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3,372,822
LOAD HANDLING APPARATUS WITH
VACUUM ATTACHING MEANS
Harry ¥. Weinert, Portland, Oreg., assignor to Cascade

Corporation, Portland, Oreg., a corporation of Oregon
Continuation-in-part of application Ser. No. 285,015,

Feb, 12, 1963. This application May 27, 1565, Ser.

No. 462,785

8 Claims, (Cl, 214—656)

This application is a continuation in part of an appli-
cation entitled “Vacuum-Operated Load-Handling Ap-
paratus,” having Ser. No. 258,015, filed Feb. 12, 1963,
now abandoned.

The invention relates to load-handling apparatus, and
more particularly to load-handling apparatus including
vacuum-attaching means for attaching onto a load to
facilitate moving of the load. The invention has par-
ticular advantages in connection with an industrial vehicle,
such as a Hift truck equipped with load-lifting structure
for carrying loads transported by the truck.

Vacuum-attaching means in load-handling mechanisms
have advantages over other types of load-handling sys-
tems. They are relatively compact, light, and can grip
2 load with less likelihood of damaging it than mechani-
cal loading-handling systems equipped with opposed
clamping arms. It is this latter feature which has made de-
vices with vacuum-attaching means particularly advan-
tageous in the handling of goods which can be damaged in
fransport. Cne type of article which has been traditionally
handled by means of clamping. arms comprises rolls of
paper, i.e., newsprint, kraft paper, etc. Frequently in han-
dling such a roll, a substantial portion of the roli is dam-
aged thus causing considerable economic loss.

The invention is described below in connection with
apparatus for lifting and transporting paper rolls and. the
like, although it shounld be understood that by so describ-
ing the invention it is not intended to be limited to paper
rolls as certain features have more general application.

A general object of this invention is to provide im-
proved load-handling apparatus, with vacuum-attaching
means characterized by reliability, simplicity in construc-
tion and handling ease. Reliability in a vacuum system
is, of course, extremely important. In moving heavy loads
with a lift truck, for example, should the vacuum sud-
denly be interrupted; air leakage through the load and
around the means gripping the load could cause the load
to be suddenly dropped and endanger personnel and
equipment. For a mobile unit such as a truck some form
of motor device must be provided to supply the power
preducing the necessary vacuum, and failure in the opera-
tion of this motor device is a major cause of concern in
connection with reliable operation.

According to this invention, loading-handling appara-
tus is contemplated including vacuum-attaching means
for attaching to a load wherein a vacuom for operating
said vacuum-attaching means is supplied from a vacuum
producer powered by a compressed gas. In one modifica-
tion of the invention, such a vacuum producer is relied
upon to supply the vacuum for the vacuum-attaching
means only when, by reason of some malfunctioning, the
regular source of vacuum- for the vacuum-attaching
means is cut off. In another modification of the inven-
tion such a vacuum proudcer is relied upon to pro-
vide the vacuum during all operating periods,

In load-handling apparatus with vacuum-attaching
means, as already indicated it is usual to provide some
form of motor device which on operation supplies the
power necessary to produce a vacuum. Such a motor de-
vice may be utilized to power a compressor producing
compressed air, and the compressed air may be employed
to actuate a vacuum producer, With this organization, and
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by including a standby tank for storing a volume of com-
pressed air, a vacuum may be maintained in the vacuum-
attaching means over a sustained period of time should
there be some failure in the motor device and it stops
operation. Thus, auxiliary mechanical devices that for-
merly have been relied mpon to jnsure reliable opera-
tion may be dispensed with, such as a standby compres-
Sor, vacuum pump, etc. In this connection, it should be
pointed out that by storing air under pressure consider-
able more energy may be stored in a tank of given size
than can be stored by evacuating the tank, where atmos-
pheric pressure limits to about 15 pounds the maximum
pressure difference obtainable between regions inside and
outside the tank. ‘

In vacuum apparatus, frictional resistance to flow in
a vacuum line is a significant factor because of the rela-
tively low level of atmospheric pressure. Thus, in vacuum-
handling systems any vacuum lines present should pref-
erably have relatively large diameters and be as short
as possible, in order to reduce to a minimum inefficiencies
due to frictional losses. This invention has for another of
its objects the provision of an industrial vehicle with
vacuum-attaching means for lifting a lcad, where the
means that actually produces the required vacuum for

5 such vacuum-attaching means is directly adjacent the at-

taching means, whereby the length of any vacuum conduit
necessary may be reduced to a minimum.

In another modification of this invention it is contem-
plated that an ordinary motor-driven vacuum producer
such as a motor-driven vacuum pump may be utilized
to provide the vacuum normally relied upon to operate
the vacuum-attaching means. To obtain sustained opera-
tion in the vacuum-attaching means in the event that the
normal vacuum supply is cut off, a tank or other reservoir
of compressed gas such as nitrogen is
provided and the contents of this tank operates an ejector
to produce a reserve vacuum supply. The tank and ejec-
tor preferably are mounted directly adjacent the vacuum-
attaching means. This type of mounting minimizes the
chance of any malfunctioning in the means providing
the reserve vacuum supply. .

Amnother object of the invention is to provide vacuum-
handling apparatus for an industrial vehicle, which in-
cludes vacuum-attaching means for attaching to a load,
a device for producing the vacuum necessary to actuate
such vacuum-attaching means, and a governor control-
ling operating periods of said device, whereby the device
operates intermittently, with the frequency of operation
determined by the amount of air leakage occurring in the
system. In a specific embodiment of the invention, an
audible signal inherent in the operation of the device in-
dicates when proper attachment has been made to a load.

A further object is to provide, in an industrial vehicle,
including a truck and load-lifting structire mounted on
the truck, the combination of vacuum-attaching means
mounted on the load-lifting structure for attaching to a
load, means for converting the energy contained in a
supply of compressed air into a source of subatmospheric
pressure, and means mounted on the truck  portion of
the vehicle, including an air compressor for supplying
air under pressure to the means converting the energy
of compressed. air into a source of subatmospheric pres-
sure.

Other features, -cbjects and advantages of the inven-
tion will become more fully apparent as the following de-
scription is read in conjunction with the ‘accompanying
drawings, wherein:

FIG. 1 illustrates an industrial vehicle as contemplated
herein, with vacuum-attaching means for attaching to a
load;

FIG. 2 is an enlarged view of the vacuum-attaching
means shown for the vehicle in FIG, 1;
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FIG. 3 is a front view of the vacuum-attaching means
illustrated in FIG. 2;

FIG. 4 is a schematic view illustrating means (accord-
ing to one modification of the invention) provided for
producing the vacuum necessary to operaie the vacuum-
attaching means in the vehicle;

FIG. 5 illustrates, on an enlarged scale, an ejector pres-
ent in the construction;

TIG. 6 illustrates a vacuum-attaching means for at-
taching to a load, according to another modification of
the invention;

FIG. 7 is a schematic view illustrating a modified form
of means that may be provided for producing the vacuum
necessary to operate the vacuum-attaching means; and

TIG. 8 illustrates yet another modification of the in-
vention, wherein, a vacuum-attaching means for attach-
ing to a load is supplied with a vacuum during regular
periods of operation from a motor-driven vacuum pump,
and a vacuum producer powered by compressed gas is
included to provide a reserve source of vacuurm.

