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printer, a copying machine, a facsiml|e machine, and the |ike which use
topers to forman inmage onto recordi ng paper according to an

el ectrophot ographi ¢ method. The present invention further relates to a
techni que for detecting the residual quantity of the toners. 2. Description
of the Related Art The present inventors h@ve devel oped i mage form ng

equi pnent whi ch includes: a devel opi ng device which sup-

IMAGE FORMING EQUIPMENT AND TONER
QUANTITY DETECTION DEVICE THEREFOR

The present invention relates to image forming equipment and more particularly,
but not exclusively, to image forming equipment such as a printer, a copying machine, a
facsimile machine, and the like which use toners to form an image onto recording paper
according to an electrophotographic method. The present invention further relates to a
toner quantity detection device and a technique for detecting the residual quantity of
toners.

The present inventors have developed image forming equipment which includes:
a developing device which supplies toners to the surface of a photosensitive member and
develops a latent image on the surface of the sensitive member to thereby form a toner
image; a cleaning device which, after tt;e toner image formed by the developing device is
transferred to paper, removes and collects the residual toners attached to the surface of
the sensitive member; a toner delivery device, interposed in a closed loop. between the

developing device and the cleaning device, which delivers a portion of the surplus
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plies toners to the surface of a photosensitive nmenber and devel ops a

| atent inmage on the surface of the sensitive nmenber to thereby forma toner
i mage; a cl eani ng device which, after the toner inmage fornmed by the

devel opi ng device is transferred to paper, renoves and collects the
residual toners attached to the surface of the sensitive nmenber; a toner
delivery device, interposed in a closed | oop between the devel opi ng device

and t he cl eani ng devi ce,
toners that have not been used for development in the

developing device to the cleaning device and delivers the
residual toner collected by the cleaning device to the
developing device; and toner-supply means, which supplies the
toners to a toner delivery path of the toner delivery device.

In such image forming equipment, the delivery of the
toners is entrusted to the toner delivery device and the toners
is supplied to the toner delivery path R, which makes it
possible to miniaturize not only the developing device but also
the whole image forming equipment and, at the same time, to
improve the degree of freedom of the layout to a great extent.
Now, in Japanese Patent Publication No. 63-246780 of Showa,
there is disclosed image for@ing equipment which includes: a
belt-shaped member interposed between the interior of a
developing device as described above and the interior of a
cleaning device, which removes and collects the residual toners
attached to the surface of the photosensitive drum, the belt-
shaped member being driven around the cleaning and developing
devices; and toner removing means, provided in the developing
device, for removing the residual toners attached to the
surface of the belt-shaped member in the interior of ‘the
cleaning device from the belt-shaped member in the interior of
the developing device. However, the belt-shaped member
disclosed in the image forming equipment does not deliver part
of the surplus toners that have not been used for developmént

in the developing device to the cleaning device. Also, in the
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whi ch delivers a portion of the surplus toners that have not been used for
devel opnent in the devel oping device to the cleaning device and delivers
the residual toner collected by the cleaning device to the devel opi ng
devi ce; and toner supply neans, which supplies the toners to a toner
delivery path of the toner delivery device. In such inmage formng
equi pnent, the delivery of the toners Bs entrusted to the toner delivery
devjce and the toners
subject publication (that is, Japanese Patent Publication No.
63-246780 of Showa), no teaching is disclosed regarding a toner
supply means which is used to supply toners to the toner
delivery path of the toner delivery device.

On the other hand, in the image forming equipment which
uses toners to form an image on recording paper according to an
electrophotographic method, it is necessary to provide a toner
residual quantity detection device which detects the residual
quantity of the toners because recording is impossible if the
toners run out in the developing device.

In conventional image forming equipment, normally, for
example, as disclosed in Japanese Patent Publication No. 4-
97179 of Heisei, the toner rggidual quantity detection device
is provided in the developing device.

However, when the toner residual quantity detection
device is provided in the developing device as in the
conventional image forming equipment, the developing device
becomes inconveniently large.

Therefore, if this conventional technique is used in
the image forming equipment developed by the present inventors,
the resulting combination goes against the object of the image

forming equipment (i.e., the miniaturization of the developing

device) and is thus not desirable.
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I's supplied to the toner delivery path R which nakes it possible to

m niaturize not only the devel opi ng device but also the whole inmage formng
equi prent and, at the same tine, to inprove the degree of freedom of the

| ayout to a great extent. Now, in Japanese Patent Publication No. 63-246780
of Showa, there is disclosed imge form ng equi pment which includes: a

bel t - shaped nenber interposed between the interior of a devel opi ng device

as» descri bed . ) ) ]
It is an object of the invention to solve the above-

mentioned problems and also, in the above-

mentioned image forming quipment developed by the present
inventors, to be able to deteect precisely the residual quantity
of the toners without incurring any increase in the size of the

developing device.

According to
the invention, there is provided image forming equipment which
comprises: a developing device, in contacts with a
photosensitive member, supplying toners to the surface of a
photosensitive member and developing a latent image on the
surface of the photosensitive member, thereby forming a toner
image; a cleaning device, that removes and collects the
residual toners that are still attached to the photosensitive
member surface after the toner image formed by the developing
device is transferred to paper; a toner delivery device,
interposed in a closed loop between the developing and cleaning
devices, delivering a portion of surplus toners not used for
development in the developing device to said cleaning device,
and delivering the residual toners collected by the cleaning
device to the developing device; toner supply means for
supplying toners to a toner delivery path of the toner delivery
device; and a detection device provided in the toner delivery
path, detecting toner depletion. The detection device,
preferably, may be disposed downstream of the developing device

and upstream of the cleaning device. Also, thea destection
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above and the interior of a cleaning device, which renoves and collects the
residual toners attached to the surface of the photosensitive drum the

bel t - shaped nenber being driven around the cleaning and devel opi ng devi ces;
and toner - 2-

5

device, preferably, may include a detect window provided in the
toner delivery path, and an optical sensor provided in the
detect window. Preferably, the detect window may be floated
electrically. At least the surface of the detect window that
contacts the toners may be formed of a material that possesses
the same polarity as an electrified polarity of the toners in
a triboelectric series.

Also, the toner delivery device may include a toner
delivery member movable circulatingly between the developing
and cleaning devices, and the toner delivery member may be
preferably arranged such that it hoves in sliding contact with
the detect window. It is also preferable that the toner
delivery member may be flpated electrically. Now, the
detection device may include the detect window provided in the
toner delivery passage, an elastic reflecting plate disposed to
face the detect window, and a reflection type optical sensor
provided in the detect window, while the reflecting plate may
preferably energize the toner delivery member toward the detect
window. . Further, the toner delivery path may include a side wall
surface which is capable of sliding contact with the toner
delivery member to guide the toner delivery member and,
preferably, at least the surface portion of the side wall
surface situated in the neighborhcod of the detect window nay
be so inclined as to form an acute angle with respect to the
surface of the detect window facing the toner delivery passage.

Moreover, preferably, the reflecting plate may be electrically
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renovi ng neans, provided in the devel opi ng device, for renoving the
residual toners attached to the surface of the belt-shaped nenber in the
interior of the cleaning device fromthe belt-shaped nenber in the interior
of the devel - oping device. However, the belt-shaped nenber disclosed in
t he i mage form ng equi pmrent does not deliver part of the surplus toners
t hat have not been used for devel opnentéin the devel opi ng device to the
cl eaning device. Al'so, in the
floated. It is preferable, in some cases, that at least the
surface of the reflecting plate that contacts the toners may be
formed of a material that possesses the same polarity as an
electrified polarity of the toners in a triboelectric series.
Also, according to the invention, there is provided
image forming equipment which comprises: a developing device,
in contacts with a photosensitive member, supplying toners to
the surface of a photosensitive member and developing a latent
image on the surface of the photosensitive member, thereby
forming a toner image; a cleaning device, for removing and
collecting the residual toners that are still attached to the
surface of the photosensitive member after the toner image
formed by the developing device is transferred to paper; a
toner delivery device interposed in a closed loop between the
developing and cleaning devices for delivering, to thg cleaning
device, part of the surplus toners that have not been used for
development in the developing device, and for delivering, to
the developing dewvice, the residual toners collected by the
cleaning device; a toner supply means for supplying toners to
a toner delivery path of the toner delivery device; an elastic
toner delivery member movable circulatingly within the toner
delivery path of the toner delivery device; a transparent
detect window provided in the toner delivery path and including
a projecting surface projecting toward the elastic toner

delivery member; and an optical sensor provided in the detect

window. Preferably, the optical sensor may be disposed
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subj ect publication (that is, Japanese Patent Publication No. 63-246780 of
Showa), no teaching is disclosed regarding a toner supply neans which is
used to supply toners to the-toner delivery path of the toner delivery
device. On the other hand, in the inmage form ng equi prment which uses toners
to forman image on recordi ng paper according to an el ectrophotographic
method, it is necessary to provide a toher residual quantity detection
devi ce which detects the

downstream of the developing device and upstream of the

cleaning device. Also, it is preferable that the toner
delivery means may be formed of a coil spring and the length of
the projecting surface of the detect window in the toner
delivery direction may be equal to or less than 2 pitches of
the coil spring. Preferably, at least the projecting surface
of the detect window may be formed of a material that possesses
the same polarity as an electrified polarity of the toner in a
triboelectric series, and the elastic toner delivery member may
be floated electrically. It is also preferable that the
optical sensor may comprise a reflection optical sensor, and
that an elastic reflection plate may be disposed opposite the
detect window with the toner delivery member between them, and
the reflection plate may urge the toner delivery member toward
the detection window. Preferably, the reflection plate may be
electrically floated and, depending on the situation, at least
the surface of the reflection plate that contacts the toners
may be formed of a material that is possesses the same polarity
as an electrified polarity of the toner in a triboelectric
series. The toner delivery path may include a side wall surface
which is capable of sliding contact with the toner delivery
member for guiding the same and, preferably, at least the
surface portion of the side wall surface existing in the
neighborhood of the detect window may be so inclined as to fofm
an acute angle between the projecting surface of the detect

window and itself. e
This Sheet Has Been R,

LU i

| THIS SHEET

L

HAS BEEN
REPLACED




residual quantity of the toners because recording is inpos- sible if the
toners run out in the devel opi ng device. In conventional image form ng
equi prent, normally, for exanple, as disclosed in Japanese Patent
Publ i cati on No. 4-97179 of Heisei, the toner residual quantity detection
device is provided in the devel opi ng device. However, when the toner
residual quantity detection device is proviPded in the devel opi ng device as
in the

For a better understanding of the invention, embodiments will now be described
by way of example, with reference to the accompanying drawings, in which:-

Fig. 1 is a perspective view of:printer using an embodiment of image forming
equipment according to the invention;

Fig. 2 is a front view of the above printer;

Fig. 3 is a plan view of the above printer;

Fig. 4 is a section view of the above printer;
) Fig, 5 is a partially omitted perspective view of an image forming unit and a
toner tank respectively employed in the above printer;
Fig. 6 is a section view taken along the line Vi-V1 in Fig. 5;
Figure 7 is a typical plan view of the image forming unit and toner tank;
Figure 8 is a typical plan view of the whole image forming unit;
Fig. 9 is a perspective view of tt-1e toner tank when viewed from below;
Fig. 10 is an exploded perspective view of the toner tank;
Fig. 11 is a plan view of the image forming unit;
) Fig. 12 is an exploded perspective view of the toner tank mounting portion of
the image forming unit;

Fig. 13 is a typical section view showing a state just before the toner tank is

mounted to the mounting portion of the image forming unit;
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conventional image form ng equi pnent, the devel opi ng devi ce becones
inconveniently large. Therefore, if this conventional technique is used in
the i mage forning equi pnent devel oped by the present inven- tors, the
resul ting conbi nati on goes agai nst the object of the imge formng

equi pnent (i.e., the mniaturization of the devel oping device) and is thus
not desirable. SUMVARY OF THE | NVENTEBON :

Fig. 14 is a partially perspective view of a case for
a printer main body;

Fig. 15 is a partia{iy enlarged view of Fig. 8;

Fig. 16 is a section-view taken along the line XVI-XVI
in Fig. 15;

Fig. 17 (a) is a section view taken along the line
XVII-XVII in Fig. 15;

Fig. 17 (b) is a partially enlarged view of Fig. 17
(a):

Figs. 18 (a)-(c) are detail views of a detect window
employed in the invention; in particular, Fig. 18 (a) is a

" front view thereof, Fig. 18 (b) is a left side view thereof,
and Fig. 18 (c) is a bottom view;

Fig. 19 is a perspective view of a reflection plate
employed in the invention;

Figs. 20 (a) and (b) are respectively general section
views taken along the line XX-XX in Fig. 8, showing different
states of the toner in a developing device;

Figs. 21 (a) and (b) are respectively explanatory views
of the detection operation;

Fig. 22 is an explanatory view of a modification of the
above embodiment;

Fig. 23 is a graphical representation of a relationship
of an S/N ratio with respect to the distance between an optical

sensor of a reflection type and a detect window; and
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It is an object of the invention to solve the above- nentioned conventi onal
probl ens and al so, in the above- nentioned i mage form ng equi pnent

devel oped by the present inventors, to be able to detect precisely the
residual quantity of the toners wi thout incurring any increase in the size
of the devel oping device. In attaining the above and ot her objects,
according to the invention, there is provided i mage form ng equi pnent which

10

Figures 24(a), (b) and (c) are respectively explanatory views of other
modifications. N

Referring to Figs. 1-4, reference character 100 designates a printer main body
and 101 stands for a case for the printer main body 100. Within the case 101, there are
disposed a paper feed roller 102, an optical unit 110, an image forming unit 200, a
fixing unit 120, and a paper discharge roller 103. For reference, in Fig. 1, the image
forming unit is drawn in a general manner (that is, in a typical manner).

