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SHEET FEED APPARATUS FOR IMAGE 
FORMING SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates a sheet fed apparatus for an 
image forming system and, more particularly, to a sheet feed 
apparatus for feeding each sheet (i.e., a cut sheet such as a 
copying sheet, a transfer sheet, or a recording sheet) stored 
in a sheet storage unit to a main unit (e.g., a copying machine 
or printer) for receiving each sheet and performing prede 
termined processing such as image formation on the 
received sheet. 

2. Related Background Art 
A typical example of the main unit and sheet feed appa 

ratus described above is shown in FIG. 1. FIG. 1 shows a 
laser beam printer (LBP) from which a process cartridge and 
a sheet cassette are detachable. 

The laser beam printer includes a printer housing 100, and 
an image forming mechanism is incorporated in the printer 
housing 100. The housing 100 is divided into upper and 
lower halves 100B and 100A. The upper half 100B can be 
pivoted about a rear end hinge shaft 101 upward with respect 
to the lower half 100A and can be open, as indicated by the 
alternate long and short dashed line. The upper half 100B 
can be pivoted downward and can be closed with respect to 
the lower half 100A, as indicated by the solid line in FIG. 1. 
The upper half 100B is always biased by a spring means 

(not shown) toward an open direction. When the upper half 
100B is completely closed with respect to the lower half 
100A against the biasing force of the spring means, a locking 
mechanism (not shown) is operated to lock the upper half 
100B with the lower half 100A. As a result, a closed state 
can be appropriately maintained, as indicated by the solid 
line. 

When the locking mechanism is released, the upper half 
100B is opened by the biasing force of the spring means, as 
indicated by the alternate long and short dashed line and is 
held at a predetermined open angle. Most of the interior of 
the printer can be observed by an operator. 
The upper half 100B is raised as described above to 

largely expose the interior of the printer so as to mount a 
process cartridge 102 in the printer and perform inspection 
and maintenance of the interior of the printer. 
An open side (left end face in FIG. 1) of the upper half 

100B of the printer is its front side. The hinge shaft 101 is 
located at the rear side (i.e., the right end face in FIG. 1) of 
the printer. 
The process cartridge 102 has a cartridge housing 102a 

which contains four process units, i.e., a photosensitive 
drum 103, a charger 104, a developing unit 105, and a 
cleaner 106. The process cartridge 102 is detachable from a 
predetermined storage section at about the central portion of 
the upper half 100B. The cartridge 102 is mechanically and 
electrically connected to the printer such that mechanical 
drive and electrical circuit systems of the cartridge and the 
printer are connected through a coupling member (not 
shown). A laser scanner unit 107 and a laser re?ecting mirror 
108 are arranged at predetermined positions inside the upper 
half 100B. 
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2 
A sheet cassette 109 is de?ned as a sheet storage unit. The 

cassette leading end of the sheet cassette 109 is inserted from 
a cassette insertion opening 100C formed at the lower front 
end face of the lower half 100A of the printer. When the 
sheet cassette 109 is su?iciently inserted in the X direction 
inside the lower half 100A along a base plate 100D in the 
lowere half 100A, a boss 109f formed on the outer bottom 
surface of the cassette is engaged with an engaging recess 
100E formed on the upper surface of the base plate 100D, so 
that the cassette 109 is positioned and mounted in the printer. 
When the sheet cassette 109 is pulled against the engaging 
force of the boss l09f and the recess 100E in the Y direction, 
the cassette 109 can be pulled outside the printer. 
The sheet cassette 109 includes a main case 109a and an 

intermediate plate 10% located inside the case 109a. The 
rear side of the intermediate plate 10% is biased by a spring 
109d to pivot upward about a pivot portion 109c. Sheets 
(i.e., transfer sheets) S are stacked on and stored in the main 
case 109a. The sheet S extend on the upper surface of the 
intermediate plate 10% and the inner bottom surface of the 
main case 109a. The level of the upper surface of the stack 
of sheets S is kept unchanged regardless of a decrease in 
sheets upon feeding of each sheet S or the number of stacked 
sheets since the intermediate plate 10% is basied upward by 
the spring 109d. 
A separation pawl 109e is engaged with the leading ends 

of the upper surfaces of the sheets 5 to separate one sheet 
from the stacked sheets. 

