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ABSTRACT 
Apparatus comprising a member having a surface 
adapted to receive a stack of articles. Means are pro 
vided for rotating each bottommost article about an 
axis which is substantially normal to the plane of the 
surface and then feeding that article away from the 
stack, while any remaining articles are restrained in 
the stack. 
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1 
rrcxmc AND TRANSPORTING APPARATUS AND 

METHOD 
BACKGROUND OF THE INVENTION 

The present invention relates to article handling ap 
paratus and methods, and in particular, relates to appa 
ratus and methods which are designed to pick and 
transport punched data cards. 
Punched data cards are widely used in conjunction 

with information systems. Generally, these cards have 
punched holes therein which convey information when 
sensed, or “read,” by a card reader. 
Present-day card readers are capable of sequentially 

reading a large stack of data cards in a short period of 
time. In order to accommodate such readers, mecha 
nisms have been designed which rapidly pick the bot 
tommost card from a card stack and transport the 
picked card into the reader. One type of pick~and 
transport mechanism creates a vacuum at the bottom 
surface of the bottommost card in order to move that 
card sideward away from the stack. However, the vac 
uum of such pickers is often created through a hole 
punched in the bottommost card, causing the next card 
to be likewise transported. While various metering de 
vices, commonly referred to as “throat knives,” are 
used to restrict any sideward movement of the stack to 
the thickness of the bottommost card, the undesirable 
result in the vacuum mechanisms is that the next card 
is frequently jammed against the throat knife, damag 
ing the card and reducing its useful life. 
Another variety of pick-and transport apparatus em 

ploy friction rollers or belts‘to eject the bottommost 
card either broadside or endwise from the stack. In one 
friction arrangement the rollers or belts are at rest 
against the stack, and then are clutched into motion to 
provide the necessary friction to eject the card. In an 
alternative arrangement, the rollers or belts move con 
tinuously and are pivoted against the stack to provide 
the requisite friction force. In both cases, the cards are 
subject to undesirably high contact forces at the fric 
tion surfaces. In addition, the roughened edge of a hole 
in one card often forms an interlock with the surface of 
an adjacent card, requiring even greater friction forces 
to decouple the interlocked surfaces. The result of 
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these high force requirements is an overall reduction in ~ 
the average period of card useability. Further, the belts 
and rollers in these friction mechanisms are subject to 
the same force requirements and must be replaced fre 
quently. 

SUMMARY OF THE INVENTION 

The present invention comprises an apparatus and a 
method for picking and transporting the bottommost 
article from a stack of articles. The apparatus com 
prises a member having a surface adapted to support a 
stack of articles, such as a stack of punched data cards, 
and further comprises means for rotating each bottom— 
most article of the stack about an axis which is substan 
tially normal to the plane of the surface. 

THE DRAWING 

FIG. 1 is a perspective view of apparatus according 
to this invention, with a portion cut away. 
FIG. 2 is a perspective view of the apparatus of FIG. 

1, further including the cutaway portion not shown in 
FIG. 1. 
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2 
FIG. 3 is an enlarged top plan view of a portion of an 

article handled by the apparatus of FIGS. 1 and 2. 

DETAILED DESCRIPTION 

Apparatus according to the present invention will be 
described with reference to FIGS. 1 and 2. 
Noting FIG. 1, the apparatus, referred to generally as 

10, includes an enclosure member 12 having a ?oor 14; 
side walls perpendicular to the ?oor, including a‘ ?rst 
and second wall 16 and 18, respectively; and an upper 
platform 20 which abuts and is normal to the side walls 
16, 18 above the ?oor 14. The platform 20 has an outer 
surface 22 which is adapted to support a stack of 
punched data cards, as the two data cards 90 and 92 
shown in FIG. 2. A portion of the second side wall 18 
extends above the upper member 20 and serves as a 
guide wall 24. 

Referring again to FIG. 1, a pinch roller solenoid 26 
and a pick wheel solenoid 28 are affixed to the floor 14 
of the enclosure 12 by respective brackets 30 and 32. 
Each solenoid 26, 28 includes a respective shaft 34, 36 
which is moved up or down (as noted by arrows adja 
cent the shafts) depending upon whether the associated 
solenoid 26, 28 is in the energized or de-energized 
state. 
A pinch roller pivot arm 38 is pivoted at one end to 

the upper extremity of the shaft 34 associated with the 
pinch roller solenoid 26. The other end of the pinch 
roller pivot arm 38 is rotatably mounted on a shaft 40 
which is joined to and extends away from the guide wall 
24. A pinch roller 42 is rotatably mounted on the shaft 
40 and is interposed between the pivot arm 38 and the 
guide wall 24. Preferably, the top of the pinch roller 42 
is level with the support surface 22 when the pinch rol 
ler solenoid 26 is de-energized; that is, when the asso 
ciated shaft 34 is in the lower position. 
A drive roller 44 is rotatably mounted on the guide 

