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Fred J. Fleischauer, 726 10th St, 
Oakmont, Pa. 15139 

Continuation-impart of application Ser. No. 589,945, 
Oct. 27, 1966. This application May 29, 1967, Ser. 
No. 651,082 

Int. Cl. B65g 15/58 
US. Cl. 198-184 11 Claims 

ABSTRACT OF THE DISCLOSURE 

The present invention utilizes air ?oat and vacuum 
support principles in general conveying or transporting of 
articles, Without the use of high differential pressures, 
movable vacuum heads, and large leakage rates. The prin 
ciples of the invention are adaptable to a variety of gen 
eral conveying operations such as elevated or overhead 
conveying, elevating, diverting, unscrambling, stacking, 
unstacking, palletizing, accumulation and alignment. The 
invention also provides a foraminous conveyor with means 
for controlling leakage rates therethrough, and novel con 
veyor structures for supporting and moving the forami 
nous belt ‘Without extensive contact with apertured slide 
surfaces. In some cases the vacuum or air lift conveyor 
can be hooded, with the hood coupled to the blower inlet 
or outlet as the case may be, in order to increase the pres 
sure differential across the foraminous belt and to reduce 
the volumetric load on the blower. Certain of the vacuum 
conveyor arrangements are shaped to engage irregular ob 
jects and/or are provided with novel release mechanisms 
to quickly equalize the differential pressures across the 
belt in order to release articles adhered thereto. Novel 
mechanisms are provided for cleaning the foraminous belt 
for either vacuum or air lift conveyors described herein. 
When a variety of articles are transferred by the air lift 
‘or vacuum conveyor, a discriminator and time delay cir 
cuit can be associated therewith for discharging the con 
veyed articles selectively to pre-selected discharge stackers 
or cross-conveyors. Novel lateral seals are provided for 
sealing the edges of the foraminous belt to the pressure 
chamber in either of the air lift or vacuum conveyors. A 
novel depalletizer including a horizontally movable de 
livery plate having an inclined edge is associated with a 
vacuum conveyor and with an alignment conveyor. An 
other novel depalletizer, wherein the indexing require 
ment of conventional depalletizers is eliminated, is as 
sociated with a lifting feature of the vacuum conveyor. 

The present application is a continuation-in-part of my 
‘co-pending application, Ser. No. 589,945, entitled Air 
Lift for Vacuum Conveyors, ?led Oct. 27, 1966, now 
abandoned. 
The present invention relates to conveyor means and 

more particularly to an air lift and vacuum conveyor to 
which items to be conveyed are supported by pressure dif 
ferentials across a foraminous portion of the conveyor, 
i.e., by partially supporting on an air cushion as in ac 
cumulator and/or alignment conveyors or by suction for 
various load suspending operations, for example, general 
conveying, elevated or overhead conveying, elevating, di 
verting, unscrambling, stacking and unstacking operations 
and the like, which are more readily carried out by sus 
pending the articles to be conveyed from the underside of 
the conveyor or, as in elevating operations, Where the ar 
ticles must be retained against a moving belt or other 
conveyor means supported vertically or steeply sloped. 
The invention is particularly useful in handling fragile 
items such as glass sheets and the like. 

Various vacuum lifting devices, involving suction heads 
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or chambers employing one or more vacuum cups have 
long been available in the art. Such equipment is usually 
arranged for making relatively air tight seals with the 
articles to be conveyed or lifted and because of size limi 
tations, relatively high vacua or large pressure differen 
tials are required. The seals involved must be as nearly 
air tight as feasible in order to reduce pumping expendi 
tures, the ?rst cost of which is relatively high due to the 
relatively high vacua required. Because of the character of 
the associated arrangements, additional equipment is re 
quired for reversing the air pressures in the vacuum or 
suction cups to release the same at the destination of loads 
carried thereby. Notwithstanding, such mechanisms ?nd 
use in handling ?at sheets of glass, plywood, and other 
more or less fragile items. The physical characteristics of 
some products to be lifted and of the vacuum elements 
themselves, on the other hand, prevent the use of known 
vacuum lifting arrangements for many applications be 
cause of their application of concentrated forces to sep 
arated areas of the fragile articles. 
Known vacuum cups and chambers normally depend 

for their lifting ability upon the maintenance of a rela 
tively large pressure differential acting; upon a relatively 
small area of the load. Large bending forces therefore can 
be created which can deform or even break certain prod 
ucts or materials, for example, glass or other brittle sheet 
material, with the result that the applications of known 
vacuum lifting devices are limited in this respect also. Re 
medial steps in the form of lowering the pressure dilfer 
ential and employing large vacuum cups or many closely 
spaced cups are uneconomical or impractical in most 
cases. 

Leakage rates present another major problem to be 
solved in high-vacuum lifting applications, as the presence 
of a large pressure differential promotes the flow of cor 
respondingly larger volumes of air at points of leakage 
into the device. For example where a given load consists 
of many individual units such as a layer of cartons on a 
pallet, difficulty is usually encountered in arranging the 
vacuum devices so that voids at carton edges will not be 
spanned to form inevitable points of leakage. Such dif? 
culties are aggravated where the vacuum lifting device 
must be adapted to various carton layouts or generally to 
loads of differing con?gurations. 

In general, where complete sealing cannot be effected 
for the foregoing reasons, it is necessary to pump large 
volumes of air continuously in order to maintain the 
vacuum cups or lifting chambers at the required pressure 
differentials. Thus, the equipment required to maintain a 
relatively high vacuum under the aforementioned leakage 
conditions by constant pumping can be extremely expen 
sive and costly to operate. Although high-vacuum lifting 
techniques would otherwise be useful in handling many 
industrial products and materials, their general applica 
tion has been limited. 

In view of the limited applicability of high-vacuum lift 
ing techniques, various low-vacuum lifting devices have 
been devised and have found limited uses in industry. For 
purposes of de?nitive terminology the term “high vacu 
um” denotes pressure differentials in the range of about 
21/2 to 121/2 p.s.i. while the term “low vacuum” usually 
denotes pressure differences of up to about 21/2 p.s.i. 
It is to be understood, however, that the usage of the 
aforementioned terms are not rigorously categorized and 
thus, generally speaking, there is a certain overlappage 
in the applied ranges of pressure differentials. 

In typical low vacuum devices, suction is developed 
by connecting the inlet port of the centrifugal blower or 
the like to a vacuum chamber. The blower desirably has 
a low pressure, high volumetric characteristic. Its curve 
of pressure differential versus volume is relatively flat and 
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at its zero delivery point the blower produces a vacuum 
that remains near its maximum speci?cations. 
These low pressure suction devices have been adapted 

primarily for use in palletizing and depalletizing lifting 
and transferring machinery. In order to have the same 
lifting capacity as a high vacuum device the low vacu 
um unit must act upon a correspondingly greater area of 
the load. The resulting large suction area of the vacuum 
chamber has given rise, therefore, to serious sealing 
problems. In the case of the moving belt, low vacuum 
conveyor, the aforementioned sealing problems are great 
ly aggravated because of the relatively moving conveyor 
components in the area in which sealing is required. 
Moreover, the belt was usually slid over an apertured 
support forming part of the vacuum chamber and power 
requirements became excessive. 1 
For the most part, prior vacuum conveyors had to b 

almost completely if not entirely covered with large ar 
ticles or with a closely spaced array of articles to mini 
mize leakage between and around the articles in order to 
preserve the necessary vacuum. 
Known accumulator conveyors have live rollers or 

other complicated devices to permit the moving parts of 
the conveyor to move beneath an accumulation of ar 
ticles on the conveyor. In many applications the use of 
a ?exible conveyor belt or the like is precluded because 
the accumulated weight of the articles caused undue belt 
wear or required excessive power because of increasing 
friction to move the belt beneath the articles. Finally, a 
problem common to all belt conveyors is the difficulty of 
tracking the belt properly relative to the driving means 
therefor. 
The novel air lift or vacuum conveyor disclosed herein 

overcomes the difficulties of the prior art by providing an 
elongated air or vacuum chamber, a ?exible foraminous 
belt (illustrated in one arrangement of the invention as 
a “slat” or “pallet” type conveyor) moving thereover and 
closing at least one side of the vacuum chamber, and 
means for sealing the junction between the ?exible belt 
and the vacuum chamber. The sealing means of the novel 
conveyor arrangement are further arranged to permit lim 
ited movement of the ?exible belt toward and away from 
the juxtaposed edges of the vacuum chamber in order 
to accommodate inevitable sag in the belt resulting from 
normal wear or from manufacturing tolerances and im 
position of relatively heavy articles adhered to the un 
derside of the conveyor, as when the conveyor is em 
ployed in a horizontal, overhead position. 

