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This invention relates to material handling equipment 
and more particularly to a new and improved vacuum 
gripping device for lifting an object by application of one 
or more vacuum pads to the surface of the object. 
Known vacuum gripping and lifting devices of the type 

including one or more vacuum pads mounted on a movable 
support have been provided with means adapting the 
pads to grip a surface automatically upon engagement 
with the same. Such means have included devices in the 
nature of mechanically operating feeler arms located ad 
jacent the vaccum pads for detecting the presence of a 
surface to be gripped. This invention provides a vacuum 
gripping device including one or more vacuum gripping 
pads wherein each pad is provided with pneumatic means 
adapting each pad for automatically gripping a particular 
surface upon contact of the pad itself with the surface. 
A primary object of the present invention is the provi 

sion of a vacuum gripping device including a new and im 
proved vacuum gripping pad assembly having pneumatic 
means adapting the pad to grip a particular surface auto 
matically upon contact with the same. 

Another object of the present invention is the provision 
of a vacuum gripping device including a plurality of 
separate vacuum gripping pad assemblies wherein each 
assembly has pneumatic means adapting the pad to grip a 
particular surface independently and automatically upon 
contact with the same. 

Still another object of the present invention is to pro 
vide a vacuum gripping device for a lift truck, which device 
includes a plurality of separate vacuum pad assemblies 
in communication with a source of vacuum carried by 
the truck, wherein each vacuum pad assembly has pneu 
matic means adapting the pad to grip a particular surface 
independently and automatically upon contact with the 
same and wherein means are provided for simultaneously 
breaking communication with all of the vacuum pad as 
semblies and the source of vaccum. 
Even another object of the present invention is the 

provision of a vacuum gripping device including a plu 
rality of vacuum pad assemblies each of which assemblies 
is adapted to grip a particular surface automatically upon 
contact with the same, wherein each vacuum pad assembly 
includes improved means for quickly releasing the surface 
gripped. 
Another object of the present invention is to provide 

a vacuum gripping device including at least one vacuum 
pad assembly, wherein each pad assembly includes a 
vacuum pad and improved sealing means therefor for 
effecting a seal between the pad and a surface to be gripped, 
which sealing means is adapted to accommodate wrinkles 
or irregularities in the surface gripped. 

Yet another object of the present invention is the pro 
vision of a vacuum gripping device including at least one 
vacuum pad assembly adapted for effectively gripping 
curved surfaces. 

These and other ‘objects and advantages of the inven 
tion will become apparent from the following speci?ca 
tion wherein like numerals refer to similar parts through 
out. 

In the drawings: 
FIG. 1 is a front elevation of one embodiment of the 

vacuum gripping device of this invention showing the 
same mounted on the carriage at the front end of an 
industrial lift truck; 
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FIG. 2 is an enlarged rear elevation of the pair of 

elongated dual vacuum pad plates of the vacuum gripping 
device of FIG. 1, the support for the plates being shown 1n 
phantom lines; 

FIG. 3 is an enlarged fragmentary front elevation of 
one of the vacuum pad plates showing one of the vacuum 
pad assemblies; 

FIG. 4 is an enlarged partial section and partial eleva 
tion taken along line 4—4 of FIG. 3; 
FIG. 5 is an enlarged central longitudinal section taken 

through one of the separate valve members associated 
with each vacuum pad assembly showing the valve mem 
ber in its condition before a surface is gripped; 

FIG. 6 is a fragmentary section similar to FIG. 5 show 
ing the valve member in its condition after a surface has 
been gripped; 

FIG. 7 is a section taken along line 7—7 of FIG. 6; 
FIG. 8 is a section taken along line 8—8 of FIG. 6; 
FIG. 9 is a fragmentary section taken along line 9—9 

of FIG. 6; 
FIG. 10 is a schematic view of a vacuum producing and 

control system for the embodiment of the invention shown 
in FIG. 1; 
FIG. 11 is a section similar to FIG. 5 showing a modi 

?ed valve member; 
FIG. 12 is a schematic view of a vacuum producing 

and control system employing the modi?ed valve mem 
bers; and 

FIG. 13 is a schematic view of a modi?ed vacuum pad 
assembly. 

Brie?y, and by way of introduction, the vacuum grip 
ping device of this invention includes at least one vacu 
um pad assembly mounted on a movable support. The 
vacuum pad assembly, which is specially designed for 
gripping a curved surface, includes a vacuum pad having 
a main vacuum port, a separate pilot vacuum port ad 
jacent the main port and ‘a valve arrangement associated 
with the pad and in communication with both ports, 
the valve arrangement being adapted to be placed in com 
munication with a source of vacuum. The pilot vacu 
um port has a pilot cup member associated therewith 
providing for closing of the pilot vacuum port by a par 
ticular surface to be gripped upon contact of the rim of 
the cup with the surface. The rim of the pilot cup is 
preferably inwardly o?set Within the pad sealing ring for 
being contacted by a surface to be gripped after the pad 
sealing ring has made its initial contact with the surface. 
Closing of the pilot vacuum port results in actuation of a 
valve member for applying a vacuum to the vacuum pad 
and thereby gripping the surface contacted. In other 
words, the vacuum pad assembly of this invention, in 
cludes penumatic means adapting the pad to grip a sur 
face automatically upon contact of only the pad assem 
bly itself with the surface. This invention ‘also includes 
the provision of mounting a plurality of vacuum pad as 
semblies in generally co-planar relationship on a movable 
support member. Separate valve members and pilot cups 
are provided for each vacuum pad assembly adapting 
each assembly for independently and automatically grip 
ping a particular surface upon contact with the same. 
Means are also provided for simultaneously breaking com 
munication between the source of vacuum and all vacuum 
pad assemblies for release of the surface or surfaces 
gripped, and the invention includes means for accom 
plishing this release in a quick manner. 
The embodiment of the invention shown for purposes 

