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3,193,282 
MECHANESM FGR FEED:NG CARDSOARD 

OR LEKE SANKS 
Warren A. Stewart, Monkton, Md., assiga or to Koppers 

Company, Inc., a corporation of Delaware 
Filed Mar. 3, 1963, Ser. No. 264,826 

6 Claims. (Ci. 27-12) 

This invention relates generally to improvements in a 
mechanism for transferring cardboard or like blanks 
from one position to a second position and, more par 
ticularly, to improvements in those mechanisms for feed 
ing blanks successively one by one from a stack thereof 
to processing equipment for additional treatment such 
as printing, scoring, slotting, folding or some combination 
thereof, irrespective of warp in the blank or irregulari 
ties along the edges thereof with the feeding operation 
being effected according to an accurate timing schedule 
and without skewing of the blank relative to the process 
ing equipment. 
The devices employed in the past for feeding blanks 

have been of three types: reciprocating feeders, vacuum 
feeders and reciprocating vacuum feeders. Each of the 
aforementioned feeding mechanisms are operable in vari 
ous applications but, depending upon the nature of the 
blank to be fed and the degree of automation desired, 
each of the devices has definite limitations. 
The reciprocating feeder, for example, has the inherent 

capacity for feeding blanks singly in successive timed 
relation. Further, in a reciprocating feeder the blank 
is engaged at substantially zero velocity thereby preclud 
ing tearing of the blank. Certain disadvantages exist, 
however, in reciprocating feeders: such a feeder cannot 
handle blanks having more than a slight degree of warp; 
cannot feed die-cut blanks; requires a comparatively 
elaborate and time-consuming set-up; requires expensive 
auxiliary equipment to enable feeding of overlength. 
blanks, and by its very nature is subject to substantial re 
versing inertia loads, which increase power requirements 
and promote wear and consequent maintenance. 

Although vacuum feeders, per se, are able to handle 
warped blanks and blanks which have been die-cut, still 
other disadvantages prevail. Transport in vacuum 
feeders, for example, is dependent upon frictional en 
gagement between the vacuum belts and the blank being 
fed and since the belts in known vacuum feeders are 
moving at some finite constant velocity at the moment of 
pickup of the blank by the belt some degree of slippage 
between belt and biank inevitably results. Also, because 
no reliable method of indexing the feeding operation of 
a vacuum feeder has been developed, the timing rela 
tionship for the feeding of the blanks remains inflexible 
rendering it incapable of successfully feeding overlength 
blanks. On the other hand, the simplicity of the method 
of contact with and transport of the blanks by the vac 
uum feeder mechanism minimizes the complexity of the 
set-up, because neither spring feeder bars nor backstops, 
both of which are required in reciprocating feeders, are 
needed. And, since there are no reversing inertia loads, 
such a device can be made of lighter construction and is 
less subject to wear than one of the reciprocating variety. 
An outgrowth of the purely reciprocating-type and 

purely vacuum-type feeders is the last of the three types, 
the reciprocating vacuum feeder, which device attempts 
to incorporate the advantages of both the previously dis 
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cussed devices. However, in spite of the distinct ad 
vance made by the reciprocating vacuum feeder over the 
earlier devices, this device is still subject to the applica 
tion of heavy double frequency reversing inertia loads in 
herent in a reciprocating feeder. Also, the application 
of suction must be in timed relationship with the recipro 
cating movement of the feeder and consequently the parts 
which effect this intermittent application of Suction are 
susceptible to considerable wear and require a dispro 
portionate amount of maintenance. In addition, back 
stops must be used in conjunction with such a device to 
prevent the blank, which is awaiting pickup by the feeder, 
from being misaligned during the backward stroke of 
the feeder. - 

in other respects, the reciprocating vacuum feeder is 
an advantageous marriage of the previously discussed 
feeders, since it has an inherent timed activity, has a 
period of zero velocity during which to engage the blank 
to be transported; is capable of feeding warped blanks 
in a positive manner and requires shorter set-up time than 
does a reciprocating feeder due to its relative simplicity. 

it is, therefore, an object of the present invention to 
provide a non-reciprocating mechanism for transporting 
cardboard or like blanks from a first to a second position 
at high speed employing a continuously applied vacuum 
to periodically couple the transporting element, which is 
driven in a cycle of non-uniform velocity, to succeessive 
blanks at rest in the first position wherein initiation of 
the coupling action occurs during a period when the 
transporting element has a small or zero velocity. 

It is another object of the present invention to provide 
a method for feeding blanks one at a time in a consecu 
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tive timed relationship without loss of register by fric 
tionally engaging the blank at zero velocity with a trans 
port eiement; accelerating the transport element and the 
blank to a given board speed; maintaining the velocity 
of transport element and blank at this board speed while 
the blank is conducted to a Subsequent processing opera 
tion and decelerating the transport element to frictionally 
engage the succeeding bank at Zero velocity. 

It is a further object of the present invention to pro 
vide a simple means selectively operable to provide re 
liable feeding of overlength blanks (skip feeding). 

It is still another object of the present invention to 
provide a non-reciprocating feeding mechanism for blanks 
employing a continuous vacuum and engaging successive 
blanks substantially at zero velocity wherein a minimum 
of rearranging of parts is required to set-up for a dif 
ferent blank size and to provide for the feeding of either 
underlength or overlength blanks. 
The above objects are secured in accordance with this 

invention by employing in combination a pair of side 
frames supporting a bed for receiving a pile of blanks, 
side guides to locate the pile of blanks laterally of the bed, 
a vertically extending gate aligning the front of the pile 
of blanks and limiting the feeding action to the passage 
thereby of one blank at a time, means moving in a path. 
describing a single closed curve for receiving and trans 
porting in timed sequence individual blanks from the pile 
of blanks; means for positively, sequentially receiving 
the individual blanks from the transporting means, while 
these blanks are traveling at high speed, means for driving 
the transport means in a cycle of non-uniform velocity, 
means for continuously applying a vacuum to the under 
side of the transport means, said transport means having 
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groups of apertures spaced along its length whereby a 
vacuum is introduced sequentially between said transport 
means and a substantial portion of the surface of indi 
vidual blanks in the pile of blanks resulting in vacuum 
coupling of the blank to the transport means whenever 
a group of apertures is brought into juxtaposition with 
the pile of blanks during a period of relatively low or 
Zero velocity of said transport means. 

