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IMAGE FORMING APPARATUS HAVING
ROTATABLE ELECTROPHOTOGRAPHIC
PROCESS UNIT

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

BACKGROUND OF THE INVENTION

The present invention relates to a copier or similar 1mage
forming apparatus of the type forming a desired 1image on a
recording sheet by electrophotographic process devices
which are implemented as units.

A conventional 1mage forming apparatus, €.2., a copier
has a main charger, developing device, transfer charger
cleaning device and other process devices arranged around
a rotatable photoconductive element Such process devices
are sequentially arranged 1n a particular order and mounted
on the framework or similar structural member of the copier
body with consideration given to their intervals. Today,
while the process devices of a copier are increasing in
number and 1n size to meet the demand for versatile
functions, there i1s an increasing demand for a miniature
copier. These contradictory demands make the mternal lay-
out of the copier complicated. A copier needs daily main-
tenance assoclated with the operation of the copier, e.g., the
supply of fresh toner and the discharge of waste toner. Also,
when the copier stops operating due to an error such as a
paper jam on a ftransport path or the contamination or
deterioration of some process device, the copier has to be
inspected and repaired. Such maintenance, as well as peri-
odic 1nspection, 1s usually performed by dividing and open-
ing part of interest of the copier. This kind of
implementation, however, 1s not always feasible when it
comes to the maintenance and inspection of the individual
process units, although desirable for the removal of a
jamming sheet. In light of this, the photoconductive element
and various process devices may be integrally supported by
a process unit, as disclosed 1n Japanese Patent Laid-Open
Publication No. 140264/1985, for example. The process unit
1s removably mounted on the copier body, and the photo-
conductive element and process units are each movable

relative to the others.

A problem with the conventional process unit scheme 1s
that the process unit cannot be readily 1nserted 1nto or pulled
out from the copier body since the mounting position within
the copier body 1s fixed. The fixed mounting position brings
about another problem that in the event of maintenance or
inspection the toner deposited on, for example, the process
devices 1s apt to smear the person’s body and cloths and/or
the person 1s apt to touch and damage the photoconductive
clement by accident. Moreover, even the routine work such
as the supply of fresh toner cannot be done without calling
for a serviceman with expert knowledge since it involves the
disassembly of part of the copier body. In addition, when the
copier 1s left unoperated over a long period of time, the
photoconductive element and the process units have their
contacting portions deteriorated due to the pressure continu-
ously acting thereon and/or the toner is solidified at the
contacting portions. Then, when the copier 1s started to
operate again, a stripe pattern or similar defect appears on
reproductions.

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present invention to
provide an 1mage forming apparatus which 1insures
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extremely easy and sure daily mamtenance mcluding toner
supply without smearing the operator’s cloths or damaging
pProcess units.

It 1s another object of the present invention to provide an
image forming apparatus which substantially frees the
operator from smears or prevents the operator from 1nad-
vertently damaging a photoconductive element in the event
of maintenance.

It 1s another object of the present invention to provide an
image forming apparatus which prevents the operator from
accidentally damaging a photoconductive element and frees
the operator from smears 1n the event of removal of a

jamming sheet.

It 1s another object of the present mnvention to provide an
image forming apparatus which allows each process device
to be surely mounted 1n the event of replacement and, after
the process device has been mounted, automatically cleans
a photoconductive element to remove smears therefrom.

An 1mage forming apparatus of the present invention
comprises an 1mage carrier, and a plurality of electrophoto-
ographic process devices. At least part of the plurality of
clectrophotographic process devices are constructed into
two units each being engageable with the 1mage carrier and
rotatable 1ntegrally with the 1image carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will become more apparent from the
following detailed description taken with the accompanying
drawings in which:

FIG. 1 1s a section showing a digital copier which 1s a
specific form of the image forming apparatus 1n accordance
with the present mvention;

FIG. 2 1s a perspective view of the digital copier;

FIG. 3 1s a front view showing an electrophotographic
process unit representative of a first embodiment of the
image forming apparatus 1n accordance with the present
mvention 1n a locked condition;

FIG. 4 1s a view similar to FIG. 3, showing the process
unit 1n an unlocked condition;

FIGS. 5A and 5B are perspective views each showing a
process pack included in the embodiment 1n a particular
position;

FIGS. 6A and 6B are exploded perspective views each
showing a process pack 1 assembly;

FIG. 7 1s a front view of a second embodiment of the
present invention 1n a locked condition;

FIG. 8 1s a view similar to FIG. 7, showing the embodi-
ment 1n an unlocked condition;

FIG. 9 15 a perspective view of a process pack included 1n
the second embodiment and put on a table

FIG. 10 1s a front view showing a modified form of the
second embodiment 1n a locked condition;

FIG. 11 1s a front view showing the modification in an
unlocked condition;

FIG. 12 1s a front view showing a third embodiment of the
present 1nvention 1n a locked condition;

FIG, 13 1s a view similar to FIG. 12, showing the
embodiment 1n an unlocked condition;

FIG. 14 1s a perspective view of the third embodiment;

FIGS. 15A and 15B each shows a specific manner 1n
which a process pack included in the third embodiment 1s
inserted into or pulled out from the copier body;
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FIGS. 16A and 16B are perspective views each showing
a particular process pack included in the third embodiment
and having been pulled out from the copier body;

FIG. 17 1s a front view showing a fourth embodiment of
the present invention 1n a locked condition;

FIG. 18 1s a front view of a fifth embodiment 1n a locked
condition;

FIGS. 19A and 19B are perspective views each showing
a particular process pack included 1n the fifth embodiment
and having been removed from the copier body;

FIGS. 20A and 20B are exploded perspective views each
showing the process pack in assembly;

FIG. 21 1s a front view of a sixth embodiment of the
present mvention 1n an 1image forming condition;

FIG. 22 1s a front view of the sixth embodiment in a
standby condition;

FIG. 23 1s a front view of a seventh embodiment of the
present mvention 1n a locked condition;

FIGS. 24, 25, and 26 are front views each showing an
eighth embodiment of the present invention in a particular
condition;

FIGS. 27 and 28 are flowcharts demonstrating a specific
cleaning operation to be executed by the embodiments;

FIGS. 29A, 29B, 29C, and 29E are fragmentary views
cach showing essential part of a conduction sensor included
in any of the embodiments;

FIGS. 30 and 31 each shows a specific message appearing,
on an operation and display section;

FIGS. 32A and 32B are perspective views each showing
a process pack pulled out of the copier body;

FIG. 33 1s a respective view also showing a process pack
pulled out of the copier body;

FIGS. 34A and 34B are perspective views each showing
a process pack removed from the copier body.

FIG. 35 shows a specific manner 1n which process packs
may be stored 1n a receptacle;

FIG. 36 shows a specific condition 1n which a recording
sheet has jammed a transport path at an 1mage transfer
station; and

FIG. 37 shows another specific condition 1ll which a
recording sheet has jammed the transport path at another
position.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1 of the drawings, a digital copier which
1s a specific form of the 1mage forming apparatus 1n accor-
dance with the present invention 1s shown. As shown, the
copier has housing C and a glass platen 2 mounted on the top
of the housing C. A document O 1s laid on the glass platen
2. A scanning section S 1s disposed below the glass platen 2
and has first optics 5, second optics 8, a stationary lens 9, and
a CCD array or similar image reading device 10. The first
optics 5 1s movable for reading the document O and includes
a lamp 3 and a mirror 4, while the second optics 8 1s also
movable and includes mirrors 6 and 7. Specifically, as a print
switch provided on an operating section of the copier is
pressed, the first and second optics § and 8 are moved in
particular directions as mdicated by arrows to thereby scan
the document O. The 1image of the document O 1s read by the
image reading device 10 via the optics 5 and 8 and lens 9,
converted to an electric signal, digitized, and then processed.

An 1mage forming section D 1s arranged below the
scanning section S. The 1mage forming section D has
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various electrophotographic process devices such as a laser
diode (LD) 11, a LD drive board 12, a polygonal mirror 13,
a mirror 14, a photoconductive element in the form of a belt

1, a developing device 16, a cleaning device 23, a main
charger 15, a transfer charger 18, and a separation charger
19, as well as a transport belt 21 and a fixing roller pair 22.
A sheet feed section 17 1s located upstream of an 1mage
transfer station and loaded with a stack of recording sheets.
A pick-up roller 17a feeds the recording sheets one by one
toward a register roller pair 17b. The register roller pair 17b
drives the sheet at a predetermined timing toward the image
transfer station defined between the belt 1 and the transfer
charger 18. The signal generated by the 1mage reading
device 10 and processed 1s applied to the LD drive board 12.
In response, the LD drive board 12 applies a drive signal to
the LD 11 with the result that the LD 11 emits a laser beam
having been modulated by the drive signal. The laser beam
1s routed through the polygonal mirror 13 and mirror 14 to
reach the belt 1 whose surface has been uniformly charged
by the main charger 15. As a result, a latent 1mage repre-
sentative of the document O 1s formed on the belt 1. The
latent 1mage 1s developed by the developing device 16 to
become a toner image. When the toner 1image 1s transported
by the belt 1 to the lower end where the downward run of the
belt 1 merges mto the upward run, the transfer charger 18
transfers the toner 1mage to the recording sheet by corona
discharge. After the 1image transfer, the separation charger 19
separates the sheet from the belt 1. The sheet carrying the
toner 1mage thereon 1s further driven to the fixing roller pair
22 to have the toner 1mage fixed thereon and then driven out
of the housing C. The cleaning device 23 removes the toner
remaining on the belt 1 after the 1mage transfer.