of illustration is associated with an industrial lift truck of 
known type and is especially designed for handling large 
rolls of newsprint. It will be realized that the vacuum 
gripping device of this invention may be mounted on 
any type of material handling equipment, such as a crane, 
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for example. The vacuum gripping device shown is in 
the form of a plurality of separate vacuum pad assemlies 
mounted on a support which is in turn movably mounted 
on the carriage of the industrial lift truck. _Twolvacu 
um‘ pad assemblies are provided on each of a pair of 
parallel elongated vacuum pad plates, and each plate is 
transversely curved and pivotally mounted on the support 
for limited swinging movement about the longitudinal 
axis of the plate for accommodating the curvature of 
the‘ paper roll to be gripped. The entire support is 
adapted for rotation about a horizontal, front-to-rear cen 
tral axis,‘ and the carriage mounting the support is adapted 
for vertical reciprocatory movement. The arrangement 
is such that a roll of paper’ may be gripped by the vacuum 
device and handled or manipulated as desired by any com 
bination of movements of the support, carriage and lift 
truck. By virtue of the automatic operation of the vacu 
um 'pad vassemblies of this invention an article to be 
handled, such as a paper roll, will be automatically‘ gripped 
by contact of the vacuum pad assemblies with the surface 
of the article. By reason of the independent operation 
of each vacuum pad assembly, a vacuum is applied to a 
particular vacuum pad assembly only when that assem 
bly is brought into contact with the surface ‘of the arti 
cle. Therefore, if only two vacuum pad assemblies in the 
embodiment of the vacuum gripping'device illustrated 
should be brought into contact with a paper roll, for ex 
ample, a vacuum would be applied only to these two as 
semblies. The invention also includes improved means 
for simultaneously breaking communication between the 
source of vacuum and all of the vacuum pad assemblies 
for release of a surface or surfaces gripped, and the inven 
tion includes improved sealing means for the vacuum pad 
assemblies for forming an effective seal with the surface 
of an object, such as a paper roll, which object may have 
wrinkles or irregularities in its surface. 
Now referring to the drawings and more particularly 

to FIGS. 1 and 2, an embodiment of the vacuum grip 
ping device, generally designated 10, will be seenpto in 
clude primarily a pair of elongated dual vacuum pad as 
sembly plates 11 and 12, each of which plates is slightly 
curved in transverse cross-section for gripping the curved 
surface of a cylindrical object. Plate 11, which includes 
two vacuum pad assemblies generally designated 14 and 
15, is pivotally mounted to a generally square support 
member 16 for limited swinging movement about the lon 
gitudinal axis of the plate. Similarly, plate 12, which 
includes two vacuum pad assemblies generally designated 
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18 and 19, is pivotally mounted to support 16 for limited ' 
swinging movement about the longitudinal axis of the 
plate. In the‘ embodiment of the invention shown for 
purposes of illustration, the vacuum griping device of 
this invention is movably mounted on a known type of 
‘industrial lift truck, generally designated 20, for gripping 
and handling large rolls of paper of the type use in print 
‘ing newspapers. Plates 11 and 12 are pivotally mounted 
on support 16 for accommodating the curvature of a 
paper roll which varies to some degree depending on, of 
course, the size -of the roll. While each plate may be 
pivotally mounted to support 16 by any suitable means, 
each plate is preferably provided with upper and lower 
pairs of integral apertured ear plates 21‘and 22, respec 
tively. It will be understood that the pairs of ear plates 
are adapted to receive pins held in lugs or the like (not 
shown) extending from support 16 for providing pivotal 
mounting of the plates to the support.‘ Support 16, which 
of itself forms no part of the present invention, may be 
of any suitable construction for mounting plates 11 and 
12 on a carriage (not shown) on lift truck 20 for swinging 
movement in a vertical plane, i.e. support 16 is adapted for 
rotation about a central horizontal axis extending lon 
gitudinally of the truck allowing a vertically extending 
paper roll, for example, to be gripped by vacuum gripping 
device 10 and-swung or rotated in a vertical plane.. Pref 
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4 
erably, hydraulic means are provide-d for rotating or 
swinging support 16. 

It will be understood that lift truck 20, which forms 
no part of the present invention and may be of any known 
type, includes stationary parallel upright members 24 and 
25 slidably supporting movable parallel upright members 
26 and 27, respectively. Uprights 26 and 27 support a 
carriage (not shown) and vertical reciprocatory move 
ment is imparted to uprights 26 and 27 by means of a 
hydraulic ram 28 having a pair of lifting chains 29 and 
30 associated therewith. A number of pulleys 32 and 
33 are suitably supported by a head member ‘attached 
to the stationary uprights for supporting various vacuum 
and hydraulic lines 34 and 35, respectively,‘extending to 
support 16; Vacuum line 34 has one end thereof in com 
munication with a swivel 37 of known construction for 
communicating a source of vacuum carried by the truck 
with all of the vacuum pad assemblies. 
As best seen in FIG. 2, vacuum pad assemblies 14, 

15, 18 and 19 include valve members 40, 41, 42 and 43, 
respectively. Valve members 40 and 41 are in respective 
communication with vacuum lines 44 and 45, which vac‘ 
uum lines communicate with a T-member 46. T-member 
46 communicates with swivel 37 by means of a vacuum 
line 47. Similarly, valve members 42 and 43 commu 
nicate with vacuum lines 48 and 49, respectively, ‘which 
lines connect with a T-member 50. T-member 50 is in 
communication with swivel 37 by means of a vacuum 
line 51. It will be understood that swivel 37 provides 
constant communication between line 34 and lines 47 and 
,51 regardless of the disposition of support 16 with re 
spect to the lift truck carriage. As will be explained 
in'greater detail hereinbelow, the valve members, among 
other‘ things, serve to communicate all vacuum pad as 
semblies with a common source of vacuum and adapt 
each vacuum pad assembly for independent and auto 
matic gripping of a surface.‘ As each vacuum pad as 
sembly is of identical construction, it will suffice for pur 
poses for understanding the invention to describe only on 
vacuum pad assembly in detail herein. 
‘Referring to FIGS. 1, 3 and 4, vacuum pad assembly 