Referring now to the drawings, and first of all more
particularly to FIG. 1, 19 indicates generally an indus-
trial vehicle, including a motor-driven truck 12, and load-
lifting structure 14 mounted on the forward end of truck
12. Truck 12 may be conventional in consiruction, As
shown, the truck includes the usual front and rear lateral
support wheels 16 and 18, respectively, and a motor (not
shown) within housing structure 20 of the truck and op-
eratively connected to the wheels to drive the wheels. At
21 there is illustrated the usual operator’s seat. A steering
wheel assembly is indicated at 22, and in front of wheel
assembly 22 is a control panel 24, upon which are mounted
the usual gauges and control devices for the vehicle.

Load-lifting structure 14 at the front of the truck com-
prises the usual vertically movably extensible parts of an
extensible mast assembly 26, with the usnal vertically
movable carriage 28 or load-handling component mounted
on the extensible parts of the mast assembly for vertical
movement therealong. Not shown, but also provided in
the vehicle is the usual power-operated means for ex-
tending the mast assembly and for shifting carriage 28
up and down thereon.

With reference now to FIGS. 2 and 3, mounted on car-
riage 28, and carried forwardly thereof, is a rotator indi-
cated at 30, a backing plate 32 fastened to rectator 30,
and a mounting 34 secured to the front of backing plate
32. Rotator 30 may take conventional form and includes
means (not shown) within the structure whereby the rota-
tor may be Tevolved or rotated about a horizontal axis €x-
tending substantially along the longitudinal midline of
the truck. With rotation of the rotator, the backing
plate and mounting 34 are also rotated about the same
axis. Mounted on mounting 34, and described in more
detail hereinbelow, is a vacuum-attaching means 36 for
attaching onto a load. With rotation of the rotator,
vacuum-attaching means 36 is also revolved, and thus the
rotator may be used to invert, or set on its side, any paper
roll or the like to which the vacuum-attaching means is
attached.

According to one modification of this invention, flnid,
more specifically air pressure-operated means, is con-
templated for producing the vacuum necessary to actuate
vacuum-attaching means 36, and a feature of the inven-
tion is that such air pressure-operated means for
producing the vacuum is mounted directly adjacent
vacuum-attaching means 36. A construction is further
contemplated whereby the means producing a vacuum
is capable of producing sustained attachment with a load,
even in the event of motor failure in the truck. These
and. related features of the invention will now be de-
scribed.

Referring again to FIG. 1, mounted on truck 12, and
to the rear of operator’s seat 21, is a receiver or tank 49
for holding a supply of compressed air. Also mounted
on truck 12 is an air compressor, portions of which are
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shown at 42. The air compressor is operatively connected
to the motor of the truck, and driven thereby. Connect-
ing the compressor and tank 48 is a conduit 44, which
delivers air compressed by the compressor to tank 40.

With actuation of vacuum-attaching means 36, com-
pressed air travels through valves and conduits within
a control box 46 (to be described below), and thence
through a pressure hose 48, to the axial center of rotat-
able reel device 5@ including a spool which is mounted
on mast assembly 26. A pressure hose 52 is wound about
the spool of reel device 56. Referring to FIGS. 1 and 4,
hose 52 is connected at one end to hose 48, through a
rotary coupling in the reel device (shown diagrammatical-
ly in FIG. 4 at 33), and has its other end connected to
a swivel fitting 54 mounted on carriage 28. Fitting 54
connects hose 52, through a rotary coupling interposed
between rotator 38 and the carriage (shown diagram-
matically in FIG. 4 at 56), and conduits §7, 59 with an
air-operated ejector 58, mounted on mounting 34 direct-
ly adjacent vacuwm-attaching means 36 (see FIG. 3).

With reference now to FiG. 5, ejector 53, which may
be conventional in construction, comprises a housing 60
provided with a passage 62 extending along the length
thereof, such passage being constricted at 62a. Interposed
between the connection of conduit or hose 59 with the
housing, and constricted portion 624, is a nozzle 64, which
is operable to produce a high-velocity air stream at its
tip 66. Projecting out to one side of housing 60 is a pipe
section 63.

The ejector works on the Venturi principle, and pro-
duces subatmospheric pressure, or a vacuum, in the vi-
cinity of greatest air flow, which is adjacent tip 66 of
nozzle 64. In the invention, the ejector constitutes a con-
vertor, and is operable to convert the energy contained
in a mass of compressed air into a subatmospheric pres-
sure or vacuum source. The ejector is also referred to
herein as a pressure fluid or air pressure-operated means
for producing a vacuum, and it is important to note that
such vacuum-producing means is located in the load-lift-
ing structure directly adjacent attaching means 36.

As best illustrated in FIG. 3, vacuum-attaching means
36 comprises a pair of flexible plates 76, pivotally
mounted through pivot connections 71 on mounting 34.
The plates are curved, so as to conform approximately
to the outside of a paper roll. Along the margins of each
plate, a seal 76 is provided, for producing a substantially
air-tight seal with the outside of a paper roll. Each plate,
within the area bounded by its seal 76, is provided with
an opening 78, through which air is evacuated, when ac-
tuating attaching means 3§. Openings 78 are connected,
through conduits 79, 86, 81 (see FIG. 4), to pipe sec-
tion &8, which, with the ejector operating, constitutes a
vacuum outlet or connection.

Pressure fluid-operated means is provided for adjusting
the position, more specifically flexing, flexible plates 70,
so that their curvature corresponds more closely to the
curvature of the outside of a paper roll. Specifically, this
means comprises air pressure-operated rams or jacks 8Z,
with cylinder ends 82a secured to mounting 34, and ends
82b engageable with abuiments 84 mounted on flexible
plates 79. Wken the rams are extended, the extensible ends
move out to increase the curvature of the flexible plates,
and on contraction of the rams, the resiliency of the plates
causes them to spring out to assume a less curved shape,
as indicated by the solid and dashed outline of a plate
shown in FIG. 2. The provision of such flexible plates
which are deformed in the manner indicated facilitates
the making of a good seal. It also enables rolls of different
diameters to be handled with equal facility.

A circuit such as may be employed to interconnect the
various components so far described is illustrated in FIG.
4. Some of the components iilustrated in FIG. 4 have been
referred to above and the same reference numerals are
used to designate these components. Many of the compo-
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nents illustrated in FIG. 4 have been omitted from the
other figures, for reasons of clarity.

In FIG. 4, certain valves employed in the circuit are
represented by means of rectangular outlines. The zigzag
lines outside and connecting with the rectangular outlines
of the valves represent springs biasing the spools of the
valves. Arrows within the valve outlines illustrate flow
paths through the valves.