In the 1llustrative embodiments of the present invention to
be described, the photoconductive belt 1 1s implemented as
an endless belt and passed over rollers, which are spaced
apart: by a predetermined distance, such that it has a flat
oblong vertical section, as shown 1n FIG. 1. The developing
device, 16, cleaning device and other major process units for
forming an 1mage are selectively mounted on a pair of units
U1 and U2 having a substantially identical semicylindrical
confliguration. The two units Ul and U2 are positioned at
opposite sides of the parallel flat portions of the belt 1 and
engageable with the latter, as described later in detail. An
clectrophotographic process unit made up of the units Ul
and U2 and belt 1 has a generally cylindrical configuration
having an axis extending in a direction perpendicular to the
sheet surface of FIG. 1. Such a process unit 1s bodily
rotatable about the axis thereof. When the units Ul and U2
are rotated together with the belt 1 until either of them aligns
with a generally semicircular opening 25, FIG. 2, formed
through the side wall of the housing C, the unit aligned with
the opening 25 can be removed via the opening 25 and
replaced with another unit. The belt 1 extends 1n the vertical
direction and has parallel runs 1a and 1b which move
downward and upward, respectively. When the opposite
runs 1a and 1b of the belt 1 are held between the units Ul
and U2, the upper and lower curved ends 1c and 1d,
respectively, are bare and define an exposure position and an
image transfer position. Therefore, 1t 1s not necessary to
form an extra opening for image formation 1n the unit U1 or
U2, 1.e., the units Ul and U2 each having a substantially
semicylindrical configuration can cover the entire belt 1
except for the curved portions 1c and 1d.

When the copier 1s not in operation or when maintenance

1s needed, the electrophotographic process devices con-
structed 1nto the units Ul and U2 are released from the belt
1. For example, when the developing device substantially
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runs out of toner while the copier 1s 1n operation or when a
toner collecting tank included 1n the cleaning device 1s full,
it 1s necessary to supply a toner or to discard the waste toner
by interrupting the operation of the copier. In such a case, the
embodiments of the present invention each displays an
alarm and a guidance on an operation and display section
provided on the copier body. As the operator manipulates an
operation panel as instructed by the guidance, the unit U1 for
development or the unit U2 for cleaning 1s brought into
alignment with the opening 25. Then, the operator can pull
out the unit of interest U1 or U2 and then insert a substitute
unit through the opening 25. This allows any person to
perform such replacement with ease. In addition, since the
developing unit Ul and cleaning unit U2 are symmetrical to
cach other with respect to the axis of rotation, they can be
inserted 1nto the opening 25 1n any order without being
distinguished from each other. Hence, even a person not
accustomed to the copier can safely set the units U1 and U2
without errors.

As stated above, to supply fresh a toner or to discard a
waste toner, the operator has only to pull out one of the two
units Ul and U2 through the same opening 25 and then
insert a substitute new unis, 1.€., it 1s not necessary for the
operator to open a panel provided on the housing C. The
operator, therefore, can effect maintenance without calling
for or awaiting a serviceman. Moreover, the efficiency of
maintenance 1s enhanced partly because the labor required
of the operator 1s only negligible and partly because the
down time and waiting time of the copier 1s saved.

Preferred embodiments of the present invention will be
described hereinafter.

First Embodiment

Referring to FIGS. 3 and 4, an electrophotographic pro-
cess unit representative of a first embodiment of the present
invention 1s shown 1n an locked position and an unlocked
position, respectively. As shown, the belt 1 made of an
organic photoconductor (OPC) is passed over rollers 100
and 101 having the same diameter. The rollers 100 and 101
are rotated clockwise to 1n turn rotate the belt 1 1n a direction
indicated by arrows 1n the figure. The developing unit Ul
and the cleaning unit U2 are respectively located to face the
opposite runs 1a and 1b of the belt 1 which move 1n opposite
directions to each other, as stated ecarlier. Regarding the
vertical extension, the two units Ul and U2 are symmetrial
to each other with respect to the axis of rotation. The belt 1
and units Ul and U2 are bodily rotatable about an axis R1.
This allows the units Ul and U2 to be loaded 1n the copier
body 1n any desired order. The curved portions 1¢ and 1d of
the belt 1 which wrap around the rollers 101 and 100,
respectively, are exposed to the outside through the gaps
between the contours of the units Ul and U2. The curved
portions 1c and 1d define respectively an exposure position
to which a laser beam 1s i1ncident and an image transfer
position for transferring a toner 1mage to a recording sheet.

The developing unit Ul has a casing 102 accommodating,
the developing device 16. The developing device 16 has a
developing roller 160 having magnets therein, a toner tank
167, and an agitator 162 for agitating a toner. An opening
167a 1s formed through the flat portion of the toner tank 167
adjacent to one end the flat portion. The developing roller
160 1s rotatably mounted on the developing device 16 such
that pat of the periphery thereof faces the opening 167a. In
the toner tank 167, the agitator 162, a discharge brush 163
and a developing blade 161 are arranged around the devel-
oping roller 16. The discharge brush 163 1s located in the
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vicinity of the opening 167a. The toner tank 167 1s filled
with a toner. The agitator 162 1s rotated to agitate the toner
in the toner tank 167 while feeding 1t toward the developing
blade 161. The developing blade 161 deposits the toner on
the periphery of the developing roller 160 1in a predeter-
mined thickness. The developing roller 160 1n rotation
transports the toner to a latent image electostatically formed
on the belt 1 which 1s held in contact with the roller 160. As
a result, the toner 1s electrostatically transferred to the latent
image to develop it. Part of the toner having not deposited
on the belt 1 1s transported by the developing roller 160 to
the discharge brush 163. Then, this part of toner 1s dis-
charged by the discharge brush 163 and then returned to the
toner tank 167. The developing device 16 1s supported at one
end thereof by a positioning pin 164 and 1s bodily rotatable
about the pin 164. The casing 102 has a hook portion 166
while the toner tank 167 has a hook portion 167b at the free
end thereof. A spring 159 1s anchored at opposite ends
thereof to the hook portions 166 and 167a to constantly bias
the enfire developing device 16 counterclockwise about the
pin 164, 1.¢., 1n a direction for moving the developing roller
160 away from the belt 1. In an 1mage forming condition, a
solenoid, not shown, rotates a cam 165 associated with the
developing device 16 to a position shown 1n FIG. 3. The cam
165 presses the outer periphery of the toner tank 167 toward
the belt 1 against the action of the spring 159 until the free
end of the tank 167 abuts against a stop 102a. The stop 102a
1s formed by bending one end of the casing 102 inwardly. In
this condition, the developing roller 160 presses the corre-
sponding portion of the belt 1 by a predetermined pressure.
The developing unit Ul and cleaning unit U2 are fixed 1n
place by fixing means, not shown, and prevented from
rotating about the axis R1.

The cleaning unit U2 has a flat portion which faces the
other run 1b of the belt 1. A casing 103 accommodates the
cleaning device 23 in the flat portion thereof. The cleaning
device 23 has the main charger 15 for uniformly charging
the belt 1, and the eraser 24. A collecting tank 236 has an
opening 236a 1n alignment with the main charger 15 and
eraser 24 1n a portion thereof which faces the run 1b of the
belt 1. A cleaning blade 230 and a rotatable fur brush 231 are
located 1n the vicinity of the opening 236a and 1n contact
with the belt 1. A flicker bar 234 1s formed mtegrally with
the tank 236 and disposed in the opening 236a 1n contact
with the fur brush 231. A toner separating plate 233 extends
out from the case 236 and presses against a rotatable toner
collecting rod 232. The separating plate 233 and collecting
rod 232 are disposed 1n the opening 236a 1n such a manner
as to face the flicker bar 234. The flicker bar 234, separating,
plate 233 and collecting rod 232 close the opening 236a 1n
cooperation. A full sensor 239 1s disposed 1n the tank 236 1n
close proximity to the eraser 23 so as to generate an alarm
signal when the tank 236 1s filled with the waste toner. The
tank 236 1s rotatably supported at one end thereof by a
positioning pin 235 which 1s positioned symmetrically to the
positioning pin 164 of the developing device with respect to
the axis of rotation R1. The casing 103 has a hook portion
158 while the tank 236 has a hook portion 236b at the outer
cdge of the free end thercof. A spring 237 1s anchored at
opposite ends thereof to the hook portions 158 and 236b. In
an 1mage forming condition, a cam 238 1s rotated to urge the
back of the tank 236 toward the belt 1 against the action of
the spring 237 until the free end of the tank 236 abuts against
a stop 103a. The stop 103a 1s also formed by bending the
edge of the casing 103 inwardly. In this condition, the
cleaning blade 230 and fur brush 231 are pressed against the
upward run 1b of the belt 1. The fur brush 231 scrapes off
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the toner remaining on the belt 1 while the fur brush 231 beat
down the toner from the fur brush 231. The cleamng blade
230 removes the toner having not scraped o by the fur
brush 231. The toner so removed from the belt 1 1s sequen-
fially deposited 1n the tank 236 by the rotation of the
collecting rod 232 and the restriction by the separating plate
233. After the belt 1 has been so cleaned, the main charger
15 uniformly charges the surface of the belt 1. Subsequently,
the eraser 24 erases the charge except for an 1mage region
where a latent 1mage should be electrostatically formed,
thereby preparing the belt 1 for another image forming
cycle.