Numeral 600 designates a toner tank which serves as the toner supply means that
replenishes toners to the image forming unit 200. The present image forming equipment
comprises mainly the optical unit 110, image forming unit 200, and toner tank 600.

The toner tank 600 is disposed s_uch that, when it is mounted in the main body
100, the upper portion thereof is exposed externally of the case 101. In Fig. 3, P2
designates the recording paper that is being discharged onto a paper discharge tray 108,
and in Fig. 2, P3 stands for the recording paper that has been discharged 'onto the paper
discharge tray 108. As can be seen clearly from these figures, the exposed
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conprises: a devel oping device, in contacts with a photo- sensitive nenber,
supplying toners to the surface of a photosensitive nenber and devel oping a
| at ent image on the -3- suirface of the photosensitive nenber, thereby
formng a

11
portion 600A of the toner tank 600 is exposed externally of the
case 101, away from the moving path of the recording paper.

Description will now be given in detail of the main
body 100, image forming unit- 200, and toner tank 600. First,
however, the whole structure of the main body 100 will be
described.

In the back portion of the case 101, there is disposed
a paper feed tray 104 such that it is rotatable. The paper
feed tray 104 includes a base portion 104a supported rotatably
by the back portion of the case 101 and a tray 104b so mounted
as to be slidable with respect to the base portion 104a. While
not in use, as shown by a broken line in Fig. 4, with the tray
104b stored in the base portion 104a, the paper feed tray 104
is folded so as to be in close contact with the back surface of
the case 101. When in use, as shown by a solid line, the paper
feed tray 104 is opened before it is used.

Two or more sheets of recording paper P that are set in
the paper feed tray 104 are fed one by one by the paper feed
roller 102.

The recording paper fed passes through a paper feed
path Al formed by a paper guide 105 and the lower surface of
the image forming unit 200 and reaches between a photosensitive
drum 201, in which a toner image is formed in a manner to be
discussed later, and a transfer roller 1.06. Here, the
recording paper with a toner image transferred from the

photosensitive drum 201 passes through a path A2 between a
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toner inmage; a cleaning device, that renoves and collects the residua
toners that are still attached to the photosensitive nenber surface after
thé toner image fornmed by the devel - oping device is transferred to paper,
a toner delivery device, interposed in a closed | oop between the devel opi ng
and cl eani ng devices, delivering a port Lon of surplus toners not used for
devel opnent in the devel opi ng device t& sai d cl eani ng devi ce, and

deld vering the residual toners collected
fixing roller 121 and a pressure roller 122, which are

respectively included in a fixing unit 120, thereby fixing the
toner image. After then, the recording paper passes through an
upwardly curved paper dischézée path A3 and is discharged from
a paper discharge opening 107 onto the paper discharge tray 108
by the paper discharge roller 103.

Numeral 109 designates a cover in which the above-
mentioned paper discharge path A3 is formed, and the cover 109
is openable and closable with respect to the main body 100 by
means of shafts 109a, 10%9a. The paper discharge opening 107 is
formed on in the upper surface of the cover 109 and the fixing
unit 120 is mounted on the cover 109. The cover 109 may be
opened on this side when the paper clogging occurs or for
maintenance.

Next, description will be given below of Fhe image
forming unit 200.

As shown in Figs. 5-8, the image forming unit 200 is
structured as a single unit by incorporating a photosensitive
drum 201 used as a photosensitive member, an electrifying
roller 202, a developing device 300, a cleaning device 400, a
toner delivery device 500; and detection device 700 into a case
210.

The photosensitive drum 201 includes a conductive
substrate formed of an aluminum drum and a photosensitive layer
made of an organic photosensitive material and formed on the

conductive substrate. The photosensitive drum 201 is supported
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by the cleaning device to the devel opi ng device; toner supply neans for
supplying toners to a toner delivery path of the toner delivery device; and
a detection device provided ih the toner delivery path, detecting toner

depl etion. The detection device, preferably, nmay be di sposed downstream of
the devel opi ng device and upstream of the cleaning device. Also, the
detection device, preferably, may inciude a detect wi ndow provided in the

toner delivery path, and an
rotatably and can be rotationally driven in a direction of an

arrow a by a drive mechanism (not shown).

The electrifying roller 202 is pressed against the
photosensitive drum 201 by a;;ressure mechanism (not shown) and
can electrify the photosensitive drum 201 while it follows the
photosensitive drum 201. A bias voltage is applied to the
electrifying roller 202.

The electrified photosensitive drum 201 is scanned by

a laser beam LB radiated from the optical unit 110 shown in

Fig. 4, whereby a latent image is formed on the surface of the

photosensitive drum 201.

The case 210 consists of a lower case 220 and an upper
case 230, while the upper case 230 includes a slit 231 for beam
scanning.

The developing device 300 includes a toner storage
chamber 301, defined by the lower case 220, so as to extend in
the longitudinal direction of the lower case 220; a supply
roller 310 disposed so as to be rotatable within the toner
storage chamber 301; a developing roller 320 disposed
similarly; and a regulation blade 330 in contact with the
peripheral surface of the developing roller 320. The supply
roller 310 and developing roller 320 can be rotationally driven
respectively in directions of arrows shown in Fig. 6 by a drive
mechanism in 1linking with the drive mechanism of the

photosensitive drum 201. The reqgulation blade 330 is formed of

T e—
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optical sensor provided in the detect window Preferably, the detect w ndow
may be floated electrically. At least the surface of the detect w ndow that
cohtacts the toners may be formed of a material that possesses the sane
polarity as an electrified polarity of the toners in a triboelectric
series. Also, the toner delivery device includes a toner delivery nenber
novabl e circul atingly between the Dével opi ng and cl eani ng devi ces, and the
toner delivery nenber may be
an elastic member such as a stainless steel plate or the like
and is mounted to the upper case 230 by a mounting member 331.
The supply roller 310 rotates while stirring the toners
stored within the toner sterage chamber 301, and coats the
toners onto the surface of thé developing roller 320. The
toners that are coated on the surface of the developing roller
320 are brought into sliding contact with the regulation blade
330, so that they are turned into a thin layer and are also
frictionally electrified. With the bias voltage being applied
to the developing roller 320, the  thin-layered toners are
delivered to the photosensitive drum 201 and are invertingly
developed on the latent image on the surface of the
photosensitive drﬁm 201 in a nip portion which consists of a
pressure contact portion between the developing roller 320 and
photosensitive drum 201. As a result of this, the latent image
on the surface of the photosensitive drum 201 is developed to
thereby form a toner image.
The toner image formed on the surface of the
photosensitive drum 201 is then transferred to recording paper
P which is being held between and delivered by the transfer
roller 106 (see Fig. 4), to which a bias voltage having a
reversed polarity to the toner image is being applied, and the
photosensitive drum 201.
The cleaning device 400 includes a cleaning blade 410,

which is mounted to the upper case 230 by a mounting member

' 420. The cleaning blade 410 includes a lower edge 411 which is
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preferably arranged such that it noves in sliding contact with the detect
window. It is also preferable that the toner delivery nenber may be fl oated
electrically. Now, the detection device includes the detect w ndow provided
in the toner delivery passage, an elastic reflecting plate disposed to face
the detect window, and a reflection type optical sensor provided in the
detect wi ndow, while the reflectingl® ate may preferably energize the toner

delivery nmepber toward | . ‘o
in contact with the peripheral surface of the photosensitive

drum 201. Thus, the lower edge 411, after the toner image is
transferred to the recording_gaper, scrapes the residual toners
adhered to the surface of the photosensitive drum 201 toward a
toner collect portion 560 in the toner delivery device 500.
After the residual toners are scraped cff and thus the
photosensitive Arum 201 is cleaned, the photosensitive drum 201
is moved again to the above-mentioned image forming process.
"The toner delivery device 500 is disposed in a closed
loop between the developing device 300 and cleaning device 400,
and includes a coil spring 510 serving as toner delivery means,
a drive gear 520 engageable with the coil spring 510 to drive
the same circulatingly, and a guide portion 530 (see Fig. 8)
formed in a substantially groove-like shape and capable of

sliding contact with the coil spring 510 for guiding the same.

The coil spring 510 is structured in an endless shape
and is so disposed as to be movable in circulating manner
between the inside of the cleaning device 400 and the inside of

the developing device 300.

The drive gear 520 can be driven by a drive mechanism
(not shown) 1linked with the drive mechanism of the
photosensitive drum 201 to drive the coil spring 510
circulatingly in a direction of an arrow b in Figs. 5-8.

Now, Fig. 8 is a typical plan view of the whole of the

image forming unit 200.
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t he detect wi ndow. Further, the toner delivery path includes a side wall
surface which is capable of sliding contact with the toner delivery nenber
to guide the toner delivery nenber and, preferably, at |east the surface
portion of the side wall surface situated in the neighborhood of the detect
wi ndow may be so inclined as to forman acute angle with respect to the
surface of the detect w ndow faci nggthe toner delivery passage. Moreover,
preferably, the reflecting plate

As can be seen clearly from Fig. 8, the guide portion

530 is structured in a shape which can reform the shape of the
coil spring 510, which would make a circle in its natural
condition, into an almost elliptic shape when viewed in a plan
view before it guides the coil spring 510. In particular, the
guide portion 530 includes two corner portions Cl, C2 which are.
respectively formed in an almost 1/4 arc shape, a corner
portion C3 formed in a hemi-arc shape, and two substantially
linear portions L1, L2 which connect these corner portions with
one another.

One linear portion L1 of the two linear portions L1,
L2, as shown in Fig. 6, exists within the developing device
300, while the other linear portion L2 exists in the cleaning
device 400. And for the one linear portion L1, a guide portion
is defined by a standup wall 221 provided in the lower case 220
and, for the other linear portion L2, a guide portion is
defined by a recessed groove 222 formed in the upper portion of
the lower case 220. Also, the linear portion L1 existing
within the developing device 300 is so structured as to guide
only the outside of the coil spring 510 by means of the standup
wall 221, with the result that there is formed an opening
portion 531 used to open the lower portion of the coil spring
510 with respect to the developing device 300.

That is, within the developing device 300, only the
outside of the coil spring 510 is guided by the standup wall

221 to thereby be able to release the toners into the
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may be electrically floated. It is preferable, in sonme cases, that at |east

the surface of the reflecting plate that contacts the toners nmay be forned
of* a material that possesses'the sanme polarity as an electrified polarity

of _.the toners in a triboelectric series.

17
developing device 300. On the other hand, in the toner collect
portion 560 within the cleaning device 400, the upper portion
of the coil spring 510 is opened toward the cleaning blade 410
in order to be able to réceive and collect the toners that are
scraped off by the cleaning blade 410.

The thus structured image forming unit 200 operates in
the following manner.