As shown in FIG. 4, and already discussed, the outlet
side of compressor 42 is connected by conduit 44 to tank
40. Air intake to the compressor is through an air filter
90. Also, part of the compressor is a pilot-operated un-
loading valve 92, connected to tank 40 by a line or con-
duit 94, and to the usual unloading mechanism in the
compressor by line or conduit 96. With less than normal
operating pressure in tank or receiver 49, the spool of
valve 92 is biased by biasing spring 924 for the valve to
the position indicated by the solid arrow for the valve,
where conduit 94 is disconnected from' conduit 96 and
closed off in valve 92. With valve 92 in this position, the
compressor operates to supply tank 49 with compressed
air. On maximum operating pressure being reached with-
in the tank, the pressure of air in pilot line 944 shifts the
spool of valve 92 against the bias of spring 922, s0 as to
connect conduit 94 with conduit 96 (as shown by the
doited arrow within. the rectangular outline representing
the valve), which results in unloading of the compressor,
and stopping of the supply of compressed air to tank 40.
On dropping. of the pressure within the tank, the com-
pressor reloads.

Hose 48, which is in the connection of receiver or tank
48 with ejector 58, -is connected to the receiver through
a pilot-operated three-way valve 108, a conduit 191, a
pressure regulator valve 102, and a conduit 193.

Valve 180 (and certain other valves shown schemati-
cally in FIGS. 4 and.7) is represented in the drawings by
an elongated rectangular outline, divided by a-central line
into two squares disposed side by side. A spring 1004 is
iliustrated, which is connected to the lower of the two
squares in FIG. 4. With this valve (and other valves simi-
larly represented) a spring so illustrated relative to the
elongated outline which represents the valve as a whole
indicates that the spocl of the valve is urged by the spring
to a position where flow takes place through the valve as
shown within the square to which the spring is connected.
This is indicative of the fact that the spring is a com-
pression-type spring, and functions to force the spool
within the valve housing toward the end of the housing
away from where the spring is located.

A pilot line for valve 100 is shown at 110. Pilot. line )

130 contains air under pressure, and in the drawings,
where such a pilot line with air under pressure is shown
attached to a valve, flow takes place through the valve as
indicated within the square to which the pilot line attaches,

when a sufficiently high air pressure is reached within the .

line (indicative.of the fact that the valve spool is urged
in the valve housing in a direction extending away from
the ‘end to which the pilot line is connected, under such
high pressure conditions).

Thus, the spool of valve 160 is urged by biasing spring
100a for the valve to the position shown, where flow
through the valve is as indicated by the arrow in the bot-
tom half of the outline that represents the valve. In this
position of the valve, hose 48 is connected to the atmos-
phere through a conduit 106, and conduit 101 (which ex-
tends from the tank), is closed by the valve. With air un-
der pressure in pilot-line 116, the spool of the valve is
shifted against the bias of spring 108a, to a position where
conduit 191 connects with hose 48, so that air under pres-
sure is supplied the hose, as indicated by the arrow in the
top half of the outline for the valve.

Pressure regulator valve 102 is a constant pressure out-
let valve, and functions to supply hose 48 with air at a
uniform pressure, which is reduced from the pressure of
air-in tank 40. A pilot line for regulator valve 102 is
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shown at 105. A gauge for indicating the pressure of air
on the downstream side of valve 102 is shown at 107.
Assuming, for instance, that an operating pressure of
150 pounds per square inch is selected for tank 40,
typically the pressure of air supplied the ejector might
be in the range of 80 pounds per square inch. Pilot pres-
sures in line 105 automatically adjust regulator valve 102,
so that such a pressure exists on the downstream side
of the valve,

Pilot line 119, that operates three-way valve 100, is
connected to the tank or receiver through ‘a hold-back
valve 116, a conduit 117, a manually-operated three-way
valve 118 (which is the “on-off” valve in the construc-
tion), and a conduit 120. Biasing spring 1184 of valve
118 adjusts the spool of the valve so that flow is as shown
by the arrow at the left of the outline representing the
valve, -ie., conduits 128 and 117 are disconnected from
each other, and conduit.117 connects with the atmosphere
through conduit 119. With the spool of valve 118 shifted
against the bias of its spring (which is done manually),
conduits 120 and 117 are connected (as shown by the
arrow at the right of the outline representing the valve)
and air under pressure passes from the tank to hold-back
valve 116. A pressure gauge is shown at 114, a relief
valve is indicated at 115, a check valve is indicated at
121,

Hold-back valve 116 is pilot-operated through a pilot
line 120, With low air pressure in line 120, the biasing
spring of .the valve adjusts the spool of the valve SO as
to disconnect conduit 117 from conduit 118, as shown
by the solid arrow in the valve outline. With high pressure
in line 129, the valve spool is adjusted so that flow is as
indicated by the dotted arrow in the outline representing
the valve. The function of hold-back valve 116 is to pre-
vent the ejector from being operated; if the pressure of
air within tank 40 is below a certain minimum. Thus,
even though manually-operated valve 118 is adjusted to
feed air under pressure to the hold-back valve, air still is
cut off from line 19 (and prevented from actuating
valve 100) until a pressure has been reached within the
tank sufficient to open the hold-back valve,

Explaining briefly the operation of that portion of the
circuit which so far has been described, when the com-
pressor is started, tank 40 begins to fill with compressed
air, and this continues until maximum tank pressure is
attained. Then unloading valve 92 operates, and the
compressor ceases to compress further air. To feed com-
pressed air into hose 48, manually-adjusted valve 118
is actuated, to connect conduit or line 119 with tank 40,
which produces adjustment of valve 10§ (providing suf-
ficient tank pressure has been reached) through open
valve 116, Air under pressure passes inta hose 48 through
valve 102, at a reduced pressure which is constant, as
long as the pressure of air in the tank or receiver is above
the regulated pressure of valve 102.

Continuing with a description of the circuit, conduits
857 and 59 (already mentioned) are interconnected
through a pilot-operated, two-way valve 132. Valve 132
is a normally open valve, connecting conduits 57, 59 as
shown by the arrow in the upper part of the outline rep-
resenting the valve. Air under pressure, in pilot line 133,
adjusts the valve against the bias of its spring 1324,
to close the valve. A governor device, to be described,
controls the pressure of air in line 133, in such a manner
that under normal conditions valve 132 is repeatedly open-
ing and closing producing intermittent operation of ejec-
tor 58.

As described earlier, openings 78 in plates 79 of vacu-
um-attaching means 36 are conmnected through conduits
79, 80 and 81 with the vacuum outlet of the ejector. Inter-
posed between conduits 81 and 80 is a check valve 138.
Connecting with conduits 79 and 80 is a conduit or line
140, which connects with a governor or valve 142. Gover-
nor 142 is connected through line 145, to the pilot side
of a pilot-operated. three-way valve 144, Valve 144 con-
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trols flow between pilot line 133 of two-way valve 132,
and a conduit 146 connected to conduit 57.