A sheet feed system includes a sheet pickup roller 110, a 
pair of convey rollers 111a and 111b for conveying the sheet 
picked up by the sheet pickup roller 110, sheet guide plates 
112, 113, and 115, a pair of registration rollers 114, a transfer 
charger 116, a sheet conveyor belt 117, and a pair of sheet 
delivery rollers 110. The printer also includes a ?xing unit 
118. The members 110 to 119 are located at predetermined 
positions in the lower half 100A. 
A sheet delivery opening 100D is formed in the upper 

front surface of the lower half 100A. The pair of sheet 
delivery rollers 119 oppose the opening 100D. A delivery 
sheet tray 100F is mounted in the printer. 
When the upper half 100B in which the process cartridge 

102 is mounted is closed with respect to the lower half 100A, 
as indicated by the solid line, the lower surface of the 
photosensitive drum 103 on the process cartridge 102 side 
opposes at a normal position the transfer charger 116 
mounted in the lower half 100A and is spaced apart there 
from by a predetermined distance. When the sheet cassette 
109 is normally mounted in the lower half 100A, the upper 
surface of the leading end of the stack of sheets S opposes 
the lower position of the sheet pickup roller 110. 
When the image formation start signal is input to a printer 

control system, the photosensitive drum 103 is rotated at a 
predetermined peripheral velocity in a direction indicated by 
an arrow. The outer surface of the photosensitive drum 103 
is uniformly charged by the charger 104 to a predetermined 
polarity (i.e., a positive or negative polarity). 
The laser scanner unit 107 generates a pixel laser beam L 

corresponding to a timer-serial electrical pixel signal of 
image information input from an original image photoelec 
tric reading unit (not shown), a word-processor (not shown), 
or a computer (not shown). 
The laser scanner unit 107 then scan a surface of the 

photoelectric drum 103. That is, the uniformly charged 
surface of the rotating photosensitive drum 103 is sequen 
tially scanned with the laser beam L from the laser scanner 
unit 107 through the mirror 108 and an exposure window 
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102b formed in the cartridge housing 102a in the axial 
direction of the drum. Therefore, a latent image correspond 
ing to image information is formed on the photosensitive 
drum 103. 
The formed latent image is visualized as a tone image by 

the developing unit 105, and the toner image is transferred 
to the sheet S fed to a position of the transfer charger 116 
between the photosensitive drum 103 and the charger 116. 
A convey force is applied to the uppermost sheet S stored 

in the sheet cassette 109 upon counterclockwise rotation of 
the pickup roller 110. The leading side of the sheet is moved 
from a position below the separation pawl l09e to a position 
above the separation pawl 109e. Only the upermost sheet is 
picked up and fed in the same direction as the mounting 
direction of the cassette 109. The sheet is guided by the 
guide plate 112 and is relayed and conveyed by the pair of 
convey rollers 111a and lllb. The sheet is then U-turned 
toward the registration rollers 114 located above the sheet 
pickup roller 110 in a direction (i.e., from right to left in the 
printer) opposite to the direction for picking up the sheet 
from the cassette 109. The U-turned sheet is fed by the 
registration rollers 114 between the photosensitive drum 103 
and the transfer charger 116 through the guide plate 115 
from the right in synchronism with rotation of the photo 
sensitive drum 103. Therefore, the toner image formed on 
the photosensitive drum 103 is transferred to this sheet. 

The sheet which received the toner image during feeding 
of the sheet between th photosensitive drum 103 and the 
charger 116 from the right to the left is separated from the 
surface of the photosensitive drum 103 by a separating 
means (not shown). the sheet is then conveyed in the ?xing 
unit 118 by the conveyor belt 117, and the toner image is 
?xed. The sheet is then delivery as an image-formed product 
(print) on the tray 100F through the pair of delivery rollers 
119 and the delivery opening 100D. After toner image 
transfer, a residual toner on the surface of the photosensitive 
drum 103 is removed by the cleaner 106, and the drum 
surface is cleaned to prepare for the next image formation 
cycle. 
A rear surface plate 120 of the lower half 100A of the 

printer can be pivoted downward about a hinge portion 121, 
as indicated by the alternate long and two short dashed line 
in FIG. 1. The curved guide plate 112 and the roller 111b of 
the pair od sheet convey rollers 111a and lllb are disposed 
inside the rear surface plate 120. When the sheet is jammed 
in a U-turned sheet path from the sheet pickup roller 110 to 
the registration roller 114, the rear surface plate 120 is 
moved down and opened to remove the jammed sheet. 