As described before, the toners are supplied to the
surface of the photosensitive drum 201 by the developing device
300 and the latent image on the surface of the photosensitive
drum 201 is developed by the toners, thereby forming the toner
image. After the toner image is transferred to the recording
paper P, the residual toners adhered to the surface of the
photosensitive drum 201 are removed by the cleaning blade 410
of the cleaning device 400 and are then collected into the
collect portion 560 provided in the cleaning device 400.

Between the cleaning device 400 and developing device
300, there is provided the endless coil spring 510 such that it
can circulate between the inside of the cleaning device and the
inside of the developing device. Since the coil spring 510 is
circulatingly driven by the drive gear 520, part of the surplus
toners, which are stored in the toner storage chamber 301 of
the developing device 300 and have not been used for
development, are delivered to the cleaning device 400 by the

coil spring 510, while the residual toners collected into the
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-4- Also, according to the invention, there is provided i mage form ng

equi pnent which conprises: a devel oping device, in contacts with a

phot osensi tive nmenber, supplying toners to the surface of a photosensitive
menber and devel oping a | atent image on the surface of the photosensitive
menber, thereby forming a toner image; a cleaning device, for renoving and
collecting the residual toners that are still _

cleaning device 400 are stirred and mixed with the surplus
toners and are then delivered to the developing device 300.

The toners delivered to the developing device 300 are
released toward the toner ;;orage chamber 301 if the toners
within the toner storage chamber 301 have been consumed and the
level surface thereof is lowered.

By repeating the above-mentioned operation, the toners
within the image forming unit 200 are consumed gradually, while
a quantity of toners corresponding to the quantity of the
toners consumed are replenished from the toner tank 600 as
occésion demands .

As shown in Figs. 1 and 14, in the upper surface of the
case 10 of the printer main body, there is opened up a toner
tank mounting hole 10la through which the toner tank 600 can be
removably mounted to the upper case 230 of the image forming
unit 200. In the inner wall surface of the mounting hole 101a,
there is formed a guide groove 10lb used to guide a projected
portion 616 (see Fig. 9) which is provided in the toner tank
600 to be discussed below.

Next, description will be given below of the structure
of the toner tank 600 with reference to Figs. 9 and 10.

The toner tank 600 includes a transparent tank case 610
into which toners are loaded, an agitator 620 disposed within

the tank case 610 such that it is rotatable, a shutter portion

630 provided in the bottom portion of the tank case 610, and a

covér 640.
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attached to the surface of the photosensitive nmenber after the toner image
formed by the devel oping device is trans- ferred to paper, a toner delivery
dévice interposed in a closed | oop between the devel opi ng and cl eani ng
devices for deliv- ering, to the cleaning device, part of the surplus
toners that have not been used for devel opnent in the devel opi ng device,
and for delivering, to the devel d% ng device, the residual toners collected

by:-the cl eaning device; a_toner
In the bottom portion 611 of the tank case 6103, there

are provided an axial hole 612, a toner supply port 613, and a
pin 614. Also, on the outer peripheral surface 615 of the tank
case 610, there are provided a pair of projected portions 616
which are removably engageable with a pair of dovetail grooves
(L-shaped grooves) 242, 242 formed in a recessed portion 240
(see Fig. 12) in the upper case 230 to be discussed later.

The agitator 620 includes a shaft portion 621, a
scrape-up blade 622 used to scrape up the toners in the tank
case 610, and a stir blade 623 formed integrally with the
scrape-up blade 622 for stirring the toners in the tank case
610. And the shaft portion 621 is rotatably mounted to the
axial hole 612 in the tank case bottom portion through a seal
ring (not shown). In the shaft portion 621, there is formed a
groove 625 which is engageable with a shaft 521 provided in the
drive gear 520, when the toner tank 600 is mounted to the upper
case 230 of the image forming unit in a manner to be discussed
later. Also, in the stir blade 623, as shown by an imaginary
line, there can be provided integrally a wiper-like cleaning
member 626 which is formed of rubber or the like for cleaning
the inner wall surface of the tank case 610.

The shutter portion 630 includes a seal member 631
formed of an elastic material such as a sponge or the like, a
disk-shaped shutter 632, and a guide member 633.

The seal member 631 is formed in a fan shape and can be

fitted into a recessed portion 6lla which is formed in the tank
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supply nmeans for supplying toners to a toner delivery path of the toner
delivery device; an elastic toner delivery nmem ber novable circul atingly
wi'thin the toner delivery path of the toner delivery device; a transparent
det ect wi ndow provided in the toner delivery path and including a project-
i ng surface projecting toward the elastic toner delivery nmenber; and an
optical sensor provided in the detect yyn- dow. Preferably, the optical
sensor may be di sposed down-

case bottom portion 611 and is identical in shape with the seal

member 631. The seal member 631 includes an axial hole 63la
which, when the seal member. 631 is fitted into the recessed
portion 6lla, coincides with the axial hole 612 in the tank
case bottom portion, and a toner supply port 631b which
coincides with the toner supply port 613 in the above-mentioned
fitted condition.

The shutter 632 includes an axial hole 632a to be
coincident with the axial hole 612.in the tank case bottom
portion 611, a toner supply port 632b to be coincident with the
toner supply port 613, an arc-shaped elongated 632c into which
the pin 614 of the tank case bottom portion can be inserted,
and an engaging hole 632d engageable with a pin 244 provided in
the upper case 230 of the image forming unit which will be
discussed later.

The guide member 633 is formed in a ring shape as a
whole and is mounted on a stepped portion 611b which is
provided in the tank case bottom portion 611. When it is
mounted, the four square holes 633e of the guide member 633 are
respectively engaged with four engaging claws 6lle provided in
the stepped portion 611b and thus the guide member 633 is fixed
to the tank case bottom portion 611, while the inner surface
(upper surface) of the bottom edge portion 633f thereof
supports the peripheral edge portion 632f of the shutter 632 in
a slidingly rotatable manner. 'Also, the gquide member 633

includes an elastic arc-shaped tongue piece 633g formed
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stream of the devel opi ng device and upstream of the clean- ing device.
Al so, it is preferable that the toner delivery nmeans nmay be forned of a
coil spring and the Iength of the projecting surface of the detect w ndow
in the toner delivery direction may be equal to or |less than 2 pitches of
the coil spring. Preferably, at |east the projecting surface of the detect
w ndow may be formed of a material that possesses the sanme polarity as an
electrified polarity of the toner in a
integrally therewith and, in the leading end portion of the
tongue piece 633g, there is provided a projection 633c which
can be loosely fitted from the back surface thereof (the upper
surface side in Fig. 10) into the engaging hole 632d of the
shutter 632 (see Fig. 13). The shutter 632 is mounted to the
guide member 633 from the upper surface side of the guide
member 633 by inserting the shutter 632 under the tongue piece
633g. The engagement of the projection 633c into the engaging
hole 632d prevents the inadvertent rotation of the shutter 632
and coincides the toner supply port 632b with the toner supply
port 613 of the tank case bottom portion to thereby prevent the
leakage of the toners existing within the toner tank case 610.
In the toner tank 600 structured in the above manner,
when the respective parts thereof are assembled together, the
pin 614 in the tank case bottom portion extends th;ough the
elongated hole 632c of the shutter 632 and the leading end of
the pin 614 projects out from the elongated hole 632c (see Fig.
13). The seal member 631 is bonded to the tank case bottom
portion 611 in such a manner that the toner supply port 631b
thereof is coincident with the toner supply port 613 of the
tank case bottom portion 611, and is held while it is pressed
by the shutter 632. This improves the close adherence between
the seal member 613 and shutter 632 to thereby be able to
prevent the leakage of the toners. The shutter 632 is held

between the tank case bottom portion 611 and guide member 633

in such a manner that it can be rotated and slid in a direction
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triboelectric series, and the elastic toner delivery nenber may be fl oated
electrically. It is also preferable that the optical sensor may conprise a
réflection optical sensor, and that an elastic reflection plate may be
di sposed opposite the detect window with the toner delivery nmenber between
them and the reflection plate may urge the toner delivery nenber toward
the detection wi ndow. Preferably, the peflec- tion plate my be
electrically floated and, depending on the

of an arrow a or b in Fig. 10 in such a range as the pin 614

can move relatively along the elongated hole 632c. That is, in
the shutter portion 630, only the shutter 632 can rotate and
slide relatively with res@ect to the tank case 610. When the
toner tank 600 is not mounted to the image forming unit, the
toner supply port 632b of the shutter 632 is not coincident
with the toner supply port 631b of the seal member 631. That
is, the toner supply port 631lb of the seal member 631 is sealed
by the shutter 632.

Next, description will be given below of the mounting
portion 240 of the toner tank 600 in the upper case 230 of the
image forming unit with reference to Figs. 11 and 12.

The mounting portion. 240 is structured as a recessed
portion in which the respective parts of the lower portion of
;he toner tank 600 are fitted with one another. Thqt is, the
shutter portion 250, the structure of which is basically the
same as that of the above-mentioned shutter portion 630 of the
toner tank 600, is incorporated into the recessed portion.

In the bottom surface 241 of the recessed portion,
there are disposed an axial hole 245 into which the shaft 521
of the drive gear is.inserted, a toner supply port 243 (see
Fig. 8) facing a portion at which the drive gear 520 and coil
spring 510 in the above-mentioned circulation path of the coil
spring 510 begin to mesh with each other, and a pin 244. Also,
in the inner peripheral surface of the recessed portion, there

are formed a pair of dovetail grooves (L-shaped grooves) 242,
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situation, at |east the surface of the reflection plate that contacts the
toners may be forned of a material that is possesses the sane polarity as
arr electrified polarity of the toner in a triboelectric series. The toner
delivery path includes a side wall surface which is capable of sliding

23

242 which can be removably engaged with the above-mentioned
projected portions 616 of the toner tank. Each dovetail groove
242 includes a vertical groove 242a and a horizontal groove
242b, while the upper end -of the vertical groove 242a is
connected with the lower end of a guide groove 10lb formed in
a mounting hole 10la (see Fig. 14) in the above-mentioned
printer main body. Also, the terminal end of the horizontal
groove 242b forms a regulation portion which regulates the
terminal end of the rotational operation of the toner tank 600
in the toner tank mounting operation which will be discussed
later.

The shutter portion 250 includes a seal member 251
formed of an elastic member such as a sbonge or the like, a
disk-shaped shutter 252, and a guide member 253.

The seal member 251 can be fitted into and bqnded to a
recessed portion 24la which is formed in the bottom surface 241
of the recessed portion and is identical in shape with the seal
member 251. The seal member 251 includes a toner supply port
251a and a toner supply port 251b, which can be respectively
coincident with the shaft hole 245 and toner supply port 243
when the seal member 251 is fitted into the recessed portion
241a.

The shutter 252 includes a shaft hole 252a to be
coincident with the shaft hole 245, a toner supply port 252b
which can be coincident with the toner supply port 243, an arc-

shaped elongated hole 252c into which the pin 244 is inserted,
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- 5 - contact with the toner delivery nmenber for guiding ne sane and,
preferably, at |east the surface portion of the side wall surface existing
i n the nei ghborhood of the detect wi ndow may be so inclined as to form an
acute angl e between the projecting surface of the detect w ndow and itself.
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of a printer
using an 24

and an engaging hole 252d engageable with the pin 614 of the
toner tank 600.

The guide member 253 has a substantially riﬁg-like
shape and is to be mounted in the recessed portion (240). When
the guide member 253 is mounted, the two engaging claws 253e
thereof are respectively engaged into engaging holes (not
shown) formed in the wall surfaces of the recessed portion,
whereby the guide member 253 can be fixed in the recessed
portion while the lower surface of the bottom edge portion 253f
thereof supports the peripheral edge portion 252f of the
shutter 252 (see Fig. 13). The guide member 253 includes an
elastic arc-shaped tongue piece 2539 provided integrally
therewith and, in the leading end portion of the tongue piece
253g, there is provided a projection 253c (see Fig. 13) which
can be loosely fitted into the engaging hole 252d from the back
surface side (in Fig. 10, the lower surface side) thereof. The
shutter 252 is so guided as to pass above the tongue piece 253g
from the lower surface side of the guide member 253 and is
inserted below the guide member 253. Engagement of the
projection 253c into engaging hole 252d prevents the shutter
252 from rotating inadvertently, for example, when the printer
main body is in transit, while coincidence of the toner supply
port 252b with the toner supply port 243 prevents the leakage
of the toner used in the image forming unit 200.