It is contemplated that either positive or negative pres 
sure differences can be maintained across the belt of 
the disclosed conveyor for either air lift or vacuum opera 
tions. When employed as an air lift conveyor, the articles 
thereon are partially “?oated” on a cushion of air escap 
ing through the belt so that greater part of their weight 
is borne thereby. Accordingly, sliding friction between the 
articles and belt is considerably reduced so that the belt 
can continue to run, when the articles are accumulated, 
without causing undue belt wear or requiring excessive 
driving power. 
The foraminous belt is provided with su?icient ?exi 

bility so that it will ?ex about the adhered surfaces of 
the article carried by the conveyor and thus prevent sub 
stantial vacuum losses when non-planar articles are car 
ried by the conveyor. The suction areas of the conveyor 
belt are arranged such that limited leakage, in accord 
with the invention, occurs through those areas of the 
conveyor belt which are not covered by conveyed articles. 
In accordance with another modi?cation of the disclosed 
vacuum conveyor, additional foraminous means can be 
associated with the ?exible belt which will cause suction 
to be applied coextensively to the entire juxtaposed sur 
face of the articles adhered to the conveyor rather than 
merely to those portions of the juxtaposed surface which 
are immediately adjacent the vacuum openings of the 
conveyor. In one arrangement of my invention the addi 
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4 
tional foraminous means is a layer of compressible, open 
cell material covering the conveyor belt. Thus, when ar 
ticles are adhered to the conveyor the shear stresses de 
veloped at the edges of the adhered surfaces of the articles 
compress the open cell material and tend to seal off the 
material and minimize leakage from the conveyor. More 
over, the compressibility of the open cell material per 
mits articles with non-planar surfaces to be adhered to the 
conveyor. 

In accord with still another modi?cation of the vacuum 
conveyor, means are associated with the vacuum cham 
ber thereof for applying suction to the conveyor belt re 
turn portions, i.e., where the belt is passed over the drive 
and idler pulleys therefor. In other applications the cham 
ber is partitioned or otherwise divided into compartments 
along part or all of its length for selective loading or un 
loading of articles. In furtherance of this purpose differ 
ing pressure differentials can be applied to the compart 
ments respectively to load or unload articles according to 
differing weights or sizes of adhered surfaces thereof for 
sorting purposes. In the latter arrangement, remotely or 
manually controlled valve means can be coupled to an 
inlet or in a bleed line or both to each compartment to 
control the pressure differential therein for either adher 
ing or releasing an article at a given chamber compart 
ment. 

In still other arrangements of the conveyor, means are 
provided at either or both ends of the conveyor for inter 
mittently equalizing the pressure differentials of the cham 
ber in these areas for loading and unloading purposes. In 
one arrangement of the loading and unloading means, the 
aforementioned belt return portions are included therein, 
and conduit means are provided for selectively applying 
or equalizing pressure differentials in one or both of these 
areas for purposes of loading articles onto the conveyor 
at one end thereof and for releasing articles therefrom at 
the other end. Still another feature of the vacuum con 
veyor is a driving arrangement for the conveyor belt 
which cooperates therewith in an unique manner when 
provided with the evacuatable return portions. Unique 
means are also associated with the conveyor 'belt to cause 
the belt to track properly on its driving means. 

In other arrangements of my conveyor means, the con 
veyor is provided with means for increasing the differen 
tial pressure across the foraminous belt in either the air 
?oat or vacuum conveyor applications. Such means also 
lessens the volumetric requirement of the blower or com 
pressor associated with the conveyor. As the foraminous 
belt performs a ?ltering action upon the air circulated 
therethrough, novel means can be associated with the air 
lift or vacuum conveyors disclosed herein for either inter 
mittently or continuously cleansing the foraminous belt. 

Novel means are provided in association with my novel 
conveyor means for automatically unscrambling, aligning, 
and/or sorting articles conveyed thereon and for divert 
ing such articles when desired onto one or more conven 
tional cross conveyors or onto a palletizing structure. A 
novel depalletizing structure or unstacker is provided 
which is capable of a continuous lift without requirement 
for indexing owing to a lifting characteristic of my novel 
conveyor which raises the uppermost article of a stack of 
articles supported on the unstacker so as to clear the next 
lower article so that the adhered article can be moved 
horizontally without marring or scratching of the sur 
faces. In this connection another novel feature of my in 
vention is the use of porous or foraminous paper or other 
material interleaved with the stack of articles through 
which the differential pressures developed by my vacuum 
conveyor act upon the surfaces of the articles. Thus, the 
protective paper or the like can be moved with each ar 
ticle during depalletizing, palletizing and other conveying 
operations. 

Another novel arrangement of my conveyor means, 
when used as an air lift conveyor, consists in tilting the 
conveyor toward one of its lateral sides so that elongated 



3,47 7,558 
5 

articles deposited at random upon the conveyor are ?oated 
toward an alignment rail or the like supported adjacent 
such lateral side to align the articles in accord with their 
long dimensions. An analogous situation attains in an 
opposite sense when my conveyor means is utilized as a 
vacuum conveyor. In this case articles deposited upon the 
vacuum conveyor in a predetermined array (on either 
the lower or upper run of the conveyor) are adhered 
rigidly to prescribed positions on the conveyor while ex 
ternal, usually automated, operations such as grinding, 
milling, polishing, marking, and the like are performed on 
the articles without concern for inadvertent displacement 
of the articles from their prescribed positions. 

In still other arrangements of my novel vacuum con 
veyor the foraminous belt is shaped in conformance with 
or to facilitate conformance to articles of irregular shapes 
or with articles having regular but non-planar shapes. It 
is also contemplated that a vacuum chamber associated 
with my novel vacuum conveyor can be provided with a 
valving arrangement to reduce or eliminate leakage 
through those areas of the belt which are not covered by 
articles being conveyed. 

I accomplish these desirable objects, in accord with 
one form of my invention, by providing a conveyor ar 
rangement comprising an elongated chamber structure 
having a ?ow means along at least one side, an endless 
'foraminous conveyor belt means having a run thereof 
supported generally against said open side, said belt means 
having a relatively large number of flow impeding open 
ings therethrough communicating with said open side, 
means for moving said conveyor belt relative to said 
chamber structure, and means for establishing a pressure 
differential within said chamber. 
The belt means can be formed of interconnected, per 

forated slats each of which may be covered with an 
open-celled foam material, or alternatively I provide an 
endless foraminous belt for an air conveyor, said belt 
comprising said conveyor belt formed from an endless 
?exible member having a number of ?ow apertures ex 
tending therethrough, and a layer of open-celled foam 
material secured to said ?exible member and co-extend 
ing therewith, the open cells of said foam material being 
in communication with said ?ow apertures. 

I also provide a vacuum conveyor where pressure equal 
izing means of one of various forms are mounted ad 
jacent an end of said chamber structure and are juxta 
posed to a release area of said belt means, which pressure 
equalizing means may be actuated by a limit switch 
mounted adjacent said belt release area for operation by 
a conveyed article. 

In other applications of my novel conveyor said cham 
ber structure is closed at both ends and a perforated re 
turn roller for said belt is rotatably mounted adjacent one 
of said chamber ends for establishing a pressure differ 
ential through said belt at the associated belt return, and 
conduit means are coupled to said perforated roller and 
to said pressure differential means. 

During the foregoing discussion various objects, fea 
tures, and advantages of the invention have been alluded 
to. These and other objects, features and advantages of 
the invention will be elaborated upon during the forth 
coming description of certain presently preferred embodi 
ments of my invention together with certain presently 
preferred methods of practicing the same. 

In the accompanying drawings there are shown pres 
ently preferred embodiments of my invention together 
with preferred methods of practicing the same wherein: 
FIGURE 1 is a top and right side isometric view of 

an exemplary form of the vacuum conveyor of the in 
vention with parts broken away and other parts removed 
in order to show the invention more clearly; 
FIGURE 2 is a cross sectional view of the vacuum 

conveyor shown in FIGURE 1 and taken along reference 
line II-II thereof; 
FIGURE 3 is a partial cross sectional view, similar to 
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6 
FIGURE 2 and illustrating another form of sealing means 
which can be utilized with the vacuum conveyor; 
FIGURE 4 is a horizontal, longitudinally sectioned 

view of the vacuum conveyor shown in FIGURE 1 and 
taken along reference line IV-—-IV thereof; 
FIGURE 5 is a partial, slightly enlarged, side eleva 

tional view of the conveyor shown in FIGURE 1; 
FIGURE 6 is a side elevational view of another form 

of vacuum conveyor arranged in accordance with the 
invention; 
FIGURE 7 is a horizontal, longitudinally sectioned 

view of the vacuum conveyor shown in FIGURE 6‘ and 
taken along reference line VII-VII thereof; and 
FIGURE 8 is a fragmentary isometric view of the 

upper run of a vacuum conveyor arranged generally in 
accordance with FIGURE 1 and illustrating the use of 
means for increasing the suctional area of the conveyor; 
FIGURE 9 is an isometric view partially broken away 

of another form of my novel foraminous belt for con 
trolling pressure differentials of either a vacuum or air 
?oat conveyor; 
FIGURE 10 is an enlarged, partial, cross sectional 

view of one of the belt runs in FIGURE 9 and taken 
along reference line X—--X thereof; 
FIGURE 10A is a similar view showing a modi?ed 

form of the belt shown in FIGURES 9 and 10 and adapted 
for a particular shape of non-planar articles; 
FIGURE 10B is a partial, top plan view of still an 

other form of my foraminous belt adapted for non-planar 
articles; 
FIGURE 10C is a similar view of yet another form of 

my belt with a modi?ed foam layer; 
FIGURE 10D is a similar view of another belt modi 

