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ABSTRACT: Apparatus for feeding individual sheets of paper 
from a stack through a facsimile transmitter with a minimum 
spacing between succeeding sheets. The apparatus comprises 
a feed roller which rapidly moves a sheet from the stack along 
a feed path to a slow moving belt, and a paper sensing switch 
which stops rotation of the feed roller as soon as the leading. 
edge of the sheet reaches the belt. When the trailing edge of 
the sheet leaves the position of the paper sensing switch, the 
feed roller is again driven to remove another sheet and send it 
rapidly to the belt. 
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AUTOMATICPAPERFEEDER 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to paper feeding mechanisms. 
2. Description of the Prior Art 
One type of facsimile transmitter accepts a stack of paper 

with images thereon and feeds the sheets of paper one at a 
time into a scanner. The scanner scans the sheet, one line at a 
time, and transmits the images to a distant receiver. In order to 
provide reliable automatic operation, the paper feeder must 
deliver only one sheet at a time, leaving at least a small gap 
between succeeding sheets. For efficient utilization of the ap 
paratus, the gap between sheets must be very small. 
One prior art feed apparatus utilizes a feed roller which 

moves one sheet at a time from a stack holder to a belt. The 
belt engages the sheet and carries it at a slow speed, such as 6 
inches perminute, past an optical scanner. The feed roller 
turns continuously to remove one sheet after another from the 
stack. However, the roller turns at a slightly slower speed than 
the belt in order to leave a small gap between the trailing edge 
of one sheet and the leading edge of the next sheet. The feed 
rollers become worn and may slip on the paper so that a large 
gap is left between sheets. This results in the user paying for 
the high transmission costs while no image is being trans 
mitted. In addition, the feed rollers often skew the paper, and 
following sheets tend to acquire the same skew so that infor 
mation on edge portions of the sheet may not be transmitted. 

OBJECTS AND suMMARY OF THE INVENTION 
One object of the present invention is to provide a slow rate 

feeding mechanism which, limits skew and which assures a 
small but controlled gap between successive sheets. 
Another object is to provide apparatus for the more positive 

control of paper feeding. , . . 
In accordance with the present invention, a mechanism is 

provided for positive control of paper feeding, to reduce skew 
and to reduce the gap between succeeding sheets of paper. 
Such feed mechanisms find particular use in a facsimile trans 
mitter wherein the paper is moved slowly past a scanner. The 
sheet feeding mechanism comprises a slow sheet transport for 
final handling of the sheet and a fast sheet transport for mov 
ing individual sheets from a stack to the slow sheet transport. 
A sheet sensing switch is located near the point where sheets 
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are transferred from the fast transport to the slow transport. 
When the sensing switch detects the leading edge of a sheet, it 
stops the energization of the fast transport. When the sensing 
switch senses the trailing edge of the sheet, it starts the ener 
gization of the fast transport to feed another sheet. At the 
point of transfer between the fast and slow transports, means 
are provided for abutting the leading edge of the sheet to stop 
it. . . . . 

The gap between sheets is held to a small and constant 
length by reason of the fact that the fast transport is energized 
only when the prior sheet has passed the sensing switch loca 
tion. Even if minor slippage occurs in the fast transport, this 
does not unduly increase the gap between sheets, since the fast 
transport is energized until the paper reaches the slow trans 
port. At the end of the fast transport path, when the sheet is 
decelerated, any large skew is eliminated by reason of the 
stopping of the leading edge of the paper so that it lies parallel 
to the path. 

In accordance with one embodiment of the invention for 
use with a facsimile transmitter, the feed mechanism com 
prises a stack holder for holding sheets in an almost vertical 
position, so the sheets lie on their edges. The fast transport 
comprises a soft rubber feed roller and a moderately hard 
return roller which lie at the bottom of the stack to pass the 
single sheet of paper between them. The feed roller is driven 
at a relatively high speed, to move a sheet to the inside of the 
transmitter where sheet scanning occurs. 