When the image forming unit 200 is assembled, the pin

244 on the bottom surface of the recessed portion extends
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enbodi nent of irmage form ng equi pnment according to the invention;, FIG 2 is
a. front view of the above printer; FIG 3 is a plan view of the above
printer, FIG 4 is a section view of the above printer, FIG 5 is a
partially omtted perspective view of an inmage formng unit and a toner
tank respectively enployed in the above printer;

25

through the elongated hole 252¢c of the shutter 252 and the
leading end portion thereof projects out from the elongated
hole 252c (see Fig. 13). Also, the seal member 251 is held
while it is pressed by and between the bottom surface 241 of
the recessed portion and the shutter 252. This improves the
close contact between the seal member 251 and shutter 252 to
thereby be able to prevent the leakage of the toners. The
shutter 252 is held between the bottom surface 241 of the
recessed portion and guide member 253 such that it is rotatable
in a direction of an arrow a or b shown in Figs. 11 and 12
within such a range that the pin 244 can move relatively with
respect to and along the elongated hole 252c. Thet is, in the
shutter portion 250, only the shutter 252 is allowed to rotate
and slide relatively with respect to the upper case 230. Also,
when the toner tank 600 is not mounted, the toner supply port
252b of the shutter 252, as shown in Fig. 11, is not coincident
with the toner supply port 251b of the seal member 251. That
is, the toner supply port 251b of the seal member 251 is sealed
by the shutter 251.

Now, the mounting and removing operations of the toner
tank 600 with respect to the above structured mounting portion
240 are as follows. Here, Fig. 13 is a typical section view of
the toner tank 600 and mounting portion 240, showing a state
just before the toner tank 600 is mounted to the mounting

portion 240. Description will be given below of the mounting

———— e
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FIG 6 is a section view taken along the line VI-VI in FIG 5; FIG 7 is a
typical plan view ofthe image formng unit and toner tank; FIG 8 is a
typi cal plan view of the whole inage formng unit; FIG 9 is a perspective
view of the toner hank when viewed from bel ow,

26
and removing operations and the operation of the toner tank 600
mainly with reference to Fig. 13.

At first, the toneg_ténk 600 is inserted into the
mounting hole 10la (see Fig. 14) of the main body case in such
a manner that the projected portions 616 of the toner tank 600
are coincident with guide grooves 10l1b formed in the mounting
hole 10la. If inserted, the projections 616 are guided by the
guide grooves 101b such that they move downwardly within the
guide grooves 101b, further advance into the vertical grooves
242a of the dovetail grooves formed in the mounting portion 240
of the image forming unit, and reach the lower ends of the
vertical grooves 242a and stop there (Fig. 3 shows a state just
before the projections 616 reach the lower end of the vertical
groove 242a). At that time,  the shaft 521 of the gear 520 is
connected with the shaft portion 621 of the agitator 620 of the
toner tank 600. Also, the pin 614 of the toner tank 600 is
fitted into the engaging hole 252d of the shutter 252 provided
in the mounting portion 240 of the image forming unit to press
down the projection 253c of the tongue piece 253g to thereby
remove the locking of the shutter 252 by the projection 253c.
At the same time, the pin 244 provided on the mounting portion
240 side is fitted into the engaging hole 632d of the shutter
632 to press up the projection 633c of the tongue piece to
thereby remove the locking of the shutter 632 by the projection

633c. S
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FIG 10 is an expl oded perspective view of the toner tank; FIG 11 is a
plan view of the image formng unit; FIG 12 is an exploded perspective
view of the toner tank nounti-ng portion of the image formng unit FIG 13
is.a typical section view showing a state just before the toner tank is
nmounted to the nounting portion of the image formng unit; FIG 14 is a
partially perspective view of a case fonza

Next, the toner tank 600 is rotated counterclockwise,
that is, in a direction of an arrow b shown in Fig. 1.
Responsive to this, the projected portions 616 of the toner
tank 600 are respectively "allowed to enter the horizontal
‘grooves 242b of the dovetail grooves and get engaged with them
to thereby prevent the slippage of the toner tank 600. That
is, the toner tank 600 is now mounted in the mounting portion
240. As described above, the pin 614 of the toner tank is
fitted into the engaging hole 252d of the shutter 252 of the
mounting portion 240, and the pin 244 provided on the mounting
portion 240 side is fitted into the engaging hole 632d of the
shutter 632 of the toner tank. Because of this, if the toner
tank 600 is rotated in the direction of the arrow b shown in
Fig. 1, then the shutter 252 of the mounting portion 240 is
rotated together with the toner tank 600 in the same direction,
that is, in the direction of the arrow b shown.in Fig. 11,
namely, counterclockwise so that the toner supply port 252b of
the shutter 252 coincides with the toner supply port 251b of
the seal member 251. On the other hand, the shutter 632 of the
toner tank 600 does not move even if the toner tank 600 is
rotated in the arrow b direction and, therefore, the shutter
632 moves clockwise as shown by an arrow a in Fig. 9 relatively
with respect to the toner tank 600, so that the toner supply
port 632b coincides with the toner supply port 631b of the seal
member 631. In other words, the toner supply ports 613, 631b,

632b, 252b, 251b, and 243 of all parts are all coincident with
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printer main body; FIG 15 is a partialy enlarged view of FIG 8; FIG 16
Is a section view taken along the line XVI-XVI in FIG 15; FIG 17(a) is a
séction view taken along the-line XVIl1- XVII in FIG 15; FIG 17(b) is a
partially enlarged view of FIG 17 (a); FIGS. 18(a)-(c) are detail views
of a detect w ndow
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one another, which allows the toner to be supplied from the
toner tank 600 to the image forming unit 200.

In a state that the toner tank 600 is mounted to the
image forming unit 200 in the above-mentioned manner, if the
image forming unit 200 is operated in the above manner, then
the agitator 620 is rotationally driven by the shaft 521 of the
drive gear 520.

While the toners stored in the tank case 610 are
stirred upwardly by the scrape-up blade 622 of the agitator
620, if the toners in the image forming unit 200 are consumed,
then the toners stored in the tank case 610 drop freély by a
quantity corresponding to the quantity of the toners consumed
from the toner supply port 613 into the image forming unit 200
through the above-mentioned respective toner supply ports and
the toner supply port 243 of the upper case 230, so that the
toners can be replenished into the image forming unit 200.

The toner tank 600, as shown in Fig. 7, is mounted
upstream of the developing device 300. As shown in Fig. 8,
since the toner supply port 243 is so opened as to face a
position at which the drive gear 520 and coil spring 510 start
to mesh with each other, there is eliminated the possibility
that the toners can be supplied excessively to the toner
delivery path C, and the toners can be supplied in a proper
quantity.

When the toners are suppiied or replenished from the

toner tank 600 to the image forming unit 200 until the toner
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enployed in the invention; in particular, FIG 18(a) is a front view
thereof, FIG 18(b) is a left side view thereof, and FIG 18(c) is a bottom
View, -6- FIG 19 is a perspective view of a reflection plate
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tank is empty, and no toners are replenished to the image
forming unit 200, then the quantity of the toners in the image
forming unit 200 decreases and the decrease 1in the toner
quantity is detected by detection device 700 and, in accordance
with the detection by the detection device 700, the toner tank
is replaced. Here, because the tank case 610 is formed
transparent, the fact that no toners are left in the toner tank
can also be confirmed visually.

To remove the toner tank 600, the above-mentioned
mounting operation may be performéd reversedly. In other
words, the upper portion (the exposed portion 600A that is
exposed out of the main body case 101) of the toner tank 600 is
gripped and the toner tank 600 is rotated in the arrow a
direction (clockwise) and, after then, the toner tank 600 may
be drawn out from the mounting hole 10la of the main body case
101. When the toner tank 600 is rotated in the arrow a
direction, then the shutter 632 of the toner tank 600 is
relatively rotated counterclockwise, namely, in the direction
of the arrow b shown in Fig. 9. This motion covers the toner
supply ports 613 and 631b of the toner tank 600. At the same
time, the shutter 250 of the image forming unit 200 is rotated
in the direction of the arrow a shown in Fig. 11, thereby
shutting or covering the toner supply ports 243 and 252b of the
image forming unit 200. Therefore, when removing the toner
tank 600, even if some quantity of toners are left in the toner

tank 600, there is eliminated the possibility that such toners
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enpl oyed in the invention; FIGS. 20(a) and (b) are respectively general
section views taken along the line XX-XX in FIG 8, show ng different
states of the toner in a devel opi ng device; FIGS. 21(a) and (b) are
respectively explanatory views of the detection operation to be perforned
by the invention; FIG 22 is an explanatory view of a nodification of the

above enbodi nent; 30

can be scattered to contaminate the printer and its
peripheries. Also, for example, when transporting the printer,
even if the printer is transported with the toner tank 600
removed therefrom, there i§ no possibility that the toners
remaining in the image forming unit 200 can leak from the toner
supply ports 243 and 252b of the image forming unit 200 and can
be scattered around.

Next, description will be given of the detection device
700.

The detection device 700, as shown in Figs. 7 and 8, is
disposed in the toner delivery path R, downstream of the
developing device 300 and upstream of the cleaning device 400.

Fig. 15 is a partially enlarged view of Fig. 8, Fig. 16
is a section view taken along the line XVI-XVI shown in Fig.
15, and Fig. 17 is a section view taken along the line
XVII-XVII in Fig. 15.

The detection device 700, as shown in Figs. 16 and 17,
includes a detect window 710 provided in the toner delivery
path R, an elastic reflection plate 720 so disposed as to face
the detect window 710, and an optical sensor 730 of a
reflection type provided in the detect window 710. The optical
sensor 730 is disposed in close contact with the lower surface
of the detect window 710.

The detect window 710 is formed of a transparent
material such as glass, synthetic resin, or the like. The

detect window 710, as shown in Fig. 18 (a), includes a plate-
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FIG 23 is a graphical representation of a relationship of an S/INratio
W.th respect to the distance between an optical sensor of a reflection type

and a detect wi ndow, and FIGS. 24(a), (b) and (c) are respectively
expl anatory views of another nodifications. DETAI LED DESCRI PTON OF THE

PREFERRED EMBCODI MENT Description will now be given of the enbodi nents of
31

like base portion 711 and a projected portion 713 formed
integrally with the upper surface 712 of the base portion 711,
while the upper surface of the projected portion 713 forms a
projecting surface 715. The projected portion 713, as shown in
Fig. 18 (a), is curved with the same radius of curvature Rl as
the portion (here, the corner portion C3) of the toner delivery
path R in which the detect window 710 is disposed. As shown in
Figs. 16 and 17, the lower case 220 of the image forming unit
200 includes a recessed portion 223. By mounting the base
portion 711 to the recessed portion 223, the detect window 710
can be mounted to the lower case 220.

The length L of the projecting surface 715 (see Figs.
18 (b) and 21 (a)) is set to be equal to or smaller than
2 pitches of the coil spring 510.

In Figs. 16 and 17, reference character 224 designates
a smoother formed of a low friction material such as fluoro-
resin, polyacetal or the like. In the upper surface 712 of the
base portion 711, there is formed an arc-shaped recessed

portion 714 in order to be able to obtain a smooth connecting
condition with the smoother 224 (see Fig. 18).

In a state that the detect window 710 is mounted, the
projecting surface 715 of the projected portion 713 projects a
little toward the coil spring 510 rather than the smoother 224.
For this reason, the coil spring 510 moves in such a manner
that it is pushed and curved upwardly a little by the

projecting surface 715. As a result of this, the projecting
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I mage form ng equi pnent according to the invention with reference to the
acconpanying drawings. Referring to FIGS. 1-4, reference character 100
desig- nates a printer main body and 101 stands for a case for the printer
mai n body 100. Wthin the case 101, there are di sposed a paper feed roller
102, an optical unit 110, an imge formng unit 200, a fixing unit 120, and
a paper discharge roller 103. For 3zeference, in FIG 1, the inage
surface 715 of the detect window 710 is sure to be in sliding
contact with the coil spring 510 due to a restitutive force
caused by the elasticity of the coil spring 510 itself, and the
toners attached to the projecting surface 715 can be wiped
away. Alternatively, the projecting surface 715 may be curved
upwardly in conformity with the slightly upwardly curved,
moving path of the coil spring 510.