As stated above, the developing device 16, cleaning
device 23, main charger 15 and eraser 24 execute a sequence
of latent 1mage forming steps with the belt 1.

When the toner tank 167 runs out of toner, a toner end
sensor, not shown, detects such a condition due to the
decrease 1n the load on the agitator 162 and generates a toner
end signal. When the collecting tank 236 1s full, the full
sensor 239 detects 1t and causes the operation and display
section to display an alarm, as stated earlier. This urges the
operator to replace either of the developing unit Ul and
cleaning unit U2. As the operator presses a particular switch

provided on the operation panel for effecting maintenance,
the belt 1 and units Ul and U2 are unlocked and bodﬂy

rotated about the axis R1 until the unit Ul or U2 which
should be replaced aligns with the opening 25. Speciiically,

when the solenoid, not shown, 1s deenergized, the cam 165
or 238 1s rotated unlock the developing device 16 from the
casing 102 or unlock the cleaning device 23 from the casing
103. As a result, the toner tank 167 or the collecting tank 236
1s rotated about the positioning pin 164 or 235 away from the
belt 1 by the spring 159 or 237. In this condition, the toner
tank 167 or the collecting tank 236 1s ready to be pulled out
through the opening 25. The toner tank 167 or the collecting
tank 236 to be replaced 1s implemented as a cartridge which
can be attached and detached by a single manual operation
(hereinafter referred to as a process pack). After removing
the used tank 167 or 236, the operator inserts a new tank 167
or 236 and then presses a button provided on the operation
panel for entering the end of replacement In response, the
cam 165 or 238 i1s again rotated to lock the associated
process pack, and then the developing unit Ul and cleaning
unit U2 are rotated about the axis R1 to the predetermined
vertical position. Then, the copier 1s ready to operate again.

Since the casings 102 and 103 of the units U1 and U2 have

an 1dentical contour, the two different kinds of process packs
can cach be mounted on either side of the opposite runs 1a
and 1b of the belt 1. As stated above, the toner tank 167 and
collecting tank 236 have generally semicylindrical configu-
rations which are 1dentical with and symmetric to each other,
and tanks 167 and 236 are rotatable integrally with each
other. The operator, therefore, can readily replace the devel-
oping device 16 run out of toner or full of waste toner simply
by pulling out the process pack of interest through the
opening 235, 1.€., without calling for a serviceman. Since the
major part of the belt 1 and the major process devices are
constantly covered by the casings 102 and 103, the operator
intending to, for example, locate a sheet jam or to remove a
jamming sheet 1s prevented from inadvertently touching
and, therefore, smearing or damaging the belt 1. Moreover,
the entire electrophotographic process unit can be unlocked
except for the 1mage forming condition to release the
process devices from the belt 1. This 1s successtul 1n freeing,
the belt 1 and cleaning blade 230 from deterioration other-
wise caused by continuous pressurization and preventing the
toner from effecting the image formation by being slidified

between the belt 1 and the blade 230.
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Each process pack 1s provided with a handle, as shown 1n
FIGS. 5A and 5B. Specifically, the process pack having been
pulled out of the copier body 1s laid on a table with a handle
60 raised as shown 1n FIG. SA or lowered as shown 1n FIG.
SB. While the process pack 1s constituted by a hermetically
scaled container except for the opening 167a or 236a
thereof, the toner or the waste toner stored therein 1s apt to
leak through the opening 167a or 236a when the process
pack having been pulled out through the opening 25 1s
carried or put on a table. If the operator carries the process
pack 1n the horizontally long position by holding it by both
hands, the operation cannot touch or operate any other thing.
In light of this, the handle 60 1s provided on the flat portion
of the sealed container of the process pack to be movable
between the raised position and the lowered position. Oppo-
site ends of the handle 60 are hinged to the flat portion of the
scaled container such that they lie in a wvertical plane
containing the center of gravity of the process pack when
brought to the raised position. When the handle 60 1s
needless, 1t 1s received 1n a groove 70. When the process
pack 1s pulled out of the copier body, the handle 60 1s raised
to the position shown in FIG. SA. When the process pack 1s
to be inserted 1nto the copier body, the handle 60 1s lowered
to the position shown in FIG. SB. Further, the sealed
container of the process pack has a front end plate 304 which
extends lightly radially outward from the semicylindrical
portion 300 and, therefore, has a slightly greater cross-
sectional area than the semicylindrical portion 300. In
addition, the front plate 304 has a slightly greater radial
dimension than the casing 102 or 103. Hence, while the body
of the process pack can enter the casing 102 or 103, the end
plate 304 1s prevented from entering 1t by the front edge of
the casing 102 or 103. This 1s successiul 1n preventing the
process pack from being inserted into the copier body 1n a
wrong position and in, when former 1s 1nserted into the
copier body 1n a correct position 1nto the latter, accurately
positioning it.

As shown 1n FIG. 6 A, the toner tank 167 1s made up of a
developing function section 301, and a semicylindrical
contamner cover 300. As shown 1n FIG. 6B, the collecting
tank 236 1s made up of a cleaning function section 302 and
a semicylindrical container cover 300. The function sections
301 and 302 are each combined with associated cover 300
and then connected to the latter by fusing. Since both of the
function sections 301 and 302 include the covers 300 having
an 1dentical configuration, the two different kinds of process
packs can be produced on quantity basis. The containers
may be made of resin to facilitate the assembly and cut down
the cost.

Second Embodiment

Referring to FIGS. 7 and 8, a second embodiment of the
present invention will be described. The conditions shown 1n
FIGS. 7 and 8 correspond to FIGS. 3 and 4, respectively.
This embodiment 1s distinguishable from the first embodi-
ment 1n that when the cam 165 or 238 1s rotated to unlock
the associated unit U1 or U2, the opening of the process pack
associated with the unit Ul or U2 is closed by a shutter
mechanism. In the figures, the same or similar parts or
structural elements are designated by like reference
numerals, and redundant description will be avoided for
simplicity.

Speciiically, as shown 1n FIG. 7, a shutter 168 1s concen-
trically associated with the developing roller 160 of the
developing device 16. A coiled torsion spring 169 1s affixed
to the shaft of the developing roller 160 coaxially with the
roller 160. The torsion spring 169 1s anchored at one end to
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the toner tank 167 and at the other end to the shutter 168. In
an unlocked condition (FIG. 8), the shutter 168 is urged by
the torsion spring 169 1n a direction for closing the opening
167a of the toner tank 167. In a locked condition or image
forming condition (FIG. 7), the shutter 168 uncovers the
opening 167a against the action of the torsion spring 169.
Likewise, a coiled torsion spring 241 1s positioned 1n close
proximity to the toner separating plate 233 of the cleaning,
device 23. This torsion spring 241 1s anchored at one end to
the collecting tank 236 and at the other end to one of two
members which constitute a shutter 240. The dual shutter
240 1s rotatable about the core of the torsion spring 241. In
the unlocked condition (FIG. 8), the shutter 240 is urged by
the torsion spring 241 1n a direction for covering the opening
236a. As shown 1n FIG. 8, when the cam 165 1s rotated to
unlock the associated unit U1, the toner tank 167 1s moved
away from the downward run 1a of the belt 1 by the action
of the spring 159. As a result, the shutter 168 1s rotated by
the torsion spring 169 to cover the opening 169a. A gear
mechanism, not shown, interlocks the shutter 168 to the
toner tank 167.

As stated above, when the developing device 16 1s pulled
out, the shutter 168 closes the opening 167a of the toner tank
167. In this condition, the toner 1s prevented from leaking
via the opening 167a and smearing the operator’s body or
the room. Likewise, when the cam 238 is rotated to unlock
the cleaning unit U2, the collecting tank 236 1s rotated away
from the upward run 1b of the belt 1 and, at the same time,
the shutter 240 closes the opening 236a of the collecting tank
236 due to the force of the torsion spring 241. As a result,
the waste toner collected in the tank 236 1s prevented from
leaking to the outside. In this embodiment, too, the devel-
oping unit Ul and cleaning unit U2 have an 1dentical
sectional shape and, therefore, can each be mounted on any
side of the opposite runs 1a and 1b of the belt 1. If desired,
the process packs may be colored for distinction, €.g. the
toner tank 167 and the collecting tank 236 may be painted
red and blue, respectively. In such a case, the kinds of the
two process packs may be displayed in red and blue on the
operation and display section. This allows the operator to see
a process pack to be mounted on the basis of the color.

FIG. 9 shows the process pack of the 1llustrative embodi-
ment which 1s pulled out from the copier body and placed on
a table. In the first embodiment, since the process pack has
the opening 167a or 236a 1n the flat portion thereof, it has to
be put on a table with the curved wall facing downward 1n
order to prevent the toner from leaking. However, such a
curved bottom 1s not stable and 1s apt to roll when subjected
to even a slight shock, causing the toner to leak. By contrast,
since the second embodiment causes the shutter 168 or 240
to close the associated opening 167a or 236a of the process
pack, the toner or the waste toner does not leak even when
the process pack 1s placed on a table with the flat portion
facing downward. Legs 61 extend out from opposite ends of
the flat portion of the process pack. When the process pack
1s put on a table 1 the above-mentioned position, the legs 61
prevent the shutter 168 or 240 slightly protruding from the
flat portion and the process device facing the opening 167a
or 236a from contacting the table. When the handle 60 is
raised, opposite ends thereof hinged to the process pack lie
in a vertical plane containing the center of gravity of the
process pack. The handle 60 1s received 1n the groove 70
when not necessary.

