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This invention relates to an improvement in the feeding 
of paper sheets, record cards, and the like, and is par 
ticularly directed to the application of a linear motor to 
furnish the mechanical energy required to effect such 
feeding. 

In accordance with the preferred embodiment of the 
invention, a record card is positioned to feed on a pair 
of parallel trackbars. The record card has arranged on 
its surface, a pair of non-magnetic conducting strips and 
moves in a slot formed between the trackbars and a pair 
of wound magnetizable stator members. The stator mem 
bers extend along the entire useful length of the trackbars 
and serve as the primary members of the linear motor 
with the record card serving as the secondary or arma 
ture member. Means are provided for energizing the 
stator windings to produce a traveling field which acts on 
the record card. 
The use of polyphase apparatus, such as linear motors, 

for translating electrical into mechanical energy is well 
known and has been applied to numerous devices such 
as sliding doors, railway cars and catapult equipment. 
The main object of the present invention is to extend the 
use of the linear motor principle for the first time into 
the paper feeding art and accordingly an improved paper 
feed has been developed which possesses certain desirable 
advantages. 

For example, in the present arrangement the movement 
of the paper sheet or record card is effected solely by the 
traveling field in the stator windings and consequently 
there is no need for any moving mechanical parts in the 
make-up of the feed structure. It follows, then, that the 
present feed is simple to construct with no critical me 
chanical adjustments necessary and that with no moving 
parts, other than the sheet itself, it is extremely quiet in 
operation. 

Another important advantage of the present arrange 
ment resides in the fact that there are no elements such 
as pressure rolls, sucker members, feed knives, or the 
like and consequently the sheet is not subjected to any 
damaging effects and wear on the sheet is negligible. As 
such, the present arrangement could be used advanta 
geously where it is necessary to maintain the record sheet 
against a suitable gate for registration purposes. 
A still further important advantage of the present in 

vention resides in the fact that it possesses the desirable 
feature of being able to impart a quick start to a record 
sheet at rest due to the fact that there is only the mass 
of the card to be moved. With the present invention the 
sheet is clutched quickly without having to wait for me 
chanical motions to occur. 

Also, the present invention will work on all kinds of 
paper as well as record cards and can handle sheets of 
varying thickness with a minimum of adjustment. The 
direction of sheet movement can be easily reversed simply 
by reversing the input to one of the stator windings. 

Other objects of the invention will be pointed out in 
the following description and claims and illustrated in 
the accompanying drawing, which discloses, by way of 
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2 
example, the principle of the invention and the best mode, 
which has been contemplated, of applying that principle. 

In the drawing: 
Fig. 1 is a view of a record card with non-magnetic 

conductive strips applied thereto according to the pre 
ferred embodiment of the present invention. 

Fig. 2 illustrates the application of the present invention 
to a record sheet. 

Fig. 3 is a simple circuit diagram showing the manner 
in which the stator windings are excited. 

Fig. 4 is a vertical sectional view taken on line 4-4 
of Fig. 2, showing the manner in which a driving-force is 
imparted to the record sheet. 
As shown in Fig. 2. the linear motor structure comprises 

two stationary primary members 11 and 12 each con 
sisting of a laminated magnetizable core which is provided 
with winding-receiving slots 13 (Fig. 4) on its airgap 
face, these slots 13 being separated by teeth 14. As 
shown in Fig. 4, the slots 13 carry the winding conductors 
15. These primary members with their airgap faces 
facing downward are positioned above a pair of laminated 
magnetizable stationary cores or trackbars 16, 17, which 
extend along the entire desired feed path and which 
serve to Support and guide the paper or record sheet 18 
as well as provide a path for the driving magnetic flux. 
The primary members 11, 12, also extend along the 

entire desired feed path and are separated from the track 
bars 16, 17 by a slot 19 within which the sheet is free to 
travel. 