The conventional laser printer described above has the 
following problems. 

(1) Since the feed direction of the sheet S picked up by the 
sheet pickup roller 110 from the sheet cassette 109 serving 
as a sheet storage unit inserted in the printer as the main unit 
is the same as a direction X for inserting the sheet cassette 
109 into the printer, the position of the sheet with respect to 
the cassette is the cassette insertion/mounting leading end. 
The size of the cassette 109 varies depeneding on different 
lengths of sheet S. An extended portion of each cassette from 
the cassette insertion/removal opening 100C toward the 
front surface of the printer varies depending on different 
cassette sizes, resulting in poor appearance. 
When a cassette 109' (indicated by the alternate long and 

two short dashed line) which stores longer sheets in the feed 
direction is mounted in the printer, an extended length P' of 
the rear end portion of the cassette is increased, and the 
space for installing the printer is undesirably increased. 
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4 
(2) Since the sheet S in the cassette 109 is fed from the 

cassette insertion/mounting direction leading end in a cas 
sette insertion/mounting direction, the fed sheet is U-turned 
in a direction opposite to the sheet pickup direction and is 
conveyed to the transfer unit as a sheet processing unit 
through the sheet guide plates 112 and 113. The frequency 
of occurrence of jamming in the U-tum guide plates 112 and 
113 is higher than that in other portions in practise. In 
addition, since the U-tum guide plates 112 and 113 are 
located in the rear portion of the printer, an operator must 
walk to the rear side of the printer to open the rear surface 
plate 120 so as to eliminate jamming upon occurence of 
jamming in the U-tum guide plates 112 and 113, resulting in 
inconvenience. 

(3) The upper sheets S stored in the cassette may be 
separated above the separation pawl 109e by a shock upon 
mounting of the cassette 109 in the printer. These sheets are 
undesirably moved from the cassette front end in the sheet 
feed direction which is the same as the cassette insertion! 
mounting direction. This causes a feed error of the sheet and 
double sheet feeding. 

(4) The sheet pickup roller 110, the pair of convey rollers 
111a and lllb, and the guide plates 112 and 113 which 
constitute a sheet feeder unit feeding the sheet S from the 
sheet cassette 109 as the sheet storage unit to a predeter 
mined unit (transfer unit) of the printer as the main unit are 
permanetly mounted in the lower half of the printer. If a 
sheet cassette except for a standard cassette and a paper deck 
are required due to sheets except for standard sheets, the 
lower unit including the above members must be replaced 
with a unit corresponding to the paper size. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the 
problems described above and to provide a sheet feed 
apparatus which can be made compact and has excellent 
operability, and which can appropriately feed a sheet. 

In the sheet feed apparatus according to the present 
invention, the sheets stacked in the sheet storage unit 
mounted in the sheet feeder unit are fed in a direction 
opposite to a direction for mounting the sheet storage unit in 
the feeder unit and are fed to the main unit. Therefore, 
problems (1), (2) and (3) posed by the conventional system 
wherein the sheets stored in the sheet storage unit are fed in 
the same direction as the sheet storage unit mounting 
direction can be solved. 

The sheet feeder unit can be detachable from the main 
unit, and therefore, problem (4) can also be solved. 