While the embodiment moves both the process pack of
the developing unit Ul and the process pack of the cleaning
unit U2 away from the belt 1 1n the event of replacement, an
arrangement may be so made as to move only the unit which
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should be pulled out from the opening 25 away from the belt
1. Specifically, FIG. 10 shows a condition wherein the
developing unit Ul 1s aligned with the opening 25, and only
the process pack of the developing unit Ul 1s spaced apart
from the belt 1. FIG. 11 shows a condition wherein the
cleaning unit U2 1s aligned with the opening 25, and only the
process pack of the cleaning unit U2 1s spaced apart from the

belt 1.

Third Embodiment

FIGS. 12 and 13 show a third embodiment of the present
imnvention 1n a locked condition and an unlocked condition,
respectively. This embodiment 1s distinguishable from the
first embodiment 1n that the positioning pins 164 and 235 are
absent, and 1n that the casing 102 and developing unit and
the casing 103 and cleaning unit U2 are respectively inte-
orally rotatable about the rollers 100 and 101 to an unlocked
position when the associated cams 16 and 238 are rotated.
Specifically, the developing unit Ul has the toner tank 167
and the casing 102 accommodating the toner tank 167
constructed mto a single body which 1s rotatable about the
axis of the roller 101. A coiled torsion spring 201 1s mounted
on the shaft of the roller 101 coaxially with the roller 101
and constantly biases the developing unit Ul away from the
downward run 1la of the belt 1. The cam 165 presses the
casing 102 such that the developing roller 160 presses
against the run la of the belt 1, against the action of the
torsion spring 168. Likewise, the cleaning unit U2 has the
collecting tank 236 and the casing 103 accommodating the
tank 236 constructed into a single body which is rotatable
about the axis of the roller 100. A coiled torsion spring 202
1s mounted on the shaft of the roller 100 coaxially with the
latter to constantly bias the cleaning unit U2 away from the
upward run 1b of the belt 1. The cam 238 presses the casing
103 such that the cleaning blade 230 and fur brush 231 press
against the run 1b of the belt, against the action of the torsion
spring 202. As shown m FIG. 13, when the cam 165 1is
rotated to unlock the developing umt Ul, the casing 102
with the toner tank 167 1s rotated away from the run 1a of
the belt 1 by the torsion spring 201 to allow the tank 167 to
be removed through the opening 25. Likewise, when the
cam 238 1s rotated to unlock the cleaning unit U2, the casing
103 with the collecting tank 236 1s rotated away from the
belt 1 by the torsion spring 202 to allow the tank 236 to be
removed through the opening 235.

In this embodiment, too, the belt 1 1s covered by the units
U1 and U2 except for opposite ends 1c and 1d thereof which
wrap around the rollers 101 and 100, respectively. The ends
1c and 1d define the exposure position and the 1mage
transfer position, respectively. Of course, the developing
unit Ul, cleaning unit U2 and belt 1 are bodily rotatable to
a position where either of the units Ul and U2 faces the
opening 235 for the replacement of the process pack.

In the illustrative embodiment, each of the process packs
has an oscillator therein which oscillates at a particular high
frequency. In this case, a microswitch 1s provided on the
handle of each process pack. When the operator holds any of
the process packs, the microswitch of the process pack 1s
closed to apply a source voltage to the oscillator built in the
process pack. A receiver capable of receiving such high
frequencies 1s mounted on the copier body 1n close prox-
imity to the opening 235. In the event of replacement, as the
operator picks up a particular process pack, the oscillator of
the process pack transmits a particular high frequency wave
to the recerver mounted on the copier body. Then, a con-
troller 1dentifies the kind of the process pack on the basis of
the received frequency and displays a guidance message.
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As shown 1n FIG. 14, 1n this embodiment, the opening 25
formed through the front panel of the copier body has a
semicircular shape whose flat portion faces upward. Hence,
the process pack 1s pulled out through the opening 25 with
the opening 167a or 236 facing upward. Such an opening 25
allows the operator to remove or msert the process pack by
holding the semicylindrical periphery by one hand and
holding one end by the other hand.

Specifically, FIGS. 15A and 15B show respectively a
condition wherein the process pack 1s held by right hand and
condition wherein 1t 1s held by left hand. As these figures
indicate, the operator, whether he or she be right-handed or
left-handed, can remove or insert the process pack by
holding the semicylindrical periphery by one hand and
holding one end by the other hand. As shown 1n FIGS. 16A
and 16B, labels or similar indications are provided on the
process packs to distinguish the developing unit and the
cleaning unit from each other.

Fourth Embodiment

FIG. 17 shows a fourth embodiment of the present inven-
tion mn a locked condition. As shown, this embodiment
differs from the first embodiment in that the eraser 24 is
located outside the process unit and not mounted on the
collecting tank 236 of the cleaning unit U2. Excluding the
eraser 24, which 1s a process device sparingly susceptible to
aging, from the process pack 1s successtul m reducing the
cost of the process pack as well as waste.

Fifth Embodiment

FIG. 18 shows a fifth embodiment of the present invention
in a locked condition. This embodiment differs from the first
embodiment 1n that the main charger 15 and eraser 24 are
excluded from the process unit, and in that the cleaning
blade 230 and fur brush 231 are located at a substantial
distance from the developing roller 160 and 1n the vicinity
of the free end of the collecting tank 236. With such a
conflguration, this embodiment achieves the object of the
fourth embodiment and, 1n addition, enhances the collection
of waste toner, increases the distance which the cleaning
blade 230 and fur brush 231 move 1n the event of rotation,
and causes the opening to face upward when the process
pack 1s removed from the copier body. FIGS. 19A and 19B
cach shows one of the process packs of the embodiment
which has been removed from the copier body and 1s ready
to be carried by hand. In this embodiment, the handle 60 1s
hinged to the semicylindrical wall of the hermetic container
of the process pack at an end portion adjacent to the opening
167a or 236a. The handle 60 may be received 1n the groove
70 when not used. As shown, when the operator carries the
process pack by holding the handle 60, the toner tank 167 or
the collecting tank 236 has the opening 167a or 236a thercot
closed by the shutter 168 or 240. This, coupled with the fact
that the opening 167a or 236a 1s located 1n an upper portion
of the associated tank 167 or 236, causes the toner or the
waste toner to remain 1n a lower portion of the hermetic
container and prevents it from leaking through the opening.

FIGS. 20A and 20B show respectively the developing
tank 167 and the collecting tank 236 of the illustrative
embodiment 1n exploded views. As shown, both the tank 167
and the tank 236 1nclude a container cover 303 which defines
one half of the flat portion. The container cover 303 con-
stitutes the tank 167 in combination with the developing
function section 301 or constitutes the tank 236 1n combi-
nation with the cleaning function section 302. Specifically,
the container cover 303 has a trough-like configuration made
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up of a curved portion forming substantially one-quarter of
a cylinder, and a flat portion having substantially one half of

the width of the flat portion of the container. Such an
assembly 1s as advantageous as the assembly described 1n
relation to the first embodiment.

Sixth Embodiment

FIGS. 21 and 22 show a sixth embodiment of the present
invention 1n an 1mage forming condition and a standby
condition, respectively. This embodiment 1s essentially simi-
lar to the fifth embodiment except that the developing roller
160 and the cleaning blade 230 and fur brush 231 are so
positioned as not to protrude from the flat portions of the
developing unit Ul and cleaning unit U2, respectively, that
shutter mechanisms are respectively associated with the
units Ul and U2 to be movable along the flat portions of the
latter, and that a mechanism is provided for pressing the belt
1 against the developing roller 160 and the cleaning blade

230 and fur brush 231 which are exposed through the
openings 167a and 236a, respectively.

Specifically, shutters 170 and 242 respectively close the
openings 167a and 236a of the toner tank 167 of the
developing unit Ul and the collecting tank of the cleaning
unit Ul when the associated process packs are pulled out
from the copier body. Bars 104 and 105 arc rotatably and
coaxially mounted on the shafts of the upper roller 100 and
lower roller 101, respectively. The bars 104 and 105 are
constantly biased to face each other in the vertical direction
by tension springs, not shown. Presser rollers 106 and 107
are rotatably mounted on the free ends of the bars 104 and
105, respectively. In the standby condition shown in FIG.
22, the bars 104 and 105 are positioned on a line connecting
the shafts of the upper and lower rollers 100 and 102 such
that the presser rollers 106 and 107 face each other with the
intermediary of the axis of rotation R1. In this embodiment,
the cleaning blade 230 and fur brush 231 and the developing
roller 160 are each disposed 1n the associated casing 102 or
103 at a predetermined distance from a plane containing
opposite mwardly bent edges of the casing. Hence, even
when the process unit 1s locked, the cleaning blade 230 and
fur brush 231 or the developing roller 160 1s spaced apart
from the belt 1 by a predetermined distance. The shutters
170 and 242 are ecach slidable along the flat portion of the
assoclated process pack and constantly biased by a tension
spring, not shown, 1n a direction for closing the opening
167a or 236a. In the illustrative embodiment, even when the
process units are held 1n their locked state, the shutters 170
and 242 close their associated openings 167a and 236a so
long as the process units are not operated. In this condition,
the toner tank 167 and collecting tank 236 are hermetically
closed by the shutters 170 and 242, respectively.