?cation. 
FIGURE 10B is a partial isometric view of still another 

belt modi?cation. 
FIGURE 11 is a schematic, partially broken away, 

isometric view of still another novel form of my con~ 
veyor means having modi?ed belt and chamber struc 
tures; 
FIGURE 12 is a cross sectional view of the apparatus 

shown in FIGURE 11 and taken along reference line 
XII-XII thereof; 
FIGURE 13 is an isometric view partially broken away 

of another form of vacuum conveyor arranged in ac 
cordance with my invention; 
FIGURE 14 is a cross-sectional view of the apparatus 

as shown in FIGURE 13 and taken along reference line 
XIV—XIV thereof; 
FIGURE 15 is a top plan view, partially broken away, 

of still another form of my novel conveyor arrangement; 
FIGURE 16 is a longitudinally sectioned view of the 

apparatus shown in FIGURE 15 and taken along refer 
ence line XVI—-XVI thereof; ‘ 
FIGURE 16A is a similar vacuum conveyor arrange 

ment for elevating articles either vertically or along a 
steep incline; 
FIGURE 17 is a longitudinally sectioned view of still 

another form of vacuum conveyor of my invention in 
cluding a novel palletizing arrangement; 
FIGURE 18 is a generally similar vacuum conveyor 

and stacking arrangement with modified means for re 
leasing the articles adhered to the conveyor; 
FIGURES 18A and 18B are enlarged, partial, longi 

tudinally sectioned views illustrating another form of 
my novel release means; 
FIGURES 18C and 18D are similar views illustrating 

still another form of my novel release means; 
FIGURE 19 is an isometric and schematic view, with 

parts removed or broken away, of a vacuum conveyor and 
diverting conveyor arrangement with circuit means for 
automatically sorting articles supplied to the vacimi'n 
conveyor; 
FIGURE 20‘ is a longitudinally sectioned view of a 
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novel depalletizing arrangement in accordance with my 
invention; 
FIGURE 21 is a longitudinally sectioned view of a 

novel unstacking, unscrambling and aligning conveyor 
arrangement in accordance with my invention; 
FIGURE 22 is a partial top plan view of a portion of 

the apparatus shown in FIGURE 21 and taken along 
reference line XXII—XXII thereof; 
FIGURE 23 is a partial isometric view, with parts 

broken away, of a novel cleaning arrangement for use 
with my vacuum and air lift conveyors; 
FIGURE 24 is a similar isometric view of another 

form of my novel cleaning arrangement which also can 
be used as quick- or forced-release means in certain ap‘ 
plications; 
FIGURE 25 is a partial isometric view of a novel 

form of air lift and alignment conveyor arranged in 
accordance with my invention; 
FIGURE 26 is a partial isometric view with parts 

broken away, of another form of my novel conveyor belt, 
suitable for use with either vacuum or air ?oat applica 
tions, and provided with edge sealing means; 
FIGURE 26A is a partial cross sectional view of the 

air lift conveyor shown in FIGURE 26 and taken along 
reference line XXVI—A-—XXVI-A thereof; 
FIGURE 27 is a partial isometric view of another 

vacuum conveyor arranged in accordance with my inven 
tion with means for increasing the differential pressure 
thereof and for reducing the volumetric load on the com 
pressor or blower associated therewith; 
FIGURE 28 is a similar view of a novel air lift con 

veyor having similar differential pressure increasing and 
load reducing means; 
FIGURE '29 is a longitudinally sectioned view of still 

another form of vacuum conveyor having valve means 
associated with the open or ?ow side of its vacuum 
chamber to prevent the application of differential pres 
sures to those belt areas which are not covered by articles 
being conveyed. 
Although the several novel features of my invention are 

shown in most cases in association with a given one of 
the chambers and/or belt structures disclosed herein, it 
is to be understood that where practical, other chamber 
and/or belt forms can be associated therewith. For ex 
ample, the belt release means of FIGURES 18A-18D 
can be associated with the slat or pallet type conveyor 
belt of FIGURES 1-8, or with a chamber structure hav 
ing an entirely open side (FIGURE 1), a largely open 
supporting grid structure (FIGURES 15 and 16), a roller 
support bed (FIGURE 13), or other ?ow permitting 
means. 

It will also be understood that, while the positive and 
negative pressure differentials are described herein as 
resulting from air ?ows, these pressure differentials can 
be established by flows of other gases or by liquid flows. 

Referring now more particularly to FIGURES 1, 2, 4 
and 5 of the drawings, the illustrative form of the air lift 
or vacuum conveyor 10 shown therein includes an elon~ 
gated air or vacuum chamber structure 12 having, as 
viewed in FIGURE 1, vertical side walls 14 and end walls 
16. 
As better shown in FIGURE 2 the top and bottom 18 

and 20 of the vacuum chamber 12 are completely open 
but are covered by a semi~?exible foraminous belt 
denoted generally by reference character 22 and described 
more fully hereinafter. In those applications where only 
one side, for example the bottom, of the conveyor 10 is to 
be used for transferring articles, the other side, for ex 
ample the top side, of the vacuum chamber 12 can be 
closed by a. ?at, impervious panel, as indicated by chain 
outline 24 in FIGURE 2, in order to eliminate leakage 
through the adjacent side of the belt and thereby to 
reduce pump load. 
A pressure differential is maintained between the 

vacuum chamber 12 and the ambient through a suction 
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8 
conduit 26 coupled thereto through side wall 14 for 
example and connected to the intake port of a relatively 
low-pressure high volume vacuum producer such as a 
centrifugal blower 28. The blower 28 is sized such that 
a vacuum head or pressure differential of about 11/2 
pounds per square inch is maintained within the vacuum 
chamber 12. It is to be understood, however, that the 
exact pressure and volume requirements of the pump 
or blower will depend upon the weight and exterior con 
tour of the articles to be lifted and transferred thereby, 
and upon the extent of the uncovered belt area. 

It is also contemplated that a positive pressure differ 
ential can be established within the air chamber 12 and 
that the bottom thereof can be closed, as by a panel 
such as the panel 24, so that the top run of the belt is 
available for accumulator purposes. The direction of the 
‘blower 28 is then reversed and the pressure and volume 
characteristics thereof are adjusted to establish an air 
“cushion” or lift which is capable of bearing part or 
nearly all of the weight of the articles. This air lift great 
ly reduces the frictional forces between the articles and 
belt, and permits the belt to pass under the articles with 
out undue wear or power expenditure. 
An article 30 (FIGURE 1) carried by the conveyor 

will be removed therefrom as the conveyor belt 22 at 
tempts to carry the article around the return belt portion 
designated at 22a, at which time loss of suction occurs 
inasmuch as the return portion 22a and the belt return at 
the other end of the conveyor are not coupled to the 
vacuum chamber 12, owing to the impervious end walls 
16 thereof. In other applications alternative conveyor un 
loading means can be provided. As shown in FIGURE 1 
the alternative unloading end of the vacuum conveyor 10 
can be ‘demarcated by an end compartment 32 of the 
vacuum chamber, with an impervious partition 34 being 
provided for this purpose and extending between the side 
walls 14 of the chamber in one direction and between the 
conveyor belt runs in the other direction. The compart 
ment 32 normally is evacuated with the balance of the 
vacuum chamber 12 by means of a branched suction 
conduit 36 coupled to the compartment 32 at one end to 
the vacuum chamber suction conduit 26 at the other end, 
with the result that air is withdrawn both from the com 
partment 32 and the balance of the vacuum chamber 12 
by operation of the blower 28. 
A normally open solenoid valve 38 or the like is 

coupled in the conduit 36 and is connected through suit 
able circuit means denoted by chain outline 40 to limit 
switch 42. The limit switch 42 is positioned adjacent the 
unloading end of the conveyor 10 such that actuator arm 
44 thereof is engaged by the article 30 at the desired 
unloading position of the latter to actuate the limit switch 
42 which in turn energizes the solenoid valve 38 to its 
conduit closing position. This operation terminates the 
withdrawal of air from the vacuum chamber compart 
ment 32, and usually the normal leakage of the air into 
the compartment 32 equalizes the low vacuum pressure 
differential very quickly to release the article 30 at the 
desired unloading position thereof. 

However, in those applications where release in this 
manner is not effected quickly enough, for example as 
where the vacuum chamber 12 is provided alternatively 
with a top impervious panel 24, and the article 30 covers 
substantially all of the open bottom of the unloading com 
partment 32, additional pressure relieving means can be 
provided and energized for example by the limit switch 
42. An example of such means includes pressure relieving 
conduit 46 coupled to the side wall 14 of the vacuum 
chamber 12 and located adjacent the compartment 32 to 
communicate therewith. A normally closed solenoid valve 
48 is coupled in the pressure relieving conduit 46 which 
opens to the ambient, and is likewise connected through 
suitable circuitry 50-40 to the limit switch 42 for energiza 
tion thereby simultaneously with the solenoid valve 38. 
Thus, actuation of the switch 42 by the article 30, in the 



3,477,558 
9 

latter example, closes the normally open solenoid valve 
38 to terminate withdrawal of air from the compartment 
32 by blower 28 and at the same time opens the normally 
closed solenoid valve 48 to equalize the negative pressure 
differential therein. 