In this embodiment of the invention, the slow transport 
comprises a belt which is driven slowly and a delivery roller 
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2 
which holds paper against the belt. The sensing switch in 
cludes a pair of electrical contacts located near the nip formed 
by the belt and delivery roller. These contacts are separated 
when a sheet of paper is moved to the nip. When no paper is 
present at the nip, the feed roller motor is energized to rapidly 
move a sheet of paper until its leading edge is engaged 
between the belt and delivery roller. This opens the sensing 
switch and stops the energization of the feed roller. When the 
slow belt drive has moved the sheet far enough that its trailing 
edge passes the switch, the switch is gain closed to again ener 
gize the feed roller motor. 
Each new sheet of paper removed from the stack moves 

rapidly until its leading edge strikes the nip between the belt 
and delivery roller. Any large skew in the sheet is reduced by 
reason of the abutting of the leading edge at opposite sides of 
its center. If the sheet is skewed, the trailing side of the sheet 
continues to move forward while the leading side is stopped, 
thereby realigning the sheet. . 
The novel features of the invention are set forth with par 

ticularity in the appended claims. The invention will best be 
understood from the following description when read in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side sectional view of a feed mechanism con 
structed in accordance with the invention, shown prior to the 
feeding of a sheet; 
FIG2 is a partial side sectional view of the apparatus of FIG. 

1 shown during the feeding of a sheet; 
FIG. 3 is a sectional plan view of the apparatus of FIG. 1; 
FIG. 4 is a side elevation view taken on the line 4-4 of FIG. 

3; and 
FIG. 5 is a diagram of a control circuit used with the ap 

paratus of FIG. 1. , ,' . ." 

DESCRIPTION OF THE PREFERREDEMBODIMENTS 
FIG. 1 illustrates a portion of a facsimile transmitter com 

prising a frame 11 with a hopper 10 for receiving a stack of 
sheets of paper. Each of the sheets carries an image, which 
may be a printed or written message, a photograph, or other 
information. The sheets are fed one at a time along a path past 
a scanning aperture 12. An electric lamp 14 projects a beam 
of light that is reflected and concentrated by a mirror 16 at the 
scanning aperture. A system including a lens 18, mirror 20, 
and a mechanical light chopper (not shown) scans the image 
lying within the scanning aperture 12. Electrical circuitry (not 
shown) converts the dissected optical image into electrical 
signals for transmission over telephone lines or the like to a 
distant receiver, where the image is reconstructed. 

In order to transmit the information on the entire stack of 
sheets in the hopper 10, the sheets must be moved one at a 
time along the path past the scanning aperture 12. The fac 
simile transmitter is often used for transmission over long 
distances, such as across the country, and the charges for use 
of telephone cables is relatively high. Accordingly, it is desira 
ble to provide as small a gap as possible between the trailing 
edge of one sheet and the leading edge of the next, so that 
transmission time is not wasted by scanning long gaps. On the 
other hand, it is important to make sure that only one sheet at 
a time is moved past the scanning aperture, so that all of the 
information on a sheet is transmitted. In addition to providing 
a small gap between sheets, the paper feeding apparatus must 
prevent the introduction of large skew. This is because the 
width of the scanning aperture 12 is generally adjusted to the 
width of the paper placed in the hopper 10, to eliminate 
scanning on either side of the paper. If the paper is skewed, 
some portions on either side of the paper will not be scanned, 
and the complete images will not be transmitted. 
The paper feeding mechanism comprises a slow transport 

means which moves each sheet of paper slowly past the 
scanning aperture. 12. The slow transport 22 comprises a 
rubber belt 24 which extends between a drive wheel 26 and an 
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idler wheel 28. The drive wheel 26 moves at a slow speed, 
such as a peripheral speed of one-tenth inch per second, 
thereby moving the belt past the scanning aperture 12 at the 
same slow speed. A delivery roller 30 and pressure roller 32 lie 
on opposite sides of the belt, both being idler rollers. The 
delivery roller 30 has a shaft 34 which is fixed in place on the 
frame 11. The pressure roller 32 is rotatably mounted at the 
end of an arm 36 that pivots about a point 38, the arm being 
spring biased upwardly toward the delivery roller. Each sheet 
of image-bearing paper is initially received between the 
delivery roller 30 and belt 24. The pressure roller 32 deflects 
downwardly sufficiently to enable receipt of the leading edge 
of the paper. The pressure roller then applies the pressure 
necessary to assure firm engagement of the paper between the 
delivery roller and belt. 
The movement of paper from the hopper 10 to the slow 