The smoother 224 is used to smooth the circulatory
operation of the coil spring 510 and it is provided in a gutter
shape at least in the corners Cl, C2, and C3 respectively shown
in Fig. 8.

Also, as shown in Fig. 17 (a), the smoother 224
includes a side wall surface. 224a which is capable of sliding
contact with the coil spring 510 to guide the same. The side
wall surface 224a is so inclined as to form an acute angle 6
with respect to the projecting surface 715 of the detect window
710, as shown in Fig. 17 (b). For this reason, in a contact
portion 510a between the inclined surface 224a and coil spring
510, there is produced a component force which energizes the
coil spring 510 toward the projecting surface 715. This makes
it possible to bring the coil spring 510 into sliding contact
with the projecting surface 715 more positively. For
reference, in the present embodiment, the acute angle 6 is set
for 86°.

The reflection plate 720 is formed of a metal plate

' having a springy elasticity and, as shown in Fig. 19, it

et Has Been Replaced

\\\\\\\\\\\\\\\\\\\\\\\\\ e




formng unit is drawn in a general manner (that is, in a typical manner).
Nunmeral 600 designates a toner tank which serves as the toner supply neans
repl eni shes toners to the image fornming unit 200. The present inmage form ng
equi pnment conprises mainly the optical unit 110, imge formng unit 200,

and toner tank 600. The toner tank 60%3is di sposed such that, when it is

includes a curved portion 721 in the leading end portion
thereof and a folded portion 723 in the trailing end portion
thereof. As shown in Fig. 16, a recessed portion 233 is formed
in the upper case 230 of the image forming unit 200. That is,
by fitting the folded portion 723 of the reflection plate 720
into the recessed portion 233, the reflection plate 720 is
mounted to the upper case 230. In the mounted state, the
reflection plate 720 energizes the coil spring 510 toward the
detect window 710 by means of the springy elasticity thereof.

This assures the sliding contact of the coil spring 510
with the projecting surface 715 of the detect window 710, which
in turn makes it possible to wipe away the toners attached to
the projecting surface 715 more positively. Also, due to the
fact that the reflection surface 720 energizes the coil spring
510, the toners attached to the reflecting surface 724 (see
Fig. 17) of the reflection plate 720 can also be wiped away.

Any material can be used for the reflection plate 720,
provided that it has such a high reflectance as a metal shiny
surface with respect to the light having a wavelength radiated
by a light emitting element used in the reflection type optical
sensor 730. In the present embodiment, there is used a rolled
plate of SUS304 having a given springy elasticity.

At least one of, and preferably, both of, the surfaces
of the detect window 710 and reflection plate 720 that may come
in contact with the toners may be formed of a material which

possesses the same polarity as an electrified polarity of the
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nounted in the main body 100, the upper portion thereof is exposed
external Iy of the case 101. In FIG 3, P2 designates the recording paper
that is being di scharged onto a paper discharge tray 108, and in FIG 2, P3
stands for the recordi ng paper that has been di scharged onto the paper
di scharge tray 108. As can be seen clearly fromthese figures, the exposed
portion 600A of the toner tank 600 i,g exposed externally of the case 101,
away fromthe noving path of the recording
toners in a triboelectric series. 1In the present embodiment,
the contact surface of the detect window 710 with the toners is
formed of the material that is situated on the same polarity
side with respect to the elettrified polarity of the toners on
the triboelectric series. The triboelectric series can be
obtained in the following manner. First, two kinds of
arbitrarily selected materials are electrified in contact with
each other in an electrically shielded space, and the
polarities of the surface potentials thus produced are measured
by use of a surface potentiometer. Then, the relationships
between the positive and negative polarities of the materials
are ranked. When the toners are frictionally electrified to
the negative polarity in use, as the material for at least the
contact surface(s) of the transparent detect window 710 with
the toners, preferably, the material that possesses negative
polarity in the triboelectric series may be selected similarly
to the toners, more preferably, the material that is equivalent
to the toner or has a greater negative polarity than the toner
may be selected. For example, when a negative polarity type
toner formed of a polyester system binder is used, the material
that has a greater negative polarity than PMMA (polymethyl
methacrylate), more preferably, polyolefin or the like that
possesses a greater negative polarity than the toner may be
selected. On the other hand, when the toner is frictionally

electrified to the positive polarity, as the material for the

contact surface of the transparent detect window 710 with at
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paper. Description will now be given in detail of the main body 100, inage
formng unit 200, and toner tank 600. First, -7 - however, the whole
étrqcture of the main body 00 will be

35

least toners, preferably, the material that possesses positive
polarity in the triboelectric series may be selected similarly
to the toners, or more preferably, the material that is
equivalent to the toner or possesses greater positive polarity
than the toner may be selected. For example, when a positively
electrified toner formed of a styrene-acryl copolymer system
binder is used, preferably, the material that possesses greater
positive polarity than polyolefin may be selected, or more
preferably, the material such as polyamide or the like that is
possesses greater positive polarity than the toner may be
selected. In the present embodiment, since the toner is
negatively electrified in use, as the material that possesses
greater negative polarity in.the triboelectric series than the
toner, noncrystal polyolefin is used for the detect window 710.
However, this. is not limitative but, according "to the
electrified states of the toner, there can be used similarly
transparent organic material such as PMMA, polyamide, melamine
resin, polyurethane, SA resin, polystyrene, ABS resin, epoxy
resin, polycarbonate, acrylonitrile resin, polyimide, vinyl
chloride or the like, or inorganic glass such as alumina,
diamond, silica or the like.

It is also preferable that a material selected
according to the triboelectric series may be coated on the
surface of the reflection plate 720.

At least one, preferably, all of the conductive members

such as the coil spring 510, reflection plate 720 and the like
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described. In the back portion of the case 101, there is disposed a paper

feed tray 104 such that it is rotatable. The paper feed tray 104 includes a

base portion 104a supported rotatably by the back portion of the case 101

and a tray 104b so nounted as to be slidable with respect to the base

portion 104a. Wile not in use, as showm by a broken line in FIG 4, with

the tray 104b stored in the base porti®n 104a, the paper feed tray 104
may be arranged such that they are in an electrically fleoated
condition. In the present embodiment, all of the conductive
members used are arranged in an electrically floated condition.
For reference, when the detect window 710 is arranged
conductive, similarly, it is preferable that the detect window
710 is electrically floated.

The toners to be carried and delivered circulatingly by
the coil spring 510 are frictionally electrified as they are
slid along and rubbed against the coil spring 510 and the inner
wall of the toner delivery path. When the conductive coil
.spring 510 and reflection plate 720 are grounded, then the
opposite polarity electric charges to the toners are supplied
to the coil spring 510 and reflection plate 720. This causes
a strong attracting force to be generated between the toners
and the coil spring 510 and reflectioh plate 720, which makes
it difficult to wipe away the toners. In order to prevent
this, the coil spring 510 and reflection plate 720 are
electrically floated. In the electrically floated condition,
the electrostatic adhesion of the toners to the reflection
plate 720 can be controlled and thus, when the coil spring 510
is in sliding contact with the reflection plate 720, the toners
adhered to them can be wiped away easily.

To the optical sensor 730, there are connected a detect
device and an alarm device (which are not shown).

In the toner delivery path R, while the toners are

being replenished from the toner tank 600, a given quantity of
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Is folded so as to be in close contact with the back surface of the case
101. When in use, as shown by a solid line, the paper feed tray 104 is
opened before it is used. Two or nore sheets of recording paper P that are
set in the paper feed tray 104 are fed one by one by the paper feed roller
102. The recordi ng paper fed passes through a paper feed path Al forned by
a paper guide 105 and the | ower suPface of the

toners are circulating. A detect light, which is radiated frém
the reflection type optical sensor 730 in the detection device
700, transmits the detect window 710, passes through the toner
delivery path R, is reflected by the reflection plate 720,
again passes through the toner delivery path R, transmits the
detect window 710, and is received by the reflection type
optical sensor 730. When the optical path of the detect light
is shielded by the given quantity of toners under circulation,
then the reflection type optical sensor 730 outputs an output
signal which corresponds to the fact of "no reflection light”.

When the toners are greatly reduced or run out in the
portion of the toner delivery path where the detection device
700 is disposed, there occurs a state that the optical path of
the detect light cannot be shielded. Especially, in a state
that the toners run out, the optical path of the detect light
is simply shielded temporarily by the coil spring 510.
Therefore, the reflection type optical sensor 730 outputs an
output signal corresponding to the detection of the reflected
light and, especially, when the toners run out, there is output
a repeat signal which corresponds to 1/2 pitches of the coil
spring 510.

Accordingly, the output signals output from the optical
sensgor 730 are being monitored by the detect device (not shown)
connected to the optical sensor 730. When the above-mentioned

repeat signals are successively output for a given time and at
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I mage formng unit 200 and reaches between a photosensi- tive drum 201, in
which a toner inmage is formed in a manner to be discussed later, and a
tr'ansfer roller 106. Here, the recording paper with a toner inmage
transferred fromthe photosensitive drum 201 passes through a path A2
between a fixing roller 121 and a pressure roller 122, which are
respectively included in a fixing uggt 120, thereby f|X|ng t he toner I mage.
After then, the recordi ng paper passes through

a given probability, this can be detected as no toner is left

in the toner delivery path R.

Also, in this case, an alarm sound is issued from the
alarm device and/or a message is displayed on a display device
(not shown), thereby informing a user of the fact that no toner
is left (to be exact, the fact that the toners in the toner
tank 600 run out and the quantity of toners in the developing
device 300 is starting to decrease).

According to the above-mentioned printer, the following
operation effects can be obtained:

(1) The toners are supplied onto the surface of the
photosensitive member 201 by the developing device 300 and the
latent image on the surface of the photosensitive member 201 is
developed by the toners to form a toner image. After the toner
image is transferred to the recording paper P, thg residual
toners adhered to the surface of the photosensitive member are
removed and collected by the cleaning device 400.

Between the developing device 300 and cleaning device
400, there is interposed the toner delivery device 500 in a
closed loop, by which delivery device 500 delivers part of the
surplus toners that have not been used for development in the
developing device 300 to the cleaning device 400, and the
residual toners collected by the cleaning device 400 are
delivered to the developing device 300. At the same time, new
toners are replenished to the toner delivery path R by the

toner tank 600. As a result, normally, a given quantity of

This Sheet Has Been Rep THIS SHEET HAS BEEN

LTI




an upwardly curved paper discharge path A3 and is dis- charged from a paper
di scharge opening 107 onto the paper discharge tray 108 by the paper
di scharge roller 103. Nuneral 109 designates a cover in which the above-
menti oned paper discharge path A3 is forned, and the cover 109 is openable
and closable wth respect to the main body 100 by neans of shafts 109a,
109a. The paper di scharge opening3307 is formed on in the upper surface of
the cover '
toners are circulating through the developing device 300,
cleaning device 400 and toner delivery path R. Therefore, if
the toners are consumed in the developing device 300, normally,
a quantity of toners corresponding to the quantity of toners
consumed are then replenished through the toner delivery path
500.

However, if the toner tank 600 becomes empty and new
toners are supplied from the toner tank 600 no longer, then the
quantity of the toners existing in the toner delivery path R
decreases gradually and, in the end, the quantity of the toners
in the toner delivery path R decreases greatly when compared
with the normal quantity of toners and the toners almost run
out in the path R.

Now, Figs. 20 (a) and (b) are respectively schematic
section views taken along the line XX-XX in Fig. 8, showing how
the toners T within the developing device run out from the
normal state thereof.