14 includes a vacuum pad 55 de?ned by‘a sealing mem 
ber generally designated’ 56, which sealing’member ex 
tends continuously around the periphery of the pad. By 
virtue‘of the curvature of plate 11, pad 55 has its front 
or gripping face curved to receive the curved surface of 
.a cylindrical object to be gripped; As seen in FIG. 4, 
pad 55 includes a rearwardly offset marginal portion 55a 
having continuous, parallel,‘ inner and outer grooves 57 
and 58 formed therein. Sealing member 56 includes a 
generally U-shaped ?exible sealing ring 59 having'inner 
and outer'lip portions 60 and 61 adapted to be received 
‘in respective grooves 57 and ‘58 and held therein by means 
of a retainer'ring 62, which retainer ring is secured to 
pad portion 55a by means of a plurality of bolt means 
63 spaced apart around the periphery of pad 55. Sealing 
ring member 59 is preferably'made of neoprene. A con 
tinuous resilient ring member 65 is disposed within ?ex 
ible'ring member 59 and held therein in contact with re 
taining ring 62 by means of a suitable adhesive. Resil 
ient ring member 65 is preferably made of a closed cel~ 
lular sponge-like material having a degree of resiliency 
somewhat ?rmer than that of sponge rubber. As noted 
in FIG.’ 4, the bight portion of ?exible ring member 59 
-is in spaced relation‘ with the outermost portion of resil 
ient ring member 65 for de?ning a continuous clearance 
space therebetween. ' ‘ 

As is known to those skilled in the art, it is quite diffi 
cult to form an effective seal between a vacuum pad and 
a curved surface to be gripped, e.g., a roll of a material 
or a pipe section, because of leakage at the marginal por 
tions of the pad, The vacuum pad of this invention pro 
vides an extremely effective seal with a curved surface by 
means of the curved or arcuate pad and the sealing mem 
ber secured to the marginal portion thereof. Sealing mem 
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ber 56 has been found to be quite effective in forming 
a secure seal between pad 55 and the curved surface of 
an object to be gripped thereby, such as the surface of a 
roll of paper of the type used in printing newspapers. 
Frequently, such paper rolls have slight irregularities or 
wrinkles in the contour of the surface thereof. Curved 
pad 55, which is curved along one axis thereof, allows 
the sealing ring to accommodate the curved surface, and 
sealing ring 56 readily adapts itself for forming a seal 
along any wringles or irregularities in the curved surface. 
Flexible ring member 59 readily ?exes and conforms to 
the contour of the surface of a paper roll to be gripped 
for forming a seal between the surface and pad 55 short 
ly after initial contact between ring member 59 and the 
paper roll. As pad 55 is vacuumized drawing the same 
into closer contact with the surface of the paper roll to 
be gripped, ?exible ring member 59 continues to ?ex or 
deform after it is brought into contact with resilient ring 
member 65. The latter ring member acts as a backup 
or resilient support for ring member 59. Continued vac 
uumizing of pad 55 results in both ring members being 
squeezed or compressed until the surface of the paper roll 
is brought into contact with friction pads 66, which fric 
tion pads are spaced one at each corner of pad 55. Fur 
ther, sealing ring 56 readily adapts itself to accommodate 
the shape of the marginal portion of pad 55 to which it 
is attached. Because of the curvature of pad 55 along 
one axis thereof, two opposite marginal portions of the 
pad are straight, two other marginal portions of the pad 
are curved at a certain radius and the four corners of the 
pad are curved at a different curvature for smoothly 
joining the marginal portions of the pad. Ring members 
59 and 65 readily conform to these surfaces of the pad. 
The clearance space between these two ring members is 
su?icient for insuring their spaced relationship with each 
other along the entire lengths of the members. 
Vacuum pad 55 will be seen to include a generally 

centrally disposed, inwardly offset portion 55b in which 
is formed a main vacuum port 68 and a pilot vacuum 
bore 69, which bore is internally threaded for threading ' 
engagement with the external threads of an insert mem 
ber 70. Insert 70 is centrally bored de?ning a pilot vac 
uum port 72, and the insert includes an annular ?ange 
portion 73 adapted to be received within an annular re 
cess 74 formed in the base portion of a centrally aper 
tured pilot cup 75 for holding the latter in sealing en 
gagement with pad portion 55b around bore 69 therein. 
The purpose and function of pilot cup 75, which is pref 
erably made of a ?exible material such as gum rubber, 
will be explained hereinbelow. 

Referring now to FIGS. 5 and 6, it will be seen that 
valve member 40 having a main vacuum opening 80 and 
a pilot vacuum opening 81 is secured to the backside of 
pad portion 55b with openings 80 and 81 in respective 
alignment with ports 68 and 72. A gasket member 82 
having a pair of openings adapted for respective align 
ment with openings 80 and 81 is provided for forming 
an air-tight seal between the openings in the valve mem 
ber and the ports in the pad. Preferably, a ?at screen 
(not shown) is held in place against one face of the 
gasket for covering openings 80 and 81 to prevent entry 
of foreign matter into the various bores and passageways 
in valve member 40. Valve member 40 includes a central 
bore 85 having annular passageways 86, 87, and 88 open 
ing into the bore and spaced-apart along the longitudinal 
axis of the same. Bore 85 is closed at one end thereof 
by means of a cover plate 90 secured to one end of the 
body member by a plurality of bolts 91. The cover plate 
is in sealing engagement with the body member by means 
of a gasket 92. A second cover plate 94 is secured to the 
other end of the body member by a plurality of bolts 95, 
which cover plate is in sealing engagement with this end 
of the body member by means of a gasket 96. Cover 
plate 94 includes an aperture 97 having an internally 
threaded tapered portion 97a and a transversely extending 
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recess 98 communicating with aperture 97. Aperture 
portion 97a is adapted for threadingly receiving a threaded 
stud portion 99 of an air breather member 100. Air 
breather 100, which is of known construction, includes 
suitable screened openings (not shown) for communicat 
ing the interior of hollow stud portion 99 with the atmos 
phere. In other words, the end of bore 85 adjacent cover 
plate 94 is always open to atmosphere through aperture 
97 and breather 100. Valve member 40 includes a pair 
of side bores 102 (FIG. 9) adapted for registry with op 
posite ends of recess 98, which side bores are in com 
munication with annular passageway 88. As noted in 
FIG. 8, gasket 86 includes an opening 103 shaped for 
allowing communication between opposite ends of recess 
98 and side bores 102. It will be realized that annular 
passageway 88 is always open to atmosphere by means 
of side bores 102, recess 98, opening 97 and air breather 
100. 
A valve spool 105 is adapted to be slidably received 