In other applications of my invention, one or more 
additional partitions, for example the partition 34a (FIG 
URE 1) can be provided along the length of the chamber 
18 to de?ned additional loading or unloading zones or 
compartments, for example the zones 33 and 35. Valves 
39 in conduits 26, 26a, and 36 can be adjusted to provide 
differing pressure differentials in compartments 32, 33 and 
35 if desired, for automatically sorting or selective un 
loading of articles according to weight or to relative areas 
of engagement with the belt 22, or both. Alternatively, 
compartment 33 or 35 or both can be unloaded by opera 
tion of solenoid valves 38 disposed in their conduits 26 
and 26a and controlled by load-actuated switches (not 
shown) similar to the actuator 42-44. In the latter ar 
rangement the load-actuated switches can be variously 
positioned so as to be engaged by loads of respectively 
varying sizes or positions on the conveyor belt 22. In any 
event, where a plurality of unloading ‘chambers or sta 
tions are provided, the articles respectively unloaded 
thereat can be sorted into appropriately positioned recep 
tacles, including additional conveyors, as desired. It is also 
contemplated that one or more switches 4244 for one 
or more of the compartments 32, 33 and 35 can be oper 
ated manually for sorting or other unloading purposes. 
As noted previously, a semi-?exible and foraminous 

conveyor belt 22, in this example, is supported so as to 
cover the open top and/ or bottom of the vacuum chamber 
12 and is fabricated from a relatively large number of 
relatively narrow slats 52 extending transversely both of 
the conveyor belt 22 and of its direction of movement 
denoted by arrow 54. In this arrangement each of the 
slats 52 is secured adjacent its ends respectively to a pair 
of spaced drive chains 56 or the like coextending with 
the endless conveyor belt 22. The use of slats 52 permits 
the belt to ?ex longitudinally to some extent about un 
even or non-planar loads. The slats themselves can be 
made from a variety of materials, which are suitably per 
forated, such as steel, wood, or pegboard. If the latter be 
used, the roughened side thereof aids in spreading the 
differential pressure beyond the edges of the apertures. 
Alternatively, a rigid open-celled material such as poly 
urethane foam can be employed. It is also contemplated 
that the chamber 12 can be omitted and each of the slats 
52 made thicker but hollow with an outer perforated side. 
Then, individual ducts can be coupled thereto from a suit 
able rotatable manifold (not shown). 
The drive chains '56 are sufficiently ?exible to pass un 

restrictedly around the belt returns 22a and 22b and ad 
jacent a pair of belt pulleys rotatably mounted on each 
end of the vacuum chamber 12. In one arrangement of 
the invention the belt pulleys 58 are of hexagonal con 
?guration for complementary engagement with the three 
slats 52a or 52b at the belt return portions 22a and 22b 
respectively. Of course, depending upon the height of the 
vacuum chamber 12 as viewed in FIGURE 1 of the draw 
ings, which will determine the number of slats 52a or 52b 
at the belt return, pulleys 58 of a different polygonal con 
tour can be employed. For positive engagement with the 
conveyor belt chain 56 or the vlike, the pulleys 58 can be 
provided with suitably spaced sprocket teeth (not shown) 
and the chains can be passed thereover. Alternatively the 
pulleys 58 can be provided in the form of circular sprock 
ets (not shown) for engagement with the chains 56, with 
the slats being mounted thereon. On the other hand, the 
chains 56 can be displaced outwardly of the hexagonal 
pulleys 58, and the conveyor belt 22 can be driven by 
engagement of the pulley’s corners with the comple 
mentary disposed junctions between the angled slats at 
the return portions of the conveyor belt, as better shown 
in FIGURES 1 and 4. In the latter arrangement the lateral 
juxtaposition of the chain 56 at the outer edges of the 
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pulleys 58 provides a proper tracking of the conveyor belt 
22 relative to the drive pulleys. Belt tracking is also as 
sured by the seals 66 (FIGURE 2) or 70-72 (FIG 
URE 3). 

For supplying rotative power through the pulleys 58 
to move the belt 22, a pair of the pulleys at either end of 
the vacuum chamber 12 can be secured to their supporting 
shaft 60 for rotation therewith, and the latter rotatably 
mounted on the adjacent end of the vacuum chamber 12 
for rotation at the required speed by a suitable drive 
mechanism, for example the motor and gear reduction 
unit described below in connection with FIGURE 7 of 
the drawings. 

In order to apply suctional forces to one or more arti 
cles 30 supported by the vacuum conveyor 10 each of the 
conveyor belt slats 52 is provided with a relatively large 
number of apertures '62 in the intermediate portions there 
of extending between the vertical side walls 14 of the 
vacuum chamber 12. The apertures 62 in this example 
are relatively small in diameter and are spaced on one 
inch centers in either a straight or a staggered pattern. In 
one application of the invention the diametric dimension 
of each aperture 62 is about ?/16 inch in order to minimize 
the volume of air which must be withdrawn from the 
vacuum chamber 12 by the blower 28 in order to main 
tain the aforesaid negative pressure differential therein. 
It will be understood that a wide range: of perforate pat 
terns and hole sizes can be used depending on the speci?c 
application of the invention. 
Leakage from the vacuum chamber 12 is further mini 

mized by the provision of suitable gasketing material 
secured along the juxtaposed edges of adjacent belt slats 
52. Such material can be an elongated strip of closed 
cell sponge material 64 secured as by gluing or the like 
to one or both of each pair of adjacent lateral edges be 
tween the slats 52. Desirably the gaskets 64 coextend 
with the length of slats S2 and are of appreciable width 
not only to ?ll the gaps between adjacent slats but also to 
be compressed thereby in order to maintain an effective 
seal. The gaskets ‘64 can be fabricated from strips of foam 
rubber or other resilient plastic sponge material to per 
mit further compression ‘and expansion thereof and to 
permit angular disposition of the slats at the conveyor 
belt returns, as denoted by reference character 64a. Al 
ternatively the gasket ‘64 can be omitted and the slats 
52 can be arranged with their lateral edges very nearly 
engaged as permitted by manufacturing tolerances and 
the necessary ?exures of the chain 56 at the belt re 
turns. In the latter case, overlapping ribs additionally 
can be secured along the lengths of adjacent lateral slat 
e ges. 

In order to further reduce pumping requirements, seal 
ing means desirably are provided for preventing the en 
trance of air between the upper and lower edges of the 
vacuum chamber 12 and the juxtaposed portions of the 
conveyor belt 22. As better shown in FIGURES 2 and 5 
one arrangement of said sealing means includes a plu~ 
rality of sealing members 66 secured individually to the 
inward surfaces of the slats 52 adjacent the ends thereof. 
The sealing members 66 desirably are fabricated from ‘a 
?exible material such as relatively soft rubber or other 
suitable plastic material in order to permit displacement 
whereof resulting from ?exure of the ‘belt slats at the 
belt return portions, as better shown in FIGURE 1. The 
sealing members 66 desirably are extended a su?icient 
distance toward the central axis of each chamber side 
Wall 14 in order to maintain sealing engagement there 
with under the usual sag conditions in the lower con 
veyor belt run, or where the belt 22 tends to ?ex about 
non-planar loads adhered thereto. The. sealing members 
66 can be a planar section of one of the aforementioned 
materials having su?icient thickness to maintain its shape 
but suf?ciently compressible to permit deformation of 
their rounded corners as they bend about the belt returns. 
As better shown in FIGURE 2 the sealing members 
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can be provided with a plurality of parallel ridges on the 
side thereof juxtaposed to the vacuum chamber sidewall 
14 to form a limited leakage or labrinthine type seal there 
with, as denoted by reference character 66. 

Alternatively as shown in FIGURE 3 of the drawings 
the sealing member 66 can be replaced by a relatively 
rigid backing plate 70 having a strip of sponge gasket 
material 72 on the inward surface of the plate for lightly 
engaging contact with the chamber side walls 14 as the 
belt slats are moved therealong. Preferably, in the ar 
rangement shown, the backing plate 70 terminates short 
of the lateral edges of the associated slats 52 to permit 
angular disposition of the slats 52 at the belt returns 
without bearing engagement of adjacent backing plates 
70 thereat. In the arrangement as shown in FIGURES 1 
and 2, the sealing means '66 or 70 are arranged to pass 
between the pulleys 58 and the adjacent ends of the vac 
uum chamber side walls 14 as better shown in FIGURE 
2 of the drawings. The pulleys 58 at each end of the 
vacuum chamber 12 are spaced outwardly thereof for this ~ 
purpose. 

Referring now to FIGURES 6 and 7 of the drawings, 
another modi?cation of the vacuum conveyor is illus 
trated therein and arranged in accordance with the in 
vention. 