When either of the process units should be removed from
the copier body, the cam 165 or 238 1s rotated to unlock the
unit of interest Ul or U2, as 1n the fifth embodiment. Then,
the unit of interest 1s rotated about the axis R1 to the position
where 1t faces the opening 25. The shutters 170 and 242
extend along the flat portions of the individual process
packs. Hence, when the desired process pack 1s pulled out
from the copier body, the flat portion thereof where the
opening 167a or 236a 1s closed by the shutter 170 or 242
constitutes a sealed surface having no projections and 1s,
therefore, easy to handle. In addition, the shutters 170 and
242 are each opened and closed by a simple mechanism and,
therefore, free from errors due to, for example, the toner
which may stop the mechanism.

As shown 1 FIG. 21, 1n an image forming condition, each
of the shutters 170 and 242 1s caused to retract toward the pin
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164 or 235 by a drive mechanism, not shown, agamst the
action of the tension spring, thereby uncovering the opening
167a or 236a. At the same time, each bar 104 or 105 is
rotated clockwise by a drive mechanism, no shown, against
the force of the tension spring with the result that the
assoclated presser roller 106 or 107 1s pressed against the
adjomning run la or 1b of the belt 1 from the nside.
Consequently, the opposite runs 1a and 1b of the belt 1 are
pressed against the cleaning blade 230 and fur brush 231 and
the developing roller 160, respectively. In this condition, the
presser rollers 106 and 107 are rotated by the belt 1 while the
belt 1 1s 1n movement.

As stated above, the belt 1 1s urged from the 1nside thereof
into pressing contact with the cleaning blade 230 and fur
brush 231 and the developing roller and, therefore, can be so
urged by only a low pressure.

Seventh Embodiment

FIG. 23 shows a seventh embodiment of the present
invention 1n a locked condition. This embodiment 1s essen-
fially similar to the second embodiment except that two
engaging bodies are rotatable about the axis of rotation R1
and function to eliminate the accidental insertion of an
unexpected process pack. The developing unit Ul accom-
modating the developing device 16, the cleaning unit U2
accommodating the cleaning device 23, and the belt 1 are
bodily rotatable about the axis R1, as in the second embodi-
ment. The casing 102 of the developing unit Ul 1is rotatable
about the positioning pin 164 and constantly biased by the
torsion spring 159 away from the downward run 1a of the
belt 1. When the cam 1635 1s rotated, it presses the unit Ul
such that the developing roller 160 presses against the run 1a
of the belt 1 by a suitable pressure, against the force of the
torsion spring 159. Likewise, the casing 103 of the cleaning
unit U2 1s rotatable about the positioning pin 235 and
constantly biased by the torsion spring 237 away from the
upward run 1b of the belt 1. When the cam 238 1s rotated,
it presses the unit U2 such that the cleaning blade 230 and
fur brush 231 press against the upward run 1b of the belt 1
by a suitable pressure, against the force of the torsion spring,

237.

Two generally Z-shaped engaging bodies 500 and 501 are
rotatable about the axis R1 and located at different axial
positions. Coiled torsion springs 502 and 503 are positioned
coaxially with each other to constantly bias the engaging
bodies 500 and 501 clockwise, respectively. The engaging
body 500 has opposite ends thereol bent 1n opposite direc-
fions to form engaging pieces 500a and 500b. Likewise, the
engaging body 501 has engaging pieces 501a and S01b at
opposite ends thereof. The engaging pieces S00a and 500b
are respectively located at distances 11 and 12 from the axis
of rotation R1 which are different from ecach other. The
engaging pieces 501 and 501b are respectively located at the
distances 12 and 11 from the axis of rotation R1. The toner
tank 167 and cleaning tank 236 are respectively formed with
notches 167c and 236¢ which face the tips of the engaging
pieces 500a and 500b, respectively.

In the above construction, assume that both of the process
packs are removed from the copier body. Then, the engaging,
bodies 500 and 501 abut against stops, no shown, to remain
in the positions indicated by a phantom line and a solid line
in FIG. 23. When the toner tank 167 1s mounted on the
developing unit U1, the stop 1s released from the engaging
body 500 to allow 1t to rotate clockwise until the engaging,
piece 500a mates with the notch 167c. Thereupon, the
process unit 1s bodily rotated about the axis R1 to the
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position where the cleaning unit U2 aligns with the opening
25. At this instant, the engaging piece S00b 1s located at the
position indicated by a solid line 1n FIG. 23, 1.¢., 1t protrudes
from the run 1b of the belt 1. Therefore, the collecting tank
236 having the notch 236c¢ at a position engageable with the
protruding engaging piece 5S00b 1s the only process pack
which can be 1nserted into the copier body via the opening
25. This prevents an madequate process pack from being
mounted on the copier body. When the stop associated with
the other engaging body 501 1s released, the tip of the
engaging piece 501a of the engaging body 501 still rests on
the flat portion of the toner tank 167. Hence, the engaging
piece 501b does not protrude from the run 1b of the belt 1.
When the collecting tank 236 1s mounted before the toner
tank 167, the operations of the engaging pieces 500 and 501
will be reversed. Specifically, the engaging piece 501a mates
with the notch 236c¢ first. In this condition, the engaging
piece 501b protrudes from the run 1a of the belt to prevent
process packs other than the toner tank 167 from being
mounted.

Eighth Embodiment

Referring to FIGS. 24-26, an eighth embodiment of the
present 1nvention 1s shown which 1s the combination of the
second and third embodiments. In this embodiment, the
casings 102 and 103 are each configured such that the
distance thereof from the axis of rotation R1 sequentially
decreases toward the free end. As shown 1n FIG. 24, press
rollers 301 and 302 are provided 1n place of the cams 165
and 238. Check rollers 303 and 304 are located at opposite

sides of and at an angular distance of 45 degrees from the
roller 101. The check rollers 303 and 304 are mounted on the

copier body and do not rotate about the axis of rotation R1.

In operation, assume that the casings 102 and 103 and belt
1 are bodily rotated counterclockwise from the position
shown 1n FIG. 24. Then, as shown 1n FIG. 25, the casing 103
begins to open while being pressed by the press roller 302
to the free end thereof. Although the other casing 102 also
tends to open, 1t 1s prevented from doing so by the check
roller 303. As the rotation proceeds, the casing 103 1is
released from the check roller 302 and fully opened, as
shown 1n FIG. 26. The other casing 102 remains in the
closed position since it meets the check roller 304 after the
check roller 303. As the casing 103 moves away from the run
1b of the belt 1, the shutter 240 closes the opening 236a. In
the position shown in FIG. 26, the opening 236a 1s fully
closed by the shutter 240. The other shutter 168 remains
open since the casing 102 does not move away from the belt
1, as stated earlier. In this manner, the opening 236a of the
casing 103 brought into alignment with the opening 25 1s
closed by the shutter 240, and the process unit received 1n
the casing 103 1s pulled out. This, coupled with the fact that
the opening 236a faces upward, prevents the toner from
leaking to the outside to smear the operator’s body or the
room. The toner of the casing 102 which does not face the
opening 235 surely remains 1n the casing 102.

As stated above, 1 the illustrative embodiment, when a
particular process unit 1s to be replaced, 1t 1s rotated together
with the other process unit to a position different from an
image forming position and, therefore, easy to remove.
Since a plurality of process units have an 1dentical shape and
mounted and dismounted at a fixed position, it 1s not
necessary for the operator to confirm the mounting and
dismounting positions of the individual process units. Since
the positions where the individual units are expected to
occupy are not limited, mounting an unexpected unit or
similar occurrence 1s eliminated. The process means each
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having a particular life may be constructed 1nto independent
units so as to be replaced at particular timings. The process
units are each moved away from the belt only at the fixed
mounting and dismounting position. This prevents an occur-
rence that the toner 1s scattered around out of a unit located
at a position other than the mounting and dismounting
position.

The first to eighth embodiments of the electrophoto-
ographic process unit in accordance with the present inven-
fion have been described above with reference to the draw-
ings. Other characteristic features of the present mvention
which all the embodiments share will be described herein-
after.

In each of the embodiments, when the unit Ul or U2 1s
mounted again on the copier body, sensors sense the end of
rotation of the belt 1 and the mounting of the unit Ul or U2
on the copier body. Then, the cleaning device 23 1s operated.
FIG. 27 shows a routine for the replacement of the process
pack while FIG. 28 shows a routine for homing the process
pack to a position where 1t 1s ready to function.

In FIG. 27, whether or not a toner end condition 1s reached
is determined (step S1) and, if the answer is positive, the
process packs are rotated to bring the umt Ul to the
replacing position (S2). Then, a development replace flag is
set (S3). If a tone end condition is not reached as determined
in the step S1, whether or not more than a predetermined
amount of waste toner 1s collected 1n the collecting tank 236
is determined (S4). If the answer of the step S4 is positive,
the process packs are rotated to move the unit U2 to the
replacing position, and then a cleaning replace flag 1s set
(S6). If the answer of the step S1 or S4 is positive, the power
source of the process packs are turned off (S7). When none
of the toner end condition and toner over condition 1s
reached, the program returns to the step S1.