In the preferred embodiment of the invention the sheet 
to be fed takes the form of the well-known “IBM' record 
card 18 which is fed through record controlled machines 
to control accounting operations. However, it should be 
understood that many different kinds of paper sheets or 
forms of varying size and thickness could be fed just as 
Well in the manner about to be described. 
As shown in Fig. 1, the record card has deposited on 

its surface a pair of strips 20 of non-magnetic conducting 
material such as copper. These strips are shown ex. 
tending the length of the card and parallel to the long 
edges for effecting feeding of the card along its long axis 
but of course, they may also be arranged across the width 
of the card and parallel to the short edges for effecting 
feeding of the card along the shorter axis. The con 
ducting strips extend through the slot 19 and provide two 
linear-motor airgaps 21 and 22 between the card and 
the respective primary members 11 and 12. 
The record card with the conducting strips attached 

thus acts as a secondary or armaturemember of the 
linear motor. In general, many different types of alloys 
could be used for the conducting material of the ana 
ture member; however, in the present application where 
the area of conducting material has to be kept to a 
minimum due to the nature and size limitations of record 
sheets and the fact that the sheets themselves are non 
conducting in nature it is desirable to choose an alloy 
of fairly low resistivity so that sufficient force or torque 
will be developed to move the sheet. In addition to 
copper, it was found that alloys such as aluminum, brass 
or tin could be satisfactorily used as conducting strips 
on the sheet. The strips may be a grid or Squirrel-cage 
structure, as illustrated, or may be a solid plate. The 
grid type of strip is preferred due to its lighter weight 
and the greater utilization of induced currents which 
is obtained. 

For the present application a two-pole single phase 
motor having the usual main and auxiliary windings 
placed in space quadrature was chosen for its simplicity 
and economy. To produce a moving or traveling field 
the currents exciting the two windings should be in time 
quadrature with their peaks occurring 90° apart in time. 
As is well known, in single phase applications this is ac 
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complished by introducing capacitance or inductance to 
one winding generally the auxiliary winding as shown in 
Fig. 3. The resultant polyphase condition, of course, 
has the effect of creating moving sine waves of flux which 
produce a traveling field which moves in the direction 
the sheet is to be fed. The rate of travel of the field 
is necessarily higher than the rate at which the sheet 
is to be moved and since the field is traveling faster 
than the sheet or record card 18, it sets up currents 
in the conducting strips 20 on the card which react with 
the field to exert a powerful moving force on the card. 
The card will move along the trackbars 16, 17, tending 
to approach a synchronous speed which would be identical 
with the speed of movement of the traveling field. 
The manner in which the card is moved can be better 

understood by referring to Fig. 4. As shown, the card 
is positioned, by any suitable means, with the conduct 
ing strips 20 between the primary members 11, 12 and 
the cores 16, 17 and the short cross-legs of each Strip 
placed beneath the windings 15 and between the stator 
teeth 14. The position the card is shown in Fig. 4 is 
merely illustrative and it is understood that the cross-legs 
of the strips need not necessarily be positioned directly 
beneath the windings. It is only necessary that the con 
ducting strips be placed within the stator field set up be 
tween the primary members 11, 12 and the cores 16, 
17. The primary lap winding flux lines 23 are shown 
moving in counterclockwise fashion from the stator core 
11 down through the left-hand stator teeth, the card, the 
core 16 and back up through the card and the right 
hand stator teeth. The flux lines 23 induce currents to 
flow in the cross-legs 20 of the conducting or armature 
strip, the current going toward the observer in the legs 
20a-20c and away from the observer in legs 20d and 
20e. As a result, the flux lines 24 are set up around each 
conductor leg and are moving in the direction as shown. 

It will be noted that the flux lines 23 and 24 are 
moving in the same direction at the left of each con 
ductor leg and are moving in opposite directions at 
the right of each leg. Therefore, there is a dense field 
set up on the left of each conductor leg and a weak 
field on the right which will result in a series of forces, 
such as indicated at F, which push the conductor strip 
and card to the right away from the denser fields. 