ther objects and features of the invention will become 
apparent to those skilled in the art as the disclosure is 
made in the following detailed description of a preferred 
embodiment of the invention as illustrated in the accom 
panying sheets of drawings in which: 

; FG. 1 is an isometric view showing the general ar 
rangement of the side franes, bed, driving mechanisina, 
pull rolls and the vacuum feeder assembly, 

FIG. 2 is an isometric view similar to FIG. 1 with 
portions thereof cut away to show the interior details 
of the vacuum feeder mechanism, 

FIG. 3 is a section taken on line 3-3 of FIG. 5 show 
ing the vacuum feeder device in greater detail, 

. FIG. 4 is a sectional view taken on line 4-4 of 
FIG. 3, 
FIG. 5 is a sectional view taken on line 5-5 of FIG. 

3 and - 

FG. 6 is a graphic representation of the linear velo 
city of the vacuum belt as a function of blank displace 
ment. 
A preferred embodiment of the feeding equipment is 

shown in FIGS. 1 and 2 wherein feeder 50 comprises a 
pair of spaced side frames 1 and 12 serving to support 
the substantially fat portions comprising the bed 3, 
horizontally disposed rail 4 and horizontally disposed, 
rotatably-mounted upper and lower pull rolls 15 and 
57 respectively, the pivotally-mounted vacuum assembly 
18 (to be described in greater detail below) and the var 
ious components for receiving and transmitting the driv 
ing force for feeder 6 from motor 19. 

In this embodiment blanks are removed one by one 
from the bottom of pile 21 by vacuum assembly 18 
and are positively fed in timed sequence and at board 
speed through the gap between the surface of bed 3 and 
the underside of gate 22 mounted in holder 23, which is 
in turn slidably supported on rail 4. Although only 
one gate 22 is disclosed, a greater number may be en 
ployed. It is important that gate 22 be properly adjusted 
relative to the surface of bed A3 to permit the passage 
of only one blank at a time for this enables operation of 

: the feeding device without jamming. As the front edge 
of any given blank is moved past gate 22, it is shoved 

... with a positive delivery action by vacuum feeding mech 
anism 8 between pull rolls 6 and 7, which rolls grip 
the blank firmly and pass it on into the adjacent equip 
ment at board speed after having received the blank at 
board speed from vacuum feeding mechanism 13. 
When feeder 8 is being set up for a run of a given 

size of blanks, the lateral positioning of the pile of blanks 
2 is set by locating the side guides 24, which engage the 
leading corners of pile 2, along rail 4 and fixing the 
positions of side guides 24 by means of suitable screws 
26. Holder 23 is located along rail 4 as desired and is 
fixed in position by tightening clamping screw 27. Then 
gate 22 is vertically adjusted to define the opening between 
the surface of bed 3 and the underside of gate 22, which 
opening is substantially the same size as the thickness 
of each of the blanks in pile 21. This adjustment is ac 
complished by means of turning screw 23, whereby gate 
22 is caused to move up or down. ... . 

Actually, adjustment of gate 22 need be made for only 
an initial thickness of blank, since provision is made for 
simultaneous vertical adjustment of upper pull roll ió, 
gate 22 and side guides 24. Thus, on the first set-up roll 
16 is positioned vertically to leave a space between lower 
pull roll i7 and upper pull roll 6 substantially the same 
as the thickness of the individual blank to be transported. 
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4. 
As described above, gate 22 is also adjusted to accom 
modate this thickness. Thereafter the space between the 
rolls ié, 17 is made larger or smaller to accommodate 
different runs or blanks by rotating shaft 29 in the proper 
direction whereby pinions 31, one of which is fixed to each 
end of shaft 29, are rotated and revolve in turn the ec 
centric housing 32 within which pull roll i3 is raounted. 
The movement of eccentric housings 32, and thereby of 
roil 6, is effected since the outer diameter of housing 32 
has gear teeth formed thereon which mesh with the 
teeth of pinions 3i. The axis of pull roll E6 is mounted 
eccentric to the axis of housings 32 and as housings 32 
are revolved the axis of the pull roll E6 travels in an arc 
about the axis of the housing thereby raising or lowering 
the pull rol. 16 as desired. Since rail 4 is slidably 
mounted in side frames and 2 and is rigidly mounted 
to housings 32 by means of connectors 33 at either end 
of rail i4, rotation of the outer diameter of housings 32 
in addition to vertically repositioning pull roll 16 also 
repositions rail 4 and, thereby, gate 22 and side guides 
24. Thus, once the passage defined by the gate 22 and 
the surface of bed E3 has been determined in relation to 
the space between pull rolls 6 and 57, a single adjust 
ment serves to reset both the pull roll 6 and gate 22 for 
the blank thickness of a new pile of blanks 21. 

Feeder i0 is driven by motor 19 via pulley 34, belt 36 
and pulley 37, the latter being affixed to the far end of 
the shaft of pull roll 17. Although for the sake of sim 
plicity a single belt 35 is shown, a number of belts are 
normally employed to transmit the power from motor 
19. At the near end of pull roll 17 as seen in FIG. 1 
is mounted gear 33 in mesh with gear 39 affixed to shaft 
41 of pull roll 36. - 

in practice a constant mesh coupling (not shown) 
is employed between gears 33 and 39 to accommodate 
the changes in position of gear 39 when pull roi! i3 is 
reset vertically as described above. Thus, motor 19 serves 
to drive both lower pull roll 17 and upper pull roll 6. 
Also, in the embodiment shown, provision is made for 
driving mechinery (not shown) adjacent to feeder 169 via 
idler gear 42 mounted on stub shaft 43 and gear 44 in 
mesh therewith. Power for the mechanical operation of 
the vacuum assembly 18 of feeder 50 is supplied to gear 
46 via idler gear 47, gear 46 being mounted at one end 
of shaft 43 supported in a bearing (not shown) in side 
frame E and in bearing 49 mounted on base SA. Mounted 
on the distal end of shaft 48 is bevel gear 52 in driving 
arrangement with bevel gear 53 mounted on shaft 54. 
Shaft 54 is rotatably supported in bearings 56 and 57 in 
the end walls of gear guard 58 having mounted there 
on and affixed thereto a cam 59 such as Ferguson cam 
shown and described in the Ferguson Machine Company 
Catalog No. 161 (Second Printing) entitled “Indexing 
and Transfer" or some suitable modification thereof. 