In the latter modi?cation of the invention similar ref 
erence characters with primed accents denote similar com 
ponents relative to FIGURES 1 to 5 of the drawings. In 
the arrangement of FIGURES 6 and 7 a vacuum con 
veyor 10’ is provided with a vacuum chamber 12' hav 
ing side walls 14'. The vacuum chamber 12' however is 
open at both ends as well as the top and bottom, and 
the side walls 15' thereof can be secured in suitably 
spaced relation by a number of tire rods (not shown). 
Alternatively the side walls can be spaced by partition 
members 74 which de?ne respectively loading and un 
loading vacuum compartments 76 and 78 adjacent the 
ends respectively of the conveyor 10’. Where the con 
\veyor 10' is utilized in the horizontal position or where 
suction is otherwise required on only one side thereof, 
either the open top or the open bottom of the vacuum 
chamber 12' can be closed by means of the panel 24 il 
lustrated in FIGURE 2 of the drawings. 

In the arrangement shown in FIGURES 6 and 7 means 
are provided for applying suction or a negative pressure 
differential to the ‘belt return portions at each end of the 
conveyor in the event that it is desired to convey articles 
part or all of the way around the belt return portions. 
Such application is useful where it is desired to change 
the direction of movement of articles carried by the 
vacuum conveyor for stacking purposes or for loading 
onto a transversely moving conveyor or on other con 
veyance means. In other applications it may be necessary 
to bend the conveyor belt 22' from a horizontal one to 
a vertical or inclined run and suction must be applied 
to the ‘belt where it passes over pulleys such as 58' to 
make the necessary bend. 
As better shown in FIGURE 7 of the drawngs the con 

veyor belt pulleys 58' are rotatably mounted at each 
end of the vacuum chamber 12’ and are closely ?tted 
against the adjacent portions of the innerside wall sur 
faces as denoted by reference characters 80. In one ar 
rangement of the invention each pair of pulleys 58' is 
mounted upon a perforated tubular shaft 82 or ‘84 cou 
pled in communication with auxiliary or branched suc 
tion conduits 86 which in turn are coupled to the cham 
ber suction conduit 26’ and blower 28'. The perforated 
shafts 82 and 84 desirably are provided with relatively 
large openings or slots 88 through which suction air can 
pass with little or no resistance. At one end of the con 
veyor 10' for example the lower end, as viewed in FIG 
URE 7 of the drawings, the belt pulleys 58' are rotatably 
mounted upon the stationarily supported, perforated shaft 
‘82, while at the upper end of the conveyor 10', the belt 
pulleys 58' are secured to the tubular shaft 84 for ro 
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tation therewith. The latter shaft 84 is rotatbly mounted 
upon the adjacent ends of the vacuum chamber side walls 
14' in suitable bearings 90. A rotatable seal 92 is pro 
vided between the junction of the tubular shaft 84 and 
the auxiliary suction conduit 86 to facilitate the required 
relative movement therebetween Without loss of vacuum. 
The sealing means denoted generally at 66’ are depended 
from each end of each conveyor slat 52’ and disposed 
to engage the adjacent outer surfaces of the side walls 14' 
in the manner described in connection with FIGURES 
2 and 5 or FIGURE 3 of the drawings. As illustrated, 
the sealing means 66' do not engage the pulleys 58' 
although a pressure differential exists thereacross, inas 
much as the pulleys engage the inner surfaces of chamber 
walls 14'. An adequate seal between the pulleys 58’ and 
the walls 14' is established by means of gaskets 65. Ade 
quate sealing between the pulleys and slats is attained 
by the slats 52' being closely ?tted about the pulleys 58', 
the engaging surfaces of which can be machined, if de 
sired, for this purpose. 
At the other end of the rotatable tubular shaft 84 a 

stub shaft 94 is secured concentrically therewith and is 
coupled through a suitable mechanical link-age, such as 
pulleys 95, 97 and belt 99, to the output shaft 96 of a 
speed reducer and motor drive denoted generally by the 
reference character 98, to impart relatively slow rota 
tional movement to the pulleys 58' secured to shaft 84 to 
drive the conveyor belt 22 at the desired speed. 
With the arrangement shown the loading and unload 

ing conveyor compartments 76 and 78 are evacuated 
through the tubular shafts 82 and 84 respectively by 
the blower 28’. A normally open solenoid valve 100 or 
the like is coupled in each of the conduit branches 86 and 
is controlled by the suitably disposed limit switches or 
other remote control means (not shown) to actuate one 
or both of the valves 100 during the loading or unload 
ing operation at either end of the conveyor 10'. 

It is to be understood of course that one or both of 
the vacuum chambers partitions 74 can be eliminated if 
the suction compartment 76 or 78 or both are not re 
quired. It is also contemplated that the tubular perfo 
rated shafts 82 and 84 can be replaced by conventional 
shafts and suction air can be withdrawn from the com 
partments 76'and 78 by associated valved conduits de 
noted by the chain outlines 102 and 104, in which case 
the conduits 86 can be eliminated. 

Referring now to FIGURE 8 of the drawings, addi~ 
tional means are associated with the conveyor belt 22 
or 22' as the case may be for effectively increasing the 
suctional area thereof and for providing additional ac 
commodation relative to irregular surfaces adhered to the 
conveyor. The additional means also have the effect of 
increasing the sealing engagement between a carton 30' 
adhered to the conveyor and the ?exible conveyor belt 22. 
In the arrangement of the invention as shown in 'FIG 
URE 8 the conveyor belt 22’ is provided with a closely 
?tting sheet or continuous belt 106 of open-cell elas 
tomeric material, for example polyurethane foam, which 
is supported on the outward surfaces of the slats 52'. 
The interconnected cells of the overlying belt of foam 
material 106 have the effect of extending the area to 
which the pressure differential is applied, under static 
conditions as when an article 30' is adhered to the con 
veyor belt in engagement with a portion of the foam ma 
terial 106. However, in those areas of the foam material 
106 which are not covered by articles, the many open 
cells provide a tortuous path through which any leakage 
air must pass before it can enter the perforations 62' of 
each of the slats 52’. Thus, the sponge or foam layer 
106 reduces the requisite pumping power for the vacuum 
conveyor and at the same time increases the total suc 
tional force which can be applied to articles of a given 
size. Moreover, the thickness and the resiliency of the 
porous layer 106 affords an additional means for accom 
modating articles with irregular surfaces to the vacuum 
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conveyor. By the same token, the softness and the re 
siliency of the open cell layer 106 provides an effective 
seal at the engagement of each of its small and closely 
spaced openings with the articles 30’ lifted by the con 
veyor. . 

In many applications, it is contemplated that the lat 
eral sealing gaskets 64 or 64' between the slats ‘52 or 
52’ can be provided only adjacent the end portions of 
the slats if so desired when the layer of the foam ma 
terial 106 is provided thereover. It is also contemplated 
that independent sections or pieces (not shown) of the 
foam material 106 can ‘be secured individually and respec 
tively to the slats 52' for the purposes described previ 
ously in connection with the continuous porous layer 
106. The aforementioned pieces of the open cell material 
106 are approximately the same'shape as the slats 52' 
but desirably are slightly wider than the slats in order 
to ensure continuous and lateral sealing contact between 
adjacent pieces both on the ‘belt runs and at the belt 
return portions, when used with the conveyor arrange 
ment of FIGURES 6 and 7. The provision of discrete 
foam segments or pieces has the advantage of permitting 
removal or replacement of one or more of the slats 52' 
without the necessity of removing a continuous belt 106 
of the foam material. 

Another form of my novel, foraminous conveyor belt 
110 for use in controlling differential pressures is shown 
in FIGURES 9 and 10. For purposes of illustration the 
belt 110 is shown in association with a pair of return 
rollers 112 and 114 forming part of a conveyor struc 
ture shown in detail in subsequent ?gures. In this ex 
ample the belt 110 includes a perforated base layer 116, 
the ends of which are joined by clipper lacing 118 to form 
an endless belt. The perforated base layer 116 is covered 
with a superimposed layer 120 of open-celled foam ma 
terial such as the polyurethane material described above. 
In this example, the foam layer 120 is applied with suit 
able thermosetting adhesive or other suitable adhesive 
known in the art for similar adherence purposes, tak 
ing care to avoid clogging ?ow ‘apertures 122. 