within bore 85 for axial reciprocatory movement therein, 
and the valve spool is normally biased away from the end 
of the bore de?ned by cover plate 90 by a coil spring 
106 for de?ning a chamber in the bore. One end of 
spring 106 is adapted to be received in a central bore 
105a formed within the valve spool, and the other end 
of the spring is adapted to be received in a centrally dis 
posed recess 107 formed on the inside face of cover 
plate 90. 
An axially extending passageway 108 having a con 

stricted portion 108a opening into annular passageway 86 
is provided in valve member 40. Passageway 108 opens 
along the length thereof into opening 81, and the end of 
passageway 108 remote from the constricted portion opens 
at the end of valve member 40 adjacent cover plate 90. 
Gasket 92 maintains cover plate 90 in spaced relation 
with the end of the valve member adjacent this cover 
plate, and gasket 92 is provided with a central opening 
109 (FIG. 7) shaped for exposing the end of passageway 
108. Accordingly, this end of bore 85 adjacent cover 
plate 90 is always in communication with pilot vacuum 
port 72 and annular passageway 86 by means of passage 
way 108 as long as valve spool 105 is held in its normal 
position by spring 106, i.e., held out of contact with cover 
plate 90 by the spring. As noted in FIG. 7, a passage 
way 111 is formed in valve member 40 for communicat 
ing vacuum line 44 with annular passageway 86. 

Referring again to FIG. 5, valve spool 105 includes 
a reduced in diameter annular portion 105b along the 
length thereof for placing annular passageways 87 and 
88 in communication with each other when valve spool 
105 is in its spring biased position, i.e., to the right as 
seen in FIG. 5. As annular passageway 87 communi 
cates with opening 80 which in turn communicates with 
main vacuum port 68, the latter opens to atmosphere 
through breather 100 when spool 105 is in the position 
shown in FIG. 5. 
The operation of vacuum pad assembly 14 is as follows: 
Vacuum line 44 is placed in communication with a suit 

able source of vacuum which results in a ?ow of air from 
atmosphere through pilot vacuum port 72, opening 81, 
passageway 108 including constricted portion 108a, an 
nular passageway 86 and passageway 111. As ‘con 
stricted portion 108a of passageway 108 has a relatively 
small diameter, this ?ow of air from atmosphere is not 
substantial. Constricted portion 108a performs a very 
important function during this stage of operation of valve 
40. Because of the relatively small diameter of portion 
108a, a substantial vacuum is maintained in annular 
passageway 86 notwithstanding the fact that passageway 
86 is opened to atmosphere by means of passageway 108 
including portion 108a, opening 81 and pilot vacuum 
port 72. Also, by reason of the relatively small diameter 
of passageway portion 108a, the chamber in bore 85 ad 
jacent the forward end of the valve spool is maintained 
at substantially atmospheric pressure notwithstanding the 
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communication of this chamber with vacuumized cham 
ber 86 via passageway 108 including constricted portion 
108a. Or in other Words, because of the relative sizes of 
constricted portion 108a and opening 81 which has a 
much greater diameter than portion 108a and which com 
municates with the pilot vacuum port, the chamber in 
bore 85 adjacent the front end of the valve stem remains 
substantially at atmospheric pressure when a vacuum is 
being drawn through annular passageway 86. By reason 
of the size and construction of constricted portion 108a 
and the associated passageways, there is a substantial pres 
sure drop or pressure variance between annular passage 
way 86 and the chamber de?ned in bore 85 between cover 
plate 90 and the valve spool. Accordingly, when cup 75 
is closed with the surface of an object to be gripped there 
by closing the pilot vacuum port and closing bore 85 from 
the atmosphere, this pressure drop causes the valve spool 
to be quickly and smartly snapped to the left as seen in 
FIG. 5. It is desirable to provide constricted portion 
108a with the smallest diameter possible to achieve the 
greatest possible pressure drop between bore 85 and an 
nular passageway 86. On the other hand, constricted 
portion 108a should not be made so small that clogging 
is possible or that an unacceptable length of time will be 
required for vacuumizing the chamber in bore 85 for 
initiating movement of the valve spool. 