Valve 144 has a pilot line indicated at 145 connected
to it which controls its operation. This pilot line normal-
ly is a vacuum line, as compared, for instance, to pilot
line 110 discussed in conmection with valve 180, which
normally contains air under pressure. Thus, in the draw-
ings, in the case of three-way valves such as valve 144
that are operated by vacuum, flow takes place through
the valve as indicated by the square beyond the square
to which the pilot line attaches, when a sufficiently high
vacuum js reached in the pilot line (indicative of the fact
that the spocl of the valve is drawn in its housing toward
the end of the housing having the pilot line attached by
the suction ia the pilot line). With a low vacuum in the
pilot line, spring i44a shown for valve 144 biases the
spool of the valve to a position where flow takes place
as indicated by the square to which the spring is ccn-
nected, in the same manner as discussed for valve 189
and other vaives operated by pilot lines containing air
under pressure.

Valve 142 has a pilot line controlling its operation
which is a vacuum line. Thus, with the valve and like
valves in the drawings, when the spring for the valve
(such as spring 142q for valve 142) is the agency posi-
tioning the spool of the valve, the arrow within the out-
line representing the valve indicaiing flow direction may
be thought of as pushed by the spring to an inclined posi-
tion, such as the position shown in FIG. 4 in connection
with valve 142. With vacuum in the pilot line being the
agency controlling the valve spool, the arrow within the
outline representing the valve indicating flow may be
thought of as pulled up by vacuum in the vacuum line
to a herizontal position.

With a relatively small vacaum (a pressure only slight-
ly less than atmospheric pressure) existing in vacuum-
attaching means 36, valves 142 and 144 have the posi-
tions shown, ie., valve 142 cuts off conduit 149 from
pilot Hine 145 (and connects conduit 145 to the atmos-
phere through conduit 149), and valve 144 disconnects
conduit 146 from line 133 (while connecting line 133
with the atmosphere through a conduit 143). With the
valves in this position, air under pressure is cut off from
line 133, with the result that valve 132 is open and the
ejector is supplied air under pressure and operating.

When a higher vacuum (or lower subatmospheric pres-
sure) is reached in attaching means 38, governor valve 142
is adjusted to a position connecting conduit 149 and con-
duit 145, because of the higher vacuum in its pilot line
147, with the valve spool in the valve moving against the
bias of biasing spring 142a. This results in the introduc-
tion of a vacuum to line 148, causing an adjustment of
the spool of valve 144 (against the bias of its spring 144a)
whereby conduits or lines 146 and 133 are connected.
When this occurs, air under pressure is introduced to the
pilot side of two-way valve 132. Upon the latter occurring,
the spool of the valve is adjusted so as to close off ejector
58 from conduit 57.

Valve 132 remains closed until governor valve 142
closes, which cccurs only after the loss of a certain amount
of vacuum in attaching means 36. When governor valve
142 closes (after such a loss of vacuum), valve 144 re-
turns to its original position, and line 133 exhausts through
valve 144 and conduit 143, which is accompanied with
opening of valve 132.

The governor device is included for the purpose of con-
serving compressed air. It has been noted that vacuums
ranging from 13 to 15 inches of mercury, for example,
are entirely satisfactory for holding onto the usual load.
The governor device thus may be constructed to start the
production of a vacuum when the vacuum drops in the
attaching means to 13 inches, and to stop the production
of a vacuum when the vacuum reaches 15 inches.

The ejector in operation makes an audible sound, which
is a useful signal to the operator of the vehicie. Thus,
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during operating periods, air escaping from the ejector
makes, a distinct “hiss,” which the operator of the vehicle
can hear. In picking up a load, if a continual sound is
noted, this is an indication that a suitable seal has mot
yet been produced between the attaching means and the
load, and it is not safe to move the lcad. On the other
hand, if the sound is intermiitent, this indicates that the
governor is operating as intended, and that a satisfactory
seal has been produced.

Referring again to FIG. 4, a dumping valve is indicated
at 156 which is connected through line or conduit 152
to conduit 146 and hose 52. In the absence of air under
pressure in hose 52, the valve’s spring 1584 holds the valve
in the open position indicated, where conduit 79 leading lo
attaching means 36 is connected to the atmosphere through
conduit 1490, valve 150 and conduit 154. With air under
pressure in hose 32 and conduit 152, valve 15 closes,
permitting the establishment of a vacuum in means 36.
The dumping valve is included to enable a load to be
released immediately when the supply of air under pres-
sure to hose 52 is cut off.

Rams 82, previously described and provided for increas-
ing the curvature of flexible plates 70, are actuated by
compressed air supplied through a conduit 176. At 178 is
indicated a pilot-operated two-way valve provided with a
pilot line 188 connecting with vacuum line 146. Spring
178a of the valve normally adjusts the valve to the open
position shown, where conduit 176 is connected through
the valve to a conduit 182 and conduit 146 containing com-
pressed air. With a vacuum established in means 36, valve
178 is closed, against the bias of its spring, so as to cut
off the supply of compressed air to rams 82. Thus, when
the truck comes up against a load, and the system started,
air under pressure automatically is supplied the rams and
plates 70 are flexed, until a vacuum is established, mean-
ing that a seal has been produced. The supply of com-
pressed air is then stopped, and the rams held in their
extended position, by the air trapped in the rams.

Completing the description of the circuit, shut-off cocks
are indicated at 186, 188. Additional pressure gauges are
shown at 198, 192. These components, as well as all the
other components that are supplied air through rotatable
coupling 56, are mounted on mounting 34 of the load-
lifting structure.

Operating of the ejector, or the means producing the
vacuum in the load-lifting structure of the vehicle, is
started by adjustment of manually-actuated valve 118, to
cause air under pressure to be supplied hoses 48, 52. Upon
a sufficiently high vacuum being established in the vac-
uum-attaching means, the ejector cuts off, and remains
off, until leakage and seepage through the load reduces
the vacuum a predetermined amount. At this time the
ejector starts again, and intermittently operates to main-
tain the desired vacuum, To release a load, valve 118 is
adjusted to shut off the supply of air under pressure to
valve 169. This resulis in atmospheric pressure being es-
tablished in hoses 48, 52, and the conduits connected there-
to, through valve 1690.

Referring now to FIG. 6, here a load-lifiing carriage
with attaching means 280 is shown, according to a modi-
fication of the invention. In this modification of the in-
vention, means is provided mounted on the carriage for
holding a reserve supply of compressed gas, more specifi-
cally air. This construction has the advantage of enabling
a vacuum to be sustained in the attaching means, even
through pressure hose 48 which connects with the com-
pressor on the truck should become cut accidentally or
otherwise damaged.

More specifically, and referring to FIG. 6, as in the
first embodiment of the invention, 3¢ indicates a rotator
having a backing plate 32 fastened thereto. Secured to the
front of the backing plate is a mounting 34. A flexible
plate 79 is pivotally mounted in front of mounting 34.

Pressure-operated means, more specifically double-act-
ing rams or jacks 282, are provided which flex plate 70
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upon extension of the rams to change its curvature, in the
Same manner as rams 82 discussed in connection with
the first-described modification of the invention. Mounted
within mounting 34, in back of plate 70, and to either
side of rams 202, are a pair of air pressure tanks 206a,
206b.