In particular, Fig. 20 (a) shows a state that new
toners are being supplied to the toner delivery path R from the
toner tank 600, in which a given quantity of toners are
circulating in the toner storage chamber 301 of the developing
device 300 and the toner delivery path R. Since the tonersIT
are delivered on the toner storage chamber 301 along the
longitudinal direction thereof by the coil spring 510, even if
the toners are consumed in part in the toner storage chamber
301 and thus the quantity level of the toners is lowered,
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109 and the fixing unit 120 is nmounted on the cover 109. The cover 109 may
be opened on this side when the paper clogging occurs or for naintenance.
Next, description will be gi.ven bel ow of the inage form ng unit 200. As
shown in FIGS. 5-8, the image formng unit 200 is sructured as a single
unit by incorporating a photosensitive drum 201 used as a photosensitive
menber, an electrifying 40

toners are replenished as occasion demands by means of free
drop (free flow-down) of the toners from the coil sprin§ 510 to
the level lowered portions, for example, portions Dl and D2
respectively by imaginary Yines in Fig. 20 (a). Therefore,
even if the toners are consumed in the developing device 300,
a quantity of toners equivalent to the quantity of the toners
consumed are replenished through the toner delivery path R to
the developing device 300, thereby being able to maintain an
even level of the toners T in the toner storage chamber 301.
Here, if the level of the toners is lowered in two cr more
portioﬁs (for example, D1, D2), supply of new toners begins at
the portion (Dl) located most upstream, that is, the toners are
supplied sequentially from .upstream to downstream, thereby
evening the level of the tdners.

On the other hand, Fig. 20 (b) shows a state after the
elapse of some time since thé toner tank 600 has run out of the
toners and new supply of toners from the toner tank 600 has
been stopped.

Just after the supply of new toners from the toner tank
600 is stopped, a given quantity of toners are still left in
the toner delivery path R. Therefore, even if the toners are
consumed in the developing device 300, while the same quantity
of toners as the toners consumed are present in the toner
delivery path R, the toners ére replenished in the above-
mentioned manner so that the toners T in the toner storayge

chamber 301 can be kept almost level.
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roller 202, a devel opi ng device 300, a cl eaning device 400, a toner
del i very device 500, and detection device 700 into a case 210. The
phot osensitive drum 201 i ncludes a conductive sub- -8 -

41

However, if the toners are further consumed and the
quantity of the toners existing in the toner delivery path R
becomes smaller than the quantity of the_toners consumed in the
developing device 300, the toners in the toner storage chamber
301 begin to decrease in quantity on the downstream side of the
toner delivery path. A portion in which the quantity of the
toners decreases is shown by D3 in Fig. 20 (b). Tﬁe toner
quantity begins to decrease on the downstream side because the
replenishment of the toners to the toner storage chamber 301 is
pefformed sequentially from the upstream side to the downstream
side.

As a result of the toners in the toner storage chamber
301 decreasing in quantity -from the downstream side of the
toner delivery path in this manner, the toners in the toner
delivery path R run out first in a portion 301A just downstream
of the toner storage chamber 301, the depletion state advances
sequentially along the circulation direction of the coil spring
510, and, when the depletion state reaches a portion 301B
upstream of the toner storage chamber 301, then the toners
almost run out in the toner delivery path R. In this case,
unless the quantity of consumption of the toners in the
developing device is excessively great, a given quantity of
toners are still left in the toner storage chamber 301 and are
used for development, and the residual toners thereof are
collected by the cleaning device 400. The collected toners are

then delivered to the developing device 300 by the delivery

This Sheet Has Been R

LT




strate formed of an al um num drum and a photosensitive | ayer nade of an
organi c photosensitive material and fornmed on the conductive substrate. The
phot osensitive drum 201 is supported rotatably and can be rotationally
driven in a direction of an arrow a by a drive nmechani sm (not shown). The
electrifying roller 202 is pressed agai nst the photo- sensitive drum 201 by
a pressure nechani sm (not shown) and can electrify the photosensitive drum

201 while it 42
device and, therefore, there exist some toners (a very small
quantity of toners when compared with the normal quantity of
toners used) in the delivery path extending from the cleaning
device 400 to the developing device 300.

As described above, in the present embodiment, if the
new toners are not supplied from the toner tank 600 any longer,
then the toners in the toner delivery path R firstly run out
before the toners in the developing device 300 run out.

According to the image forming equipment of the present
embodiment, since the detection device 700 for detecting the
fact that the toners run out is provided with respect to the
toner delivery path R, it is possible to detect the residual
quantity of the toners positively without increasing the size
of the developing device 300.

The term "to detect the residual quantity of the
toners" used here does not mean to detect the residual toners
quantitatively, for example, how many grams of toners are left.
Instead, - the present embodiment detects if the toners in the
image forming equipment are left only in such a quantity that
cannot satisfy the necessary quantity of the toners to be
normally present in the developing device 300.

(ii) As described above, according to the present
image forming equipment, if the new toners are not supplied
from the toner supply means any longer, then the toners in the
toner delivery path R first run out before the toners in the

developing device 300 run out. And in the toner delivery path
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foll ows the photosensitive drum 201. A bias voltage is applied to the
electrifying roller 202. The electrified photosensitive drum 201 is scanned
by a | aser beam LB radiated fromthe optical unit 110 shown in FIG 4,
whereby a latent image is formed on the surface of the photosensitive drum
201. The case 210 consists of a |ower case 220 and an upper case 230, while
thg upper case 230 includes a slit 2314£or

R, the toners begin to run out first at the portion of the path
R situated downstream of the developing device 300.

Also, according to the image forming equipment of the
present embodiment, since the detection device 700 is disposed
downstream of the developing device 300 and upstream of the
cleaning device 400, the residual quantity of the toners can be
detected more positively and quickly.

The position of the detection device 700 is not limited
to the downstream side of the developing device 300 but the
detection device 700 may be situated upstream of the developing
device 300. In this case as well, since the toners in the
delivery path R run out first before the toners in the
developing device 300 run out, the residual quantity of the
toners can be detected positively. However, when the detection
device is located downstream of the cleaning devicg 400 and
upstream of the developing device 300, some quantity of the
toners collected from the cleaning device 400 are present in
the toner delivery path R and, therefore, the detect accuracy
may be lowered depending on the structure of the detection
device.

On the other hand, according to the present embodiment,
since the detection device 700 is disposed downstream of the
developing device 300 and upstream of the cleaning device 400,
the residual quantity of the toners can be detected more

positively. a

This Sheet Has Been Rep

T

'HHSSHEEFHASBEENJ
REPLACED




beam scanni ng. The devel opi ng devi ce 300 includes a toner storage chanber -
301, defined by the |ower case 220, so as to extend in the |ongitudinal
direction of the | ower case..220; a supply roller 310 di sposed so as to be
rotatable within the toner storage chanber 301; a developing roller 320
di sposed simlarly; and a regulation blade 330 in contact with the

peri pheral surface of the devel opi ng £Eller 320. The supply

Also, when the detection device is disposed downstream
of the toner supply port 243 and upstream of the developing
device 300, the new toners that are supplied just after
replacement of the toner tank 600 are detected and, therefore,
in spite of the fact that a sufficient quantity of toners are
not present in the developing device 300, there is a
possibility that the detection device detects or judges that a
sufficient quantity of toners are present there.

On the other hand, according to the present embodiment,
since the detection device 700 is disposed downstream of the
developing device 300 and upstream of the cleaning device 400,
the residual quantity of toners can be detected more positively
and quickly without incurring such inconvenience as mentioned
above. That is, according to the present embodiment, the
detection device 700 is provided at a position where the toners
are delivered first just after the toner storage chamber 301 of
the developing device 300 is filled with the toners and,
therefore, the detection device 700 is able to detect the
qguantity of the toners very positively.

(iii) According to the present embodiment, since the
sensor is formed of the optical sensor 730, it is possible to
control the variations in the output signals with respect to
environmental noises produced by the peripheral mechanisms of
the detection device 700, such as vibrations caused by driving
of devices, variations in temperatures and humidity, and the

like. Because of this, in forming successive images for a long
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roller 310 and devel oping roller 320 can be rotationally driven
respectively in directions of arrows shown in FIG 6 by a drive mechani sm
in linking with the drive nechani sm of the photosensitive drum 201. The
regul ati on blade 330 is fornmed of an elastic nenber such as a stainless
steel plate or the like and is nmounted to the upper case 230 by a nounting
menber 331. The supply roller 310 rotateiéwhile stirring the toners

period of time and in forming images under the high temperature
and high humidity environment or under the low temperature and
low humidity environment, —the detection device 700 is not
likely to malfunction, so éhat there can be obtained highly
reliable detect result. |

(iv) The coil spring 510 moves in sliding contact with
the detect window 710, and the sliding contact of the coil
spring 510 makes it possible to wipe away the toners adhered to
the upper surface 715 of the detect window 710.

Because of this, the light to transmit the detect
window 710 is not shielded by the toners and thus whether the
toners are present or not in the toner delivery path R can be
detected with high reliability.

In other words, according to the present image forming
equipment, since the coil spring 510 forms toner wiping means
for the detect window 710, the detection device 700 can be
wiped without providing special wiping means (such as a wiper
or the like) and a positive detect operation can be achieved.

Further, in the present embodiment, since the detect
window 710 includes the projecting surface 715 which projects
toward the coil spring 510, the projecting surface 715 is sure
to be in sliding contact with the coil spring 510 due to the
restitutive force caused by the elasticity of the coil spring
510 itself. This sliding contact action enables the toners
adhered to the projecting surface 715 to be wiped away more

completely, which prevents the light to be transmitted through
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stored within the toner storage chanber 301, and coats the toners onto the

surface of
surface of

t he regul ati on bl ade 330,

t he devel oping roller 320. The toners that are coated on the

t he devel oping roller 320 are brought into sliding contact with
so that they are turned into a thin |ayer and are
also fictionally electrified. Wth the bias voltage being applied to the

devel oping roller 320, the thin-Igéered toners are delivered to the

phot osensi
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tive drum 201 and are invert-
the detect window 710 from being erroneously shielded by the

toners. Therefore, it is possible to detect with high
reliability whether the toners are present in the toner
delivery path R or not.

(v) Since the reflection plate 720 energizes the coil
spring 510 toward the detect window 710, the above toner wiping
operation can be performed further positively without requiring
any other energizing means than the reflection plate 20. And,
as the result that the reflection plate 720 energizes the coil
spring sio, the toners adhered to the reflecting surface 724 of

the reflection plate 720 can be wiped away, which makes it

possible to detect the presence or absence of the toners in the

toner delivery path with higher reliability.

Also, according to the present structure, since it is
not necessary to wipe away the toners from the deteqt surface
by use of means having a strong stirring ability such as a
wiper or the like, such excessive stresses that can lower an
image quality are not applied to the toners. Thus, the present
invention possesses a stabilized image quality. The pressure
force to be applied between the coil spring 510 and the detect
surface may be preferably set in the range of 2 to 200 gf and,
more preferably, in the range of 5 to 50 gf.

(vi) Since the length L of the projecting surface 715
in the toner delivery direction is equal to or less than

2 pitches (2 p) of the coil spring 510, a further positive
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ingly devel oped on the |atent inmage on the surface of the photosensitive
drum 201 in a nip portion which consists of a pressure contact portion

bet ween the devel oping roller 320 and photosensitive drum 201. As a result
of this, the latent inmage on the surface of the photosensitive drum 201 is
devel oped to thereby forma toner image.

. 47
sliding contact operation can be obtained between the
projecting surface 715 and coil spring 510.

Fig. 21 (b) illustrates what happens if the length L’
of the projecting surface 715 in the toner delivery direction
is more than 2 pitches (2 p) of the cail spring 510. When
three portions 511, 512, and 513 where the coil spring 510 must
be in sliding contact with the projecting surface 715 due to
some curving and allowance of the coil spring 510, or due to
the fact that the coil spring 510 moves while it is pushed up
and thus curved slightly upwardly by the projecting surface
715, are provided, the central portion 512 floats up from the
projecting surface 715 as shown in Fig. 21 (b). Thus, there is
a possibility that a positive sliding contact condition cannot
be always obtained.

On the other hand, according to the present embodiment,
as shown in Fig. 21 (a), since the length L of the projecting
surface 715 in the toner delivery direction is equal to or less
than 2 pitches (2 p) of the coil spring 510, even if the coil
spring 510 has some curving or allowance, or even if the coil
spring 510 moves while it is slightly pushed up and thus curved
upwardly, the number of the portions of the coil spring 510
where it must be in 'sliding contact with the projecting surface
715 is at the most 2 (the two portions are designated by 511,
512, respectively). Therefore, the coil spring 510 can never
float up from the projecting surface 715, so that a positive

sliding contact condition can be obtained.
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-9- The toner image forned on the surface of the photosen- sitive drum 201°
I.s then transferred to recordi ng paper P which is being held between and
delivered by the transfer roller 106 (see FIG 4), to which a bias voltage
having a reversed polarity to the toner image is being applied, and the

phot osensitive drum 201.
48

(vii) As shown in Fig. 17 (b), since the side wall
surface 224a capable of sliding contact with the coil spring
510 to guide the same is so-_inclined as to form an acute angle
8 with respect to the projecting surface 715, in the contact
portion 510a between the inclined surface 224a and coil spring
510, a component force which energizes the coil spring 510
toward the projecting surface 715 is generated. As a result,
the coil spring 510 can come into sliding contact with the
projecting surface 715 more positively, and better detection
results are possible.

