such increased dimensions, does not significantly
impair operator visibility, and is easy to mount on existing lift truck carriages or

newly-manufactured carriages.

[0006] In a completely separate aspect of the invention, a need exists for wireless
control systems for lift truck-mounted load handlers of different types, which systems
are especially adapted to satisfy the particular requirements of such load handlers and

the counterbalanced lift trucks upon which they are mounted.
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[0007] 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 DRAWINGS

[0008] FIG. 1 is a perspective view of an exemplary embodiment of a fork
positioner in accordance with the present invention, shown prior to mounting on a
load-lifting carriage.

[0009] FIG.2 is a front view of an exemplary side-shifting load-lifting carriage
mounting the fork positioner of FIG. 1.

[0010] FIG. 3 is a rear view of the carriage of FIG. 2.

[0011] FIG. 4 is a partially sectional side view of the carriage of FIG. 2, taken
along line 4-4,

[0012] FIG. 5 is an enlarged rear detail view of a center portion of the fork

positioner of FIG. 1 showing interior hydraulic conduits.

[0013] FIG. 6 is an enlarged rear detail view of a center portion of the fork

positioner of FIG. 1 showing other interior hydraulic conduits.

[0014] FIG. 7 is an enlarged rear detail view of a base portion of one of the piston

and cylinder assemblies of the fork positioner of FIG. 1.

[0015] FIG. 8 is a simplified schematic circuit diagram of an exemplary
embodiment of a wireless hydraulic control system for the side-shifting fork

positioner assembly shown in FIGS. 1-7.

[0016] FIG. 9 is a side view of a second load-handler embodiment showing an
exemplary side-shifting load push-pull assembly.

[0017] FIG. 10 is a simplified schematic circuit diagram of another exemplary
embodiment of a wireless hydraulic control system.

[0018] FIG. 11 is a side view of a third load-handler embodiment showing an

exemplary pivoted arm clamp with both rotational and lateral positioning control.

[0019] FIG. 12 is a simplified schematic circuit diagram of another exemplary
embodiment of a wireless hydraulic control system, adapted for the pivoted arm
clamp of FIG. 11.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0020] FIGS. 2-4 show an exemplary embodiment of a load-lifting carriage 10
mountable for vertical movement on the mast of an industrial lift truck (not shown).
The carriage 10 can be any of numerous different types, usually having an upper
transverse fork-supporting member such as 14 and a lower transverse member such as
16 mounting two or more load-lifting forks such as 18 by means of fork hooks 20, 21
(FIG. 4) slidably engaged for transverse movement by hook portions 14a and 16a,
respectively, of upper member 14 and lower member 16. The hook portions 14a and
16a may be integral parts of the upper member 14 and lower member 16 respectively
if the carriage 10 is of a simple standard type. Alternatively, the hook portions 14a
and 16a may be transversely movable relative to the remainder of the upper member
14 and lower member 16 on slide bushings such as 22, 23 (FIG. 4) under the control
of a bidirectional side-shifting hydraulic piston and cylinder assembly 24 interacting
between a side-shifting frame 25 containing the hook portions 14a, 16a, and the
remainder of the carriage 10. Such a side-shifting frame 25 enables the forks 18 to be

moved transversely in unison if desired.

[0021]  Asshown in FIG. 2, the upper hook portion 14a and lower hook portion
16a of the carriage 10 are joined by respective end members 26 of the frame 25 which
side-shift transversely in unison with the hook portions 14a, 16a and the forks 18.

Alternatively,-if the carriage 10 is not of the side-shifting type, such end members 26

can join the upper member 14 and lower member 16 of a standard carriage.

[0022] If the cafriage 10 is of the side-shifting type, its side-shifting piston and
cylinder assembly 24 is preferably located immediately beneath, rather than above,
the upper member 14 to maximize the operator’s visibility over the top of the carriage
when the carriage is {]owered, and to leave an open space between the side-shifting
piston and cylinder assembly 24 and the lower member 16 for enhanced operator

visibility through the center of the carriage.