wall 24 and is juxtaposed above the pinch roller 42. 
Means (not shown) are provided for continuously ro 
tating the drive roller 44 in a clockwise direction as 
viewed in FIG. I (note arrow). The two rollers 42 and 
44 are spaced apart a distance sufficient to allow a data 
card to pass between the two rollers when the pinch 
roller solenoid 26 is de-energized. 
A photo transistor 41 is suspended above the support 

surface 20 by a bracket 43 mounted on the guide wall 
24. A light emitting diode (LED) 45 is positioned un 
derneath the photo transistor 41 flush with the support 
surface 20. Circuit means (not shown) connect the 
photo transistor 41, the LED 45, and the solenoids such 
that the pick wheel solenoid 28 is energized when light 
emitted from the LED 45 falls on the photo transistor 
41, and is de'energized when the light is interrupted by 
a data card (note FIG. 2). Conversely, the pinch roller 
solenoid 26 is de-energized when light from the LED 
45 is incident to the photo transistor 41, and is ener 
gized when the light is interrupted. 
A throat knife 46 is adjustably mounted on the guide 

wall 24. The throat knife 46 is adjusted so as to be 
spaced one card thickness from the card support sur 
face 22 (note FIG. 2). The throat knife 46 encloses the 
drive roller 44 and the photo transistor 41; however, a 
portion of the throat knife is cut away to expose these 
elements in FIGS. 1 and 2. 
Referring now to the pick wheel solenoid 28 in FIG. 

1, one end of a pick wheel lift arm 48 is reciprocally 
mounted on a pivot pin 50 at the top of the shaft 36 as 
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sociated with the pick wheel solenoid 28. The lift arm 
48 is adapted to recipro-cate up and down (note ar 
rows) in a direction normal to the lift arm, depending 
on the energization state of the solenoid 28; that is, the 
end of the lift arm 48 is moved upward when the sole 
noid 28 is energized and downward when that solenoid 
is de-energized. One end of a pivot plate 52 is mounted 
at the other end of the lift arm 48 by a pivot shaft 54, 
with a pick wheel 56 and a'pulley wheel 59 on the shaft 
54 and interposed between the lift arm 48 and the pivot 
plate 52. The pick wheel 56 is positioned below a pick 
wheel aperture 57 which extends through the platform 
20 (note FIG. 2). The outer surface 61 of the pick 
wheel 56 is suitably coated with a high friction mate 
rial. A belt wheel 58 is mounted on a drive shaft 60 
which extends through the other end of the pivot arm 
52, and also extends through the lift arm 48 at a point 
intermediate to the two ends of the lift arm. An endless 
drive belt 62 is supported around the pulley wheel 59 
and the drive sheel 58, and is driven by the drive wheel 
in the direction shown by the arrows adjacent the belt 
in FIG. 1. The solenoid shaft 36, the lift arm 48, the 
pick, drive and pulley wheels 56, 58 and 59, and the 
drive belt 62 are dimensioned such that the friction sur 
face 61 of the pick wheel 56 extends through the pick 
wheel aperture 57 and slightly above the card support 
surface 22 when the lift arm 48 is moved to the topmost 
position by energization of the pick wheel solenoid 26 
(note FIG. 2). 
A tensioned return spring 64, supported at one end 

by a rod 66 extending from the pivot plate 52 and at the 
other end by a stanchion 68 mounted on the ?oor 14, 
provides means for lowering the pick wheel 56 out of 
the pick wheel aperture 57 when the pick wheel sole 
noid 28 is de~energized. The pick wheel assembly is 
supported in the enclosure 12 by means not shown. The 
drive shaft 60 is supported by a support member 70, 
and is driven by a pulley-and-wheel assembly, referred 
to generally as 74 in FIG. 1. The pulley-and-wheel as 
sembly 74 is driven, in turn, by a shaft 76 which may 
comprise the shaft of an electric motor, for example. 
Referring speci?cally to FIG. 2, a pivot support 78 is 

joined to the bottom surface of the platform 20. A flag 
member 80, including an integral flag 84, is interposed 
between the pivot support 78 and the lift arm 48, and 
is rotatably mounted on a pivot rod 79 extending into 
the pivot support 78. In addition, one end of the ?ag 
member 80 is pivoted on the pivot pin 50 which ex 
tends through the lift arm 48. The platform 20 has a 
slot 82 extending therethrough, which slot is adapted to 
receive the flag 84. The slot 82, the pivot support 78, 
and the flag member 80 are dimensioned such that 
when the pick wheel solenoid 28 is de~energized, the 
shaft 36 is lowered by the force of the return spring 64, 
causing the ?ag member 80 to rotate about the rod 79, 
whereby the flag 84 extends through the slot 82 and 
above the card support surface 22. Conversely, when 
the solenoid 28 is energized, the shaft 36 extends up 
ward, causing the flag member 80 to rotate, whereby 
the ?ag 84 is lowered below the level of the support 
surface 22. 
A wedge 86 is disposed on the one end of the support 