Since the sheet storage unit which is mounted in or 
removed from the sheet feeder unit includes a sheet convey 
member, continuous conveyance of the sheet picked up from 
the sheet storage unit can be assured. Therefore, jamming of 
the sheet immediately after pickup of the sheet can be 
greatly reduced. 
Even if jamming occurs, the sheet storage unit can be 

pulled from the feeder unit. The sheet convey member is 
pulled together with the sheet storage unit. Therefore, an 
operation for eliminating jamming can be facilitated. 
The above‘mentioned conventional printer has the fol 

lowing drawback. As previously described, the sheet stored 
in the cassette 109 serving as the sheet storage unit is picked 
up forward from the cassette 109 by the sheet pickup roller 
110. The sheet is guided by the curved guide plate 112 
supported by the rear surface plate which can be pivoted 
about the hinge portion 121. The sheet is then guided to the 
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sheet convey rollers 111a and lllb. A gap is formed in a 
sheet transfer portion between the front end serving as a 
sheet outlet of the cassette 109 and the curve convey guide 
plate 112. The curved guide plate 112 is supported by the 
member 120 pivoted about the hinge portion 121. It is 
therefore di?icult to appropriately position the sheet. Jam 
ming often occurs due to a transfer error in the transfer 
portion between the front end of the cassette 109 and the 
guide plate 112. 

This sheet transfer portion is located in the rear portion of 
the printer as the main unit. The operator must walk to the 
rear side of the printer to eliminate jamming in the sheet 
transfer portion, resulting in inconvenience. This inconve 
nience can be eliminated by the arrangement of the present 
invention. A maximum distance, 11 for inserting the sheet 
storage unit into the sheet feeder unit is larger than a size 12 
of the sheet feeder unit in the sheet storage unit inserting/ 
mounting direction (FIG. 3). In a normal state wherein the 
sheet storage unit is su?iciently inserted into the sheet feeder 
unit, the front end face of the sheet storage unit is almost 
aligned with the front end face of the main unit. In the 
normal state of the sheet storage portion mounted in the 
sheet feeder unit, no extended portion of the sheet storage 
unit from the main unit is present regardless of di?ferent 
lengths of the sheet storage unit since the front end face of 
the sheet storage unit is almost aligned with the front end 
face of the main unit. Therefore, unlike the conventional 
case (FIG. 1) wherein rear end portions of the cassette 109 
serving as the sheet storage units are extended as the 
extended portions P and P‘ on the front side of the printer 
serving as the main unit, the outer appearance of the printer 
can be improved. 

The distance (maximum insertion stroke) 11 for inserting 
the sheet storage unit into the sheet feeder unit is larger than 
the size 12 of the sheet feeder unit in the sheet storage unit 
mounting direction. Therefore, longer sheet storage unit 
having a length larger than the size 12 can be inserted into the 
sheet storage unit. In a normal state wherein the sheet 
storage unit is mounted in the sheet feeder unit, the rear end 
portion serving as the insertion leading end of the sheet 
storage unit extends from the rear end face of the rear 
portion of the feeder unit or main unit. However, as com 
pared with the front-end outer appearance of FIG. 1, the 
outer appearance of the present invention can be much 
improved. 
The sheet storage unit includes a vertically pivotal inter 

mediate plate on which sheets are stacked, a spring member 
for biasing the intermediate plate upward, and a transmis 
sion member for transmitting the biasing force of the spring 
member to the intermediate plate. When the intermediate 
plate receives the biasing force of the spring member 
through the transmission member, the intermediate plate is 
urged upward. However, when the intermediate plate does 
not receive the biasing force, the intermediate plate is 
located at the lowermost position by its own weight, so that 
a large distance is set between the intermediate plate and the 
one-sheet separation member. During replenishment of the 
sheet storage unit with sheets, the sheet storage unit must be 
kept in a state wherein no biasing force is applied to the 
intermediate plate. In this state, the intermediate plate is kept 
at the lowermost position, and the distance between the 
intermediate plate and the one-sheet separation member can 
be kept to be large. Therefore, the sheets can be quickly 
replenished without being interfered by a biasing force and 
the separation member. 

Since a biasing spring member is not arranged below the 
intermediate plate, a low-pro?le sheet storage unit can be 
provided. 
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6 
As compared with the above arrangement, the conven 

tional case has the following drawback. 