[0023] It is often desirable that the carriage 10, whether or not of the side-shifting
type, be provided with a fork positioner for enabling the forks 18 to be selectively
moved toward or away from each other so as to adjust the transverse spacing between
them. To provide this function, a unique fork positioner indicated generally as 28 is
disclosed in FIG. 1. The fork positioner 28 may either be conveniently mounted to an

existing carriage 10 having no fork-positioning capability or, alternatively, included
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as part of a carriage 10 as originally manufactured. The fork positioner 28 includes a
pair of elongate, bidirectional hydraulic piston and cylinder assemblies 30 and 32
having respective longitudinal axes 30a, 32a (FIG. 1) and each having a respective
cylinder 30b, 32b with a respective base por/tion 30c, 32c at one end and a respective
rod end portion 30d, 32d at the other end from which a respective piston rod 30e, 32¢
is extensible along a respective axis 30a, 32a. A cylinder connector 34 is adapted to
threadably interconnect the rod end portion 30d of one cylinder rigidly to the rod end
portion 32d of the other cylinder so that the axes 30a and 32a are parallel to each
other. When the cylinders are interconnected in this manner, the piston rod 30e, 32e
of each of the pair of piston and cylinder assemblies is extensible into longitudinally-
overlapping relationship to the cylinder of the other piston and cylinder assembly as

shown in FIG. 1.

[0024] A pair of fork-positioning guide members 36, 38 each connects to a
respective piston rod 30e, 32e by means of a respective rod connector 36a, 38a

(FIG. 3) while also slidably and guidably engaging the respective cylinder 32b, 30b of
the opposite piston and cylinder assembly by a respective slide bushing 36b, 38b.

This arrangement enables a recessed fork-engagement surface 36c, 38c (FIG. 1) of

each respective guide member to face away from the respective longitudinal axes 30a,

*32a of the piston and cylinder assemblies in a forward direction substantially

perpendicular to an imaginary plane 40 (FIG. 4) containing both of the longitudinal
axes 30a and 32a. When the fork positioner 28 is mounted on the carriage 10, the
plane 40 also interconnects the upper transverse member 14 and lower transverse
member 16 since the piston and cylinder assemblies 30 and 32 are inserted between

the members 14 and 16.

[0025] When the fork positioner 28 has been mounted to the carriage in an
inserted position between the upper member 14 and the lower member 16 as shown in
the figures, the piston and cylinder assemblies 30 and 32 can move the guide
members 36 and 38 selectively toward and away from each other. Fork positioning
force is applied by the guide members 36, 38 to the sides of the respective forks 18 in
a substantially direct, nonbinding fashion so that the forks slide easily toward and
away from each other along the upper transverse fork-supporting member 14. To
maximize this nonbinding force transmission, the fork-engaging surfaces 36b, 38b are

preferably vertically coextensive with at least a major portion of the distance
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separating the respective longitudinal axes 30, 32a of the piston and cylinder

assemblies.

[0026] In order to provide easy mounting of the fork positioner on the carriage 10
in its inserted position between the upper member 14 and lower member 16, the
piston and cylinder assemblies 30 and 32 are preferably mountable on the carriage 10
while interconnected with each other as a unit, for example by the cylinder connector
34 and/or the fork-positioning guide members 36, 38. This unitized insertable fork
positioner package requires no unitizing framework other than the piston and cylinder
assemblies themselves and, if desired, also the fork-positioning guide members. The
resultant rigid, essentially frameless fork positioner unit is thus so compact that it can
be mounted in its inserted position centrally on the carriage 10 without significantly
impairing the operator’s visibility, or éltering the dimensions of the carriage 10 in a
way that would push the load forwardly and thereby reduce the load-carrying capacity
of the lift truck. Moreover, mounting of the fork positioner on the carriage is greatly
simplified by the unitized nature of the fork positioner, and by the fact that only the
piston and cylinder assemblies 30, 32 must be supportably connected to the carriage
10 since the fork-positioning guide members 36, 38 are supportable by the piston and
cylinder assemblies 30, 32 independently of any engagement by either guide member
with a fork 18.