in the embodiment disclosed herein gear 38 and bevel 
gear 53 are designed in a particular ratio to each other in 
order that shaft 54 and thereby cam 59 will make one 
complete revolution during the cycle of feeding of each 
blank from pile 2.É. Cam follower assemblage 6i com 
prises a plurality of bearing-mounted follower rollers 62 
mounted on hub 63 for rotation around their individual 
central axes, hub 63 in turn being affixed to shaft 64. 
Cam 59 and follower 61 are so designed that as cam 59 

is driven at a uniform angular velocity, a non-uniform 
angular velocity is imparted to cam follower 61 including a 
period of acceleration, a period of constant velocity, a peri 
od of deceleration and a period of zero velocity dwell dur 
ing each delivery cycle, while cam 59 continues to rotate at 
uniform angular velocity. The particular sequential peri 

70 ods of non-uniform velocity of cam follower 6 will be 
described in greater detail in connection with the descrip 
tion below of FIG.6. 

Shaft 64 upon which hub 63 is fixed is bearing-mounted, 
being supported by frame 1A and bracket 65 affixed as 
shown to the end wall of gear guard 58. Bull gear 67 is 
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mounted on shaft 64 and is driven thereby whenever cam 
follower 6 is rotated by cam 59 and gear 67 in turn drives 
gear 68 affixed to the end of the belt drive shaft 65 rotat 
ably supported in bearings at the far ends thereof set in 
side frames 1 and 12. Pulleys 72, which are preferably 
cleated timing belt pulleys, are each affixed to shaft 69 at 
spaced positions along shaft 69 as shown and are the driv 
ing elements for the transport function of vacuum feeding 
assembly 13. 
Vacuum housing 72 with parallel end plates 73 affixed 

along the far sides thereof or formed integral there with 
comprises the structural core of assembly iS and is pivot 
ally supported on belt drive shaft 69 via bearings in one 
end of each of end plates 73. All elements forming vacu 
um feeding mechanism 18, other than the pulley 71, are 
supported by vacuum housing 72. Shaft 74, which is 
parallel to shaft 69 is mounted at each end thereof in 
bearings in end plates 73 and has securely affixed thereto 
spaced pulleys 76 similar to pulleys 7 and located along 
shaft 74 in alignment with pulleys 71. Spaced internal 
support plates 77 are disposed substantially parallel to end 
plates 73 and these plates 77 together with end plates 73 
serve to support pulley adjustment shaft 78. Pivotally 
mounted on shaft 78 is yoke 8i, which supports a pulley 
82 similar to pulleys 71 and 76, and yoke 83 which sup 
ports pulley 84, the mate to pulley 82. Adjusting screws 
85 and 86 are employed to position the depending pulley 
supporting ends of yokes 8 and 83 relative to pulleys 75 
and 76 by the coaction of these adjusting screws threaded 
through the arms of yokes 8A and 83 respectively with the 
abutments 87 and 88, abutment 87 being rigidly connected 
between internal support plates 77 and each of abutments 
88 being bosses formed on end plates 73. In this fashion 
when viewed from a direction parallel to shafts 69 and 74, 
two sets of three pulleys each (7E, 73, 82 and 73, 76, 84 
respectively) are seen so arranged that the axes of rotation 
of the pulleys comprising each of the sets will form the 
three corners of identical triangles. 

Each set of three pulleys are in alignment and are en 
circled by the cleated endless belts 89 driven by their re 
spective pulleys 71. Driven belts 39 in turn drive pulleys 
76 and 82 and pulleys 76 and 84. In the event that cleated 
pulleys and belts are employed, as shown, additional as 
surance is provided that there will be no slippage between 
belt and pulley, because of the positive drive characteristics 
of such an assembly. Proper tension is maintained in 
belts 39 by taking up or releasing adjusting screws 85 and 
36 as required. 

in the particular embodiment disclosed, each belt 39 has 
a perimetric length of 80 inches over the extent of which 
two groups of apertures or perforations 9 are provided, 
each of which groups extend over 20 inches of the beit 359 
and in alternating relationship with two unperforated 20 
inch lengths of belt. 
As shown in FIG. 1 the upper run of each belt 39 tra 

verses under pile 2. In order to provide positive engage 
ment between the upper run of each belt 89 and the bot 
tom most blank in pile 2: provision is made for vacuum 
coupling therebetween employing a constantly active vacu 
um system arranged to be placed in register with the bot 
tom-most blank via perforations 9; according to a given 
cycle of operations. 
The vacuum inducing system comprises a central 

plenum 92 in housing 72 disposed between the two internal 
support plates 77, which plenum 92 communicates via 
flexible duct 93 with a powerful constantly operating suc 
tion-inducing vacuum punap 94 on the one hand and, on 
the other hand, communicates with a pair of shallow vacu 
um troughs 96 disposed to either side thereof and project 
ing between upper and lower runs of belts 89 via passages 
97 penetrating the internal support plates 77. The upper 
run of each of belts 89 passes over one of the vacuum 
troughs 96 so that periodically one or the other of the 
groups of perforations 91 in each belt 89 is placed in com 
munication with vacuum trough 96. Belts 89 are co 
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6 
ordinated so that registry between the groups of perfora 
tions 93 and the respective vacuum troughs 96 is simul 
taneously effected during the cyclic traverse of belts 89. 
Pump 94 must have a rate of withdrawal of air from the 
suction system to compensate for air leakage between the 
cleats of belts 89. - 
As may be seen from the drawings primary support for 

the entire vacuum feeding assembly S is forthcoming 
from belt drive shaft 69, since plates 73 are pivotally sup 
ported thereon whereby all of vacuum assembly 8 framed 
to and supported upon end plates 73 may be pivoted about 
shaft. 639 as center. 
The pivoting of vacuum assembly 8 is effected by the 