In the conventional printer as previously described, the 
separation pawl 10% of the cassette 109 serving as a sheet 
storage unit is stabilized in a state wherein the separation 
pawl 10% is urged upward to the highest level at the leading 
end (or leading end of the sheet on the intermediate plate) of 
the intermediate plate 109b always biased upward by the 
spring 109d. In order to replenish the main case 109a with 
sheets S, the operator must move the intermediate plate 10% 
downward against the biasing force of the biasing spring 
109d while o?‘setting thr leading ends of the sheets S from 
the separation pawl 109e. 

Operability for replenishing the sheets S into the cassette 
is thus poor. 

In addition, since the spring 109d is present below the 
intermediate plate 109b, at least a space for minimum height 
of the spring 109d and a thickness (generally 3 mm or more) 
of the molded wall of the cassette main case 109a is 
required. In practice, the spring 109d cannot be compressed 
to its minimum height due to its fatigue. Therefore, a 
sufficient margin must be assured to fail to provide a 
low~pro?le cassette 40. 
The above problem can be solved by the arrangement of 

the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional side view showing a 
conventional sheet feed apparatus; 

FIG. 2 is a longitudinal sectional view showing a sheet 
feed apparatus according to an embodiment of the present 
invention and a printer (LBP) serving as a main unit com 
bined with the sheet feed apparatus; 

FIG. 3 is an longitudinal sectional side view showing a 
relationship between a cassette size and an extension length 
in an image forming apparatus shown in FIG. 2; 

FIG. 4 is a plan view of a sheet feeder; 

FIG. 5 is a front view of the sheet feeder shown in FIG. 
4; 

FIG. 6 is a longitudinal sectional side view of the sheet 
feeder shown in FIG. 4; 

FIG. 7 is a plan view of a sheet cassette; 
FIG. 8 is a front view of the sheet cassette shown in FIG. 

7; 
FIG. 9 is a rear view of the sheet cassette shown in FIG. 

7; 
FIG. 10 is aleft side view of the sheet cassette shown in 

FIG. 7; 
FIG. 11 is a longitudinal sectional side view of the sheet 

cassette shown in FIG. 7; 

FIG. 12(A), 12(B), AND 12(C) are views showing a sheet 
feed apparatus according to another embodiment of the 
present invention; 

FIGS. 13(A) and 13(B) are views showing a sheet feed 
apparatus according to still another embodiment of the 
present invention; 

FIG. 14 is a longitudinal sectional view showing a main 
part of a structure of a convey roller; 

FIGS. 15(A) to 15(D) show another arrangement of a 
spring member for biasing an intermediate plate upward, in 
which FIG. 15 (A) is a plan view of a cassette, FIG. 15 (B) 
is a longitudinal sectional side view of the cassette, FIG. 15 
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(C) is a longitudinal section side view of cassette insertion 
portion, and FIG. 15 (D) is a longitudinal sectional side view 
showing a state wherein the cassette is inserted into the 
insertion portion; and 

FIG. 15 (E) is a longitudinal sectional side view showing 
another arrangement of the cassette insertion portion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 2 is a longitudinal sectional side view showing an 
arrangement including a sheet feed apparatus A according to 
an embodiment of the present invention and a laser beam 
printer B sewing as a main unit and combined with the sheet 
feed apparatus A according to the present invention. 
The sheet feed apparatus A is prepared separately from the 

printer B as the main unit and serves as an optional unit 
which is detachable from the printer B. The sheet feed 
apparatus A is placed on a base C, and the printer B as the 
main unit is placed on the sheet feed apparatus A. Projec 
tions 18 extending on the lower surface of the printer B are 
?tted in recesses 24 formed in an upper surface plate 21 of 
the sheet feed apparatus A, thereby combining the sheet feed 
apparatus A with the printer B. 
A sheet inlet 19 is formed in the bottom surface of the 

printer B and corresponds to a nip position between a sheet 
pickup roller 10 and a sheet convey roller 12, both of which 
are located inside the printer B. When the printer B is 
positioned on the sheet feed apparatus A as described above, 
the sheet inlet 19 of the sheet feed apparatus A is located 
above a pair of sheet convey rollers 28 and 55 located at the 
front side portion of the upper surface plate 21 of the sheet 
feed apparatus A. 
The respective components of the present invention will 

be described below. 