In FIG. 28, whether or not the cleaning replace flag 1s set
is determined (S10) and, if the answer is positive, whether
or not the cleaning device has been replaced 1s determined
(S11). If the cleaning device has not been replaced as
determined in the step S11, the program inhibits a copying
operation (S12) and then returns. If the answer of the step
S11 is positive, the cleaning replace flag is reset (§12), and
then the process pack power source is turned on (S13).
Subsequently, the process packs are rotated to an operative
position (S14). In this position, the belt 1 is cleaned (S18),
and then a copying operation is allowed (§16). If the answer
of the step S10 1s negative, whether or not the development
replace flag is set is determined (S17) and, if the answer is
positive, whether or not the developing device has been
replaced is determined (S18). If the answer of the step S18
is positive, the development replace flag is reset (S19),
followed by the step 13. If the answer of the step S18 1is
negative, the program advances to a step S20 for inhibiting
the copier from operating.

FIGS. 29A-29E show the rear end of a process pack and
a conduction sensor provided on the rear panel, not shown,
of the copier body. Specifically, FIG. 29A shows the rear end
of a process pack while FIG. 29B shows a conduction sensor
mounted on the rear panel of the copier body which the
process pack 1s to face. FIGS. 29C and 29D show conduc-
fion sensors mounted on the toner tank 167 and collecting
tank 236, respectively. FIG. 29E shows the conduction
sensor of FIG. 29B more specifically. As shown, a generally
U-shaped conductive member 41 1s provided on the rear end
of the process pack and implemented as a film of aluminum
or similar conductive metal. The conductive member 41 has
two contact portions 411 and 412 spaced apart from each
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other by a predetermined distance, and a portion for short-
circuiting the contact portions 411 and 412. On the other
hand, a sensing section 40 1s provided on the copier body to
face the conductive member 41. The sensing section 40 has
a base 405 made of resin and mounted on the rear panel of
the copier body. Three terminals, 1.e., a common terminal
401, a developing unit terminal 402 and a cleaning unit
terminal 403 are affixed to the base 4035. Leads extending
from the terminals 401, 402 and 403 terminate at a control
device built 1n the copier body. The contact portions 411 and
412 of the sensing section 41a are spaced apart by the same
distance as the common terminal 401 and developing unit
terminal 402. A similar conductive member 41b 1s provided
on the collecting tank 286 and has contact portions 412a and
412b. The contact portions 412a and 412b are spaced apart
by the same distance as the common terminal 401 and
cleaning unit terminal 403. When either of such process
packs 1s mounted on the copier body, the conductive mem-
ber 41a or 41b thereof contacts the associated terminals of
the sensing section 40 mounted on the copier body. At the
same time, the conductive film 41a or 1s urged against the
sensing section 40 by biasing means, not shown. Therefore,
onc contact portion 411a or 411b contacts the common
terminal 401 of the sensing section 40 while the other
contact portion 412a or 412b contacts either of the remain-
ing terminals 402 or 403 of the sensing section 40. Such a
coniiguration allows the kind of the process pack mounted
on the copier body to be determined on the basis of the
conduction of the common terminal 401 and either of the
developing unit terminal 402 and cleaning unit terminal 403.
The output of the conduction sensor 1s sent to the control
device of the copier body which 1n turn displays the kind of
the process pack on the operation and display section of the
copier body.

FIGS. 30 and 31 each shows a specific message appearing
on the operation and display section. When both of the
process packs are removed from the copier body, the outputs
of the conduction sensors of the two units Ul and U2
indicate non-conduction. Then, determining that the elec-
trophotographic process unit 1s empty, the control device
displays a message 50 on a screen 50 for urging the operator
to 1nsert a process pack, as shown in FIG. 30. When the
operator 1nserts, for example, the collecting tank 236 first,
the control device displays another message indicative of the
process pack to be mounted next, as shown 1n FIG. 31. At
the same time, the control device shows on a display 51,
FIGS. 2 and 14, located 1n close proximity to the opening 25
that the toner tank 167 should be mounted next. When the
toner tank 167 1s correctly mounted on the copier body, the
control device fixes the process unit, rotates 1t, and then
informs the operator of the ready state of the copier body. It
the process pack inserted after the collecting tank 236 is
another collecting tank 236, the control device displays a
message 1n response to the resulting output of the conduc-
tion sensor (40 and 41), urging the operator to replace it. At
the same time, the control device energizes a buzzer, not
shown, to produce an alarm tone.

FIGS. 32A and 32B cach shows a different process pack
having been removed from the copier body. As shown, a
handle 65 1s provided on the front end plate 304 of each
process pack 1 order to facilitate the mounting and dis-
mounting operations and to prevent the process pack from
being inserted 1n a wrong position. As shown in FIG. 33, the
handle 65 may be sized slightly greater than the front end
plate 304 and casing 102 or 103. Then, the process pack will
have the handle 65 blocked by the front edge of the casing
102 or 103 to be thereby prevented from advancing deeper
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into the casing 102 or 103. Further, as shown m FIGS. 34A
and 34B, the process packs may have their diameter sequen-
tially reduced from the front end toward the rear end, in
which case the casings 102 and 103 will be provided with a
complementary conflguration.

FIG. 35 shows a specific manner 1n which the process
packs removed from the copier body are inserted into a
receptacle. As shown, when each process pack 1s pulled out
of the copier body, the entire opening 167a or 236a thercot

1s completely flat. Hence, the two process packs form a
cylinder when combined with the flat portions thereof con-
tacting each other. For this reason, such process packs
removed from the copier body or new process packs to be
sold 1n a package may be recerved 1n a simple hollow
cylindrical receptacle 310, as 1llustrated. The receptacle 310
accommodates the two process packages without any clear-
ance and contributes a great deal to the reduction of cost due
to the simple configuration. If desired, locking means for
locking the flat portions of the two process packs to each
other may be provided to insure the connection thereof.

As a copier 1s operated over a long period of time, toner
particles and paper dust are apt to deposit on the mechanical
arrangemens, resulting 1 a malfunction or a paper jam.
Then, the operation of the copier 1s interrupted by a protec-
tion device. While the opposite runs 1a and 1b of the belt 1
are covered by the casings 102 and 103 of the process packs
that hold the belt 1 therebetween, the curved portions of the
belt 1 wrapping around the rollers 100 and 101 have to be
exposed to define the exposure position and the image
transfer position, as stated earlier. When the operator or a
jamming sheet, for example, contacts such exposed portions
of the belt 1 while the operator 1s removing the jamming
sheet, grease, dust or similar impurity 1s likely to contami-
nate or scratch the belt 1. This would produce a reproduction
which 1s not clear-cut due to a stripe pattern or a shadow.

FIGS. 36 and 37 each shows a specific condition wherein
a recording sheet has jammed a sheet transport path defined
in the copier body. Specifically, FIGS. 36 and 37 respec-
fively show a sheet jamming the path at the image transfer
position and a sheet jamming the path at a position other
than the same. Photosensors S1, S2 and S3 are arranged on
the transport path 1n close proximity to the pick-up roller 17a
of the sheet feed section 17, upstream of the register roller
pair 17b, and downstream of the fixing roller pairr 22,
respectively. The photosensors S1-S3 are each responsive to
the leading edge or the trailing edge of a recording sheet.
Each of the sensors S1-S3 senses the time when a sheet
passes 1t or travels the path between it and adjoining sensor.
The control device compares the sensed time and a reference
time and, if the former 1s not coincident with the latter,
produces, for example, a jam signal to mterrupt the operator
of the copier.

Specifically, as shown 1n FIG. 36, when a recording sheet
jams the 1mage transfer position due to, for example, incom-
plete separation from the belt 1, the solenoids for rotating the
cams 165 and 238 are deenergized and the two units Ul and
U2 are not rotated. Then, as the cams 165 and 238 are rotated
counterclockwise, the developing tank 167 and collecting
tank 236 are rotated counterclockwise about their associated
pins 164 and 235 by the action of the springs 159 and 237.
As a result, the developing roller 160 and the fur brush 231
and cleaning blade 230 are spaced apart from the belt 1 by
a predetermined distance. An 1mage transfer unit T carries
the transfer charger 18 and seperation charger 19 therecon
and supports the two rollers 28 and 29 around which the
transport belt 21 1s passed. In parallel with the movement of
the units Ul and U2 away from the belt 1, the image transfer
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unit T 1s rotated counterclockwise about the axis of the roller
28 to an 1noperative position spaced apart from the 1mage
transfer position. As a result, a space desirable for the
operator to remove the jamming sheet by hand 1s formed 1n
the vicinity of the image transier position. This prevents the
operator from touching the belt 1 or prevents the jamming
sheet from contacting the surface of the belt 1 or being torn
off when forcibly pulled by the operator.

Assume that a recording sheet has jammed the transport
path at a position other than the image transfer position, as
shown 1n FIG. 37. Then, the image forming operation is
interrupted immediately. The solenoids for rotating the cams
165 and 238 are deenergized to allow the developing tank
167 and collecting tank 236 to move away from the belt 1.
Further, the two units Ul and U2 are rotated counterclock-
wise about 90 degrees to move the 1mage transfer position
of the belt 1 away from the transport path. In this case, the
image transfer unit T 1s not retracted since the absence of a
sheet at the image transfer position 1s known. In this
condition, the operator 1s prevented from touching the belt
1 while removing the jamming sheet while the jamming,
sheet 1s prevented from damaging the belt 1. Rotating the
units Ul and U2 counterclockwise as mentioned above 1s
advantageous over rotating them clockwise since the latter
might allow the waste toner free from a charge to drop
through the opening 236a of the collecting tank 236.
Specifically, the counterclockwise rotation brings the devel-
oping tank 167 to above the collecting tank 236 and surely
conflnes the toner in the tank 167 since this toner 1is
suficiently charged. Of course, the rotation angle of the
units Ul and U2 1s not limited to 90 degrees and may be
suitable selected in consideration of the internal layout of the
copier, so long as it prevents the operator from touching the
belt by accident.