interengagement of either cam 93 with follower 99 or of 
cam 1895 with follower E2 in the manner to be described 
below. Both cams 98 and 10i are affixed to cam shaft 
133, which shaft is in turn bearing-mounted in end plates 
73, with cam shaft (3 extending through the right hand 
end piate 73 to accommodate the mounting thereon of a 
third cam 164 adapted to coact with cam follower 196. 
Camshaft 103 also extends to the left through end plate 73 
for eventual connection with shaft 54 (details not shown) 
to provide continuous rotation of camshaft 93 at uniform 
velocity. In FIGS. 2, 3 and 4 sequential relative position 
ing of cam 98 and follower 99 and the consequent changes 
in attitude of vacuum assembly 8 produced relative to 
bed 13 are shown. 
With the disposition of parts shown, as continuously 

rotating can shaft (3 turns, can 98 is rotated and its 
face is held in contact with cam follower 99 by the action 
of biasing compression springs 167, which force the other 
wise unsupported end of vacuum assembly 8 upwardly 
toward bed 3 in a manner obvious from the drawings. 
As the surface of either of the two lobes 98, 109 of cam 
98 coact with follower 99, the right hand end of vacuum 
feeding assembly 18 as shown in FiG. 3 is forced down 
ward relative to bed 3 below the upper surface thereof 
against the force of biasing springs 107, the entire feeding 
assembly 8 being pivoted about drive shaft 69. When 
cann 93 has been rotated so that the surface of the highest 
portion of either lobe gé8 or lobe 109 has passed through 
its period of contact with cam follower 99, springs 87 
operate to bias the vacuum assembly 8 upward to ulti 
mately reach the position shown in FIG.3 relative to sta 
tionary bed 3. in this position vacuum assembly 3 may 
be slightly raised (about 1/8') at its outer end above the 
upper surface of bed 3 to promote better contact between 
the beit 89 and the bottom blank of pile 21. Since lobes 
1698 and 99 are arranged on cam 98 130 apart, the flex 
ibly supported end of vacuum assembly 18 will be pivoted 
up and down twice during each revolution of cam shaft 
(93. 
As has been described above, both drive shaft 69 and 

camshaft 103 receive their power from shaft 54 whereby 
the rotation of these shafts relative to each other can be 
predetermined. Thus, although the rotation of drive 
shaft 69 and consequently of belts 89, is effected with a 
non-uniform velocity, the operation is executed in accord 
ance with an established cycle, the pivotal movement of 
vacuum assembly 18 being interrelated with the movement 
of belts 89 so that, while cam 98 and follower 99 are op 
erative, vacuum assembly 18 is raised and depressed two 
times for each complete traversal of belts 89. 

Depending on the proportions of the equipment to which 
the blanks from pile 28 are delivered, a normal range of 
lengths of blank can be handled with the arrangement de 
scribed. “Length' in this case is the term applied to the 
dimension of the blank extending from its contact with 
gate 22 to the far end of the blank in the direction of 
travel of the blanks. 

for skip-feeding, an optional operation for vacuum 
feeding assembly 18 when overlength blanks are fed from 
pile 21, the interrelationship of the raising and lowering 
of vacuum feeding mechanism 8 relative to the cyclic 
operation of drive shaft 69 and belts 89 is altered by de 
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activating cam and follower combination 98, 99 and acti 
vating in its stead the combination of cam 101 and cam 
follower 102. This rearrangement is effected by turning 
knob 111, which causes sprocket 12 mounted on a shaft 
common to these two elements to rotate, thereby rotating 
sprocket 13, which is connected to sprocket 22 by end 
less chain 14. Sprocket 13 is affixed to shaft 116 rotat 
ably mounted in bearings (not shown) in stationary mem 
bers 117 and 18 supported by and affixed to bed 13. 

Stationary member 18 is essentially U-shaped and re 10 
ceives shaft 16 in both depending leg members as shown 
in FIG. 3. Although that portion of shaft 116 spanning 
between the depending leg portions of stationary member 
38 is threaded, the holes in the depending leg portions 

of stationary member 18 are not threaded. Thus shaft 
116 is freely rotatable relative thereto and also relative 
to stationary member 7 at the opposite end thereof. 

Threadably engaged with the threaded portion of shaft 
i6 is the cam follower trolley 19, which element has a 
main body portion 121 from which depends integral cen 
tral web portion 22 on which are bearing-Supported cam 
followers 99 and 102. Shoulder portions S.23 are slidably 
supported on side bars A24, which are disposed parallel 
to shaft 116 and span between the depending leg portions 
of stationary member i3 being affixed thereto as by Weld 
ing. As shown the top and sides of trolley 119 are re 
tained by rigid, stationary surfaces contiguous therewith. 
In this fashion, as shaft 16 is provided with the proper 
rotational sense, trolley 119 may be moved to the left or 
to the right (as seen in FIG. 3) within the confines of 
stationary member 118 to place either cam follower 99 
or cam follower 102 in a position vertically above cam 
shaft 103 and thereby placing either cam 98 or cam 10 
into engagement with its companion cam follower. 

Thus, to accommodate the feeding of overlength blanks, 
trolley 119 is advanced to locate the axis of cam follower 
102 directly over the axis of camshaft 103. Thereafter, 
vacuum feeding assembly 18 will be lowered and raised 
but one time during each revolution of cam shaft 103 
and but once during each complete circuit of belts 89 for, 
as is illustrated in FIGS. 2 and 4, cam 101 has but a single 
lobe 26. Elobe 126 comprises the greater part of the 
perimeter of cam 101, however, and retains assembly i8 
in its lowered position for the greater part of each com 
plete circuit of belts 89. The manner in which this change 
provides for skip-feeding will be explained in greater de 
tail below in connection with the operation of this in 
vention. 
As has been explained above, two spaced 20 inch lengths 

of each belt 89 are perforated and when either one of the 
perforated portions is disposed in juxtaposition beneath 
the pile of blanks 21 in register with a vacuum trough 96, 
the constantly-applied suction becomes effective to vac 
uum couple the bottom-most blank of pile 21 to the belts 
89 for delivery. However, in the event that the blanks to 
be transported are shorter than 20 inches in length, spe 
cial provisions must be made so that a vacuum will be 
created between each belt 89 and the bottom-most blank. 
There are two alternatives, either a powerful enough 
pump 94 can be employed to create sufficient suction to 
withdraw air from vacuum troughs 96 at a rate in excess 
of the rate of admission of air through the holes in the 
perforated portion of the belt 89 not covered by the short 
blank or a cover (not shown) extending across beits 89 
and supported on bed 13 may be used to cover those holes 
remaining open when a group of perforations 91 is in 
juxtaposition with the underside of pile 21. - 
The auxiliary equipment employed for effectuating the 