[0027] One possible easy mounting arrangement for the piston and cylinder
assemblies 30 and 32 is to connect the respective base portions 30c, 32c¢ of the
cylinders to respective end members 26 of the caﬁiage 10 by screws 39 as shown in
the drawings or by any other convenient means. If an existing carriage 10 has no such
end members, they can easily be added to the carriage as part of the assembly process.
Alternatively, the piston and cylinder assemblies 30a, 32a could be more centrally
mounted to the carriage 10 by one or more brackets attached to the carriage upper
member 14 or 14a in a manner which does not significantly impair operator visibility

through the center of the carriage.

[0028] Preferably, the cylinder connector 34 includes one or more hydraulic fluid
line connectors 42, 44, 46, 48 communicating with the interiors of the respective
cylinders 30b, 32b. For example, one such connector 44 (FIG. 5) can introduce
pressurized fluid simultaneously to the rod end portions 30d, 32d of the cylinders

through internal spiral conduits 50 to retract the piston rods 30e, 32e simultaneously,
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while another connector 42 (FIG. 6) communicating with interior conduits 54 and
exterior conduits 52 can exhaust hydraulic fluid simultaneously from the base
portions 30c, 32c of the cylinders. Respective conventional flow equalizer valves
such as 56 (FIG. 7) in each base portion 30c, 32¢ achieve uniform movement of the
piston rods. An operator control valve (not shown) can reverse the flows of
pressurized fluid and exhaust fluid through connectors 42 and 44 respectively to

similarly extend the piston rods.

[0029] Although the preferred form of the fork positioner utilizes piston and
cylinder assemblies wherein each cylinder 30b, 32b is connected to the carriage 10 so
as to prevent the cylinder’s longitudinal movement relative to the carriage, a reversed
structure wherein piston rods are connected to the carriage so that their cylinders can
move the fork-positioning guide members would also be within the scope of the

invention.

[0030] FIG. 8 is a schematic circuit diagram of an exemplary wireless hydraulic
control system which may optionally be used for the side-shifting fork-positioner
assembly 10, 28 shown in FIGS. 1-7. However a system of this type would also be
applicable to a side-shifting load clamp, especially one having parallel sliding clamp

arms.

[0031] If it is desired to have only a single pair of hydraulic lines 60, 62, and no
electrical wires, extending between the lift truck and the load handler 10, 28 of FIGS.
1-7, a hydraulic circuit such as that shown in FIG. 8 will enable the lift truck operator
to control the side-shifting function and fork-positioning function separately, utilizing
a single control valve 64 on the truck body having a handle 64a upon which an
electrical switch 64b is mounted in the position indicated at 64¢c. The single pair of
hydraulic lines 60 and 62 communicate between the lift truck body and the vertically-
movable load handler 10, 28 by extending over the lift truck’s mast 66, employing a
line take up device such as a conventional hose reel to accommodate the variable
vertical positions of the load handler relative to the lift truck body.

[0032] In the circuit of FIG. 8, the lift truck’s engine-driven hydraulic pump 68
pumps hydraulic fluid under pressure from a reservoir 70 through a line 72 to the
operator’s control valve 64. A relief valve 74 provides protection against excessive
pressure in line 72. If the operator manually moves the spool of the valve 64

downwardly from its centered position as seen in FIG. 8, pressurized fluid from line
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72 is conducted through line 62 to a solenoid-operated hydraulic selector valve
assembly 76 of the load handler. The spool of valve 76 is spring-biased upwardly as
seen in FIG. 8, such that the fluid in line 62 operates a first hydraulic actuator and
function wherein the fluid is conducted to one end of the side-shifting piston and
cylinder assembly 24, causing the piston to shift toward the left as seen in FIG. 8
while fluid is simultaneously exhausted through line 60 and valve 64 to the reservoir
70. Alternatively, if the operator wishes to side-shift in the opposite direction, he
manually moves the spool of the valve 64 upwardly as seen in FIG. 8, which conducts
pressurized fluid from line 72 to line 60, shifting the piston in the opposite direction

while exhausting fluid through line 62 and valve 64 to the reservoir 70.