A vacuum may be produced in attaching means 200, by
means of the apparatus illustrated schematically in FIG.
7. Referring to this figure, a tank 208 is shown (which is
mounted on the truck, the same at tank 40) and this tank
is supplied compressed air through conduit 214 connecting
the tank with an air compressor 210 including an unload-
ing valve 212. The compressor, as in the case-of the first
modification of the invention described, also is mounted
on the truck.

Connected at one end to tank 208 is an air pressure
hose 216, which has its other end comnected to the center
of reel device 5¢ mounted on mast assembly 26. Pres-
sure hose 52 wound about the spool of reel device 50
is. connected through swivel fitting 54, rotary coupling
56, and a check valve 218, to a conduit 220. In this
modification of the invention, as in the first modifica-
tion described, all conduits, valves, the ejector, and other
elements or components supplied with air through rotary
coupling 86, or actuated by such air, are mounted on
mounting 34 directly adjacent plate 70 of the vacuum-
attaching means.

Conduit 220 connects with a hold-back valve 222,
having a valve spool urged by its biasing spring 2224
to a position closing the valve. On a certain minimum
pressure being reached in conduit 220, the pressure of
air in pilot line 2226 for valve 222 adjusts the spool
of valve 222 so as to open the valve. With valve 222
open, conduit 228 is connected through a conduit 224,
and conduits 226, 228, to tanks 2064, 265b.

Conduit 224 is also connected, through conduits 230,
232 and a normally open, pilot-operated two-way valve
234 (corresponding to valve 132 in the first modification
of the invention), to ejector 236. The vacuum outlet of
the ejector is connected through a pilot-operated check
valve 238 and a conduit 240 to vacuum-attaching means
280, whereby on operation of the ejector a vacuum is
produced by the ejecter operable to evacuate the con-
cave side 'of plate 70.

Two-way valve 234 is opened and closed by operation
of a pilot-operated three-way valve 248, corresponding
to valve 144 in the first-described modification of the
invention. Valve 246 in turn is regulated by a governor
valve 248, corresponding to valve 142 in the first-described
modification of the invention.

Connected to conduit 230 just described is a conduit
250, which connects with a normally open,. pilot-operated
three-way valve 252. Conduits 254, 258, connect valve
252 to one of two pilot sides provided in valve - 246.
The other pilot side of valve 246 is connected through
a conduit 258 and governor valve 248, and conduits
269, 262, to conduit 249 (the latter conduit being a
vacuum conduit with the ejector operating).

Valve 246 is interposed between a conduit 264 con-
necting with conduit 230, and conduit 266 connected to
the pilot side of valve 234. With the spool of valve 244
shifted upwardly against the urging of its biasing spring
248a, conduits 266 and 264 are connected, and with air
under pressure in condnit 264, the spool of valve 234
will be shifted against spring - 234a so as to close the
valve,

Explaining the circuit as so far described, with the
compressor operating hold-back valve 222 opens when
a certain minimum pressure is attained in conduit 226
and as a result, a surge of air under pressure flows through
conduit 224, and to pressure tanks 206a, 206h. At the
same time air under pressure also Hows through conduit
230 to conduit 232 and the ejector. In order to enable
the tanks to fill with air, the ejector must be shut off
and this is done by air under pressure flowing through
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condujt 250, normally open valve 252, and conduits
254, 256 to valve 246, which air shifts the spool of
valve 246 against the urging of its biasing spring 2464
whereby the valve opens and conduit 264 is connected
to conduit 266. This introduces air to the pilot side
of valve 234, with its spool being adjusted so as to close
the valve and shut off the ejector from air under pressure.

As will be described below, to produce a vacuum in
attaching means 200, the spool of valve 252 is shifted
against the bias of its biasing spring 252a to a position
disconnecting conduit 250 from conduit 254, When this
occurs, the spool of valve 246 returns to the position
shown which has the effect of cutting off the supply. of
air under pressure to the pilot side of valve 234, and
as a result valve 234 returns to the position shown with
the ejector then being placed in operation.

Governor valve 248 has the same function as valve
142 discussed in connection with the first modification of
the invention. When a high vacuum (low subatmospheric
pressure) is present in attaching means 260, such is re-
flected in its pilot line 2485, and the spool of governor
valve 248 is adjusted against the bias of its biasing spring
2482 to a. position connecting conduits 258, 269, This
resulis in a vacuum being produced in conduit 258
(through conduit 266), and the spool of valve 246 shift-
ing to a position wherein conduit 264 is connected to
conduit 246, with air under pressure then being intro-
duced to the pilot side of valve 234 causing this valve
to close and the ejector to stop. As the vacuum in the
vacuum-attaching means decreases, i.c., approaches at-
mospheric pressure, governor valve 248 returns to the
position shown in the drawings, with conduit 258 open-
ing to the atmosphere through conduit 261, The spools
of vaives 246, 234 return to the positions shown, and
the ejector is put back in operation.

Pickup and release switches indicated at 276 and 272
are actuated by an operator to pick up and release a lecad,
respectively. These switches complete a circuit between
the ‘battery of the truck, shown at 274, and either pickup
solenoid 276 or release solenoid 278, depending upon
which switch is actuated. When release switch 272 is closed
a circuit is completed to solenoid 278 placing the valve
spool of a valve 280 in the position shown where conduit
282 connected to conduit 220 is shut off from conduit 284,
With the pickup switch 270 actuated, a circuit is com-
pleted to solencid 276 shifting the spool of valve 280 to
a position connecting conduits 282 and 234.

With pickup switch 270 actuated and valve 280 adjusted
to connect conduits 282, 284, air under pressure travels
from conduit 282 and through valve 2890 to a hold-back
valve 286 (corresponding to hold-back valve 116 of the
first modification of the invention described). With suit-
able operating pressure existing in the pressure system,
valve 286 opens to connect conduit 284 to conduit 288.
This results in air under pressure being introduced to the
pilot side of valve 252 already discussed, causing the spool
of its valve to shift against the bias of ifs biasing spring
and to a position disconnecting conduit 250 from conduit
254, which starts the ejector in the manner already dis-
cussed.

As in the first embodiment of the invention discussed,
plate 76 is deflected at the start of picking up a load so
that its curvature conforms more closely to the curva-
ture of the load. Pilot-operated valve 299 controls the ex-
tension of rams 202 producing this deflection of the plate,
With the spool of valve 299 positioned as shown, air under
pressure will pass from conduit 288 through the valve,
a restricting valve 292, and a conduit 294, to one set of
ends of the rams with the rams then extending. Air is
exhausted from the opposite ends of the rams through a
conduit 296, a restricting valve 298, conduit 254, valve
252, and a conduit 251 which opens to the atmosphere
.( the spool of valve 252 being in 2 position shifted against
its biasing spring when air under pressure is present in
conduit 288),
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Check valve 238 is a conventional pilot-operated check
valve. The valve, when not actuated by its pilot line 289,
accommodates flow through the valve in the direction in-
dicated by the arrow only. With air under pressure in its
pilot line 299, the valve is urged to an open position,
which enables the flow of air through the valve in the op-
posite direction, or toward attaching means 2686.

Valve 362 is a conventional pressure-relief valve, which
opens conduit 238 to the atmosphere should excessively
high pressures occur therein.