feeding of blanks less than 20 inches long comprise a pair 
of rails 127 located to the far sides of the end plates 73, 
each of which rails 27 is pivotally supported at one end 
thereof from a stub shaft projecting from the far side of 
each end plate 73 in the vicinity of drive shaft 69. Near 
the other end of each of rails 127 is cam follower 166 ro 
tatably-mounted on rail 27 with its central axis in a po 
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sition vertically above the axis of camshaft 103 and in the 
path of rotation of cam 04. Contact is maintained be 
tween can follower 86 and the operative surface of cam 
184 by biasing tension springs 128 connected between the 
underside of each rail 27 and a boss projecting from the 
Outer side of each end plate 73. Cam 104 is fixed to cam 
shaft 103 so that the two lobes 25, 31 of cam 104 are 
angularly offset from the lobes 198, 189 of cam.98. 

in this manner the pivoting action induced in rails 27 
relative to vacuum feeding mechanism 8 does not coin 
cide with the pivotal movement of mechanism 18 relative 
to bed i3. This angularly offset positioning provides for 
a time lag whereby when the bottom-most short blank 
has been coupled to the belts 89 and has been advanced 
approximately 8 inches, rails 27 will be pivoted to raise 
upwardly and pads 32 will engage the bottom of pile 21 
and as pads 32 continue to move upwardly supporting 
pile 2A (other than the blank being fed) the belts 89 con 
tinue to transport the bottom-most blank until this bot 
ton-most blank has been moved a distance of 20 inches. 
At this point the perforated portion of the upper run of 
each belt 89 has moved out of register with its respective 
vacuum trough 96 so that there is no possibility of en 
gaging the front edge of the next succeeding blank and 
only one blank can be fed by any given group of perfora 
tions on the belts 89. 

After the period during which the 20 inches of dis 
placement has occurred, cams 104 permit rails 127 with 
pads 132 attached thereto to descend and lower pile 21 
to rest upon bed i3 awaiting the next feed cycle. Simul 
taneously with this lowering of pile 21 the entire feeding 
assembly 18 is simultaneously lowered below the surface 
of bed i3. In this fashion it is assured that belts 89 can 
not engage the bottom-most of the short blanks until as 
sembly 18 has once again been raised to the position 
shown in FIG. 3 with a group of perforations 91 in juxta 
position between vacuum troughs 96 and the bottom-most 
blankin pile 21. - 
As shown in the drawings, pads 32 are slidably en 

gaged in inverted T-shaped slots extending along the upper 
edge of rails 127. Thus, pads 132 may be relocated 
along rails 27 and, since pads 32 are not required 
when blanks longer than 20 inches are being fed, they 
are easily removed from rails 27 so as not to interfere 
with the feeding of longer blanks. 
The operation of transporting blanks of regular-length. 

is best described in connection with the graphic representa 
tion in FIG. 6 wherein the non-uniform velocity of belt 
89 during one revolution of cam 59 is plotted having 
Superimposed therein the periods of descent and ascent 
of assembly 18 during this cycle. As a matter of design 
the proportions of the feed mechanism 10 are definitely 
related to the proportions of the elements of the adjacent 
equipment, which is to perform additional operations 
on the transported blanks; such as by way of example, a 
printing drum (not shown). A typical printing drum 
would be 50.023 inches in circumference and would be 
rotated at an angular Speed equal to a circumferential 
Velocity of 183.416 inches per second. In order to 
apply printing in register to the blanks fed thereto, it is 
Well-known that the blank must be fed into the printing 
station in a given timed relation to the circumferential 
velocity of the printing drum; to wit, at 183.416 inches 
per Second. 
The circumference of the printing drum is determina 

tive of the length withch may be termed 'standard” or 
"regular.” In the example cited above, since the circum 
ference of the printing drum expressed in round num 
bers is 50 inches, the theoretical length of blank which 
can be fed with the leading edge of one blank following 
immediately after the trailing edge of the preceding 
blank is 50 inches, if these blanks are traveling at 183.416 
inches per second. However, since the frictional engage 
ment between belts 89 and the blank to be delivered is 
effected when the blank is at rest, it is necessary to acce 
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erate the blank from zero velocity at the stack to the 
requisite board speed of 183.416 inches per second with 
out slippage to be delivered to the printing station in 
register. Acceleration of the blank from zero velocity 
to the requisite 183.416 inches per second can be effected 
by vacuum belts 89 in .0272 second. During this initial 
.0272 second the average speed of the blank is /2 x 183.416 
inches per second and the distance actually traveled 
is 2/3 inches. Thus, after .0272 second, the leading edge 
of the blank will trail the theoretical displacement (5 
inches) by 2% inches with the result that the maximum 
length blank which can be fed without skip feeding is 
47% inches; that is, the 50 inch theoretical length minus 
2/3 inches, which is the displacement required to accel 
erate the blank to board speed. 