[0033] If, instead of actuating the side-shifting piston and cylinder assembly 24 in
one direction or the other, the operator wishes to operate a second hydraulic actuator
in the form of fork-positioning cylinders 30 and 32, he controls this second function
of the load handler using the same valve 64 while simultaneously manually closing
switch 64b, such as by a push button at the location 64¢ on the handle 64a. Closure of
the switch 64b causes a radio transceiver 78 on the lift truck body to transmit a radio

signal 78a to a transceiver 80 located on the load handler 10, 28.

Both transceivers 78 and 80 are programmable to employ any one of thousands of
unique matched identity codes, and to transmit these unique codes to each other
bidirectionally as radio signals 78a and 80a, respectively, in a conventional “hand
shaking” procedure whereby each transceiver authenticates the identity of the other
before enabling transceiver 80 to respond to actuating commands from transceiver 78.
Preferably the two transceivers are produced with matched identity codes at the
factory. However, in subsequent use it may become necessary to match the identities
of two previously unmatched transceivers in the field due to the substitution of a
different load handler or transceiver. The transceivers are therefore easily
reprogrammable in a conventional manner to enable the user to synchronize the
respective identity codes so that the transceivers can interact responsively with each

other.

[0034] Assuming that the transceivers 78 and 80 have synchronized identity
codes, the transceiver 80 will respond to the radio signal 78a initiated by the
operator’s closure of switch 64b by closing a solenoid activation switch 80a, thereby

energizing solenoid 76a of function-selector valve 76 and moving its valve spool
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downwardly as seen in FIG. 8 against the force of spring 76b. This movement of the
valve 76 places a hydraulic line 82 into communication with line 62. If the operator
has moved the spool of valve 64 downwardly, line 82 causes retraction of the fork-
positioning piston and cylinder assemblies 30 and 32 by receiving pressurized fluid

5  from line 62, thereby causing fluid to be exhausted from the piston and cylinder
assemblies 30 and 32 through line 60 and valve 64 to the reservoir 70. Such
retraction of the piston and cylinder assemblies 30 and 32 narrows the separation
between the forks of the fork-positioning load handler 10, 28. Conversely, the
operator’s upward movement of the spool of valve 64 while closing switch 64b

10 conducts pressurized fluid through line 60 to extend the piston and cylinder

assemblies 30 and 32 to widen the separation between the forks, while fluid is

exhausted through line 82, valve 76, line 62 and valve 64 to the reservoir 70.

[0035] Since the battery 84 is independent of the lift truck electrical system, the
battery, solenoid coil and other control system components can be standardized to a
15  single, uniform voltage, such as twelve volts, for any type of lift truck, regardless of

its electrical system.

[0036] Preferably, solenoid valve 76, transceiver 80, and their independent battery
power source 84 are highly compact units mountable in the limited space available
within the load handler. Minimizing the size of these components minimizes the fore
20  and aft horizontal dimensions of the load handler, thereby maximizing the load-
carrying capacity of the counterbalanced lift truck upon which it is mounted by
keeping the center of gravity of the load as far rearward as is possible. For example,
these components can be mounted as a module on the top of the lower transverse
member 16a of the carriage 10 so as to be side-shiftable, without increasing the fore

25 and aft horizontal dimensions of the carriage.

[0037] The size of the solenoid valve 76 is minimized in the exemplary circuit of
FIG. 8 by requiring the valve to conduct only the flow to and from line 62, and not
line 60 which bypasses the valve 76 even though it exercises as much control over the
movements of fork-positioning cylinders 30 and 32 as does line 62. Minimizing the