transport 22 is accomplished by a fast transport means 40 
which comprises a pair of feed rollers 42 mounted on a feed 
roller shaft 44. A reverse roller 46 mounted on a reverse roller 
shaft 48 is disposed on a side of the hopper opposite the feed 
roller 42. The hopper 10 is tapered to a narrow throat 50, and 
the feed roller and reverse roller have peripheral portions ex 
tending through openings in the hopper walls immediately 
above the throat. A stack 52 of sheets of paper with images 
thereon to be transmitted is laid in the hopper 10 in an almost 
vertical position. A bar 53 mounted on the frame lies against 
the forward face of the stack 52 to prevent the paper from 
falling over. A pair of paper-centering brackets 47, which are 
moved together and apart by a manually turned lead screw 49, 
keeps the stack of sheets at the center of the fast transport 
path. 
The feed roller shaft 44 is coupled by a chain belt to the out 

put shaft 56 of a feed motor 54. Initially, the feed motor 54 is 
energized and rotates the feed roller 42 at a rapid rate such as 
several revolutions per second. The feed roller engages the 
sheet shown at 55 at the bottom or back of the stack and 
moves it downwardly along an initial path defined by a guide 
plate 58. The sheet continues to move along this path until it 
reaches the forward nip between the delivery roller 30 and the 
belt 24. The leading edge of the sheet 55 deflects the belt 24 
and pressure roller 32 thereunder downwardly a small amount 
sufficient for the leading edge to be engaged between the 
roller 30 and belt, as shown in FIG. 2. 
As the leading edge of the sheet approaches the forward nip 

at the delivery roller, it raises a contact 60 of a paper sensing 
switch 62. The raising of contact 60 breaks an electrical cir 
cuit between the contact 60 and another contact 64 below the 
paper. The opening of the sensing switch 62 results in the 
deenergization of the motor 54 and the application of a motor 
brake (not shown) thereto for a brief time. This quickly stops 
the rotation of the feed roller 42 so that it no longer feeds 
paper toward the belt, and the feed roller is then freewheeling. 
The sheet 55 is now engaged between the delivery roller 30, 
located at the down-path end of the initial path, and the belt 
24. The sheet then moves along another path defined by the 
belt, toward the scanning aperture 12 at a slow rate, such as 
one-tenth inch per second. As it passes the scanning aperture, 
the images thereon are optically scanned for transmission. The 
sheet of paper continues to move along the belt until it is 
deposited in an after hopper 66. 
When the trailing edge of the sheet passes the paper sensing 

switch 62, the contact 60 again falls on the other contact 64. 
This again energizes the feed motor 54 to drive the feed roller 
42, so that the next sheet of paper is drawn out of the stack S2 
and is moved rapidly along the guide plate 58 to the nip of the 
delivery roller 30. The inertia of the feed motor 54 and feed 
rollers, and their speed of operation, is chosen so that the lead 
ing edge of the next sheet reaches the nip of the delivery roller 
30 at a time when a trailing edge of the preceding sheet has 
just passed the nip. This leaves a gap between sheets, which is 
chosen to be a small distance such as one-eighth inch. The 
motor 54 accelerates the feed roller rapidly, which "shakes 
up' the stack of sheets in the hopper and jerks the bottom 
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4. 
sheet away from the others. It is found that this tends to 
separate the sheets and substantially reduces the chance that 
more than one sheet will be fed. 
The feed rollers 42 are constructed of a soft rubber having a 