During the first 2% inches of displacement the blank 
is brought to board speed (183.416 inches per second), 
then the velocity is held constant at this value for an ad 
ditional displacement of 17% inches. Since the perfo 
rated portions of belts 89 are 20 inches in length, at the 
end of 20 inches of displacement of the blank being de 
livered, the perforated portion of each of belts 89 will 
have completely passed over its respective vacuum trough 
96 and the unperforated portions of the belt will be in 
juxtaposition between the underside of the pile 2 and 
suction troughs 96, whereupon the suction in vacuum 
troughs 96 is rendered ineffective for vacuum coupling. 
At this point in the cycle of operation, one or the other 

of lobes 108, 209 of cam 98 will be beginning its contact 
with follower 99 during which vacuum feeding mecha 
nism 8 will be lowered gradually so that belts 89 are 
moved out of contact with the pile 2 of blanks and no 
portion of the surface of belts 89 protrudes above the 
bed 3. When the high point of lobe 18 or 109 is in 
contact with cam follower 99 the relative positioning of 
assembly 8 and bed 13 will be as shown in Fig. 4. In 
the period of the operating cycle during which assembly 
18 is being lowered, the belts 39 are being decelerated by 
can 59 and follower 62 and at the time the high point of 
lobe 108 or 09 is in contact with follower 99 the 
belts 89 will have almost stopped. By the time the down 
slope of the lobe 188, 69 is in contact with follower 99 
so that the assembly 18 will have begun to rise to its 
transport position, belts 89 will have come to rest and 
will remain at zero velocity during the upward swing of 
assembly 18 until belts 89 will have reached the level of 
the upper surface of bed 13. If desired assembly 8 can 
be moved about /8 inch at its outer end above the upper 
surface of bed 3, a distance sufficient to lift the pile of 
blanks 2i a slight distance to insure maximum friction 
contact between the surface of belts 89 and the bottom 
most blank of pile 21. 
At the instant that belts 89 stop they will each have 

passed through a displacement of 40 inches. Since the 
belts 89 are no longer in contact with the underside of 
pile 21 during the deceleration period, the rate of deceler 
ation is unimportant and the two dotted lines of different 
slopes represent the range over which acceptable rates of 
deceleration may be designed. 
When the bank itself has been displaced 45 inches from 

its original position, assembly is will have reached its 
original raised position with belts 89 at rest. When the 
maximum length blank (47% inches long) is being fed, 
therefore, the suction from the second group of perfora 
tions will apply itself to grip the iast 2/2 inches of the 
blank previously fed, but this should have no detrimental 
effect, since at this time this blank will be moving at board 
speed and be under the positive control of not only the pull 
rolls 16, 17, but also, at least one set of the rolls (not 
shown) in the adjacent equipment. 

In the case of feeding overlength blanks (in the present 
description a length of blank longer than 47% inches) the 
previously described relocation of trolley 119 is effected 
by rotating knob ii so that the axis of cam () is direct 
ly above the axis of camshaft 103. With cam 01 and fol 
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lower C2 active, assembly E8 will be raised and lowered 
only once for every two revolutions of the printing drum 
in the adjacent equipment and only one blank will be 
fed for every complete traverse of belts 89. Thus, al 
though the velocity cycle of belts 89 will not vary from 
FiG. 6 or other such established cycle, vacuum assemi 
bly 8 will be in the raised position only one time during 
each complete traverse of belt 89. 

It may be readily appreciated that by feeding only one 
blank for every two revolutions of a 50 inch diameter 
printing drum it is theoretically possible for feeder 20 to 
feed a 97/2 inch long blank although in practice this 
length seldom exceeds 62 inches because of the limitations 
of the present day equipment receiving the blanks for sub 
sequent treatment. 

in the feeding of blanks less than 20 inches long, pads 
132 are secured to rails 27 and cams 164 are angularly 
positioned relative to the two-lobed cam 93 to provide the 
desired lag time so that as the bottom-most blank from 
pile 2i is being fed and has been displaced by approxi 
mately 8 inches from pile 21, the lobes 129 or 13 of 
can (4 will raise rails 527 and pads 132 above the level 
of the upper surface of belts 859. Pads 132 engage the 
bottom of the pile 2: but do not contact the displaced bot 
tom-most blank, and support pile 28 during the subse 
quent displacement of the bottom-most blank for the 
period until this blank has been displaced a total distance 
of 20 incies. In this manner only the bottom-most blank 
will be fed by each of the groups of perforations 91 in 
belts 39. 

After the 20 inches of displacement of the bottom-most 
blank referred to above has occurred, cams 104 permit 
rails 27 with pads 32 attached thereto to lower the 
pile 21 to rest upon bed 53 awaiting the next feed cycle. 
As shown in FiG. 6, by this time assembly 13 will have 
started its downward motion and belts 89 are being de 
pressed below the surface of bed 3 so that there can be 
no engagement between belts 89 and the bottom-most 
blank of pile 21 until belts 89 are again raised to their upper position. 
Without the use of this auxiliary equipment, once a 

blank less than 20 inches long has been fed, the next blank 
could fall down against belts 89 and the remaining extent 
of the group of perforations 95 projecting beyond the 
preceding blank would grip the subsequent blank and 
cause it to be fed directly after the preceding biank on 
the same feed cycle and the subsequent blank would be 
Out of register. Also, the subsequent blank would not 
be vacuum coupled with belts 89 when belts 89 are at 
rest, a most important feature of this invention. 
Thus, by employing a uni-directional feeding motion in 

combination with frictional coupling action between belt 
and blank at Zero velocity and by employing a continuous 
application of vacuum rather than utilizing a mechanical 
make and break device, the embodiment of the invention 
disclosed herein does for the first time successfully com 
bine the advantageous features of the reciprocating feeder 
With those of the timed vacuum feeder. 

Although a particular cam and follower has been em 
ployed for elements 59 and 61, the invention is not to 
be restricted to the use of a specific motion generating 
drive, but any device receiving a uniform velocity rota 
tional input but having an output of non-uniform velocity, 
Such as a Whitworth drive may be employed as long as 
it produces the velocity characteristics desired in the 
performance of this invention. 

Depending on the mechanism to receive the blanks from 
feeder 20 various length belts 89 would be used and 
even multi-lobed cams with more than two lobes would 
be employed to accommodate the chosen number of 
groups of perforations in belt 89, but in each instance 
the feeder belt would advance in one direction only with 
the vacuum coupling being effected at or about zero 
velocity. 



11. 
As enumerated above various modifications may ob 

viously be resorted to by those skilled in the art without 
departing from the spirit and scope of the invention, as 
hereinafter defined by the appended claims, as only a 
preferred embodiment thereof has been disclosed. 5 
What is claimed: - 

: 1. A mechanism for feeding a sheet from a stack of 
sheets, comprising: 

(a) a stationary substantially horizontal bed adapted 
to support said stack of sheets; 

(b) an endless conveyor belt mounted adjacent the 
horizontal bed and having a perforated section; 

(c) means for advancing the conveyor beit unidirec 
tionally through a non-uniform velocity cycle having 
a finite period of zero velocity as indicated in F.G. 
6 where the belt contacts one of the sheets; 

(d) suction means operating through the perforated 
section for vacuum coupling the one sheet to the 
conveyor belt whereby the sheet is movable with 
the belt; and 

(e) an adjustable stop for restraining all of the sheets 
in the stack against lateral movement except the 
one sheet, whereby the one sheet is laterally moved 
by the conveyor belt during the motion of the belt. 