surface 22 to be occupied by the card stack. 
The manner in which the apparatus 10 sequentially 

picks and transports a stack of data cards will now be 
described in greater detail. 
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4 
Noting FIG. 2, a data card stack, referred to as 88 

and including a bottommost card 90 next adjacent the 
support surface 22 and another card 92, is initially 
placed on the support surface. Each card 90' and 92 in 
cludes a leading end 94 closest to the direction of feed 
93 into the card reader, an end 95 opposite to the lead 
ing end 94, and a guiding edge 96 proximal to the guide 
wall 24. The card stack 88 is disposed on the support 
surface 22 such that the end of the guiding edge 96 
near the leading end 94 abuts the throat knife 46, and 
the opposite end 95 abuts the guide wall 24. Addition 
ally, the card stack 88 is disposed such that the leading 
end 94 of the cards in the stack 88 abuts the ?ag 84, 
with a portion of the bottommost card 90 at the leading 
end 94 disposed over the pick wheel aperture 57. The 
wedge 86 elevates the opposite end 95 of the cards 
away from the plane of the surface 22, insuring that the 
area at the leading end 94 ?rmly contacts the surface 
22 at the pick wheel aperture 57. 
At the start of the operation of the apparatus 10, no 

card is interposed between the LED 45 and the photo 
transistor 41, which causes the pick wheel solenoid 28 
to be energized. The associated shaft 36 is then moved 
upwards out of the solenoid 28, causing the pick wheel 
lift arm 48 to lift the pick wheel 56 upward through the 
aperture 57; further, the flag 84 is pivoted downward 
out of the slot 82. The friction surface of the rotating 
pick wheel 56 then engages the bottommost card 90, 
causing that card to be rotated about an axis 98 which 
is substantially normal to the plane of the support sur 
face 22. In this context, “rotation about an axis” is in 
tended to mean rotation along a radius of ?nite length. 
Thus, the leading end 94 is rotated about the axis 98 
and through an arc given by an angle along the support 
surface 22, passing under the throat knife 46 and be 
tween the pinch and drive rollers 42 and 44, until the 
guiding edge 96 is parallel to and completely abuts the 
guide wall 24. As shown in FIG. 2, the axis 98 may ex 
tend normal to that area of the surface 22 occupied by 
the card stack 88. During the period of rotation, the 
throat knife 46 restricts rotation of the stack 88 to the 
thickness of the bottommost card 90. 
After the bottommost card 90 has been rotated 

against the guide wall 24 and between the LED 45 and 
the photo transistor 41, the pick wheel solenoid 28 is 
de-energized causing the spring 64 to drop the lift arm 
48. As a result, the pick wheel 56 is lowered into the 
aperture 57 below the support surface 22. At the same 
time, the flag 84 is moved upward through the slot 84 
and alongside the stack 88, due to the pivotal move 
ment of the flag member 80 about the pivot rod 79. 
Noting FIG. 1, the pinch roller solenoid 26 is simulta 

neously energized, causing the associated shaft 34 to 
move upward, lifting the pinch roller pivot arm 38 
which causes suf?cient upward movement of the pinch 
roller 42 to force the bottommost card 90 against the 
continuously rotating drive roller 44. The force of the 
drive roller 44 then drives the bottommost card 90 into 
the card reader along the direction of feed 93 (see FIG. 
2). During operation of the pinch roller assembly, the 
?ag 84 restrains the remaining cards in the stack 88, in~ 
cluding the next card 92. After the card 90 passes from 
between the LED 45 and the photo transistor 41, the 
pinch roller solenoid 26 is de-energized, the pick wheel 
solenoid 28 is energized, and the operating cycle is re 
preated. 
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While the operation of the apparatus 10 has been de 
scribed as a sequence of distinct steps, it will be under 
stood that under actual operating conditions, the appa 
ratus very rapidly picks each succeeding bottommost 
card in the stack and transports the card into the card 
reader. 
An important aspect of the operation of the appara 

tus if) is the unique manner in which the problem of in 
terlocking surfaces between cards is overcome. This 
feature will be described with reference to a punched 
hole 100 in the next card 92 of FIG. 2, which is shown 
in greater detail in FIG. 3. 
The punched holes in data cards are almost univer 

sally rectangular in shape, with the edges of the holes 
being parallel to the respective edges of the card. The 
interlocking forces are primarily caused by the rough 
ened edges of the holes. It has been found that the 
amount of force required to overcome the interlocking 
forces tends to be greatest in the direction normal to 
any edge of a punched hole. Since each card usually 
contains a larger number of holes, these force require 
ments are considerable. 
As shown in FIG. 2 and in greater detail in FIG. 3, the 

apparatus ll] solves this problem because the pick 
wheel 56 attacks the interlocking forces at the punched 
hole 100 along a line 102 which is other than normal 
to any edge of the hole. Noting FIG. 3, the force line 
1.02 thus cuts two of the edges of the hole llflll at an 
acute angle. As a result, a minimal amount of friction 
between the pick wheel 56 and the card is required to 
decouple the interlocking forces. Because of the mini 
mum friction requirements, low cost pick wheels may 
be employed for longer periods without replacement. 
Most importantly, the useable lifetime of each card is 
greatly increased. 