high coefficient of friction with respect to paper. This coeffi 
cient of friction is higher than the coefficient of friction of 
paper on paper or of the reverse roller 46 on paper. As a 
result, a sheet of paper in contact with the rotating feed roller 
42 is driven along the path towards the belt, instead of being 
held back by another piece of paper or by the reverse roller 46 
which is engaged with the other face of the sheet. Some slip 
page of the feed roller on the paper may occur, but it rarely 
lasts for more than a fraction of a revolution of the feed roller. 
Such slippage does not substantially affect the gap between 
successive sheets at the scanning aperture 12 because the 
preceding sheet moves past the scanning aperture only a small 
fraction of an inch during even a complete revolution of the 
feed roller. The advantage of continuous rotation of the feed 
roller until a sheet is sensed near the nip of the delivery roller 
can be appreciated by comparison with previous feed 
mechanisms wherein the gap between successive sheets in 
creased by approximately the total amount of any slippage. 
The reverse roller 46 is preferably constructed of a material 

with a lower coefficient of friction on paper than the feed 
roller 42 on paper, but with a coefficient greater than that 
between two sheets of paper. The reverse roller may be con 
structed of a medium-hard rubber or of relatively soft plastic. 
The reverse roller shaft 48 is turned in the direction indicated 
by arrow 49 during the entire time that the machine is operat 
ing to scan the sheets. As a result, the reverse roller tends to 
move any sheet of paper which passes by it, back into the 
hopper 10. In some instances, two or more sheets may pass 
between the feed and reverse rollers and through the throat 50 
towards the belt. The extra sheets rarely move all the way to 
the nip, but they may move part of the way. The reverse roller 
46 turns slowly, having a peripheral speed approximately one 
half the belt speed, so that the extra paper is gradually moved 
back into the hopper. This helps to prevent jamming of the 
feed apparatus. The reverse roller does not move back a sheet 
which has reached the nip of the delivery roller 30, because 
such a sheet is firmly engaged between the delivery roller and 
the belt. 
When a sheet from the stack 52 is accelerated by the feed 

roller toward the belt, some skew may be imparted. This may 
occur, for example, if one feed roller slips while the other does 
not, or if one feed roller slips more than the other, Such skew 
is generally eliminated when the sheet strikes the nip of the 
delivery roller 30. This is because the delivery roller 30 ex 
tends across substantially the entire width of a sheet, except 
for a center portion of the roller which is of reduced diameter. 
The reduced diameter portion is provided to accommodate 
the sensing switch contact 60 immediately up-path from the 
nip of the delivery roller. If a sheet is skewed, its leading edge 
is not parallel to the length of the nip of the delivery roller. As 
a result, one side of the leading edge reaches the nip first, and 
when it hits the belt or delivery roller at the nip, the sheet is 
buckled on the leading side, which causes the reduction of 
skew. 
The facsimile machine is generally left constantly in a stand 

by condition, so that all of the apparatus is kept heated to 
operating temperature. During standby operation, however, 
the lamp 14, a copy motor 72 which drives the drive wheel 26, 
and reverse roller 46 and feed motor 54 are deenergized. The 
apparatus may be started by inserting a first sheet through a 
manual feed opening 70 to the nip of the delivery roller 30. 
The first sheet opens the paper sensing switch 62, which 
causes the apparatus to be placed in an operating state. While 
the machine is in the operating state, the lamp 14 and copy 
motor 72 are on continuously, while the feed motor 54 is 
turned on whenever the sensing switch 62 is closed. The copy 
motor 72 drives a transmission chain 73 that rotates the belt 
drive wheel 26 and the reverse roller shaft 48. 
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The first sheet moves along the belt until its trailing edge has 
passed the contact 60. At this time, the feed motor 54 rotates 
the feed roller 42 to feed the next sheet to the belt. When a 
trailing edge of the last sheet in the stack 52 passes the contact 
60, the feed motor 54 is turned on and the feed roller 42 starts 
to spin. After a predetermined period such as a few seconds, 
the machine is placed in a standby, or nonoperating state, 
wherein the lamp 14 and the motors 54 and 72 are deener 
gized. This provides for automatic stopping of the transmis 
sion when the last sheet in the stack is transmitted, and also 
provides for stopping if a malfunction occurs which prevents 
feeding to the belt. In order to start the machine again, 
another sheet may be manually fed through the slot 70. Alter 
natively, all of the sheets may be placed in the stack 52, and a 
pushbutton depressed for placing the apparatus in the operat 
ing state to start the feeding of the first sheet. 