2. A mechanism for feeding a sheet from a stack of 
sheets comprising: 

(a) a stationary substantially horizontal bed adapted 
to support said stack of sheets; 

(b) an endless conveyor belt mounted adjacent the 
horizontal bed and having a perforated section; 

(c) means for cyclically advancing the conveyor belt 
toward and away from the stack of sheets, said 
conveyor belt moving unidirectionally through a 
non-uniform velocity cycle having a finite period 
of zero velocity as indicated in F.G. 6 where said 
belt contacts one of the said sheets; 

(d) continuous suction means operating through the 
perforated section for vacuum coupling the one 
sheet to the belt during the period of zero velocity 
and for a period of time thereafter during the non 
uniform velocity cycle; and 

(e) an adjustable stop for restraining all of the sheets 
in the stack against lateral movement except the 
one sheet which is laterally movable with the con 
veyor belt. 45 

3. A mechanism for feeding a sheet from a stack of 
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sheets comprising: 
(a) a stationary substantially horizontal bed adapted 

to support said stack of sheets; 
(b) an endless conveyor belt pivotally mounted ad 

jacent the horizontal bed and having a perforated 
Section; - 

(c) means for advancing the conveyor belt unidirec 
tionally through a non-uniform velocity cycle hav 
ing a finite period of zero velocity wherein the belt 
contacts one of the sheets, and cyclically toward 
and away from the stack of sheets in synchronism 
with the non-uniform velocity cycle; 

(d) continuous suction means operating through the 
perforated section for vacuum coupling the belt to 
one of the sheets during the period of Zero velocity 
and thereafter accelerating the sheet to a predeter 
mined velocity; and 

(e) an adjustable stop for restraining all of the sheets 
in the stack against lateral movement except one 
sheet whereby the one sheet is movable laterally 
with the conveyor belt. . . . . . 

4. A mechanism for feeding a sheet from a stack of 
sheets comprising: - 

(a) a stationary substantially horizontal bed adapted 
to support said stack of sheets; 

(b) a plurality of conveyor belts each pivotally 
mounted adjacent the horizontal bed and each hav 
ing at least one perforated section; - 

(c) means for simultaneously advancing said belts 75 
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unidirectionally, each belt moving with a non-uniform 
velocity cycle having a period of acceleration, a pe 
riod of uniform velocity, a period of deceleration and 
a period of zero velocity as indicated in FIG. 6, each 
said belt moving simultaneously with the other belts 
toward and away from the stack of sheets in cyclical 
motion and in synchronism with the non-uniform 
velocity cycle; 

(d) continuous suction means operating through the 
perforated section of each belt for vacuum coupling 
each of said belts to one of said sheets during the 
period of zero velocity; and 

(e) an adjustable stop for restraining all of the sheets 
in the stack against lateral movement except the 
one sheet which is movable with the conveyor belts 
during the non-uniform velocity cycle. 

5. A mechanism for feeding a sheet from a stack of 
sheets comprising: 

(a) a stationary substantially horizontal bed adapted to 
Support said stack of sheets; 

(b) an endless conveyor belt having a pair of spaced 
apart perforated sections and being pivotally mounted 
adjacent the horizontal bed; - - - 

(c) means for advancing said belt unidirectionally 
through two non-uniform velocity cycles during each 
revolution of the belt, each non-uniform velocity 
cycle including a period of belt acceleration, a pe 
riod of uniform belt velocity, a period of belt de 
celeration and a period of zero belt velocity; 

(d) means for moving said conveyor belt cyclically 
toward and away from the stack of sheets in syn 
chronism with the non-uniform unidirectional move 
ment of said belt, whereby during each period of zero 
Velocity a perforated section of the belt contacts one 
of the sheets of the stack; 

(e) continuous suction means operating through the 
perforated section of the belt which is in contact 
with the sheet whereby the sheet is vacuum coupled 
to the conveyor belt and is movable therewith; and 

(f) means for maintaining the stack of sheets in a 
fixed lateral position and allowing only one sheet 
at a time to become vacuum coupled to said belt 
during each period of contact and move laterally 
with the belt. - 

6. A mechanism for feeding a sheet from a stack of 
sheets comprising: 

(a) sheet advancing means capable of contacting one 
sheet at a time of said sheets; 

(b) continuous suction means capable of vacuum cou 
pling said sheet advancing means to said one sheet; 

(c) means for moving said sheet advancing means uni 
directionally through a non-uniform velocity cycle 
as indicated in F.C. 6 during which said sheet ad 
vancing means is vacuum coupled to said sheet while 
said sheet advancing means is moving linearly at zero 
velocity; 

(d) means for accelerating said sheet and sheet ad 
vancing means and releasing said sheet after the 
same has reached a uniform velocity; and 

(e) means for decelerating said sheet advancing means 
to zero velocity. 

7. A mechanism for feeding a sheet from a stack of 
sheets comprising: - 

(a) an endless sheet advancing belt capable of moving 
unidirectionally, through more than one non-uniform 
Velocity cycle during each rotation of said belt, 
with each non-uniform velocity cycle having a pe 
riod of zero velocity as indicated in FIG. 6; 

(b) continuous suction means for vacuum coupling 
said sheet advancing means to one of said sheets at 
a time during each period of zero dwell and there 
after during each cycle accelerating said one sheet 
to a uniform velocity; and 

(c) means for releasing said sheet and decelerating said 
sheet advancing means during each cycle. 
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8. A mechanism for feeding a sheet from a stack of 
sheets comprising: 

(a) an endless sheet advancing belt capable of moving 
unidirectionally through a non-uniform velocity cycle 
during each rotation of said belt with said velocity 
cycle having a period of zero velocity as indicated 
in FIG. 6; 

(b) continuous suction means for vacuum coupling 
said sheet advancing means to one of said sheets 
at a time during said period of zero velocity and 
thereafter during the cycle accelerating said one 
sheet to a velocity and maintaining the one sheet at 
a uniform velocity for a finite period of time; and 

(c) means for releasing said sheet and decelerating said 
sheet advancing belt during the cycle. 