In the normal or spring biased position of valve spool 
105, i.e., the position of FIG. 5, there is no ?ow :of air 
through the main vacuum port due to operation of the 
source of vacuum as annular passageways 86 and 87 are 
prevented from communicating with each other by the 
valve spool. As vacuum pad 55 is brought into contact 
with the surface of an object to be gripped, ?exible ring 
member 59 ?exes allowing the surface of the object and 
pad 55 to be brought together until the surface of the ob 
ject is contacted by the rim portion of pilot cup 75. The 
rim portion of the pilot cup readily conforms to the sur 
face of the object to be gripped resulting in closing the 
pilot vacuum port thereby preventing the ?ow of air 
through this port to the source of vacuum and breaking 
communication between bore 85 and the atmosphere. As 
explained above, closing of the pilot vacuum port results 
in vacuumizing of the chamber in bore 85 adjacent the 
forward end of the valve spool by virtue of the commu 
nication of this portion of the bore with the source of vac 
uum by means of passageway 108 including the constricted 
porton 108a, annular passageway 86 and passageway 111. 
When the pressure ‘in this chamber of bore 85 drops su?i 
ciently for allowing atmospheric pressure acting on the 
end of the valve spool adjacent cover plate 94 (it will be 
recalled that this end of the valve spool is open to atmos 
phere through breather 100) to overcome the force of 
spring 106, valve spool 105 will be moved in bore 85 
until the spool contacts cover plate 90 as seen in FIG. 6. 
As explained above, movement of the valve spool is quite 
rapid because of the pressure drop across constricted por 
tion 108a of passageway 108. When valve spool 105 is 
in this position just mentioned, communication between 
annular passageways 87 and 88 is prevented while com 
munication between annular passageways 86 and 87 is 
permitted by means of annular valve portion 105k. It will 
now be apparent that main vacuum port 68 is in commu— 
nication with the source of vacuum through opening 80, 
annular passageways 87, 86 and passageway 111. As the 
marginal portion of vacuum pad 55 is in sealing engage 
ment with the surface of the object to be gripped during 
this actuation of valve member 40, vacuum pad 55 is vac 
uumized through the main vacuum port for securely grip 
ping the object. When it is desired to release the object, 
vacuum line 44 is opened to atmosphere by suitable 
vmeans. This results in a flow of air into annular passage 
ways 86, 87, opening 80 and the main vacuum port 68 for 
breaking the vacuum in the vacuum pad thereby releasing 
the object gripped. Valve spool 105 returns to the posi 
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8 
tion illustrated in FIG. 5 under the force of spring 106 
again placing the main vacuum port in communication 
with the atmosphere through breather 100. Additional 
air may be quickly drawn through the main vacuum port 
from breather 100 to aid in releasing the grip by vacuum 
pad 55. Return of the valve spool and separation of the 
rim of pilot cup 75 from the surface of the object again 
allows the source of vacuum to cause a small flow of air 
through the pilot vacuum port, thereby adapting the vac 
uum pad assembly for automatically gripping the surface 
of an object upon contact of the vacuum pad assembly 
with the surface of the object. 

It will be realized that valve member 40 operates in a 
very rapid manner for automatically vacuumizing the vac 
uum pad. Movement of the valve stem is almost instan 
taneous upon engagement lof pilot cup 75 with the surface 
of the object for closing the pilot vacuum port. As ex 
plained above, this action communicates the main vac 
uum port with the source of vacuum for vacuumizing the 
vacuum pad assembly. Release of the object gripped 
is also accomplished in a quick and effective manner by 
valve 40. It will be appreciated that the above described 
pneumatic mean-s adapting the vacuum pad for auto 
matically gripping a surface upon contact with the same 
will function equally well with a ?at or planar vacuum 
pad. 
FIG. 10 illustrates in schematic form a preferred vac 

uum and control system for the embodiment of the vac 
uum gripping device shown in FIG. 1. A motor powered 
vacuum pump 115 of suitable construction is mounted 
on industrial lift truck 20, which pump discharges to the 
atmosphere through a mu?ler 116. Suitable air conduit 
means 117 are provided for communicating the intake 
port of vacuum pump 115 with ?exible air conduit 34, 
which ?exible conduit is trained over pulley 33 supported 
by the upright members of the lift truck. Further conduit 
means 118 are provided for communicating ?exible air 
conduit 34 with a release valve 119, which valve includes 
a slidable member 120 adapted to be actuated by a sole 
noid 121 controlled by a switch 122. Switch 122 is lo 
cated in a convenient location on the lift truck for manip— 
ulation by an operator of the truck. A spring 123 is pro 
vided for returning member 120 to its normal position, 
i.e., the position of FIG. 10. Valve member 120 includes 
a ?rst bore 124 communicating conduit means 118 with a 
‘check valve 125, and valve member 120 includes a sec 
ond bore 126 adapted to communicate the check valve 
with a conduit 127 when the valve member is actuated by 
‘solenoid 121. Conduit 127 opens to atmosphere through 
a ?lter 128. A conduit 130 communicates check valve 
125 with swivel 37, and a conduit 131 communicates a 
vacuum tank 132 with conduit 130. The location of vac 
uum tank 132 is important for at least. two reasons. First, 
the tank should be located between the vacuum pad assem 
blies and ?exible conduit 34. If breakage should occur 
in any of the various conduits communicating the vacuum 
pad assemblies with the vacuum pump, such breakage 
would most likely occur in the ?exible conduit which is 
subjected to frequent ?exure and wear because of move 
ment of the carriage to which the ?exible conduit con 
nects. If breakage should occur in ?exible conduit 34 
when a load is being gripped, vacuum tank 132 will main 
tain all vacuum pad assemblies in their vacuumized con 
dition for securely holding the load. The second factor 
to be considered in mounting the vacuum tank is the length 
‘of conduit extending between the tank and the vacuum 
pad assemblies. By having the vacuum tank mounted as 
close as possible to the vacuum pad assemblies, the length 
of the conduits extending between the tank and the vac 
uum pad assemblies is kept to a minimum. This reduced 
length of conduit makes it easier for the vacuum tank to 
[maintain a vacuum in the vacuum pad assemblies upon 
‘failure of the vacuum pump or breakage in the conduits 
extending between the tank and the pump. 