30 volumetric flow capacity of valve 76 in this manner not only minimizes its size, but
also minimizes the power consumption of solenoid 76a, which in turn minimizes the
size requirements for the independent battery 84 mounted on the load handler by

limiting its energy storage requirement.
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[0038] The safety of the control system is maximized in one or more of three
different ways. First, the use of the pair of transceivers, which can transmit their
identity codes to each other to authenticate each other’s identity, guards against the
possibility that stray radio signals from an unauthorized transmitter, perhaps on a
nearby second lift truck, might erroneously actuate the solenoid valve 76 of the lift
truck and cause the inadvertent actuation of an unintended hydraulic function such as
movement of the fork-positioning cylinders while a load is supported or, more
dangerous, opening of clamp arms while supporting a load. Second, the provision of
two-way communication between the pair of transceivers enables an improperly-
functioning actuator, valve or other component, or any other unsafe condition, to be
identified by one or more sensors 81 (FIG. 8) mounted on the load handler and
powered by the battery 84, and transmitted wirelessly by transceiver 80 to transceiver
78 and then to a central processor on the lift truck for automatic corrective action, or
interruption of any action, as appropriate. The third way in which the control system
maximizes safety is to make the solenoid valve 76 spring biased to a normal, or
“default,” position which causes actuation of the particular hydraulic function least
likely to create a hazard if the function were inadvertently actuated (in this case the
side-shifting cylinder 24).

[0039] FIG. 9 shows an alternative type of load handler which can likewise be
controlled by the wireless control system of FIG. 8 or, more preferably, by the
wireless control system of FIG. 10. FIG. 9 shows a conventional push-pull type of
load handler 100 having a side-shifting carriage 102 movable transversely by a side-
shifting piston and cylinder assembly 124 as a first hydraulic function. A second
hydraulic function is provided by a pair of large piston and cylinder assemblies 130
which selectively extend and retract a parallelogram-type linkage 132 which in turn
selectively pushes a load-engaging frame 134 forwardly and retracts it rearwardly. A
hydraulically-actuated slip sheet clamp 136, 138 is hydraulically synchronized with
the cylinder assemblies 130 so that a load supported by a slip sheet can be pulled

rearwardly onto a supporting platen or forks 140.

[0040] An exemplary wireless control circuit shown in FIG. 10, similar in many
respects to the circuit of FIG. 8, is adapted to operate the push-pull load handler of
FIG. 9. The principal difference between the circuit of FIG. 10 and the circuit of FIG.

8, other than the directions of extension of the piston and cylinder assemblies 130, is
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the transformation of the solenoid valve 176 from a primary flow selector valve to a
pilot pressure control valve, which in turn controls a pilot pressure-operated primary
flow selector control valve 190. The two valves cooperate together to form a
solenoid-operated hydraulic selector valve assembly corresponding to the valve
assembly 76 of FIG. 8. With both valve 176 and valve 190 in their spring-biased
“default” positions, the operator can control the side-shifting piston and cylinder
assembly 124 by movement of his manual control valve 164 without closure of switch
164b due to the communication of the side-shifting piston and cylinder assembly 124
with conduits 162 and 160, in the same manner described with respect to FIG. 8.
However, when the operator closes switch 164b when moving the valve 164 in one
direction or the other, the solenoid 176a is actuated in the manner previously
described, thereby moving the §pool of valve 176 downward so that pilot line 192 is
exposed to the pressure in either line 162 or line 160 (depending upon which direction
valve 164 has moved) through shuttle valve 194, This provides a low-volume
pressurized pilot flow through valve 176 and line 192 to the pressure actuator 190a of
the valve 190, moving its spool downwardly against spring 190b and enabling push-
pull cylinders 130 to communicate through line 182 and valve 190 with line 162.
Depending upon which direction the operator has moved valve 164, push-pull
cylinders will be extended or retracted due to the receipt and exhaust of fluid through
the appropriate lines 182 and 160. The principal benefit of this arrangement is that
the solenoid 176a does not demand a high-energy drain from the independent battery
power source 184 because the valve 176 is merely a small low-flow pilot valve. The
relatively large volumetric flow rates required by the large cylinders 130 are satisfied

by the larger pilot-operated valve 190, which does not itself require battery power.

[0041]  The pilot-controlled feature of FIG. 10 would also be preferable in the
circuit of FIG. 8 if such circuit, instead of controlling low-volume fork-positioning
cylinders 30 and 32, controlled a pair of larger cylinders for closing and opening

parallel sliding clamp arms, because of their higher volumetric flow requirements.