In an exemplary arrangement, the base layer 116 can 
be a three-ply canvas fabric or equivalent impregnated 
with rubber or other elastomeric material. The perfora 
tions 122, by way of illustration for a given application, 
are 3716 inch in diameter and disposed on a one-inch 
square lattice. For most applications, apertures of about 
one-half inch or less in diameter are suitable. 
As better shown in FIGURE 10 the foam layer 120 

has the effect of spreading the pressure differential over 
the surface of the belt 110 owing to the interconnected 
cell construction thereof. Such open cell material is 
readily available. Furthermore, the open cell material 
120 is available in differing degrees of resiliency for ex 
ample a very soft foam or a relatively hard but still 
flexible foam. 
When the belt 110 is employed with a vacuum con 

veyor adjacent the vacuum chamber 124 amplitude curve 
126 and arrows 128 denote the variation in pressure 
differentials across the belt 110. Although the pressure 
differential varies to some extent along aperture center 
to-center distances, it is readily apparent that pressure 
differentials exist at areas of the belt layer 116 between 
the apertures 122 which would not be the case in the 
absence of the foam 120. In an air lift conveyor, arrows 
128 of course will be reversed in direction to denote a 
positive pressure differential, while amplitude curve 126 
would remain relatively unchanged. 
As better shown in FIGURE 10A it is also contem~ 

plated that the foam layer 120" can be furnished in a 
relatively thick layer on the belt 110'. Accordingly, 
various shapes of indentations such as ‘the indentation 
130 can be formed in the foam layer 120' in order to 
accommodate articles such as article 132 being conveyed. 
It is not to be inferred that a molded surface must be 
furnished for irregular surfaces, since in many cases 
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the resiliency of the foam will allow it to adapt to many 
irregular surfaces for example in the case of sheets of 
ordinary corrugated roo?ng. Moreover, the compression 
of at least the softer foam materials about the edges of 
either regular or irregular surfaces develops shearing 
forces in the foam material which tend to close the 
cells of the foam at these edges to minimize leakage 
around such surfaces. Any such peripheral leakage, which 
does not occur, is short-circuited to the nearest of the 
belt apertures 122 between the belt 110' and the article 
adhered thereto and disposed inwardly of the peripheral 
apertures remain intact. 
As better shown in FIGURE 1013 it is also contem 

plated that the indentations 130" can be circular or hemi 
spherical to accommodate rounded or spherical objects. 
In the latter arrangement apertures 122' can be aligned 
with the spherical or circular indentations 130'. It is 
also contemplated that the indentations can be extended 
entirely through the foam layer, as denoted by indenta 
tions 131, or FIGURE 101) for direct communication 
with apertures 122’ respectively. 

In certain applications it is not essential that the foam 
material 120‘ of the preceding ?gures be continuous. 
For example, in FIGURE 100 the foam material can 
be provided in the form of elongated strips 134 extend 
ing between adjacent rows of apertures 136, which may 
be spaced differently than that set forth in connection 
with FIGURE 9 to accommodate the strips 134 in be 
tween. The strips can be extended longitudinally in end 
less fashion about the belt 110' or alternatively, trans 
versely thereof. In the latter case a pair of longitudinally 
extending strips (not shown) can be disposed respec 
tively at the lateral edges of the belt 110 to prevent free 
flow of air between adjacent transverse strips. 

In another arrangement of my novel foraminous belt 
structure 110', shown in FIGURE 10E, I provide foam 
layer 120’ with a yieldable coextensive backing member 
135 having ?ow apertures 137 and a pressure sensitive 
adhesive layer 139 for adhering the foam layer 120’ to 
the perforated base layer 116’. The adhesive preliminarily 
can be coated with a layer of waxpaper (not shown) or 
the like which will not permanently adhere to the ad 
hesive 139. The yieldable layer 135 can be stretchable 
cloth or a suitable elastomeric material having at least 
the elastic characteristic of the foam layer 120'. With 
this arrangement the foam layer 120' can be progressively 
adhered to the belt base layer 116’ and. the elastic prop 
erties of the foam layer 120' and its backing layer 135 
can be utilized for minor displacements of the foam layer, 
if necessary, to ensure registry of the backing layer aper 
tures 137 with the base layer apertures 122’ respectively. 
In furtherance of this purpose, backing layer apertures 
137 desirably are made somewhat larger than base mem 
ber apertures 122'. 
As shown in FIGURES 11 and 12 the differential 

pressure conveyor belt, in another arrangement, is pro 
vided in the form of a series of discrete parallel endless 
belt strips 138. The strips 138 are spaced laterally of one 
another by ribbed return rollers, one of which is desig 
nated at 140a. In this example, each of the endless strips 
138 includes an apertured, impregnated base layer 140 
or equivalent having a single row of longitudinally spaced 
apertures 142 disposed intermediate the lateral edges 
thereof, although multiple rows of apertures can be 
employed as required. A foam layer 144 of equivalent 
width is adhered to the outer surface of the base layer 
140, as described above. The endless belt strips 138‘ are 
passed in sliding engagement with a vacuum chamber 
146 having a plurality of elongated slots 148 in longi 
tudinal alignment with the rows of apertures 142 of the 
strips 138 respectively. When air is pumped out of cham 
her 146 through conduit 150 as denoted by ?ow arrow 152 
the unperforated lateral edges of each endless strip 138 
are pressed into engagement with adjacent slats 154 de 
?ning slots 148 of the vacuum chamber, as better shown 
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in FIGURE 12. The use of a plurality of endless belt 
strips 138 minimizes the sliding friction of the belt strips 
upon the vacuum chamber slats 154, with attendant re 
duction of power requirement of drive means (not shown) 
for rotating the ribbed roller 140a. The ribs 156 of 
roller 140a maintain the desired separation between the 
belt strips 138, provide proper tracking for the belt strips 
and align the belt strip apertures 142 with the chamber 
slots 148 respectively. 
Another advantage of this arrangement is that an ex 

tremely wide conveying surface can be constructed by 
means of strips 138 (‘which may be made wider with 
multiple rows of apertures) without the extreme dif 
?culties encountered in tracking a single wide belt. 
With reference now to FIGURE 13 a more detailed 

form of my novel vacuum conveyor 158 is shown in com 
bination with a differential pressure belt 160 similar to 
the belt 110 of FIGURES 9 and 10. The conveyor 158 
is utilized for transferring articles 162 along the lower 
run of the belt 160 by vacuum adherence. Conveyor 158 ~ 
thus includes a vacuum chamber 164 having mounted 
along the lower open facing thereof a plurality of rela 
tively closely spaced, transversely extending rollers 166. 
Each of the rollers is mounted on anti-friction means 
or bearings 168 mounted in the vertical sides 170 of the 
vacuum chamber as better shown in FIGURE 14. Also 
as better shown in FIGURE 14, the lowermost edges of 
the rollers 166 are ?ush with the under surfaces of sealing 
?anges 172 of the vaccum chamber 164. 

Thus, the rollers and the lower lateral edges 172 of 
the vacuum chamber provide a supporting bed for the 
moving foraminous belt 160, which bed involved a mini 
mum of sliding friction. Although the belt 160 is ?exible 
the close spacing of the rollers 166 prevent any ap 
preciable belt ?exure therebetween. The lateral edges 
of the belt 160 at the lower run thereof remain in sealing 
sliding engagement with the under surfaces of vacuum 
chamber 172. Accordingly, a vacuum conveyor is provided 
by my invention which does not entail huge amounts 
of sliding friction as in previously proposed vacuum 
conveyors. The power requirements of electric gear motor 
or other suitable drive means 174 need not be appreciably 
increased. Drive means 174 is coupled to drive roller 176 
about which a proper belt wrap is maintained by adjust 
able snub roller 178. 

Alternatively, the drive arrangement 174-178 can be 
omitted and a second smaller vacuum conveyor (not 
shown) can be provided wherein a suction area of its belt 
is disposed in engagement with a like portion of the 
conveyor belt 160 of FIGURES 13 and 14. The afore 
mentioned belt portions are disposed for movement in 
the same direction and the vacuum adherence of the 
aforementioned portion of the belt 160 to the drive con 
veyor belt is utilized for a driving engagement between 
the belt portions so that the small vacuum conveyor can 
be utilized to drive the belt 160 of the larger conveyor 
158. The aforementioned vacuum drive conveyor can also 
be employed for a similar driving engagement with a 
conventional conveyor for similarly driving the belt there 
of. 
To withdraw air through vacuum chamber 170 and 

through the adjacent lower run of belt 160 a plenum 
housing 180 coupled to blower 182 through conduit 184 
is mounted on the upper side of vacuum chamber 164 
in communication therewith. It is contemplated of course 
that the vacuum chamber 164 can be increased in depth 
and the conduit 184 coupled directly thereto, as better 
shown in subsequent ?gures. 
At the ends of the conveyor 158 the belt 160 passes 

over return rollers 186 and 188 and in turn is passed 
over plenum housing 180 by guide roller 190 mounted 
on vacuum chamber 164 and guide roller 192 mounted 
on the top of plenum housing 180. 
Where a maintenance of a low noise level is important, 

the blower can be provided with a conventional mu?ler 
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denoted generally by reference character 194. In opera 
tion, the conveyor is similar to my novel slat conveyor 
mentioned previously with the exception that the belt 160 
is completely ?exible thereby permitting use of conven 
tional drive roller 176 and associated drive means. 
Another form 196 of my novel conveyor means is 

shown in FIGURES l5 and 16. The conveyor 196 can 
be employed either as a vacuum conveyor for articles 
198 or as an air lift conveyor for articles 200 depending 
upon whether air is pumped out of or into vacuum cham 
ber 202 and, of course, whether the vacuum chamber 
is provided with an open bottom or an open top. Belt 
110’ is similar to that described in FIGURES 9 and 10 
and is supported on return rollers 112' and 114' with 
the roller 112' being powered by suitable drive means 
(not shown). 
When the conveyor 196 is employed as an air lift or 