3,219,379 
9 

The operation of the vacuum and control system of 
FIG. 10 is as follows: 
Pump 115 is operated resulting in vacuumizing tank 

132 and causing a small ?ow of air through the pilot cups 
of the vacuum pad assemblies. As explained above, upon 
engagement of one of the pilot cups with the surface of 
an object to be gripped, the corresponding vacuum pad 
assembly automatically grips the object. As each vacuum 
pad assembly includes a pilot cup and valve member, each 
assembly independently and automatically grips a partic 
ular surface upon contact with the same. It will be ap 
parent that if one of the pilot cups is not contacted by 
the surface of an object to be gripped, the valve member 
of the corresponding vacuum pad assembly will not be 
actuated. When an operator desires to release a load 
gripped by one or more of the vacuum pad assemblies, 
switch 122 is closed thereby energizing solenoid 121 to 
actuate valve member 120 for simultaneously placing the 
various conduits in communication with the vacuum pad 
assemblies in communication with the atmosphere through 
?lter 128. 

Indicating means are provided for indicating to an 
operator of the industrial lift truck the pressure in each 
of the vacuum pad assemblies when the latter are gripping 
the surface of an object. Such means are in the form 
of four pressure gauges 135, 136, 137 and 138. Pres 
sure gauge 135 is placed in communication with the 
vacuum pad of vacuum pad assembly 14 for indicating 
the pressure therein by conduits 139 and 140, which con 
duits communicate with each other through a junction 
block 141. Pressure gauge 136 is in communication with 
the vacuum pad of vacuum pad assembly 15 for indi 
cating the pressure therein by means of conduits 142 
and 143, which conduits communicate with each other 
through junction block 141. It will be understood that 
conduits 140 and 143 each have one end thereof com 
municating with small openings (not shown) in the 
vacuum pads of respective vacuum pad assemblies 14, 
15. Similarly, pressure gauge 137 is in communication 
with the vacuum pad of vacuum pad assembly 18 by 
means of a conduit 145, and pressure gauge 138 is in 
communication with the vacuum pad of vacuum pad as 
sembly 19 by means of a conduit 146. It will be under 
stood that conduits 145 and 146 each have one end 
thereof in communication with small apertures (not 
shown) located in the vacuum cups of respective vacuum 
pad assemblies 18 and 19. Pressure gauges 135~138 are 
mounted on the backside of plate 12 for easy viewing by 
an operator of the lift truck during operation of the lat 
ter. The pressure gauges provide a ready indication for 
indicating the vacuum pad assemblies being vacuumized 
upon contact with the surface of an object to be gripped. 
Further, the pressure gauges serve as a ready means for 
indicating to an operator of the lift truck whether the 
various vacuum pad assemblies are operating properly. 

FIG. 11 shows a modi?ed valve member 40 for use 
with the vacuum pad assemblies of the vacuum gripping 
device of this invention. The construction of modi?ed 
valve is the same in all respects with valve member 40 
previously described with the exception of cover plate 
90 at one end of the valve member. In the modi?ed 
form of valve member, designated 40', a cover plate 90', 
is provided, which cover plate has a central aperture 148 
opening into recess 107’. Aperture 148 is internally 
threaded for threading engagement with one end of a 
line or conduit 149. As will be explained further here 
inbelow, vacuum line 149 extends to a release valve. 
The release valve is normally closed for closing aperture 
148, and the release valve is adapted to open line 149 
to atmosphere for admitting air to the end of bore 85 
adjacent cover plate 90. If line 149 is opened when 
valve member 40’ is in its gripping position, air Will be 
admitted to the end of the bore adjacent cover plate 90 
for quickly releasing the valve spool to its non-gripping 
or normal position. In the modi?ed valve, the main 
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10 
vacuum line is not opened for releasing the surfaces 
gripped. It will be noted that when valve spool 105 of 
valve member 40’ returns to its normal position, all air 
admitted to vacuum pad 55 for breaking the vacuum 
therein is drawn in through breather 100. The releasing 
action of the vacuum pad assembly having the modi?ed 
form of valve member 40' associated therewith is very 
quick in operation as conduit 149 is rather small in di 
ameter providing a conduit of rather small volume ex 
tending between valve member 40' and the release valve. 
Because of this small volume a reduced amount of air 
is required to pass through conduit 149 for being ad 
mitted to the modi?ed valve member to release the valve 
spool therein for return to its normal or non-gripping 
position. 
FIG. 12 schematically shows a preferred vacuum and 

control system for the embodiment of the invention shown 
in FIG. 1 and employing the modi?ed valve members. 
In FIG. 12 all components of the main vacuum line are 
the same except a release valve is not located in the 
main vacuum line. Modi?ed valve members 41', 42' 
and 43', which valve members are identical to valve 
member 40', have respective conduits 150, 151 and 153 
corresponding with conduit 149, Conduits 149 and 150 
communicate with each other and with a conduit 153, 
the latter conduit being in communication with a modi 
?ed swivel 37’. Conduits 151 and 152 communicate 
with each other and with a conduit 154, which last 
mentioned conduit also communicates with the modi?ed 
swivel. A small release valve 156 has a valve member 
157 slidable therein, which valve member is adapted to 
be actuated by a solenoid 158 energized by a switch 159. 
A spring 160 engages one end of the valve member for 
urging the same into the position shown in FIG. 12. 
Valve member 157 includes a bore 161, which bore is 
adapted to communicate a conduit 162 with a conduit 
163 when the valve member is actuated by solenoid 158. 
Conduit 162 communicates with the atmosphere through 
a ?lter 164, and conduit 163 extends to swivel 37’ for 
communication with conduits 153 and 154. In the 
vacuum and control system illustrated in FIG. 12, the 
operation ‘of the various vacuum pad assemblies is the 
same as described above for gripping the surface of an 
object to be handled. However, release of the load is 
accomplished by actuation of valve 156 by closing 
switch 159. Actuation of this valve opens conduit 163 
to atmosphere which results in opening the ends of the 
modi?ed valve members adjacent cover plate 90 to at 
mosphere for quick actuation of the valve members. As 
will be apparent from FIG. 12, it is not necessary to 
open the main vacuum line extending to the various 
vacuum pad assemblies for releasing a load. It is only 
necessary to open the relatively small diameter conduits 
which communicate with release valve 156, which re 
lease valve itself may be much smaller in size than the 
release valve of FIG. 10. As explained above, release 
of an object gripped by the vacuum pad assemblies hav 
ing the modi?ed valves associated therewith _is much 
quicker because of the smaller conduit volume that must 
be ?lled with air for actuation of the valve members to 
their normal or non-gripping position. 