[0042] Pivoted arm clamps, such as the load handler 200 shown mounted on a lift
truck mast 266 in FIG. 11, could also benefit from a pilot-operated wireless control
system similar to that of FIG. 10. Pivoted arm clamps usually have a first hydraulic
function in the form of a rotator 223 which rotates the clamp bidirectionally about a

longitudinal axis in response to a bidirectional hydraulic motor 224. A second
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hydraulic function is a large pair of piston and cylinder assemblies 230 which clamp
and unclamp cylindrical objects such as large paper rolls. In some of these clamps,
the clamp arm not actuated by the cylinders 230 is fixed, while in other clamps it is
separately movable for transverse load-positioning purposes by yet another pair of

piston and cylinder assemblies 231 which create a third hydraulic function.

[0043] FIG. 12 depicts a pilot-operated exemplary circuit, operationally the same
as that of FIG. 10, for wireless control of a two-function pivoted arm clamp having a
rotator motor 224 and the pair of clamping cylinders 230 shown in FIG. 11. If a third
hydraulic function, such as that of cylinders 231, were also included, a second pilot-
operated valve assembly similar to the combination of valves 276 and 290 would be
provided for control of piston and cylinder assemblies 231, together with a second
pair of transceivers such as 278 and 280, and a second operator-controlled electrical
switch 264b.

[0044] Although wireless communication by radio signals is preferred for all of
the embodiments of the control system, wireless communication by optical, sonic or

other wireless means is also within the scope of the invention.

[0045] Moreover, although the transmitting function of the transceiver 80 has
been described principally with respect to safety-related signals, other types of
wireless signals can alternatively be transmitted from the transceiver 80, or other
transmitter mounted on the load handler, to the transceiver 78 or other receiver
mounted on the lift truck. For example, these signals could relate in other ways to
manual or automatic control by the lift truck of one or more hydraulic actuators on the
load handler, in response to measurements by one or more mechanical, optical or
ultrasonic sensors 81 (FIG. 8), indicating: (1) dimensions, shape, presence or position
of the load to synchronize or otherwise control extension or retraction of an actuator;
or (2) load weight or slip to control the load-clamping force of an actuator; or (3)
actuator pressure, position or diagnostics for actuator control by feedback or for
actuator or sensor disablement for electrical power conservation purposes. These
signals could be received by the operator, or by a central processor on the lift truck

which provides automatic control in response to the signals.

[0046]  The terms and expressions which have been 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 excluding equivalents of the
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features shown and described or portions thereof, it being recognized that the scope of

the invention is defined and limited only by the claims which follow.
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CLAIM(S)

I claim:

1. A load handler mountable moveably on a mast of an industrial lift

truck, said load handler comprising:
5 (a) at least a first hydraulic actuator capable of performing a first
function, and a second hydraulic actuator capable of performing a second function;
()  areceiver mounted on said load handler capable of receiving a
first wireless signal transmission from a transmitter on said lift truck;
(©) a solenoid-operated hydraulic selector valve assembly mounted
10 on said load handler capable of moving between a first position adapted to control
said first hydraulic actuator and a second position adapted to control said second
hydraulic actuator in response to receipt of said first wireless signal transmission by
said receiver; and
(d) a transmitter mounted on said load handler capable of
15 generating a second wireless signal transmission, adapted for controlling at least one
of said hydraulic actuators, to a receiver on said lift truck for establishing two-way
wireless communication between said load handler and said lift truck.

2. The load handler of claim 1 wherein said selector valve assembly is
spring biased to one of said first and second positions.

20 3. The load handler of claim 2 wherein said selector valve assembly is
spring biased toward a position adapted to control a load side shifter.

4, The load handler of claim 2 wherein said selector valve assembly is
spring biased to a position adapted to control a load rotator.

5. The load handler of claim 1 wherein said second wireless signal

25 transmission is adapted to uniquely identify said receiver.

6. The load handler of claim 1 whergin said second wireless signal is
adapted to control at least one of said hydraulic actuators in response to a sensor
mounted on said load handler.