air ?oat conveyor air is pumped into vacuum chamber 
202 as denoted by flow arrow 204. The resulting pressure 
differential developed across belt 110' is su?icient to 
counterbalance at least part of the weight of the articles 
200. As a result conveyor 196 makes an ideal accumula 
tor conveyor wherein a large number of queued articles 
thereon do not develop excess friction upon the belt as 
it is slid beneath the articles 200. 
When air is removed from vacuum chamber 202 as 

denoted by flow arrow 206 then articles 198 can be 
adhered to the lower run of belt 110'. With the perforated 
belt roller 114’ (described in detail below) an article 
198a can be adhered at or near the right hand belt re 
turn owing to the compressibility and depth of foam layer 
120'. The article is grasped and raised by the conveyor 
when brought into close proximity to the foam surface. 
The resulting depression of the article into the foam lay 
er and the shear forces applied to the foam seal off 
most of the interconnecting foam cells at the edges of 
the article to reduce leakage around the article. As the 
left-most article 198b reaches the area 208 of the con 
veyor 196 beyond end wall 210a of vacuum chamber 
202 the article 198 is released from the conveyor onto a 
suitable take-away or service conveyor, palletizer, or the 
like (not shown in FIGURE 16). 
At least in those applications wherein the conveyor 

196 of FIGURES 15 and 16 is employed as an elevating 
conveyor as shown in FIGURE 16A it is contemplated 
that a pressure differential be applied to at least one belt 
return thereof, for example at return roller 114'. As 
shown in FIGURES 15, 16, and 16A the roller 114' 
is provided with a large number of perforations 203 
which are relatively larger and more closely spaced than 
the belt perforations 122’ to minimize the probabilities 
of the belt apertures 122' overlying solid material of the 
perforated roller 114' as the belt passes thereover. 

Air is withdrawn from roller 114' to develop a pressure 
differential across the adjacent area of the belt 110’ by 
means of side conduit 205 coupled to exhaust conduit 207 
which in turn is connected to outlet of blower 209. Side 
conduit 205 is coupled to roller 114' through a conven 
tional rotary seal at 211. 

This arrangement enables articles 198', delivered from 
supply conveyor 216, to be elevated in a vertical or steeply 
inclined direction to service conveyor 217. In the course 
of the elevation, articles 198 remain adhered to belt 110' 
as the latter passes over the upper return roller 114'. 
It is contemplated that the hollow apertured roller 114’ 
be provided in su?icient size and that the softness and 
depth of the foam layer is such that the articles remain 
sealed to the 'belt 110’ despite the curvature thereof about 
the roller 114’, as explained above. 

It is also contemplated that articles can be transferred 
from a vertical path to a horizontal path without the 
necessity of the perforated end roller shown in FIGURE 
16A. In the latter arrangement the articles, after being 
conveyed vertically by the conveyor of FIGURE 16A, 
can be engaged by the lower surface of a second vacuum 
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conveyor (not shown) disposed horizontally. Thus, the 
articles can be elevated by the vertical vacuum conveyor 
such as the conveyor 110' in FIGURE 16A and then con 
veyed horizontally by the second vacuum conveyor to its 
discharge end and thence delivered to a conventional con 
veyor or other conveying means. 
As better shown in FIGURE 17 the article-raising char 

acteristic of the foam layer discussed in connection with 
FIGURE 16 makes the ‘vacuum conveyor 196 admirably 
suitable for stacking or palletizing operations in conjunc 
tion with a spring actuated, self~levelling stacker 210, or 
other suitable stacker. In this operation articles such as 
flat sheets 212 are delivered for example from production 
machine discharge chute 214 to production conveyor 216 
one end of which is closely spaced beneath the adjacent 
end of the conveyor 196’. As each article such as article 
212a reaches that portion of belt 110' covering the lower 
open side of vacuum chamber 202’ the article 212a rises 
slightly and becomes adhered to the lower run of conveyor 
196’ and is then carried thereby to stacker 210 or other 
means of disposition. As the articles reach the position 
denoted by article 212b the articles are released from the 
vacuum conveyor as shown in FIGURE 17. The momen 
tum of the released articles carries them against stop 218 
in order to form an aligned stack 220 of the articles 212. 

There is little or no pressure difference across the belt 
110’ adjacent the conveyor portion 208’ between the right 
hand end of chamber 202’ and return roller 114’. Of 
course, the length of space 208 (FIGURE 16) or 208’ 
(FIGURE 17) will depend upon the length or size of the 
articles 198 or 212. 
Another stacking or palletizing arrangement is shown 

in FIGURE 18 involving a modi?ed vacuum conveyor 
196" and a modi?ed stacker arrangement 210’. In this 
arrangement delivery conveyor 216” is similarly spaced 
beneath the adjacent end of vacuum conveyor 196" ac 
cording to the size of articles 222 being transferred. In 
this arrangement vacuum chamber 202' is divided into 
two compartments, an elongated transfer compartment 
224 and a relatively short release compartment 226, by 
means of an impervious partition 228. Air is withdrawn 
through compartments 224 and 226 by duct arrangement 
similar to 205, 207 of FIGURES 15, 16 and 16A. The 
chamber compartments 224, 226 are coupled respectively 
to exhaust and side ducts 207' and 205'. A three-way 
dump valve 230 is coupled in side duct 205’ with the third 
port 232 of the dump valve 230 being vented to the am 
bient. Desirably, the three-way dump valve is solenoid 
operated with the solenoid 234 being controlled by limit 
switch 236 when engaged by the articles 222 as they suc 
cessively reach the position of article 222a. The dump 
valve 230 and the associated conduits are sized such that 
when the valve is manipulated to couple release chamber 
226 to vent 232 (thereby interrupting the ?ow of air 
through side conduit 205’ to duct 207') the differential 
pressure in release chamber 226 is immediately equalized 
thereby releasing article 222a. When a stack of articles 
222 reach a suitable height, stacker 210’ is manipulated 
to deliver the articles to service conveyor 238. 

Another form of my novel release means for equalizing 
pressure differentials at a release area of the ?exible belt 
110’ is illustrated in FIGURES 18A and 18B. In the latter 
arrangement a plate 240 equivalent to the desired size of 
the release area of the belt is normally poised adjacent 
the inner surface of the belt release area by means of bias 
ing springs 242 and spring housings 243. The plate 240 
is coupled to suitable actuating means 244 mounted 
within the vacuum chamber 202’ for depressing the plate 
240 into engagement with the belt 110'. Actuating means 
244 can take the form of an electric solenoid actuated by 
limit switch 236 through suitable circuitry (not shown). 
Alternatively, a hydraulic or pneumatic cylinder (not 
shown) can be employed. 

In operation, when the release plate 240 is in its raised 
position (FIGURE 18A) the area of the belt directly be 
neath the plate 240 is subjected to the pressure differential 
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18 
in the interior of the vacuum chamber 202'. On the other 
hand when the release plate 240 is urged against the back 
side of the belt (FIGURE 18B) the flow of air between 
the plate and the release area of the belt 110' is termi 
nated and the pressure differentials developed thereacross 
are eliminated. Of course, only a momentary engagement 
between the belt 110' and plate 240 is necessary as the 
small but normal leakage through the foraminous belt 
quickly equalizes any differential pressure between the belt 
110' and article 222’a. 
A similar belt release arrangement is shown in FIG 

URES 18C and 18D, which utilizes one or more dampers 
248 controlled by limit switch 250 and solenoid or cylin 
der 252 coupled to the switch 250 through suitable cir 
cuitry (not shown). When the damper or dampers 248 
are opened as shown in FIGURE 18C the vacuum cham 
ber 254 in effect is provided with an extended compart~ 
ment 256 overlying the release area of the belt 110’ as 
denoted ‘by the position of article 222'a (FIGURE 18C). 
The damper or dampers 248 are pivoted, in this example, 
at their central axis or axes to side wall extensions 258 of 
the vacuum chamber 254 and the damper or dampers are 
rotated by their brackets 260 joined to connecting rod 
262 and thence to solenoid or cylinder 252. 
The roof of vacuum chamber 254 is provided with an 

extension 264 and depending ?ange 266 which closely 
engages the adjacent damper 248 at its pivot axis to mini 
mize leakage thereat. When the dampers are opened as 
in FIGURE 18C the dampers overlie one another with 
the outermost damper overlying a lip 268‘ disposed on 
end wall 270 of the chamber extension 256. This arrange 
ment permits communication between the vacuum cham 
ber 254 and the release area of the seal 110' as denoted 
by ?ow arrow 272. 
On the other hand when the dampers are closed as 

shown in FIGURE 18D the damper or dampers 248 are 
pivoted so that the damper 248a which engages the roof 
extension 264 is disposed with one of its lateral edges in 
engagement with the moving belt 110". This action seals olf 
the balance of the chamber release compartment 256 and 
quickly equalizes the differential pressure previously ex 
isting across the belt release area. As a result article 
222'a drops from the belt. Although three dampers 248 
are shown in FIGURES 18C and 18D it will be obvious 
that a greater or lesser number can be employed depend 
ing upon the longitudinal length of the release chamber 
256. For example, dampers 248b and 2481: can be elimi 
nated and the end wall 270v and sealing lip 268 positioned 
for engagement with the adjacent lateral surface of the 
remaining damper 248a in those applications where only 
relatively small articles are handled by the conveyor. 
As shown in FIGURE 19 a vacuum conveyor 274 can 

be provided with a plurality of belt release areas or sta 
tions as denoted by a like plurality of release plates 240', 
described previously in connection with FIGURES 18A 
and 18B. It will be understood of course that other belt 
release means such as those described herein can be sub 
stituted. The conveyor 274 in the arrangement of FIG 
URE 19 can be utilized as a diverting and/or sorting 
conveyor wherein articles of ditfering categories, A, B, C 
and D are sorted and diverted onto conventional cross 
conveyors such as conveyors, A, B, C and D. An end of 
each of the conveyors is juxtaposed beneath an associated 
one of the release stations 240’. In this arrangement each 
of the release plates 240' are actuated by an electric 
solenoid 276. 