I. Printer B 

An arrangement and image forming operations of the 
printer B will be described below. The printer B has a 
housing 1. The right end face in FIG. 2 is the front surface 
of the printer B. The housing 1 includes a front surface 1A. 
the front surface plate 1A can be pivoted about a hinge shaft 
1B mounted on the lower side of the housing 1 and is open, 
as indicated by the alternate long and two short dashed line. 
The front surface plate 1A can be closed, as indicated by the 
solid line. The front surface plate 1A is open to largely 
expose the interior of the printer B in order to mount a 
process cartridge 2 into the printer B or remove it therefrom 
or to perform inspection and maintenance. 

The process cartridge 2 includes a cartridge housing 2a 
which contains four image processing units, i.e., a photo 
sensitive drum 3, a charging roller 4, a developing unit 5, 
and a cleaner 6. The front surface plate 1A is open, as 
indicated by the alternate long and two short dashed line, to 
be detachably mounted in a predetermined storage portion in 
the printer housing 1. When the cartridge 2 is normally 
mounted in the printer B, mechanical driving systems and 
electrical driving systems of the cartridge and the printer are 
mechanically and electrically coupled through a coupling 
member (not shown). 
A laser beam scanner 7 is located deep in the housing 1. 

The laser beam scanner 7 comprises a semiconductor laser, 
a scanner motor 7a, a polygonal mirror 7b, and a lens system 
7c. A laser beam L from the scanner 7 almost horizontally 
propagates into the housing 2a through an exposure window 
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2b formed in the cartridge housing 2a mounted in the printer 
B. The laser beam L passes through an optical path formed 
between the cleaner 6 and the developing unit 5 formed in 
the upper and lower positions in the housing. The laser beam 
L scans and exposes the surface of the photosensitive drum 
in its axial direction. 

A multifeed tray 8 is attached to the lower end side of the 
front surface plate 1A so as to extend outward and inclined 
upward from its proximal end to its distal end. A plurality of 
sheets S can be simultaneously set on the multifeed tray 8. 
The tray 8 can be folded about a hinge shaft 8a at the 
proximal end of the tray 8 to come close to the front surface 
plate 1A when it is not used. An opening 9 is formed at the 
lower side of the printer front surface plate 1A. The proximal 
end of the multifeed tray 8 corresponds to this opening. 
A sheet pickup roller 10 is disposed in the lower portion 

inside the front surface plate 1A. A sheet separation pad 11 
is located in contact with the lower side of the sheet pickup 
roller 10. A convey roller 12 is in contact with the left side 
of the sheet pickup roller 10. the convey roller 12 is disposed 
in the printer 1. A transfer roller 13 is located above the 
pickup roller 10 inside the front surface plate 1A. A pair of 
?xing rollers 15a and 15b are disposed in the upper portion 
inside the front surface plate 1A. A sheet guide plate 14 is 
located between the transfer roller 13 and the pair of ?xing 
rollers 15a and 15b. A sheet delivery roller 16 is located at 
the sheet outlet. A tray 17 is located at the sheet outlet. 
The members 8 to 11 and 13 to 17 are located on the side 

of the printer front surface plate 1A. In a closed state of the 
front surface plate 1A with respect to the printer housing 1, 
as indicated by the solid line, the sheet pickup roller 10 is in 
contact with the sheet convey roller 12 disposed in the 
printer housing 1, and the transfer roller 13 is in contact with 
the right side of the photosensitive drum 3 in the process 
cartridge 2 mounted in the printer housing 1. 
When an image formation start signal is input to a printer 