FIG. 13 schematically illustrates a vacuum gripping 
device employing a modi?ed vacuum pad assembly. 
The modi?ed vacuum pad assembly differs from the 
vacuum assembly of FIGS. 1 through 12 in that the 
former does not employ valve member 40 or 40' for 
communicating the main vacuum port with a source of 
vacuum when the pilot vacuum port is covered by the 
surface to be gripped. The modi?ed vacuum pad as 
sembly of FIG. 13 utilizes, in lieu of valve member 40 
or 40', a valve arrangement including a conventional 
valve adapted to be actuated by a solenoid for alter 
nately communicating the main vacuum port with atmos 
phere and with a source of vacuum. A vacuum switch 
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of conventional design is provided for ‘energizing the 
solenoid. Passageway means in the form of a vacuum 
line communicates the pilot vacuum port with the source 
of vacuum, and this vacuum line has a section of rela 
tively small diameter along the length thereof, this sec 
tion generally corresponding to constricted portion 108a 
of valve member 40. The vacuum switch is connected 
in the vacuum line between the pilot vacuum port and 
the section of relatively small diameter. When the pilot 
vacuum port is covered by a particular surface to be 
gripped, the vacuum line and vacuum switch are vacu 
umized thereby energizing the solenoid for actuation of 
the valve. When the valve is actuated, the main vacuum 
port is placed in communication with the source of vac 
uum pad for gripping the surface. 

Referring now to FIG. 13, the vacuum gripping device 
employing the modi?ed vacuum pad assemblies will be 
seen to be identical in construction, between mulfer 116 
and swivel 37, to the vacuum gripping device illustrated 
in FIGS. 1 through 10. In FIG. 13 only two modi?ed 
vacuum pad assemblies are illustrated. However, it will 
be under-stood that any suitable number of modi?ed 
vacuum pad assemblies may be employed depending on 
the size and shape of the gripping device. The vacuum 
gripping device illustrated in FIG. 13 is shown with two 
modi?ed vacuum pad assemblies, generally designated 
170 and 171. As both of the modi?ed vacuum pad as 
semblies are of identical construction, only ‘one will be 
described in detail. 
Modi?ed vacuum pad assembly 170 includes vacuum 

pad 55 having main vacuum port 68 and pilot vacuum 
port 72 with pilot cup 75 associated therewith. A con 
duit 172 communicates the main vacuum port with a 
valve 173, which valve may be of conventional design 
including a slidable member 174 having through passage 
ways 175 and 176. The slidable member is normally 
held by a spring 177 for communicating conduit 172 
with a conduit 178 via passageway 175. Conduit 178 
opens to atmosphere through a ?lter or breather 179. A 
solenoid 180 is provided for sliding member 174 against 
spring 177. When solenoid 180 is energized, member 
174 is moved for communicating conduit 172 with a 
conduit 182 via passageway 176. Conduit 182 com 
municates the modi?ed vacuum pad assembly with swivel 
37 and the source of vacuum. A vacuum switch 183 of 
conventional construction is provided for energizing sole 
noid 180. The vacuum switch receives electrical power 
from a suitable source, such as battery 184. 
The modi?ed vacuum pad assembly includes passage 

way means in the form of a vacuum line 186 extending 
between the pilot vacuum port and conduit 182 for com 
municating the pilot vacuum port with the source of 
vacuum. Vacuum line 186 includes a section 186a of 
relatively small diameter, which section generally cor 
responds to constricted portion 108a of valve member 40. 
Section 186a may be formed in any suitable manner. 
For example, vacuum line 186 may be crimped or 
squeezed to provide a relatively small diameter portion 
or a suitable ?tting may be connected in vacuum line 
186, which ?tting is provided with a relatively small 
diameter bore. Vacuum switch 183 opens into vacuum 
line 186 between pilot vacuum port 72 and section 186a. 
Because of relatively small diameter section 186a, the 
flow of air from atmosphere through pilot vacuum port 
72 is not substantial. By reason of section 186a, pump 
115 is not burdened to any extent in maintaining the 
main vacuum conduits substantially vacuumized when 
the system is opened to atmosphere at the pilot vacuum 
ports, i.e., when one of the pilot cups is not in contact 
with a surface to be gripped. Vacuum line 186 itself 
is preferably of small diameter and has the shortest pos 
sible length for providing a space of minimum volume 
that must be vacuumized when the pilot cup is covered 
for actuating the vacuum switch, thereby insuring rapid 
operation of the modi?ed vacuum pad assembly. 
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The operation of the vacuum gripping device employ 

ing the modi?ed vacuum pad assemblies is as follows: 
Pump 115 is operated thereby resulting in vacuumizing 

tank 132 and conduits 182 and causing a small ?ow of 
air through the pilot vacuum cups of the modi?ed vacuum 
pad assemblies. When one of the pilot cups is closed 
by a particular surface to be gripped upon contact with 
the latter by the vacuum pad, vacuum line 186 is quickly 
vacuumized thereby vacuumizing and actuating vacuum 
switch 183. Actuation of the vacuum switch energizes 
solenoid 180 thereby actuating valve 173 for sliding 
movable member 174 to a position where passageway 
176 communicates conduits 172 and 182. This move 
ment of the valve results in communicating the main 
vacuum port 68 with the source of vacuum thereby 
vacuumizing the vacuum pad itself for gripping the ob 
ject having its surface covering pilot cup 75. 
When it is desired to release the object, switch 122 

is closed thereby actuating release valve 119 for com 
municating simultaneously all modi?ed vacuum assem 
blies with the atmosphere through ?lter 128. When this 
occurs, the pilot cup is again uncovered thereby allowing 
resumption of the small flow of air through vacuum line 
186 which in turn results in opening of the vacuum 
switch. Opening of the vacuum switch results in de 
energizing solenoid 180 thereby allowing movable mem 
ber 174 to be returned by spring 177 for again com 
municating the main vacuum port with the atmosphere 
through breather or ?lter 179. 
The modi?ed vacuum pad assembly has the marked 

advantage of being positive in operation. When the 
pilot vacuum port is covered for vacuumizing line 186 
and vacuum switch 183, solenoid 180 is energized thereby 
positively moving the movable member of the valve for 
communicating main vacuum port with the source of 
vacuum. 