(viii) Because the contact surface of the detect
window 710 with the toner is formed of the material that is
situated on the same polarity side on the triboelectric series
with respect to the electrified polarity of the toner, the
toners existing in the toner delivery path do not easily adhere
electrostatically to the detect window 710. For this reason,
the light to transmit the detect window 710 is difficult to be
shielded by the toners, which makes it possible to detect with
high reliability whether the toners are present in the toner
delivery path or not. And, since the above-mentioned toner
wiping operation by the coil spring 510 in the contact surface
of the detect window 710 with the toners can be performed more
easily, the presence or absence of the toners in the toner
delivery path can be detected more positively.

(ix) Since the coil spring 510 and reflection plate

720 are both electrically floated, the toners are difficult to
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The cl eani ng devi ce 400 includes a cleaning blade 410, which is nounted to
the upper case 230 by a mounting member 420. The cleaning bl ade 410

i ncludes a | ower edge 411 which is in contact with the peripheral surface
af the photosensitive drum 201. Thus, the | ower edge 411, after the toner

i mage is transferred to the recording paper. scrapes the residual toners
adhered to the surface of the photogensitive drum 201 toward a toner
collect portion 560 in the toner

adhere electrostatically to the coil spring 510 and reflection
plate 720, which facilitates the toner wiping operation.
Therefore, it is possible to detect positively whether the
toners are present in the toner delivery path or not.

(x) If a toner absence condition is detected by the
optical sensor 730, then the alarm device informs the user of
this condition, and the user can replace the toner tank 600
properly.

In this state, as described before, normally, since a
given quantity of toners are still left in the developing
device 300 and are used for development, the printing operation
on the recording paper can be continued. And, since the
exposed portion 600A of the toner tank 600 is exposed
externally.of the main body case 101 out of the moving path of
the recording paper P, by gripping and rotating thg exposed
portion 600A while performing the printing operation, the toner
tank 600 can be replaced easily in a short time.

That is, for example, when the toners are going to run
out while documents including a large number of sheets of
recording paper are under printing, the toner absence message
is issued beforehand and, responsive to this, the user can
replace the toner tank 600 without interrupting the printing
operation, that 1is, the user can continue the printing
operation without interruption even during the replacement of

the toner tank 600.
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delivery device 500. After the residual toners are scraped off and thus the -
phot osensitive drum 201 is cleaned, the photosensitive drum 201 is noved
again to the above-nmentioned image form ng process. The toner delivery

devi ce 500 is disposed in a closed | oop between the devel opi ng devi ce 300
and cl eani ng device 400, and includes a coil spring 510 serving as toner

del i very

50

(xi) As described above, since at the time when the
toners in the develoéing device 300 begin to decrease in
quantity, this can be detected, it is possible to prevent
occurrence of a condition that the toners in the developing
device 300 are greatly reduced in quality or run out. This
prevents the toners or foreign substances such as paper powder
or the like from adhering to the regulation blade 330 portion.

That is, the developing device 300 is structured such
that a given developing operation can be performed in a
condition that a predetermined quantity of toners are present
in the toner storage chamber 301. When the quantity of the
toners in the toner storage chamber 301 is extremely small or
the toners run out, not only can a good developing operation
not be performed but also damage can occur due to the extremely
small quantity or absence of the toners. For example, when the
quantity of the toners in the toner storage chamber 301 is
extremely small, during the above-mentioned opération of the
developing device 300, the toners cannot be coated uniformly
onte the developing roller 320 by the supply roller 310, and
the toners on the surface of the developing roller 320 cannot
be turned into an even thin layer and cannot be frictionally
electrified uniformly in the image forming width direction. As
a result of this, the toners partially coated on the developing
roller 320 can suffer from unbalanced sliding contact in the
sliding contact portion of the regulation blade 330 and can be

fixed there forcibly, or a small quantity of strange substances
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means, a drive gear 520 engageable with the coil spring 510 to drive the
sane circulatingly, and a guide portion 530 (see FIG 8) fornmed in a
substantially groove-li ke shape and capable of sliding contact with the
coil spring 510 for guiding the sane. The coil spring 510 is structured in
an endless shape and is so disposed as to be novable in circul ati ng manner
between the inside of the cleaning,device 400 and the inside

such as paper powder or the like mixed into the toner storage
chamber 301 can be coated on the developing roller 320 to cause
clogging in the sliding contact portion of the regulation blade
330. When such fixing and clogging occur, even if toners are
replenished after such phenomena, they cannot be returned to
their original conditions, so that a good image formation
cannot be realized.

On the other hand, according to the image forming
equipment of the present embodiment, as described above, since
decrease in the quantity of the toners can be detected at the
time when the quantity of the toners begins to decrease, it is
possible to prevent the above-mentioned inconveniences.

Description will now -be given of a modification of the
above-mentioned embodiment. In the modification, the same
parts (including equivalent parts depending on the situation)
as those in the above-mentioned embodiment are given the same
reference characters in the following description.

Fig. 22 is a typical view of the modification relating
to the provision of the mechanism of detection device, in which
a reflection type optical sensor 730 is movably supported in
the main body of a recording device in such a manner that the
element surface of the reflection type optical sensor 730 is
able to followingly approach or stick to the surface of the
detect window 710 disposed in a portion of the toner delivery
path R of the image forming equipment. A sensor support base

member 35 is a member which is used to support and fix the
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of the devel opi ng device 300. The drive gear 520 can be driven by a drive
mechani sm (not shown) |linked with the drive nechani smof the photo-
sensitive drum 201 to drive the coil spring 510 circulatingly in a
direction of an arrowb in FIGS. 5-8. Now, FIG 8 is a typical plan view of
the whole of the image formng unit 200. As can be seen clearly fromFIG

8, the guide portion 530 52

reflection type optical sensor 730 directly. Between the

sensor support base member 35 and a main body support base
member 37 fixed to the printer main body, there is interposed
a coil spring 36 so that the reflection type optical sensor 730
is free to move in a range where the coil spring 36 is
elastically deformable with respect to the printer main body.

Therefore, even in a structure in which a case 210 including the

detect window 710 is easy to be shifted in portion or position,

since the element surface of the reflection type otpical sensor 730

is able to followingly approach or stick to the surface of the
detect window 710, not only large dimensional tolerances can be
obtained for the component parts but also the case 210
including the detect window 710 can be removed from and mounted
to the sensor 730. 1In the present embodiment, the coil spring
36 is interposed between the sensor support base member 35 and
main body support base member 37 so that the reflection type
optical sensor 730 is free to move. However, the invention is
not limited to the coil spring 36 but, as an urging member
capable of performing a similar function to the coil spring 36,
there can be used a plate spring, soft rubber, soft foam, or
the like. By structuring the toner residual quantity detection
device in this manner, the image forming equipment can be
freely removed from and mounted to the printer main body 100.

The reason why the detect window 710 is so disposed as
to be approachable or stickable to the reflection type optical

sensor 730 is to reduce flare light produced as a result of
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Is structured in a shape which can reformthe shape of the coil spring 510,
whi ch would nake a circle in its natural condition, into an alnost elliptic
shape when viewed in a plan view before it guides the coil spring 510. In
particular, the guide portion 530 includes two coner portions Cl, C2 which
are respectively formed in an alnost [err] arc shape, a corner portion C3
formed in a hem -arc shape, and two substantially |inear portions L1, L2
whi ch connect these 33 :

part of the light emitted from the light emitting element of
the reflection type optical sensor 730 is reflected by the
inner surface of the detect—window 710. The flare light must
be reduced sufficiently with respect to the reflected light
from the optical reflection plate 720 to be received by a light
receiving element. If the flare light that provides a noise
signal 1is approximate to the reflected 1light {rom the
reflection plate 720, which provides a normal signal, then the
S/N ratio is lowered. Therefore, even if the toners run short
on the toner detect surface, it is difficult to detect this
short condition as the toner absence condition because the
resolution of the detect signal is low.

Now, Fig. 23 is a graphical representation which shows
a relationship between the S/N ratio and the distance from the
reflection type optical sensor 730 to the detect window 710
respectively used in the detection device in the above
modification. The relationship holds also in the previously-
described embodiment.

The abscissa of Fig. 23 expresses a distance between
the reflection type optical sensor 730 and the detect window
710, while the ordinate expresses a ratio between a normal
signal provided by the reflected light from the reflection
plate 720 and a noise signal provided by the flare light, in
the form of S/N.

Since the S/N ratio lowers greatly as the distance

increases and the S/N ratio is 10 or less if the distance is
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corner portions with one another. - 10- One linear portion L1 of the two
| i near portions L1, L2, as shown in FIG 6, exists within the devel opi ng
devi ce 300, while the other linear portion L2 exists in the cleaning

54

1.5 mm or larger, it is difficult to detect the toner absence
condition under this condition. In consideration of the
manufacturing variations, environmental variations and aging
variations of the respectivé elements forming the reiflection
type sensor 730, the S/N ratio required for detection of the
toner absence condition must be 10 or more, preferably, 100 or
more. Therefore, the distance between the reflection type
optical sensor 730 and detect window 710 that satisfies the
above-mentioned S/N ratio is less than 1.5 mm and, preferably,
may be less than 0.6 mm. In the above-mentioned embodiment, as
the reflection type optical sensor 730, there is used a photo-
microsensor (model EE-SY 110, manufactured by Omron Co., for
example). However, this is ‘not limitative, and other 1light
emitting/receiving elements can be used in combination, or a
sensor which does not include an integral package of two light
emitting and receiving elements can also be used. Also, with
respect to the distance between the reflection type optical
sensor 730 and detect window 710 required as the condition to
satisfy the S/N ratio 10 or more, although the required vaiue
of the distance may vary according to the distance between the
light emitting and receiving elements, the angles of the light
emitting and receivinq elements relative to the reflection
plate 720 and the like, in fact, it is preferable that the
distance between the reflection type optical sensor 730 and
detect window 710 is reduced as much as possible. When the

distance between the reflection type optical sensor 730 and

™ THIS SHEET HAS BEEN
This Sheet Has Been Replaced _ REPLACED

L i




et

device 400. And for the one linear portion L1, a guide portion is defined
by a standup wall 221 provided in the |ower case 220 and, for the other

I'i near portion L2, a guide portion is defined by a recessed groove 222
formed in the upper portion of the |ower case 220. Al so, the linear portion
L1 existing within the devel oping device 300 is so structured as to guide
only the outside of the coil spring 515by neans of the standup wall 221,
Wth the result that there is forned

detect window 710 cannot be reduced, it is also possible to
interpose a light shield cover or the like for prevention of
the flare light between the 1light emitting and receiving
elements in order to reduce the quantity of the flare light to
be received by the light receiving element.

In the above-mentioned embodiment, the reflection plate
720 itself is formed of a metal plate having a springy
elasticity. However, alternatively, other kinds of structures
may also be used. For example, by supporting and pressing an
optical reflection plate, which is a rigid member, by use of
elastic means such as a coil spring, soft rubber, soft foam or
the like, a similar effect can be obtained.

Figs. 24 (a)-(c) are-typical views of modifications of
the mechanism of the pressure means which presses against the
coil spring 510 and the transparent detect window of the
detection device.

In particular, Fig. 24 (a) shows the structure of
pressure means using a support spring 51 which presses the coil
spring 510 through a pressure member 54 against a transparent
detect window 53. In this figure, reference character 52

designates a reflection plate.