The operation of the modification of the invention il-
lustrated in FIGS. 6 and 7 shouid be clear. When the com-
pressor on the truck is first staried, at first no air can flow
into conduit 224. When a supply of air under suitable
pressure has built up, valve 222 cpens which allows air
pressure to flow into tanks 2064, 266bh, Alr under pressure
at the same time flows through conduits 238, 258 to the
pilot side of valve 248, with this valve being actuated s0
as to cut off the ejector, thus to egable the tanks to fiil
completely with air at a suitable pressure.

To pick up a load pickup switch 279 is actuated to shift
the spool of valve 289 to a position connecting conduits
282 and 284. With adeguate pressure in the system hold-
back valve 286 opens which results in pressurized air flow-
ing through conduit 288, adjustment of valve 252 pro-
ducing starting of the ejector, and the passage of air un-
der pressure into rams 282 with deflection of plate 70.
Upon the plate conforming to a load the vacuum on the
concave side of the plate increases, and a vacuum results
in line 262 which causes the spoocl of valve 290 to shift
to a position cutting off conduit 294 from 238. This serves
to lock the rams in place, with the plate remaining in the
deflected position determined by the rams.

When the load is to be released, release switch 272 is
actuated causing the spool of valve 280 to return to the
position illustrated for the valve. Air under pressure es-
capes from conduit 284 through valve 280 and conduit
203 which opens to the atmosphere. Valve 252 returns to
the position shown, and as a result air under pressure is
admitted to conduit 254 and the ejector is shut off. With
air under pressure in conduit 254, check valve 238 opens
and air is permitted to flow to the concave side of plate
78, with any vacuum on the concave side of the plate be-
ing destroyed.

In some applicaticns it may be desirable to utilize the
energy stored in fluid or gas under pressure, for the pro-
duction of a reserve vacuum supply for use in emergencies
only, and to rely upon a coaventional vacuum pump for
the supply of a vacuum during nermal operation of the
vacuum-attaching means. This can be done very effec-
tively using a construction of the type iilustrated in FIG.
8, where a tank or other container 325 containing a vol-
ume of nitrogen or other gas under pressure is provided,
and the compressed gas in the tank on being released
and flowing through an ejector 327 produces a vacuum
at the ejector used only when there is malfunctioniag in
the means normally supplying a vacuum. With such an
organization it is possible to insure sustained operation
in the vacuum-attaching means for an extended time
period, in the event of malfunctioning, in the means nor-
mally supplying a vacuum, without having to include
any auxiliary motor and pump unif, or oiher such de-
vices, which are bulky, expensive, and require careful
maintenance.

In FIG. 8, which also is in schematic form, the dashed
ouiline 336 encloses those clements of the construction
which are mounted on the load-lifting structure of the in-
dusirial vehicle, and the dashed outline 332 encloses
those elements which are mounted on the truck poriion
of the vehicle. In an organization where compressed gas
in a container is relied upon for a reserve vacuum sup-
ply, there is an advantage in having the tank or con-
tainer which holds the gas mounted on the load-lifting
structure, as indicated in FIG. 8, since this minimizes the
chance of any damage occurring to any fluid line or con-
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duit operatively interposed between the tank and the
vacuum-attaching means, a factor contributing to re-
liability in operation.

Considering now in more detail the structure shown
in FIG. 8, in this modification of the invention a motor
534 mounted on the truck drives a vacuum pump 336 also
mounted on the truck. Pump 336 discharges into a muf-
fler 338. The intake or suction side of the vacaum pump
is conpected to a vacuum hose 348, and this hose ex-
tends to a reel device 58, whence it is connected through
swivel fitting 54 and rotary cougpling 56 to a conduit 342
on the load-lifting structure which communicates through
a check valve 344 with a vacuum storage tank 346 mounted
on the load-lifting structure.

Also connected to the suction or intake side of the
vacuum pump is a relief valve 348, which is normally
closed, but which opens on a certain level of vacuum
being reached on the suction side of the pump, to con-
mect the intake of the pump through a conduit 359 and
an air filter 352 to the atmosphere. Connected to the in-
take side of the vacuum pump together with the relief
valve, through line or conduit 354, is a normally closed
two-way valve 356 functioning as an unloading valve.
On opening of the valve by a vacuum being introduced to
its pilot line 358, the circuit connecting the pump to the
vacuum storage tank on the load-lifting structure of the
vehicle is bypassed, enabling the pump to run unloaded,
with air from the atraosphere flowing to the intake side of
the pump through filter 352, conduit 369, and the un-
loading valve.

Controlling operation of the unloading valve is a three-
way valve 362 having a biasing spring 364 and operaied
by a solenocid 36%. With solencid 366 deenergized (which
is the state of the solencid when a vacuum is being sup-
plied to the vacuum-attaching means), spring 364 adjusts
valve 362 to the position shown in FIG. 8, where pilot
line 358 of valve 386 connects to the atmosphere through
port 268. On energizing of solencid 366 (which is done
when a vacuum is cut off from the vacuum-attaching
means), valve 362 is adjusted against the bias cf spring
364 to connect pilot line 358 for the unloading valve
through check valve 379 to the suction or intake side of
the vacuum pump, whereby a vacuum results in pilot line
358 and the unloading valve opens, to unload the vacuum
pump.

Mounted on the load-lifting structure is vacuum-attach-
ing means 372, which may be similar to the attaching
means described in coanection with the cther modifica-
tions of the invention, and which is provided with the
usual opening through which air is evacuated when actuat-
ing the attaching means, such opening being connected
through conduit 374 and valve 376 to vacuum-storage
tank 346 already described as mounted on the load-lift-
ing structure. Valve 376 is a two-way, pilot-operated valve
controlling the supply of vacuum to the vacuum-attaching
means, and the valve’s operation in turn is conirolled by
pilot-controi valve 378, connected through line 388 and
rotary coupling 56 to pilot line 382 for vaive 376.

Contro! valve 378 is a solenoid-operated, three-way
valve, and with its solenoid 384 deenergized, its spring 386
adjusts the valve to the position shown for the valve where
pilot line 382 coniects with the atmosphere through valve
378 and port 388. With pilot line 382 connected to the
atmosphere, spring 388 of valve 376 biases the valve to
the pesiticn shown, to connect vacuum-attaching means
through conduit 374 to the vacuum storage tank, where-
by a vacuum is supplied to the attaching means, and it
is in conditicn to pick up and hold a load. With energizing
of solenoid 384, pilot-control valve 378 is adjusted against
the bias of its spring 386 to connect pilot line 382 through
valve 378 and line 322 to the vacuum hose. This results
in a vacuum in pilot line 382, causing adjustment of
valve 376 whereby the vacuum in the storage tank is cut
off, and the vacuum-attaching means is connected to the
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atmosphere through port 394. This enables the vacuum-
attaching means to release a load.