As stated above, the illustrative embodiments allow the
operator to pull out a process pack received 1 either of the
developing unit Ul and cleaning unit U2 from the casing C
of the copier body and then maintain 1t or 1nsert a substitute
process pack imto the casing C without considering the
dismounting order or the mounting order of process packs
and, moreover, by a single semiautomatic operation. The
operator, therefore, can replace the electrophotographic pro-
cess devices or replace the used toner with a fresh toner
simply and rapidly.

In any of the embodiments shown and described, when a
new process pack 1s mounted on the copier body, the copier
1s automatically operated in a forming mode to cause the
process pack to adapt itself to the photoconductive belt.

While the embodiments are implemented with a devel-
oping device using a single component type developer, they
are similarly practicable with a developing device using a
two component or a multiple component type developer.
When the toner tank 167 runs out of toner or the collecting
tank 236 1s full of waste toner, the embodiments cause the
toner sensor or tile full sensor 239 to sense it and display
such a condition on the operation and display board. If
desired, an arrangement may be made such that 1n response
to the output of the sensor either the developing unit Ul or
the cleaning unit U2 1s automatically unlocked and rotated
into alignment with the opening 25. In the second
embodiment, each shutter sequentially closes the opening of
the associated process pack as the casing moves away from
the flat portion of the belt. Alternatively, the shutter may
close the opening 1mmediately after the casing has moved
away from the belt. The shutter may be constituted by a
single member or a plurality of (e.g. two) members, as
desired.
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In summary, the present invention promotes easy, rapid
and sure daily maintenance including the supply of toner and
protects an 1mage carrier from damage ascribable to such
maintenance. Also, the present invention allows a minimum
of deterioration due to aging to occur in the 1mage carrier
and electrophotographic process means even when an 1mage
forming apparatus accommodating them 1s left in an 1nop-
erative state over a long period of time. Further, the present
invention allows the operator to remove a jamming sheet
from an 1mage transfer station easily and rapidly and pre-
vents the jamming sheet from being torn off during removal.

Various modifications will become possible for those
skilled 1n the art after receiving the teachings of the present
disclosure without departing from the scoe thereof.

What 1s claimed 1s:

1. An 1mage forming apparatus comprising:

an 1mage carrier; and

a plurality of electrophotographic process means arranged
around said 1image carrier;

at least part of said plurality of electrophotographic pro-
cess means being constructed into two units each being
engageable with said 1mage carrier and rotatable inte-
orally with said image carrier, such that said image

carrier and said two units are rotatable together as a
unit;
saild two units having a substantially 1dentical
conflguration, and wherein said two units are shaped
and positioned such that as said image carrier and said
two units rotate together each of said two units are
disposed 1nside of a locus of rotation of said image
carrier, and wherein said locus of rotation 1s defined as
a path of radially outermost points of said 1mage carrier
as said 1image carrier and said two units rotate together.
2. An apparatus as claimed 1n claim 1, wherein one of said
units comprises any ol said electrophotographic process
means whose life 1s comparatively long, the other of said
units comprising any of said process means whose life 1s
comparatively short.
3. An 1mage forming apparatus comprising:

an 1mage carrier; and
a plurality of electrophotographic process means;.

at least part of said plurality of electrophotographic pro-
cess means being constructed 1nto two units each being
engageable with said 1image carrier and rotatable inte-
orally with said image carrier, such that said image
carrier and said two units are rotatable together as a
unit;

said two units having a substantially identical configura-
tion;

wherein one of said two units comprises any of said
clectrophotographic process means whose life 1s com-
paratively long, the other of said two units comprising,

any of said process means whose life 1s comparatively
short; and

wherein said electrophotographic process means whose
life 1s comparatively long comprises a developing
device while said electrophotographic process means
whose life 1s comparatively short comprises a cleaning
device.

4. An apparatus as claimed 1n claim 1, wherein said unit
includes a flat portion and said two units are each con-
structed such that said electrophotographic process means
received therein does not protrude from the flat portion
included in said unait.

5. An apparatus as claimed 1n claim 4, further comprising,
a cylindrical receptacle for storing said two units removed
from a body of said apparatus.
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6. An 1mage forming apparatus comprising:
an 1mage carrier; and

a plurality of electrophotographic process means;

at least part of said plurality of electrophotographic pro-
cess means being constructed 1nto two units each being
engageable with said 1mage carrier and rotatable inte-
orally with said image carrier, such that said image
carrier and said two units are rotatable together as a
unit;

said two units having a substantially identical configura-
tion;

wherein one of said two units comprises any of said
clectrophotographic process means whose life 1s com-
paratively long, the other of said two units comprising

any of said process means whose life 1s comparatively
short; and

wherein a body of said apparatus comprises a housing
through which an opening i1s formed, said opening
allowing only one of said two units to pass there-
through 1nto or out of said body at a time.

7. An apparatus as claimed in claim 6, wherein said other
of said two units comprises said electrophotographic process
means whose life 1s comparatively short and 1s positioned
closest to said opening.

8. An apparatus as claimed in claim 6, wherein said
opening 1s oriented such that said two units are each inserted
or pulled out with a portion thereof engageable with said
image carrier facing upward.

9. An 1mage forming apparatus comprising:

an 1mage carrier; and
a plurality of electrophotographic process means;

at least part of said plurality of electrophotographic pro-
cess means being constructed 1nto two units each being
engageable with said image carrier and rotatable inte-
orally with said image carrier, such that said image
carrier and said two units are rotatable together as a
unit;

said 1image carrier being implemented as an endless belt
and passed over two rotatable support means such that
part of said belt forms two flat portions, said electro-
photographic process means of said two units being

arranged 1n such a manner as to face said flat portions
of said belt respectively;

said two units each comprising a casing, the outer periph-
ery of said casing forming, when each of said two units
1s engaged with said image carrier, part of a circum-
circle of said image carrier.

10. An apparatus as claimed in claim 9, wherein said
clectrophotographic process means of said two units which
face said flat portions of said 1mage carrier comprise a
developing device and cleaning device, respectively.

11. An apparatus as claimed 1n claim 10, wherein said
developing device and said cleaning device are respectively
accommodated 1n said two units and each faces a respective
one of said flat portions of said 1mage carrier.

12. An 1mage forming apparatus comprising:

an 1mage carrier;
a plurality of electrophotographic process means;

at least part of said plurality of electrophotographic pro-
cess means being constructed 1nto two units each being
engageable with said image carrier and rotatable inte-
orally with said image carrier, such that said image
carrier and said two units are rotatable together as a
unit; and
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discriminating means for determining at least one of:
(1) a kind of each of said two units; and (2) a position
of each of said two units.

13. An apparatus as claimed 1n claim 12, wherein said
discriminating means comprises a plurality of conductive
contact pieces provided in spaced positions on an outer
periphery of each of said two units, and a plurality of
conductive terminals mounted on a body of said apparatus
for contacting said conductive contact pieces.

14. An apparatus as claimed 1n claim 12, wherein each of
said two units 1ncludes a front end plate and wherein said
discriminating means comprises a projection extending out
from the front end plate of each of said two units and
protruding from a front edge of an inlet formed 1n a
mounting portion of a body of said apparatus.

15. An apparatus as claimed 1n claim 12, wherein said
discriminating means comprises a cross-sectional area
which decreases from a front portion to a rear portion of
cach of said two units, a mounting portion of a body of said
apparatus 1ncluding a portion whose cross-sectional area 1s
smaller than the cross-sectional area of said front portions of
said two units.

16. An apparatus as claimed 1n claim 15, wherein said
front portion comprises an inlet.

17. An apparatus as claimed 1n claim 15, wherein said
front portion comprises handle means provided on an end
face of said front portion.

18. An 1mage forming apparatus comprising;:

an 1mage carrier;
a plurality of electrophotographic process means; and

at least part of said plurality of electrophotographic pro-
cess means being constructed 1nto two units each being
engageable with said 1image carrier and rotatable inte-
orally with said image carrier, such that said image
carrier and said two units are rotatable together as a
unit;

handle means provided on an outer periphery of each said
two units to be selectively raised or lowered and, when
raised, having support portions thereof lying in a ver-
tical plane containing a center of gravity of said unit.

19. An image forming apparatus comprising:

an 1mage carrier; and
a plurality of electrophotographic process means;

at least part of said plurality of electrophotographic pro-
cess means being constructed into two units each being
engageable with said 1image carrier and rotatable inte-
orally with said 1mage carrier, such that the integral
arrangement 1itself having said 1mage carrier and said
two units are bodily rotatable together as a unit about
an axis 1n a body of said 1mage forming apparatus;

wherein said two units comprise respective casings hav-
ing a substantially identical configuration, said casings
cach being formed with a notch at a particular position,
a body of said apparatus comprising a housing through
which an opening capable of passing only one of said
casings at a time 1s formed and an engaging member
which mates with said notch when one of said casings
1s mounted or dismounted.