FIG. 5 is a diagram of a circuit which automatically places 
the paper feed apparatus in an operating or nonoperating con 
dition, and controls the energization of the feed motor. The 
circuit comprises a pair of electrical conductors 80 and 82 for 
coupling it to a power source indicated at 84, which may be an 
ordinary electrical outlet. A circuit between the power source 
and the copy motor 72 can be completed by an operating 
switch 86. The circuit between the feed motor 54 and the 
power source can be completed by closing of both the operat 
ing switch 86 and the paper sensing switch 62. A timer 88 
monitors the state of the paper sensing switch 62 and controls 
a relay coil 90 which opens and closes the operating switch 86. 
If the timer 88 senses that the paper sensing switch 62 is closed 
for more than a predetermined period, such as several 
seconds, it operates the coil 90 to open the operating switch 
86. So long as the sensing switch 62 is opened, or is closed no 
more than several seconds, the operating switch 86 remains 
continuously closed. A pushbutton 92 is provided which is in 
parallel with the operating switch 86, to enable bypassing of 
the operating switch, for initially turning on the apparatus. 

If the paper feed apparatus is in a nonoperating state, it can 
be placed in an operating state in either of two ways. One way 
is by manually feeding a sheet of paper to the nip of the 
delivery roller, thereby opening the paper sensing switch 62. 
Upon opening the switch 62, the timer 88 energizes the coil 90 
to close the operating switch 86. The copy motor 72 is then 
energized, so that the belt which moves paper past the 
scanning aperture begins to turn. When the trailing edge of the 
first sheet passes by the sensing switch 62, the sensing switch 
closes and turns on the feed motor 54. If at least one other 
sheet is in the stack 52, the sheet will be quickly fed to the 
belt, and the sensing switch 62 will again be opened. 
Another way of initially placing the apparatus in an operat 

ing state is by merely loading a stack of sheets in the hopper 
and then depressing the pushbutton switch 92. When the 
pushbutton is depressed, current can flow to the feed motor 
54, enabling the first sheet to be fed to the belt. The first sheet 
opens the sensing switch 62, so that the apparatus can con 
tinue to operate. When the trailing edge of the last sheet has 
passed the sensing switch 62, the switch 62 remains closed 
while the feed motor 54 rotates. After a few seconds, the timer 
88 deemergizes the coil 90 to open the operating switch 86. 
The apparatus is then placed in a nonoperating state. 
While the paper feeding apparatus of the invention is useful 

in facsimile transmitters, it is also useful in a variety of other 
applications. The use of a fast transport to move paper to a 
mechanism which thereafter moves it at a slower speed, and 
the use of a sheet sensor at the end of the fast transport, as 
sures a small gap between sheets. The use of means that abut 
opposite sides of the sheet to suddenly slow it, particularly 
where the sheet is substantially stopped as where it is slowed 
to less than an inch per second after traveling at least several 
inches per second, enables the substantial reduction of skew. 
Although particular embodiments of the invention have 

been described and illustrated herein, it is recognized that 
modifications and variations may readily occur to those skilled 
in the art, and consequently, it is intended that the claims be 
interpreted to cover such modifications and equivalents. 

6 
We claim: 
1. Apparatus for feeding individual sheets from a stack com 

prising: 
fast transport means activatable to move individual sheets 

5 from said stack along a first path at a first speed; 
slow transport means disposed to receive individual sheets 
from said first path, for substantially continually moving 
said sheets along a second path at a second speed which is 
less than said first speed, said slow transport means 
spaced from said fast transport means a distance less than 
the length of said sheets; 

sheet sensing means for detecting the presence of a sheet at 
an area near the intersection of said first and second 
paths; and - 

means responsive to said sheet sensing means for terminat 
ing activation of said fast transport means when said sheet 
sensing means detects a sheet, 

2. Apparatus for feeding individual sheets 
prising: 

fast transport means for moving individual sheets from said 
stack along a first path at a first speed of at least several 
inches per second; . 

slow transport means disposed to receive individual sheets 
from said first path, for moving said sheets along a second 
path at a second speed which is less than an inch per 
second, said slow transport means including means for in 
itially abutting sheets received from said first transport 
means at positions disposed on opposite sides of the 
center of said first path and disposed along a line substan 
tially perpendicular to said paths to reduce large skew; 
and 

sheet sensing means responsive to the presence of a sheet at 
an area near the intersection of said first and second paths 
for deactivating said fast transport means. 