- control system, the photosensitive drum 3 is rotated coun 
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terclockwise as indicated by an arrow at a predetermined 
peripheral velocity. The outer surface of the photosensitive 
drum 3 is uniformly charged by the charging roller 4 to a 
predetermined polarity (i.e., a positive or negative polarity). 
The charging roller 4 is a conductive member to which a 
predetermined voltage is applied. The photosensitive drum 3 
is charged by this roller in accordance with so-called contact 
(or direct) charging scheme. The charging roller 4 may be 
driven by the photosensitive drum 3 or may be rotated in a 
direction opposite to that of the photosensitive drum 3. 
Alternatively, the charging roller 4 need not be rotated, or 
may comprise a friction charging member or a corona 
charger. 
A pixel laser beam L corresponding to a time-serial 

electrical pixel signal of image information output from on 
the laser beam scanner 7 is incident on a uniformly charged 
exposed portion 3a of the photosensitive drum 3. Main 
scanning with the laser beam L is performed on the surface 
of the drum 3 in the axial direction, thereby forming a latent 
image of the image information on the surface of the 
photosensitive drum 3. 
The latent image on the surface of the drum 3 is converted 

into a toner image by a developing agent carried by a 
developing sleeve (or roller) 5a of the developing unit 5. 
The developing unit 5 includes a hopper 5b for storing a 

developing agent (toner) t, and a developing agent stining/ 
convey member So which is rotated in a direction of an 
arrow to stir the developing agent t in the hopper 5a and 
continuously supply the developing agent to the developing 
sleeve 5a. 
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Of the sheets (transfer sheets) S set on the multifeed tray 
8, the uppermost sheet is separated from other sheets by the 
pickup roller 10 which is rotated clockwise and the separa 
tion pad 11. The sheet is then fed in the printer through the 
opening 9. The leading end of the sheet is clamped at the nip 
portion between the pickup roller 10 and the convey roller 
12 and is conveyed toward a contact portion (transfer unit) 
between the photosensitive drum 3 and the transfer roller 13 
at the same speed as the peripheral velocity of the photo 
sensitive drum 3. During feeding, the leading end of the 
sheet is detected by a sheet sensor PH located at a prede 
termined position in a sheet path between the pickup roller 
10 an the transfer roller 13. The laser beam scanner 7 starts 
exposure and scanning (image information write operation) 
the surface of the photosensitive drum 3 in accordance with 
image information in response to the sheet leading end 
detection signal. 

During feeding between the photosensitive drum 3 and 
the transfer roller 13, a toner image on the photosensitive 
drum 3 is transferred to the sheet at the transfer unit by a 
voltage (i.e., a voltage having a polarity opposite to that of 
the toner) applied to the transfer roller 13 and a pressure 
between the transfer roller and the photosensitive drum 3. In 
this case, the voltage is applied to the transfer roller 13 when 
the leading end of the sheet reaches the contact portion 
(transfer unit) between the photosensitive drum 3 and the 
transfer roller 13. The transfer roller 13 may be a corona 
charger. 

the sheet which has passed through the transfer unit is 
separated from the surface of the photosensitive drum 3 and 
is guided to the guide plate 14. The sheet is then guided to 
the pair of ?xing rollers 15a and 15b. Of the pair of ?xing 
rollers 15a and 15b, the roller 15a which is brought into 
contact with the image surface of the sheet comprises a 
heating roller incorporating a halogen heater. The roller 15b 
which is brought into contact with a non-image surface of 
the sheet comprises an elastic press roller. During feeding of 
the image-transferred sheet between the pair of rollers 15a 
and 15b, the toner image is ?xed on the sheet surface by heat 
and pressure. The image-formed product (print) is delivered 
by the delivery roller 16 onto the tray 17. 
A residual toner and other contaminants on the surface of 

the photosensitive drum 3 are cleaned by a cleaning blade 6a 
of the cleaner 6, and the photosensitive drum 3 is ready for 
the next image formation cycle. 

II. Sheet Feed Apparatus A 

The sheet feed apparatus A comprises a sheet feeder 
including at least a sheet feed means and its driving means, 
and a sheet cassette 40 serving as a sheet storage unit 
detachable from the sheet feeder 20. 

(1) Sheet Feeder 20 
FIG. 4 is plan view of the sheet feeder 20, FIG. 5 is a front 

view thereof, and FIG. 6 is a longitudinal sectional side view 
thereof. 