20. An 1image forming apparatus comprising:

an 1mage carrier; and
a plurality of electrophotographic process means;

at least part of said plurality of electrophotographic pro-
cess means being constructed into two units each being
engageable with said image carrier and rotatable inte-
orally with said 1mage carrier, such that the integral

10

15

20

25

30

35

40

45

50

55

60

65

22

arrangement 1tself having said image carrier and said
two units are bodily rotatable together as a unit about
an axis 1n a body of said 1mage forming apparatus;

the apparatus further comprising display means, and
discriminating means for determining a kind of said
two units being mounted, said display means display-
ing a guidance matching the kind of said two units.

21. An apparatus as claimed 1n claam 20, wherein said
discriminating means 1s mounted on a body of said appa-
ratus and determines the kind of each of said two units when
said discriminating means contacts part of each of said two
units.

22. An apparatus as claimed 1n claim 20, wherein said
discriminating means comprises transmitting means
mounted on each of said two units for transporting a
particular signal, and receiving means mounted on a body of
said apparatus for recerving said signal from each of said
two units.

23. An apparatus as claimed in claim 22, wherein said two
units each comprise a switch to be operated when an
operator holds a handle provided on each of said two units
for mserting said two units into a body of said apparatus,
said transmitting means transmitting said signal when said
switch 1s closed.

24. An apparatus as claimed 1n claim 20, wherein said two
units each include a particular color representative of the
kind of each of said two units, said display means displaying
the kind of each of said two units by using the same
respective colors as said two units.

25. An apparatus as claimed in claim 20, wherein when
onc of said two units 1s 1nserted mto a body of said
apparatus, said display means displays an error when said
one of said two units being 1nserted 1s of the same kind as
another of said two units already mounted on said body as
determined by said discriminating means.

26. An apparatus as claimed 1n claim 20, wherein said
display means displays the kind of one of said two units
which 1s not mounted as determined by said discriminating
means.

27. An apparatus as claimed 1n claim 25, wherein said
display means 1s positioned 1n close proximity to an opening
which 1s formed through said body of said apparatus for
iserting and removing said two units.

28. An 1image forming apparatus comprising:

an 1mage carrier; and
a plurality of electrophotographic process means;

at least part of said plurality of electrophotographic pro-
cess means being constructed 1nto two units each being,
engageable with said 1mage carrier and rotatable inte-
orally with said image carrier, such that the integral
arrangement 1tself having said image carrier and said
two units are bodily rotatable together as a unit about
an axis 1n a body of said 1mage forming apparatus;

the apparatus further comprising detecting means for
detecting a paper jam occurring 1n a transport path, and
control means for controlling the operation of said
apparatus such that when said detecting means detects
a paper jam, said two units are moved away from said
Image carrier.

29. An apparatus as claimed 1n claim 28, wherein said
control means controls said apparatus such that when said
detecting means detects a paper jam occurred at a toner
image transfer position, said image carrier 1s fixed 1n an
image forming position.

30. An apparatus as claimed i1n claim 28, wherein said
control means control said apparatus such that when said



Re. 36,301

23

detecting means detects a paper jam at a toner 1mage transfer
position, 1mage transferring means and devices associated
therewith are moved away from said image carrier.

31. An 1image forming apparatus comprising:

an 1mage carrier; and
a plurality of electrophotographic process means;

at least part of said plurality of electrophotographic pro-
cess means being constructed into two units each being
engageable with said 1image carrier and rotatable inte-
orally with said 1mage carrier, such that the integral
arrangement 1itself having said 1mage carrier and said
two units are bodily rotatable together as a unit about
an axis 1n a body of said 1mage forming apparatus;

the apparatus further comprising:

support means for supporting said two units and said
image carrier such that said two units and said image
carrier are rotatable integrally;

first detecting means for detecting an end of a rotary
motion of said two units and said 1mage carrier;

second detecting means for detecting that said two units
are mounted on a body of said apparatus; and

means for causing, among said plurality of electrophoto-
graphic process means, a cleaning device to operate and
for rotating said 1mage carrier 1n response to detection
outputs of said first and second detecting means.

32. An image forming apparatus comprising:

an 1mage carrier; and

a plurality of electrophotographic process means arranged
around said 1image carrier,

at least part of said plurality of electrophotographic pro-
cess means being constructed into two units each being
engageable with said image carrier and rotatable inte-
orally with said 1mage carrier, such that the integral
arrangement 1tself including said image carrier and said
two units are bodily rotatable together as a unit about
an axis 1n a body of said image forming apparatus,
wherein a closed space 1s defined within said 1mage
carrier, and said axis 1s located 1n said closed space;

the apparatus further including first support means for
supporting said two units and said 1mage carrier such
that said two units and said image carrier are rotatable
integrally;

second support means for supporting said two units such
that said two units each move 1nto or out of contact with

said 1mage carrier in interlocked relation to the rotation
of said two units and said 1image carrier; and

said second support means causing said two units to move
away from said 1image carrier only at a position where
said two units may be mounted or dismounted.

33. An apparatus as set forth i claim 28, wherein said
control means further controls said apparatus such that when
sald detecting means detects a paper jam on said transport
path at a position other than a toner 1mage transier position,
said two units are rotated together with said image carrier to
move portions of said image carrier which are exposed away
from said transport path.

34. An 1image forming apparatus comprising:

an 1mage carrier; and

a plurality of electrophotographic process means arranged
around said 1image carrier;

at least part of said plurality of electrophotographic pro-
cess means being constructed into two units each being
engageable with said image carrier and rotatable inte-
orally with said 1mage carrier, such that the integral
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arrangement 1tself including said image carrier and said
two units are bodily rotatable together as a unit about
an axis 1n a body of said image forming apparatus,
wherein a closed space 1s defined within said 1mage
carrier, and said axis 1s located 1n said closed space, and
further wherein said two units comprise a developing
unit and a cleaning unit.
35. An 1mage forming apparatus comprising;:

an 1mage carrier;

a plurality of electrophotographic process means arranged
around said 1image carrier;

at least part of said plurality of electrophotographic pro-
cess means being constructed 1nto two units each being,
engageable with said image carrier and rotatable inte-
orally with said image carrier, such that the integral
arrangement itself including said image carrier and said
two units are bodily rotatable together as a unit about
an axis 1n a body of said image forming apparatus,
whereln each of said two units include a contour which
coincides with a locus of rotation of the 1image carrier,
and wherein said locus of rotation 1s defined as a path
of radially outermost points of said image carrier as
said 1mage carrier and said two units rotate together.

36. An 1mage forming apparaius for forming a toner
image on an image forming medium, comprising.
an outer housing which has an opening; and
a plurality of image forming units for forming said toner
image on said image forming medium,
predetermined image forming units, each having a life
which ts shorter than that of said apparatus, among
said plurality of image forming units being formed as
a cylindrically shaped unit which rotates around a
center of said cylindrically shaped unit, one of said
predetermined image forming units being removed
from said image forming apparatus when said prede-
termined tmage forming unit faces to said housing.
37. An image forming apparatus as claimed in claim 30,
wherein satd one of said predetermined image forming units
comprises a developing unit having a developing roller
which is covered when said developing unit faces to said
Opening.
38. An image forming apparatus comprising.
a housing;
an image carrier in said housing;

at least one image developing device rotatable mountable
in said housing; and

an opening in a wall of said housing, said opening being
generally aligned with said developing device when
said developing device is mounted in said housing at a
predetermined rotational position,

wherein said developing device is mounted in said hous-
ing such that said developing device may be introduced
and removed from said housing through said opening
when said developing device is at said predetermined
rotational posttion.

39. The image forming apparatus of claim 38 including a
generally cylindrical unit mounted for rofation in said
housing about a cylinder axis thereof, said generally cylin-
drical unit having said at least one image developing device,
wherein said at least one image developing device is
mounted for rotation about the cylinder axis of said unit.

40. The tmage forming apparatus of claim 38 wherein
said opening has a size and shape which is substantially the
same as a size and shape of said developing device.

41. The tmage forming apparatus of claim 39 wherein
said opening has a size and shape which is substantially the
same as a size and shape of said developing device.
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42. The image forming apparatus of claim 38 including
discriminating means for discriminating an identifying
characteristic of said image developing device.

43. The image forming apparatus of claim 38 including at
least one image processing device which is outside a locus
of revolution of said image developing device.

44. The image forming apparatus of claim 38 wherein
said housing includes an element which mates with the
developing device only when the developing device is cor-
rectly mounted in said housing.

45. The image forming apparatus of claim 38 including
means for displaying that the developing device is empty.

46. The image forming apparatus of claim 38, wherein
said developing device cooperates with said image carrier
to develop an image on said image carrier when said
developing device is in a developing position which is
different from said predetermined rotational position.

47. The image forming apparatus of claim 38 including
means for shutting off electrical power to said developing
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48. The image forming apparatus of claim 38 wherein
said image developing device includes a developing roller
which cooperates with said itmage carrier to develop an
image on said image carrier.

49. The 1mage forming apparatus of claim 39 wherein
said image developing device includes a developing roller
which cooperates with said itmage carrier to develop an
image on said image carrier.

50. The image forming apparatus of claim 48 wherein
said developing device includes an opening through which
said developing roller 1s exposed so as to cooperate with
said image carrier, further including a shuiter which selec-
fively closes said opening.

51. The image forming apparatus of claim 49 wherein
said developing device includes an opening through which
said developing roller 1s exposed so as to cooperate with
said image carrier, further including a shutter which selec-
tively closes said opening.
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