7. A load handler mountable moveably on a mast of an industrial lift

30 truck, said load handler comprising:
(a) at least a first hydraulic actuator capable of performing a first

function, and a second hydraulic actuator capable of performing a second function;
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(b)  areceiver mounted on said load handler capable of receiving a
wireless signal transmission;

(c) a solenoid-operated hydraulic selector valve assembly mounted
on said load handler capable of moving between a first position adapted to control
said first hydraulic actuator and a second position adapted to control said second
hydraulic actuator in response to said receipt of said wireless signal transmission by
said receiver; and

(d)  said solenoid-operated hydraulic selector valve assembly being
spring biased to a position adapted to control a load side shifter.

8. A load handler mountable moveably on a mast of an industrial lift
truck, said load handler comprising:

(a) at least a first hydraulic actuator capable of performing a first
function, and a second hydraulic actuator capable of performing a second function;

(b) a receiver mounted on said load handler capable of receiving a
wireless signal transmission;

(©) a solenoid-operated hydraulic selector valve assembly mounted
on said load handler capable of moving between a first position adapted to control
said first hydraulic actuator and a second position adapted to control said second
hydraulic actuator in response to said receipt of said wireless signal transmission by
said receiver; and

(d) said solenoid-operated hydraulic selector valve assembly being
spring biased to a position adapted to control a load rotator.

9. A load handler mountable moveably on a mast of an industrial lift
truck, said load handler comprising:

(a) at least a first hydraulic actuator capable of performing a first
function, and a second hydraulic actuator capable of performing a second function;

b) a receiver mounted on said load handler capable of receiving a
wireless signal transmission;

(©) a solenoid-operated hydraulic selector valve assembly mounted
on said load handler capable of moving between a first position adapted to control
said first hydraulic actuator and a second position adapted to control said second
hydraulic actuator in response to said receipt of said wireless signal transmission by

said receiver; and
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@) said first hydraulic actuator being bidirectional and receiving
and exhausting fluid through a first pair of conduits, and said second hydraulic
actuator being bidirectional and receiving and exhausting fluid through a second pair
of conduits, said selector valve assembly controlling said first hydraulic actuator by
controlling fluid flow through one of said first pair of conduits, and controlling said
second hydraulic actuator by controlling fluid flow through one of said second pair of
conduits, the other of each of said first pair and second pair of conduits being
connected to each other so that fluid flows therethrough so as to bypass said selector
valve assembly.

10.  The load handler of claim 9 including a battery mounted on said load
handler for powering said receiver and said selector valve assembly.

11. A load handler mountable moveably on a mast of an industrial lift
truck, said load handler comprising:

(a) at least a first hydraulic actuator capable of performing a first
function, and a second hydraulic actuator capable of performing a second function,

(b) a receiver mounted on said load handler capable of receiving a
wireless signal transmission;

(©) a solenoid-operated hydraulic selector valve assembly mounted
on said load handler capable of moving between a first position adapted to control
said first hydraulic actuator and a second position adapted to control said second
hydraulic actuator in response to said receipt of said wireless signal transmission by
said receiver; and

(d) said selector valve assembly comprising a solenoid-operated
pilot pressure control valve capable of moving between a first position adapted to feed
fluid at a pilot pressure, and a second position adapted to prevent feeding of said fluid
at said pilot pressure, depending on receipt of said wireless signal transmission by
said receiver, and further including a pilot pressure-operated selector valve capable of
moving between a first position adapted to control said first hydraulic actuator and a
second position adapted to control said second hydraulic actuator in response to
control of said pilot pressure by said pilot pressure control valve.

12.  The load handler of claim 11 including a battery mounted on said load

handler for powering said receiver and said pilot pressure control valve.
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13. A load handler mountable moveably on a mast of an industrial lift
truck, said load handler comprising:
(a) a least one hydraulic actuator capable of performing a function;
(b)  areceiver mounted on said load handler capable of receiving a
5 wireless signal transmission; and
(©) a solenoid-operated hydraulic valve assembly mounted on said
load handler capable of variably controlling said hydraulic actuator in response to

receipt of said wireless signal transmission by said receiver.
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