Referring to FIGS. 4, 5, and 6, the sheet feeder 20 
includes a feeder upper surface plate 21, elongated hollow 
right and left stands 21R and 21L which are mounted on the 
right and left sides of the upper surface plate 21 so as to be 
parallel to each other, and pads 22 attached to the lower 
surfaces of the stands 21R and 21L. When the feeder 20 is 
placed on a horizontal base C, a sheet cassette storage space 
23 (FIG. 5) is de?ned by the lower surface of the feeder 
upper surface plate 21, the upper surface of the base C, and 
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10 
the inner side surfaces of the right and left stands 21R and 
21L. 

Holes (recesses) 24 formed in the feeder upper surface 
plate 21 are engaged with the corresponding projections 18 
(FIG. 2) formed on the lower surface of the printer B to 
position the printer B on the feeder 20. Therefore, the sheet 
feed apparatus A is combined with the printer B. 
A sheet feed roller shaft 25 is rotatably supported between 

the stands 21R and 21L through bearings. Rollers 26 are 
mounted on the shaft 25 and spaced part from each other at 
predetermined intervals. The rollers 26 serve as three sheet 
feeding means. Each roller 26 comprises a roller (D-shaped 
roller) having a sector-shaped section. Each roller 26 is 
normally stopped such tat its notched portion 26a is directed 
downward (FIGS. 2 and 6). A sheet convey roller shaft 27 is 
rotatably supported between the right and left stands 21R 
and 21L through bearings. Sheet convey rollers 28 are 
mounted on the shaft 27. 

The sheet feed roller shaft 25 is substantially parallel to 
the sheet convey roller shaft 27. The convey roller shaft 27 
is located at the front end portion of the feeder upper surface 
plate 21 at a position nearer to the upstream side in the sheet 
feed direction. Arcuated portions 26b opposite to the 
notched portions of the rollers 26 mounted onthe shaft 25 are 
partially exposed above the upper surface plate 21 through 
corresponding through holes 29 formed in the upper surface 
plate 21. 
A stepping motor 30 (FIG. 4) is arranged inside the right 

stand 21R to drive the feed rollers 26 and the convey rollers 
28. A gear train is constituted by gears G1 to G5 which are 
meshed with each other. The gear G1 is an output gear of the 
motor 30. The gear G2 serves as an idler gear. The gear G3 
is a clutch gear loosely ?tted on the right end of the sheet 
feed roller shaft 25. Engagement/disengagement of the gear 
G3 is controlled by a one-revolution spring clutch 31. The 
gear G4 serves as an idler gear. The gear G5 is a convey 
roller shaft gear integrally mounted on the right end of the 
sheet convey roller shaft 27. 

Upon energization of the motor 30, the output gear G1 is 
rotated counterclockwise. The gears G2 and G5 interlocked 
with the gear G1 and then rotated. The idler gears G2 and G4 
are rotated clockwise, while the clutch gear G3 and the 
convey roller shaft gear G4 are rotated counterclockwise. 
Upon deenergization of a solenoid plunger 31a of the spring 
clutch 31, the clutch gear G3 is disengaged from the shaft 25 
and idles on the shaft 25. In this state, a rotational force is 
not transmitted to the sheet feed roller shaft 25, and the feed 
rollers 26 are kept stopped. When the solenoid plunger 31a 
is temporarily energized, the clutch 31 is actuated and the 
clutch gear G3 is engaged with the shaft 25. The shaft 25 is 
rotated counterclockwise. Therefore, the sheet feed rollers 
26 are rotated counterclockwise (FIG. 6). Upon one revo 
lution of the shaft 25, i.e., the rollers 26, the clutch is 
disengaged, i.e., the shaft 25 and therefore the rollers 26 are 
stopped. 
The sheet convey roller shaft 27 and therefore the sheet 

convey rollers are kept rotated counterclockwise through the 
gears G1 to G5 regardless of ON-OFF control of the spring 
clutch 31 while the motor 30 is kept driven. 

Energization lead wires 30a and 31b are connected to the 
motor 30 and the solenoid plunger 31a, respectively. When 
the printer B is normally set on the sheet feed apparatus A, 
electrical coupling members (not shown) of the sheet feed 
apparatus A and the printer B are coupled to each other. The 
motor 30 and the solenoid plunger 31a are connected to a 
control circuit (not shown) in the printer B through the lead 


