3. Apparatus for feeding individual sheets from a stack com 
prising: - 

fast transport means for moving individual sheets from said 
stack along a first path at a first speed; 

slow transport means disposed to receive individual sheets 
from said first path, for moving said sheets along a second 
path at a second speed which is less than said first speed, 
said slow transport means including a delivery roller 
disposed on one side of said second path and means 
disposed opposite said delivery roller having a surface for 
continually moving along said second path to carry sheets 
therealong; and • 

sheet sensing means responsive to the presence of a sheet at 
an area near the intersection of said first and second paths 
for deactivating said fast transport means, said sheet 
sensing means including a pair of contacts disposed im 
mediately up-path from the nip formed by said delivery 
roller and said means disposed opposite said delivery 
roller. . . . 

4. Apparatus for feeding individual sheets from a stack com 
55 prising: 

fast transport means activatable to move individual sheets 
from said stack along a first path at a first speed; 

slow transport means disposed to receive individual sheets 
from said first path, for moving said sheets along a second 
path at a second speed which is less than said first speed; 

sheet sensing means responsive to the presence of a sheet at 
an area near the intersection of said first and second paths 
for deactivating said fast transport means; and 

means for deactivating said fast transport means after a 
predetermined period of continual activation greater than 
the usual time between the activation of said fast trans 
port means and the arrival of a sheet near the intersection 
of said first and second paths. 

5. Apparatus for feeding paper through a facsimile trans 
70 mitter comprising: 

hopper means for holding a plurality of sheets; 
means for carrying sheets at a constant slow speed along a 

scanning path; 
means defining an initial path between said hopper means 
and said means for carrying sheets at a slow speed; 
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feed roller means activatable to move individual sheets 
along said initial path at a fast speed which is substantially 
greater than said slow speed; 

delivery roller means engageable with said means for carry 
ing sheets at a constant slow speed, for holding sheets 
thereto, said delivery roller means disposed at the down 
path end of said initial path; 

means for sensing the presence of a sheet at a position near 
said delivery roller means; and 

means responsive to said means for sensing, for activating 
said feed roller means until a sheet is sensed. 

6. The apparatus defined in claim 5 wherein: 
said means for carrying sheets at a slow speed comprises a 

belt; and 
said delivery roller means comprises a roller having portions 
on opposite sides of the center of said scanning path for 
engaging said belt, and means for biasing said belt and 
said delivery roller means toward each other to abut the 
leading edge of sheets moved down said initial path, 
whereby to reduce large skew. 

7. The apparatus defined in claim 5 wherein: 

O 

15 

8 
said delivery roller means comprises a roller; and 
said means for sensing includes contact means interruptable 
by a sheet, said contact means positioned immediately 
up-path of the nip of said roller. 

8. The apparatus defined in claim 5 wherein: 
said feed roller means comprises a feed roller and reverse 

roller in opposed relationship, said feed roller having a 
surface with a higher coefficient of friction than the sur 
face of said reverse roller; and 

said means for activating said feed roller means comprises 
means for rotating said feed roller; and including means . 
for rotating said reverse roller, during periods when said 
feed roller is stationary, in a direction to move sheets 
back towards said hopper means, whereby to return the 
second sheet toward the hopper in case of double feeding. 

9. Apparatus as defined in claim 5 including: means respon 
sive to said means for sensing, for placing said facsimile trans 
mitter in a nonoperating state to cease the transmittal of 
images, upon the absence of sensing of a sheet for a predeter 

20 mined period. 
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