Thus, it can be seen that a powerful force may be 
developed by the field along the conductor strips which 
will move the strips and the relatively light card or 
record sheet attached thereto with great speed and ef 
ficiency. The two conducting strips balance the forces 
exerted on the card to keep it moving in a straight line. 
In some cases it may be more desirable to use only one 
conductor strip running down the center of the sheet 
and a single stator, in which case suitable side guides 
could be provided to keep the sheet from skewing. 

It will be understood that the details which have been 
given are intended only to illustrate the generic principle 
of applying a linear motor to the art of paper feeding. 
The details and structure necessary for installing the 
present invention on apparatus such as record card 
controlled accounting machines, for example, are be 
lieved to be within the skill of anyone engaged in the 
building of such apparatus. 

While there have been shown and described and 
pointed out the fundamental novel features of the in 
vention as applied to a preferred embodiment, it will be 
understood that various omissions and substitutions and 
changes in the form and details of the device illustrated 
and in its operation may be made by those skilled in the 
art, without departing from the spirit of the invention. 
It is the intention, therefore, to be limited only as in 
dicated by the scope of the following claims. 
What is claimed is: 
1. A paper feed device comprising a magnetizable 
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4. 
trackbar extending the length of desired feed, a sheet 
positioned on said trackbar for movement thereon, said 
sheet having a strip of non-magnetic conducting material 
secured thereto and extending lengthwise in the direction 
of feed, an elongated linear-motor stator structure extend 
ing the entire length of the desired feed and comprising 
wound magnetizable primary members facing said track 
bar and spaced from the latter by a slot within which 
said sheet moves, with a linear-motor airgap between said 
sheet and said primary members, said sheet and attached 
conductor strip constituting the armature of the linear 
motor, and means for energizing said primary windings 
to produce a traveling field for moving the conductor strip 
and attached sheet. 

2. A paper feed device comprising magnetizable track 
bars extending the length of desired feed, a sheet posi 
tioned on said trackbars for movement thereon, said sheet 
having strips of non-magnetic conducting material Secured 
thereto and extending along said sheet and in the direction 
of feed, an elongated linear-motor stator structure extend 
ing the entire length of the desired feed and comprising 
wound magnetizable primary members facing said track 
bars and spaced from the latter by a slot within which said 
sheet moves, with a linear-motor airgap between said sheet 
and said primary members, said sheet and attached con 
ductor strips constituting the armature of the linear 
motor, and means for energizing said primary windings to 
produce a traveling field for moving the conductor strips 
and attached sheet. 

3. The invention as defined in claim 2, characterized 
by strips of non-magnetic conducting material having a 
grid or squirrel-cage type of structure. 

4. A paper feed device comprising a pair of magnetiz 
able trackbars extending the length of desired feed, a 
sheet positioned on said trackbars for movement thereon, 
said sheet having strips of non-magnetic conducting mate 
rial secured thereto and arranged as elongated squirrel 
cage structures extending lengthwise along opposite edges 
of said sheet and in the direction of feed, an elongated 
linear-motor stator structure extending the entire length 
of the desired feed and comprising two rows of stator 
teeth and interposed wound magnetizable primary mem 
bers facing said trackbars and spaced from the latter by a 
slot within which said sheet moves, with a linear-motor 
airgap between said sheet and said primary members, said 
sheet and attached conductor strips constituting the arma 
ture of the linear motor, and means for energizing said 
primary windings to produce a traveling field for moving 
the conductor strips and attached sheet. 

5. A record member adapted to be fed under control 
of a linear motor comprising a sheet of paper having a 
strip of non-magnetic conducting material secured thereto 
and extending lengthwise in the direction of feed. 

6. A record member adapted to be fed under control 
of a linear motor comprising a sheet of paper having strips 
of non-magnetic conducting material secured thereto and 
extending lengthwise along opposite edges of said sheet 
and in the direction of feed. 

7. A record member adapted to be fed under control 
of a linear motor comprising a sheet of paper having a 
pair of strips of non-magnetic conducting material secured 
thereto and arranged as elongated squirrel-cage structures 
extending lengthwise along opposite edges of said sheet 
and in the direction of feed. 
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