From the foregoing description it is believed to be 
apparent that this invention provides an improved vacuum 
gripping device having at least one vacuum pad assembly 
adapted for automatically gripping a particular surface 
upon contact with the same. Further, it will be ap 
parent fromthe foregoing that this invention provides 
vacuum gripping means including a plurality of separate 
vacuum pad assemblies wherein each vacuum pad as 
sembly is adapted to grip independently and automatically 
a particular surface upon contact with the same. It 
will also be apparent that the invention provides an im 
proved vacuum pad for gripping curved surfaces. 

While the invention has been shown in only several 
forms it will be obvious to those skilled in the art that 
it is not to be so limited, but on the contrary the inven 
tion is susceptible of various changes and modi?cations 
without departing from the spirit and scope of the ap 
pended claims. For example, while only one pilot 
vacuum port and associated pilot cup are shown with 
each vacuum pad, it will be realized that, if desired, 
a number of pilot vacuum ports and pilot cups could be 
operatively associated with the vacuum pad. If a num 
ber of pilot vacuum ports are used, they may be equally 
spaced around the periphery of the vacuum pad closely 
adjacent the sealing ring thereof and placed in com 
munication with a source of vacuum by suitable passage 
ways, conduits, etc. By such construction, the vacuum 
pad would not grip a particular surface until the sealing 
ring and the surface were in substantial co-extensive 
contact. As a further modi?cation coming within the 
.scope of the appended claims, the pilot cups might be 
formed as an integral part of the sealing ring for the 
vacuum pad. 

I claim: 
1. Vacuum gripping means comprising, at least one 

vacuum gripping pad assembly including a vacuum pad 
having sealing means extending around the periphery of 
the pad, said sealing means including a ?exible ring 
member secured to said pad and extending continuously 
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around the periphery of the same, which ?exible ring 
member is generally U-shaped in cross-section having 
inner and outer lips each being in sealing engagement 
with said pad, a resilient ring member secured to said 
pad and extending continuously around the periphery 
of the same within said ?exible ring member, said ?exi 
ble ring member having the bight portion thereof in 
spaced relation with said resilient ring member, whereby 
said ?exible ring member readily conforms to the con 
tour of a surface to be gripped upon initial contact with 
the same and said resilient ring member limits ?exing 
of the ?exible ring upon vacuumizing of the gripping pad. 
assembly. 

2. The structure according to claim 1 wherein said 
?exible ring member is formed of neoprene and wherein 
said resilient ring member is formed of a sponge-like ma 
terial. 

3. Vacuum gripping means comprising, at least one 
vacuum gripping pad assembly including a vacuum pad 
having a gripping face curved to receive the curved sur 
face of a cylindrical object to be gripped, sealing means 
extending around the periphery of said face, said sealing 
means including a ?exible ring member secured to said 
pad and extending continuously around the periphery 
of said face, which ?exible ring members is generally 
U-shaped in cross-section having inner and outer lips 
each being in sealing engagement with said pad, a re 
silient ring member secured to said pad within said ?exible 
ring member and extending continuously aroung the 
periphery of said face, said ?exible ring member having 
the bight portion thereof in spaced relation with said 
resilient ring member, whereby said sealing means readily 
conforms to the shape of the curved surface of said object 
and to the shape of said face at the periphery thereof for 
forming an effective seal between said pad and said sur 
face. 

4. The structure according to claim 3 wherein said 
?exible ring member is formed of neoprene and wherein 
said resilient ring member is formed of a sponge-like ma 
terial. 

5. Sealing means for a vacuum gripping pad compris 
ing, a ?exible ring secured to the gripping face of said 
pad and extending continuously around the pad adjacent 
the periphery thereof, said ring being generally U-shaped 
in cross section thereby de?ning inner and outer con 
tinuous lips, which lips sealingly engage said face of the 
pad thereby de?ning a closed generally annular space 
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within said ring, a resilient ring secured to said face of 
said pad and extending continuously around the periphery 
thereof within said space, said ?exible ring having the 
bight portion thereof in spaced relation with said re 
silient ring, whereby said ?exible ring readily conforms 
to the contour of a surface to be gripped upon initial 
contact with the same and said resilient ring limits ?exing 
0f the ?exible ring upon vacuumizing of the gripping pad. 

6. In combination, a vacuum gripping pad having a 
gripping face including spaced, inner and outer grooves 
extending continuously around the pad adjacent the 
periphery thereof, a ?exible ring having a U-shaped cross 
section de?ning inner‘ and outer continuous lips received 
in said grooves, respectively, said lips each having con 
tinuous portions extending toward each other, a sub 
stantially rigid retaining ring secured to said face of the 
pad within said ?exible ring, which ring has its marginal 
portions engaging said continuous portions thereby to 
secure said ?exible ring to said pad, a resilient ring sub 
stantially coextensive with said retaining ring and secured 
to the latter, said ?exible ring having the bight portion 
thereof in spaced relation with said resilient ring, whereby 
said ?exible ring readily conforms to the contour of a 
surface to be gripped upon initial contact with the same 
and said resilient ring limits ?exing of the ?exible ring 
upon vacuumizing of said gripping pad. 
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