I claim: 
1. Data card handling apparatus comprising: 
a member having a surface adapted to support a 

stack of data cards said member having an aperture 
extending therethrough at said surface; 

means positioned in said aperture for rotating one 
end of each card next adjacent said surface through 
an are along said surface; 

means for feeding each successively rotated card 
away from said stack and along said support sur 

face; 
means for tie-energizing said rotating means during 
operation of said feeding means, and de-energizing 
said feeding means during operation of said rotate 
ing means; 

means for restraining any remaining ones of said 
cards in said stack during operation of said feeding 
means; and 

means for removing said restraining means during 
operation of said rotating means. 

2. Apparatus as recited in claim ll, wherein said rotat 
ing means comprises a rotatable pick wheel. 

3. Apparatus as recited in claim 2, further comprising 
means adapted for holding a non-rotated end of said 
next adjacent card away from the plane of said surface. 

4. Apparatus as recited in claim 2, further comprising 
means for lifting said pick wheel through said aperture. 

5. Apparatus as recited in claim 4; wherein said lift 
ing means further comprises said means for removing 
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6 
said restraining means when said. pick wheel is lifted 
through said aperture. 

6. Apparatus as recited in claim 5, wherein said lift 
ing means comprises: a lift arm; a pivot shaft extending 
through one end of said lift arm and supporting said 
pick wheel; and means for reciprocating the other end 
of said lift arm in a direction substantially normal 
thereto. 

7. Apparatus as recited in claim 6, wherein said re 
ciprocating means comprises: a solenoid having a shaft 
extend-ing therethrough; a pivot pin joining the other 
end of said lift arm to said shaft; and wherein said shaft 
is adapted to move out of said solenoid when said sole 
noid is energized. 

8. Apparatus as recited in claim 7, wherein said re 
straining means comprises: a flag member pivoted by 
said pivot pin; said ?ag member including a flag 
adapted to extend alongside said one end of any cards 
remaining in said stack; and means for rotating said ?ag 
away from said stack when said.1 pick wheel is lifted 
through said aperture. 

9. Apparatus as recited in claim 7, further compris 
ing: a drive shaft extending through said lift arm inter 
mediate to said two lift arm ends; a drive wheel 
mounted on said drive shaft; a pulley wheel mounted 
on said pivot shaft adjacent said pick wheel; an endless 
friction belt supported by said drive wheel and said pul 
ley wheel; and means for rotating said drive shaft. 

10. Apparatus as recited in claim 1, wherein said 
member comprises: a platform including said support 
surface; a guide wall abutting and extending to both 
sides of said platform and substantially transverse to 
said are of rotation; and wherein each said successively 
rotated card is rotated against said guide wall. 

11. Apparatus as recited in claim 10, wherein said 
feeding means comprises: juxtaposed pinch and drive 
rollers rotatably mounted on said guide wall on oppo 
site sides of said surface; means for rotating said drive 
roller; and wherein each next adjacent card is rotated 
between said rollers. 

12. Apparatus as recited in claim 11, further com 
prising means mounted on said guide wall and about 
one of said rollers for restricting said rotation to each 
said next adjacent card. 

13. Apparatus as recited in claim 12, further com 
prising means for pinching said rollers together to feed 
said next adjacent card away from said stack and along 
said guide wall. 

14. A method for handling a stack of sheets compris 
ing the steps of: 

providing a member having a surface with an aper 
ture extending therethrough; 

disposing said sheet stack on said surface with one 
end over said aperture; 

positioning rotating means in said aperture; 
rotating each sheet with said rotating means along an 

arc across said surface; 
providing means for feeding each rotated sheet along 

said surface and away from said stack; 
feeding each rotated sheet along said surface and 
away from said stack; 

de-energizing said feeding means during operation of 
said rotating means; 

de-energizing said rotating means during operation of 
said feeding means; 

providing means for restraining remaining sheetsin 
said stack; 
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restraining remaining sheets in said stack during 15. A method as recited in claim 14, wherein said ro 
operation of said feeding means; and ' tating step comprises forcing a rotating wheel against 

removing said restraining means during operation of one end of each said next adjacent article. 
said rotating means. * * * * * 
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