For purposes of explanation it will be assumed that ar 
ticles of four di?ering categories, A, B, C and D (al 
though a different number of categories can be used) are 
delivered in random array on arrival conveyor 278 and 
that it is desired to sort these articles into corresponding 
cross or diverting conveyors, A, B, C and D, each con 
taining a‘ predetermined single category of articles. In 
furtherance of this purpose each of the articles, A, B, C 
and D are suitably coded so as to cause photocells 280 
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to deliver a differing output pulse group on conductors 
282 to discriminator 284 with each such pulse being re 
lated to a given category of articles. 
The discriminator 284 consists of conventional cir 

cuitry for identifying the pulses for delivering output 
signals corresponding respectively to the pulse groups, 
categories and article. Thus in FIGURE 19 discrimina 
tor 284 delivers an output signal on conductor 28% 
which is coupled to solenoid 27617 of delivery station 
240'b, inasmuch as the pulse group supplied by photo 
cells 280 identi?es the category of article 286 juxtaposed 
to the photocells. However, a delay network 29% is 
coupled to conductor 2881; which delays the signal for 
a time equal to that required for the article 286 (cate 
gory B) vto reach the delivery station 2407) for release 
to diverter conveyor B. 

In similar manner signals are delivered by the dis 
criminator 284 to the conductors 288a, 2880, 288d and 
to delay networks 290a, 2900 and 290d. Each of the 
delay networks introduces a differing time delay corre 
sponding to the times that it takes articles of category 
A, B, C or D to traverse the distance from photocell 
pickups 280 to their respective delivery stations 240'a, 
240'b, 240'c and 240'd. For example, in FIGURE 19 
the delay network 290d has just delivered an actuating 
signal to solenoid 276 to release article D (denoted by 
reference character 292) onto the associated cross con 
veyor D. The time delay network 290d had held up the 
signal delivered to it by the discriminator when article 
292 was previously positioned in place of article 286 
at the photocell pickup 280. Thus, the diverting and 
sorting arrangement of FIGURE 19 provides a quick and 
automatic means for sorting and categorizing articles. 
The use of the vacuum conveyor in a novel unstacking 

or depalletizing arrangement is shown in FIGURE 20. 
In this arrangement unstacker 294 need not be provided 
with conventional vertically indexing lift means. This is 
made possible by the compressibility of the foam layer 
provided on conveyor belt 110' and discussed above with 
reference particularly to FIGURES 15-17 and 16A. As 
shown in FIGURE 20 when the uppermost sheet or arti 
cle 296 of stack 298 is engaged by the adjacent surface 
of the belt 110' the article 296 is raised and separated 
from the stack 298 by the negative differential belt pres 
sures applied thereto, and the resulting compression of 
the foam belt layer 120’ by the forces developed as a 
result of the differential pressure. This separation is suf 
?cient that the uppermost article 296 is raised and moved 
horizontally from the stack 298 before the unstacker 294 
raises the stack su?iciently to engage the next lower ar 
ticle with the belt 110’. In addition to permitting the use 
of a continuously moving unstacker 294 the raising and 
separation of the uppermost article 296 permits removal 
thereof without marring or scratching adjacent surfaces 
of the atricles. It is also contemplated that sheets of 
protective material such as porous paper can be inter 
leaved with the stack of articles 298. Then, the pressure 
differential across the belt 110' will be transferred through 
the porous paper or the like to the article on which 
protective paper is overlaid. 
As the articles are unstacked they are moved to the 

right by vacuum conveyor 196' until the articles succes 
sively pass beyond the right end 300 of vacuum chamber 
202'. In the area 302 of the conveyor 196’, which desir 
ably is sized in accordance with the size of articles 298 
or the largest size of articles to be transferred, there is 
little or no differential pressure and the articles are re 
leased to drop onto service conveyor 304. If the length 
of sheet or carton is very long so that interference with 
the next lower article would occur, a conventional, inter 
mittent lift will, of course, be used. 

In FIGURES 21 and 22 a novel unstacking and un 
scrambling arrangement is illustrated. In this example 
stack 298’ includes layered and rowed groups of articles 
which must be unstacked and delivered singly or un 
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scrambled to service conveyor 306 or other conveyor 
means. In the arrangement of FIGURES 21 and 22 a con 
ventional indexing unstacker 308 is employed and is 
operated such that the layer 310 of the stack 298’ is 
closely spaced beneath the vacuum belt 110'. An un 
scrambling plate 312 is inserted between the layer 310 
and the moving belt 110'. The plate 312 is ?tted into 
grooves in lateral supporting brackets 314 and is con 
nected to the distal end of piston rod 316 for horizontal 
withdrawing movement by cylinder 318. The other end 
of plate 312 is provided with an inclined edge 320 so 
that as the plate 312 is withdrawn it successively-and sin 
gly uncovers articles 322 in each row comprising the 
layer 310. As each article 322 is uncovered by the un 
scrambling plate 312 it becomes immediately adhered to 
the belt 110’ and each row of articles is successively 
staggered across the belt as better shown in FIGURE 22. 
Alternatively, as shown in FIGURES 21 and 22, the arti 
cles 322 are transported by the vacuum conveyor 324 
to its release area 326 where the articles drop one by one 
upon skewed roller section 328 of the service conveyor 
306, the rollers of which can be driven by conventional 
means (not shown), if desired. The skewed rollers cause 
the articles to move toward side or aligning rail 330 along 
which they are delivered in aligned, ‘Single ?le to exit por 
tion 332 of the service conveyor 306. 

If desired, the unscrambling plate 312 can be omitted 
and each layer of articles 322 can be picked up and car 
ried as a unit by vacuum conveyor 324, operating at 
lower speed, to a longer skewed roller section (not shown) 
than that illustrated at 330. The longer skewed roller sec 
tion desirably is operated at a relatively high speed which 
then effects both separation and alignment of the arti 
cles 322. 

Alternatively, the staggered array of articles on vac 
uum conveyor 324 can be singly delivered to a cross con 
veyor indicated at chain outline 333 in FIGURE 22, for 
single-?le delivery therealong. 

It is contemplated that by novel vacuum or air lift 
conveyor arrangements may accumulate dust or other 
foreign matter in the foam layer of the foraminous belts 
after longer or shorter periods of time depending upon the 
environment in which they are used. In the case of air lift 
conveyors such accumulation can be minimized or elim 
inated altogether by the provision of suitable ?lters in the 
ductwork between the blower and the air chamber of the 
conveyor. On the other hand, in the case of vacuum con 
veyors such ?ltering is di?icult if not impossible, except 
within a carefully controlled environment or by alternate 
use of the hooded arrangement (FIGURE 27) described 
hereinafter. 

Accordingly, in FIGURE 23 I have provided novel 
means for periodically or continuously cleaning the fo 
raminous belt, as required. In this arrangement a vacuum 
conveyor is provided with an independent pressure cham 
ber 334 coupled to the outlet or exhaust of the blower 
(not shown) through duct 336. Pressure chamber 334 is 
provided with an outlet slot 338 extending substantially 
transversely across the width of the belt 110' and juxta 
posed thereto. It is contemplated that the belt will slidably 
engage the adjacent face 340 of the pressure chamber to 
prevent the exit of air therefrom otherwise than through 
the foraminous belt. A throttling valve 342 desirably is 
coupled in conduit 336, which valve can be left open to a 
predetermined degree for a continuous cleansing flow ‘of 
air through the belt 110' or can be operated intermit 
tently for periodic cleaning purposes. If desired, the pres 
sure chamber 334 can be positioned at the delivery area of 
the belt 110 or 110’ (such as delivery areas 208, 302 or 
326 of FIGURES 16, 20 or 21 respectively) to facilitate 
release of articles from the belt or to forcibly release ar 
ticles for any desired purpose. 
' Another form of my novel belt cleansing apparatus 
is shown in FIGURE 24 of the drawings. In this arrange 
ment a perforated roller 344 having one or more longi 