Considering now the reserve vacuum supply used in the
event that there is malfunction in the vacuum pump or
associated structure, ejector 327 already described operates
upon gas under pressure flowing therethrough from con-
duit 396 to produce a vacuum in conduit 398, which is
supplied to vacuum-attaching means 372 through check
valve 400 and conduit 374. A valve system is provided
for the controlling ejector whereby it operates cnly at such
times that there is-a vacuum in conduit 374 simultaneous-
ly with atmospheric pressure in conduit 342, ‘which is
the condition that exists when the vacuum-attaching
means is attached to a load and for some reason there is
failure in the means supplying a vacuum to tank 346.

Describing this valve system, more specifically, tank
325 containing a supply of compressed gas such as nitro-
gen is connected to the ejector through conduit 492,
pressure-regulating valve 4904, conduit 496 and pilot-op-
erated two-way valve 408. Valve 408 has two rilot lines
indicated at 416 and 412, respectively. Pilot line 412 con-
nects to conduit 342 and thus is sensitive 1o pressure con-
ditions in the principal vacuum-supply circuit. Pilot line
410 communicates through a governor valve 414 (corre-
sponding, for instance, to governor valve 142 already
discussed), when such valve is in the position of adjust-
ment shown, with a line 416 connected to conduit 374,

With a vacoum in pilot line 412, which reflects a
vacuum in conduit 342 and hose 348, and normal operat-
ing conditions, biasing spring 418 for valve 468 and pilot
412 together function to maintain valve 408 in the posi-
tion of adjustment shown (even though there should be
a vacuum in pilot line 419), wherein the ejector is cut off
from gas under pressure in tank 325. In the event, how-
ever, that atmospheric pressure is present in line 412, and
a vacuum is present in line 416 (indicative of malfunc-
tioning.in the normal vacuum supply circuit at such time
as the attaching means is attached to a load), the vac-
uum in line 416 is transmitted through valve 414 to pilot
line 410, and the pressure in pilot line 412 overcomes the
biasing of spring 418, whereby valve 468 is adjusted to
connect conduits 396 and 406 so as to produce operation
of the ejector.

As in. the first modification of the iivention, during
emergency operation when the ejector is relied upon to
supply the vacuum, the ejector operates intermittently, to
conserve the supply of compressed gas. When the vacuum
in attaching means 372 reaches a ‘certain level, this is re-
flected in pilot line 416, and governor-valve 414 is ad-
justed against the biasing of its spring 428 to connect pilot
line 410 to the atmosphere through port 422, and the sup-
ply of compressed gas to the ejector is cut off. On the
vacuum in attaching means 372 dropping t6 a- certain
level, spring 420 of the governor valve adjusts the gov-
ernor valve so as to return it to the position shown, where
pilot line 410 is connected to line 416, and this results
in valve 408 being adjusted to a position again connect-
ing lines 456 and 396.

Line 424 connected to the vacuum-attaching means is
connected to a vacuum switch 426, and this switch may be
used to actuate a suitable indicator for showing the pres-
sure conditions in the vacuum-attaching means.

Explaining generally how the construction shown in
FIG. 8 operates. during normal operating periods, the vac-
uum pump evacuates the vacoum-storage tank on the load-
lifting structure, and this vacuum-storage tank in turn
provides a source of vacuum through valve 376 and con-
duit 374 to the vacuum-attaching means. Solenoids 365
and 384 are operated together, and during picking upofa
load the two are deenergized, whereby a vacuum is trans-
mitted to the attaching means through valve 376 and un-
loading valve 356 is shifted to a position cutting off the
bypass to the vacuum pump. When not lifting a load, the
two solenoids are energized, pilot control valve 378 then,
by producing 'a vacuum in pilot line 392, shutting off the
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supply of vacuum to the vacuum-attaching means, and
the unloading valve at this time providing a bypass to
the intake of the vacuum pump. At such time as a vacuum
exists in the vacuum-attaching means, and such vacuum
is below the level necessary to actuate the governor valve,
and atmospheric pressure exists in pilot line 412 (indica-
tive of malfunctioning in the main vacuum supply), then
the ejector is-placed in operation. to provide a reserve
vacuum supply for the vacuum-attaching means.

From the description it will be noted that a number of
novel concepts have been incorporated into the constric-
tion. For one thing, by using a fluid such as gas or air
under pressure as a means for producing a vacuum (be it
a primary source of vacuum for the attaching means or
an auxiliary source to be used in reserve only), a consider-
able amount of energy may be stored in a relatively small
receiver or tank. This, as noted, has advantages when the
tank is mounted on the truck portion of the industrial
vehicle, or is particularly advantageous when the tank is
mounied on the load-lifting structure.,

The use of a compressed gas for operating an ejector to
provide a reserve supply of vacmum for emergency use
eliminates the need for standby pumps, motor drives, etc.,
to obtain reliability. Where an air compressor. through an
ejector provides the vacuum normally used in handling
loads, a tank may be filled with compressed air using such
air compressor to provide the compressed gas needed.
Where, however, as in the last modification of the inven-
tion discussed, the normal vacuum supply is produced by
a vacuum pumnp, this invention contemplates the inclusion
of a reservoir or tank on the vehicle containing com-
pressed gas where such tank is filled by means separate
from the vehicle.

By providing for intermittent operation in the ejector,
an audible signal results which positively informs the
operator if a proper seal has been obtained, and it is un-
necessary.to relay on .a gauge or signal light on the truck
which might malfunction. The intermittent operation also

erves to conserve the supply of compressed gas by mini-
mizing its use.

In an organization where an ejector supplies the vacuum
normally used, and the ejector is operated with compressed
air supplied by a compressor located on the truck, rela-
tively small diameter compressed air lines may be utilized
to transfer the product of the compressor to the ejector
without frictional losses being a problem. This enables
the ejector to be mounted on the load-lifting structure re-
mote from the compressor or other means producing the
compressed air. The length of any vacuum conduit re-
quired to transmit vacuum from the ejector to the vacuum-
attaching means may be minimized, thereby reducing fric-
tional losses in the vacuum conduit, Releatively small di-
ameter compressed air lines offer additional advantages
over-vacuum lines of larger diameter, since in extending
from the truck to the load-lifting structure they offer
less visual obstruction to the truck operator who must
watch the load through the attaching apparatus.

It should be noted that the valves directly controlling
air flow to the ejector in the first modification of the inven.
tion (by way of example, valve 132) are normally open,
such making the system fail-safe. In other words, should
any of these valves malfunction, or should tubing rupture,
the loss of pilot pressure to the valve will not cause the
valve to close inadvertently.

The electrical circuit in the embodiment of the inven-
tion iflustrated in FIG. 7 is fail-safe for the reason that
valve 280 is a momentary contact solenoid-operated valve,
ie., if one of its solenoids is energized momentarily, its
valve spool shifts to the position dictited by the solenoid,
and the spool stays in this position until such time as the
other 'solenoid is energized. Thus, 2 failure in the electri-
cal circuit does not, by itself, produce. any change in valve
280,

While an embodiment of the invention has been de-
scribed, variations are possible without departing from the
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invention. Tt is intended to cover all modifications and
variaticns that would be apparent to one skilled in the art,
and that come within the scope of the appended claims.