9. The combination with a pair of pull rolls and a 
stack of sheets of a mechanism for feeding one sheet 
from said stack comprising: 

(a) an endless conveyor belt periodically engageable 
with one said sheet and capable of moving said sheet 
toward said pull rolls with a non-uniform velocity 
as indicated in FIG. 6, said belt being vacuum cou 
pled to said sheet during the period of zero velocity 
of said belt. 

10. A mechanism for feeding sheets from a stack com prising: 
(a) a stational substantially horizontal bed adapted to 
hold a plurality of sheets; 

(b) an endless conveyor belt mounted adjacent said 
bed and having a perforated section; 

(c) means for advancing said conveyor unidirection 
ally through a non-uniform velocity cycle having a 
period of zero velocity; 

(d) means for pivoting said conveyor belt toward and 
away from said sheet at least once during each rota 
tion of said belt, with said perforated section con 
tacting one sheet at a time during the period of zero 
velocity; 

(e) continuous suction means operative through said 
perforated section for holding said sheet against said 
conveyor and moving the sheet with said belt; and 

(f) means for holding all but one of said plurality of 
sheets whereby only one sheet is moved laterally 
by said conveyor at one time. 

1. The invention set forth in claim 9 wherein the 
means for advancing said conveyor through a non-uni 
form velocity cycle having a period of Zero velocity in 
cludes a powered can and follower mechanism. 

12. A mechanism for feeding a sheet from a stack 
thereof, comprising: 

(a) an endless conveyor belt having a perforated sec 
tion; 

(b) means for advancing said conveyor belt unidirec 
tionally through a non-uniform velocity cycle hav 
ing a period of zero velocity; 

(c) means for cyclically moving said conveyor belt 
toward and away from said stack in synchronism 
with said non-uniform velocity cycle whereby during 
the period of Zero velocity said perforated section 
contacts one of said sheets; 

(d) suction means operative through said perforated 
section for holding said sheet against said conveyor, 
said sheet moving with said belt as it thereafter 
accelerates to a uniform velocity; and 

(e) means for holding all but one of said plurality 
of sheets in a fixed lateral position whereby only one 
sheet contacts and moves with said conveyor belt at 
one time. 

13. A method for removing one sheet from a stack 
thereof and transporting the sheet, comprising the steps of: 

(a) moving an endless conveyor belt having a perfo 
rated section from a first position to a second posi 
tion adjacent said stack so that the perforated section 
contacts said one sheet during the time said belt is 
moving linearly with zero velocity, and the perfo 
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4. 
rated section is in communication with a suction 
Station; 

(b) continuously applying suction to said perforated 
section to vacuum couple said sheet to said belt; 

(c) accelerating said belt and said sheet linearly to a 
velocity; 

(d) maintaining the velocity of the sheet and belt at a 
uniform value during the period of time that said 
belt moves from said second position to a third posi 
tion and said perforated section moves away from 
said suction station whereby said sheet is released 
from said belt; and 

(e) moving said belt from said third position to said 
first position while said belt decelerates to the 
initial zero velocity. 

4. A method for removing one sheet from a stack 
thereof and transporting the sheet, comprising the steps of: 

(a) moving an endless conveyor belt having a plurality 
of spaced apart perforated sections from a first posi 
tion to a second position where a first perforated 
section contacts one sheet during a period of time 
when said belt is moving linearly at zero Velocity 
and the first perforated section is in communication 
with a suction station; 

(b) continuously applying suction to said first perfo 
rated section to vacuum couple said sheet to Said 
belt; 

(c) accelerating said belt and said sheet linearly to a 
velocity and maintaining the velocity of said sheet 
and belt at a uniform value during the time said belt 
moves from said second position to a third position, 
said first perforated section being moved out of com 
munication with said suction station whereby said 
sheet is released from said belt; 

(d) moving said belt from said third position to said 
first position with said belt decelerating to the initial 
zero velocity; and 

(e) repeating the foregoing steps at least one more 
time during each revolution of said endless beit 
conveyor. 

15. A mechanism for removing one sheet from a stack 
thereof and transporting the sheet, comprising: 

(a) an endless conveyor belt having a perforated 
section; 

(b) means for moving said conveyor belt from a first 
position to a second position adjacent said stack so 
that the perforated section contacts said one sheet 
during the time said belt is moving linearly with 
Zero velocity as indicated in FIG. 6, and the perfo 
rated section is in communication with a suction 
station; 

(c) means for continuously applying suction to said 
perforated section to vacuum couple said sheet to 
said belt; 

(d) means for accelerating said belt and said sheet 
linearly to a velocity; 

(e) means for maintaining the velocity of the sheet 
and belt at a uniform value during the period of time 
that said belt moves from said second position to a 
third position and said perforated section moves 
away from said suction station whereby said sheet 
is released from said belt; and 

(f) means for moving said belt from said third position 
to said first position while said belt decelerates to 
the initial zero velocity. 

16. Apparatus for removing one sheet from a stack 
thereof and transporting the sheet, comprising: 

(a) an endless belt conveyor having a plurality of 
spaced apart perforated sections; 

(b) means for moving said belt conveyor from a first 
position to a second position where a first perfo 
rated section contacts one sheet during a period of 
time when said belt is moving linearly at zero veloc 
ity as indicated in FIG. 6 and the first perforated 
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section is in communication with a suction station; time during each revolution of the endless belt 
(c) means for continuously applying suction to said conveyor. 

first perforated section to vacuum couple said sheet . . . . - References Cited by the Examiner . 
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(d) means for accelerating said belt and said sheet 
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third position, said first perforated section being lo 2,991,074 7/61 Saltz ---------------- 271-29 
moved out of communication with said suction sta 
tion whereby said sheet is released from said belt; FOREIGN PATENTS 

(e) means for moving said belt from said third posi- 839,920 6/60 Great Britain. 
tion to said first position with said belt decelerating I5 M. HENSON WOOD, JR., Primary Examiner. 
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(f) means for repeating the cycle at least one more Examiner. 