I claim:

1. In an industrial vehicle, including a truck and load-
lifting structure movable relative to the truck mounted
on said truck,

vacuum-attaching means for attaching to a load
mounted on said load-lifting structure,

power-supply means for supplying the power to actuate
said vacuum-attaching means whereby the latter is
placed in operative, load-attaching condition,

said power-supply means including mechanism opera-
tively connected to said vacuum attaching means
mounted on said truck providing the principal source
of power during operating periods for actuating the
vacunm-attaching means, and

storage mechanism mounted on said load-lifting struc-
ture operable to store energy, with such stored energy
constituting a reserve source of power for actuat-
ing said vacuum-attaching means when the mecha-
nism on said truck for any reason becomes in-
operable.

2. In an industrial vehicle including a truck and load-
lifting structure movable relative to the truck mounted
on said truck,

vacuum-attaching means for attaching to a load
mounted on said load-lifting structure,

a reservoir for holding a supply of gas under pressure
mounted on said load-fitting structure together with
said vacuum-attaching means,

vacuum-producer means mounted on said load-lifting
structure operated by gas under pressure and includ-
ing an inlet for the supply of such gas thereto and
a vacaum supply connection wherein a vacuum is
produced on operation of the producer means,

conduit means on the load-lifting structure connect-
ing said reservoir and said inlet of the vacuum-pro-
ducer means whereby gas under pressure in the
reservoir may be used to operate the vacuum-pro-
ducer means,

condnit means connecting on said load-lifting structure
said vacuum supply connection of the vacuum-pro-
ducer means and said vacuum-attaching means,
whereby when gas under pressure in said reservoir
operates the vacuum-producer means the latter
operates said vacuum-attaching means, and

means on said truck operatively connected to said
vacuum-attaching means for operating the attach-
ing means independently of said vacuum-producer
means,

3. In an industrial vehicle including a truck and load-
lifting structure movable relative to the truck mounted
on the truck,

vacuum-attaching means for attaching to a load
mounted on said load-ifting structure,

2 vacuum conduit connected to said attaching means
for supplying the attaching means with a vacuum,

smeans mounted on the truck connected to the vacuum
conduit for supplying the vacuum conduit with a
vacuum,

2 reservoir mounted on the load-lifting structure for
holding a supply of gas under pressure,

an ejector mounted on the load-lifting structure in-
cluding a vacuum supply connection wherein a
vacuum is produced on the flow of gas through the
ejector and an inlet for supplying gas under pressure
to the ejector,

conduit means connecting said vacuum supply connec-
tion with said vacuum-attaching means, and conduit
means connecting said reservoir and the inlet of said
ejector,

at least one of said conduit means including means
operable to start said ejector upon a loss of vacuum
in said vacuum conduit.
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4. In load-handling apperatus including vacuum-atiach-
ing means,

a motor-driven vacuum producer,

vacuum conduit means connecting the vacuum pro-
ducer and the vacuum-attaching means whereby a
vacuum to operate said attaching means is supplied
by said vacuum producer, said conduit means includ-
ing vaive means for controlling operating periods of
said vacuum-attaching means, and

means for operating said vacuum-attaching means re-
sponsive to a loss of vacuum in said vacuum conduit
means,

said means comprising a reservoir for holding gas under
pressure, an ejector operated by the flow of gas there-
through including an inlet connected to said reservoir
to enable the supply of gas to the ejector from said
reservoir and a vacuum supply connection wherein a
vacuum is produced on operation of the ejector, and
conduit means connecting said vacuum-supply con-
nection with said vacuum-attaching means.

5. In load-handling apparatus including a framework
and a load-handling component mounted on the frame-
work for movement relative to the framework,

vacuum-attaching means operated by a vacuum for at-
taching to a load mounted on said load-handling
component,

a primary power supply means mounted on said frame-
work operatively connected to said vacuum-attaching
means for supplying power tc actuate said vacuum-
attaching means whereby the laiter is placed in opera-
tive load-handling condition,

a secondary power supply means operatively connected
to said vacuum-attaching means mounted on said
load-handling component, operable to store energy,
for supplying by the release of such energy power to
actuate said vacuum-attaching means whereby the
latter may be placed in operative load-handling con-
dition in the event said primary power supply means
a operatively cut off from said vacuum-attaching
means,

said secondary power supply means being operatively
connected to said vacuum-attaching means by means
causing said secondary power supply means to actu-
ate said vacuum-attaching means automatically on
said primary power supply means being operatively
cut off from said vacuuim-attaching means.

6. In an industrial vehicle including a truck and a load-
lifting structure movable relative to the truck mounted on
said truck,

vacuum-attaching means for attaching to a load
mounted on said load-lifting structure,

a motor-driven vacuum producer mounted on said
truck,

vacuum conduit means connecting the vacuum producer
and the vacuum-attaching means whereby a vacuum
to operate the attaching means is supplied by the
vacuum producer, said conduit means including valve
means for closing said conduit means, and

means mounted on said load-lifting structure for opera-
ting the vacuum-attaching means in the event of loss
of vacuum in said vacuum conduit means,

said means comprising a reserveir for holding gas under
pressure, an ejector operated by the flow of gas there-
through including an inlet connected to the reservoir
and a vacuum supply connection wherein a vacuvm
is produced on operation of the cjector, and conduit
means connecting the vacuum supply connection with
said vacuum attaching means.

7. In an industrial vehicle including a truck and load-
lifting structure movable relative to the truck mounted on
the truck,

a vactuum-attaching means for aitaching to a load

mounted on said load-lifting structure,

primary power supply means operatively connected to
said vacuum-attaching means for supplying power to



3,372,822

17

actvate said vacuum-attaching means whereby the
latter is placed in operative load-handling condition,
said primary power supply means being mounted on
said truck,

a secondary power supply means operatively connected
to said vacuum-attaching means mounted on said
load-lifting structure, operable to store energy, for
supplying by the release of such energy power to
actuate the vacuum-attaching means whereby the
latter is placed in operative load-handling condition
in the event said primary power supply means is
operatively cut off from said vacuum-attaching
means,

said secondary power supply means being operatively
connected to said vacuum attaching means by means
causing said secondary power supply means to actu-
ate said vacuum-attaching means automatically on
said primary power supply means being operatively
cut off from said vacuum-attaching means,

8. In an industrial vehicle including a truck and load-
lifting structure movable relative to the truck mounted on
the truck, vacuum-attaching means for attaching to a load
mounted on said load-lifting structure, a reservoir for
holding a supply of gas under pressure mounted on said
load-lifting structure, a converter mounted on the load-
lifting structure operable to convert the energy of com-
pressed gas into subatmospheric pressure for operating
said vacuum-attaching means, a conduit connecting on
said load-lifting structure said reservoir and said converter
whereby compressed gas in the reservoir is operable to
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actuate the converter, conduit means connecting said con-
verter and said vacuum-attaching means whereby sub-
atmospheric pressure produced by the converter operates
the vacuum-attaching means, and means on the truck op-
eratively connected to the vacuum-attaching means for
operating the vacuum-attaching means independently of
compressed gas contained in said reservoir,
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