Fig. 24 (b) shows the structure of pressure means which
presses the coil spring 510 through a transparent detect window
56.by means of the pressure of a support spring 57. 1In this

figure, 55 stands for a reflection plate.
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an opening portion 531 used to open the | ower portion of the coil spring
510 with respect to the devel opi ng device 300. That is, within the

devel opi ng device 300. only t.he outside of the coil spring 510 is guided by
the standup wall 221 to thereby be able to release the toners into the

devel -

opi ng device 300. On the other hand, in the toner collect portion

560 within the cleaning device 400, %%e upper portion of the coil spring
510 is opened toward the cleaning

Fig. 24 (c) shows the structure of pressure means which
presses the coil spring 510 against a transparent detect window
60 by use of a pressure -member 58. In this figure, 59
designates a reflection plaﬁe.

While description has been given heretofore of the
embodiment and its modifications according to the invention,
the present invention is not limited to the above-mentioned
embodiment and its modifications, but other various
modifications and changes are also possible without departing
from the scope of the subject matter of the invention.

For example, the sensor of the detection device is not
limited to the optical reflection type sensor but a
transmission type sensor can also be used. In this case, a
transparent detect window is provided instead of the reflection
plate.

Further, the detection device is not limited to the
optical detect type but an inductance detect type, an
electrostatic capacitance detect type, a current detect type,
a leakage magnetic flux detect type can also be used. That is,
any type of detection device can be used, provided that it is

able to detect the fact that the toners run out in the toner

delivery path.
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bl ade 410 in order to be able to receive and collect the toners that are
scraped off by the cleaning bl ade 410. The thus structured i mage form-nag-
unit 200 operates in the fol l-owi ng manner. As described before, the toners
are supplied to the surface of the photosensitive drumﬂ@]sh&yﬁismeenl‘eiﬁt

devel opi ng device 300 and the |atent image on the surfac _ “
photosensi tive drum 201 is devel oped Ry the toners, ther%““““‘ﬁ\“\u
WHAT IS CLAIMED IS:

l. Image forming equipment, comprising:

a developing device,_ in contact with a photosensitive
member, supplying toners onto a surface of said photosensitive
member and developing a latent image én said surface of said
photosensitive member, thereby forming a toner image;

a cleaning device, disposed downstream from said
developing device in sliding engagement with said
phctosensitive member, that removes and collects residual
toners adhered to said surface of said photosensitive member
after said toner image formed by said developing device is
transferred to paper;

a toner delivery device, interposed in a closed loop
between said developing device and said cleaning device,
delivering a portion of surplus toners not used for development
in said developing device to said cleaning device, and
delivering said residual toners collected by said cleaning
device to said developing device;

toner supply means for replenishing toners to a toner
delivery path in said toner delivery device; and

a detection device, disposed along said toner delivery

path, detecting toner depletion.
2. 1Image forming equipment as set forth in Claim 1,

wherein said detection device is disposed downstream of said

developing device and upstream of said cleaning device.

I
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toner inmage. After the toner image is transferred to. the recordi.ng paper P,
the residual toners adhered to the surface of the photosensitive drum 201
are renoved by the cleaning bl ade 410 of the cl eani ngThieShea &asiBkon Repihcadr €

then collected into the collect portion 560 provided i q "uﬁumﬁm“wmw ce

400. Between the cl eaning device 400 and devel opi ng de
3. Image forming equipment as set forth in Claim 1,

provi ded the endl ess coil spring 510 such that
58

wherein said detection device comprises a detect window
provided in said toner delivery path and an optical sensor

provided in said detect window.

4. Image forming equipment as set forth in Claim 3,

wherein said detect window is electrically floated.

S. Image forming equipment as set forth in Claim 3,
wherein at least a surface of said detect window that contacts
said toners is formed of a material having the same polarity as
an electrified polarity of said toners in a triboelectric

series.

6. Image forming equipment as set forth in Claim 3,
wherein said toner delivery device includes a toner delivery
member movable circulatingly between said developing device and
cleaning device, and said toner delivery member moves in

sliding contact with said detect window.

7. Image forming equipment as set forth in Claim 8§,

wherein said toner delivery member is electrically floated.

8. Image forming equipment as set forth in Claim 6,
wherein said detection device comprises a detect window

provided in said toner delivery path, an elastic reflection
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It can circul ate between the inside of the cleaning device and--the--irnside
of the devel oping device. Since the coil spring 510 is circulatingly driyven
by the drive gear 520, part of the surplus toners, mhlcmmﬁmemskOB@ e
toner storage chanber 301 of the devel opi ng device 300 a f“ n
used for devel opnent, are delivered to the cleaning deV|q oi
spring 510, while the residual toners_collected into the eanlng devi ce
400 are stirred and m xed with the suﬁglus

plate disposed facing said detect window, and an optical sensor
of a reflection type provided in said detect window, and said

reflection plate urges said_ _toner delivery member toward said

detect window.

9. Image forming equipment as set forth in Claim 8,
wherein said toner delivery path includes a side wall surface
capable of sliding contact with said toner delivery member to
guide said toner delivery member, and at least the surface
portion of said side wall surface situated adjacent to said
detect window is inclined so as to form an acute angle with

respect to a surface of said detect window facing said toner

delivery path.

10. Image forming equipment as set forth in Claim 8,

wherein said reflection plate is electrically floated.

11. Image forming equipment as set forth in Claim 8,
wherein at least a surface of said reflection plate that
contacts said toners is formed of a material having the same
polarity as an electrified polarity of said toners in a

triboelectric series.

12. Image forming equipment, comprising:
a developing device, in contact with a photosensitive

member, supplying toners onto a surface of said photosensitive
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toners and are then delivered to the devel opi ng device 300. The toners
delivered to the devel oping device 300 are rel eased toward the tonér

storage chanber 301 if the toners - 11- within tthﬁgﬂ%hﬁéhmmigﬁ chanber

361 Rave o consurea T

member and developing a latent image on said surface of said

60

photosensitive member, thereby forming a toner image;

a cleaﬁing device, disposed downstream from said
developing device in sliding engagement  with said
photosensitive member, that removes and collects residual
toners adhered to said surface of said photosensitive member
after said toner image formed by said developing device is
transferred to paper;

a toner delivery device, interposed in a clused loop
between said developing device and said cleaning device,
delivering a portion of surplus toners not used for development
in said developing device to said cleaning device, and
delivering said residual toners collected by said cleaning
device to said developing device;

toner supply means for replenishing toners to a toner
delivery path in said toner delivery device; and

an elastic toner delivery member, circulatingly movable
in said toner delivery path in said toner delivery device;

a transparent detect window disposed in said toner
delivery path and including a projecting surface projecting
toward said elastic toner delivery member; and

an optical sensor provided in said detect window.

13. Image forming equipment as set forth in Claim 12,
wherein said optical sensor is disposed downstream of said

developing device and upstream of said cleaning device.
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and the |

oper ati on,

gradual | y

taners consuned are replenished fromthe toner tank 60

demands.
the print

evel surface thereof is |lowered. By repeating the--abeve--nentioned

the toners within the inmage formng unit 200 are consuned

I

14. Image forming equipment as set forth in Claim 12,

As shown in FIGS. 1 and 14, inghhe upper surf*ﬂﬂl&
er main body, there is opened up a to

wherein said elastic toner delivery member comprises a coil
spring, and wherein the length of said projecting surface of
said detect window in the toner delivery direction is equal to

or less than 2 pitches of said coil spring.

15. Image forming equipment as set forth in Claim 12,
wherein at least said projecting surface of said detect window
is formed of a material possessing the same polarity as an

electrified polarity of said toners in a triboelectric series.

16. Image forming equipment as set forth in Claim 12,
wherein said elastic toner delivery member is electrically

floated.

17. Image forming equipment as set forth in Claim 12,

wherein said detect window is electrically floated.

18. 1Image fofming equipmenf as set forth in Claim 12,
wherein said optical sensor comprises an optical sensor of a
reflection type, an elastic reflection plate is provide@ at a
position facing said detect window with said elastic toner
delivery member between said reflection plate and said detect
window, and said reflection plate energizes said elastic toner

delivery member toward said detect window.

gy

while a quantity of toners correspondi ng tﬁmsmwaimammnk éplacid t he
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tank nmounting hole 10la through which the toner tank 600 can be renovably
nmounted to the upper case 230 of the image form ng unit 200. In the inner
wal | surface of the nounting--hole 10la, there is fornmed a gui de groove 101b
used to guide a projected portion 616 (see FIG 9) which is provided in the
toner tank 600 to be discussed bel ow. Next, description wll be given bel ow
of.the structure of the toner tank 699 with reference to FIGS. 9 and 10.

19. Image forming equipment as set forth in Claim 18,
wherein said reflection plate is electrically floated.

20. Image forming eduipment as set forth in Claim 18,
wherein at least a surface of said reflection plate that
contacts said toners is formed of a material possessing the
same polarity as an electrified polarity of said toners in a

triboelectric series.

21. Image forming equipment as set forth in Claim 18,
wherein said toner delivery path includes a side wall surface
capable of sliding contact with said elastic toner delivery
member for guiding said elastic toner delivery member, and at
least the surface portion of said side wall surface situated
adjacent to said detect window is so inclined as to form an
acute angle with respect to said projecting surface of said

detect window.
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The toner tank 600 includes a transparent tank case 610 into which toners

are | oaded, an agitator 620 di sposed within the tank case 610 such that it
is rotatable, a shutter portion 630 provided in the bottom-pertion of the

tank case 610, and a cover 640. In the botton1port|on 611 of the tang case
610, there are provided an axial hole 612, a toner

pin 614. Also, on the outer peripheral surface 615 of “\\‘ ﬁ“ﬁ\wﬁﬁ“
63

22  Image forming equipment comprising a developing device for forming a latent
image on a member; a toner supply means for providing toner used to form the latent
image; a cleaning device which removes toner from said member; a toner delivery path
for allowing toner to be transferred between the developing device, supply means and
cleaning device; and detection means for providing an indication of the quantity of toner
in the delivery path.

23. Image forming equipment according to claim 22, wherein the detection means is
for providing an indication of the quantity of toner in a part of the delivery path between
the developing device and the cleaning device.

24. Image forming equipment according to claim 22 or 23, wherein a toner delivery
member is provided in said delivery path for urging the toner to flow therealong.

25. Image forming equipment substantially as hereinbefore described with reference
to and/or as illustrated in any one of the figures of the drawings or any combination
thereof. '

26. A detection device providing an indication of the quantity of toner in a toner
delivery path in image forming equipment, the detection device comprising a window
through which radiation can pass which is insertable in a wall defining the toner delivery
path, and an optical sensor for detecting radiation passing through said window, the
arrangement being such that the quantity of detected radiation is indicative of an amount
of toner in said toner delivery path.

27. A detection device according to claim 26, wherein means are provided for
reducing the tendency for toner to adhere to said window.

28. A detection device substantially as hereinbefore described with reference to
and/or as illustrated in any one of the figures of the accompanying drawings or any
combination thereof.
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case 610, there are provided a pair of projected portions 616 which are
renmovabl y engageable with a pair of dovetail grooves L-shaped grooves) 242,
242 formed in a recessed portion 240 (see FIG 12) in the upper case 230 to
be di scussed later. The agitator 620 includes a shaft portion 621, a
scrape-up bl ade 622 used to scrape up the toners in the tank case 610, and
a stir blade 623 forned integrally with e scrape-up

ABSTRACT
IMAGE FORMING EQUIPMENT AND TONER QUANTITY
DETECTION DEVICE THEREFOR

Image forming equipment, which includes a developing device for supplying
toners to the surface of a photosensitive member and developing a latent image on the
surface of the photosensitive member to thereby form a toner image; a cleaning device
for removing and collecting residual toners adhered to the surface of the photosensitive
member after the toner image formed by the developing device is transferred to paper; a
toner delivery device interposed in a closed loop between the developing device and
cleaning device for delivering part of the surplus toners that have not been used for
development in the development device to the cleaning device and for delivering the
residual toners collected by the cleaning device to the developing device; -and a toner
tank for supplying toners to a toner delivery path R of the toner delivery device, is
provided. In the image forming equipment, by providing a detection system for
detecting the depletion of the toners with respect to the toner delivery path, the residual
quantity of toners can be detected positively without increasing the size of the

developing device.
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bl ade 622 for stirring the toners in the tank case 610. And the shaft
portion 621 is rotatably nounted to the axial hole 612 in the tank case
bottom portion through a seal ring (not shown). In the shaft portion 621,
tHere is formed a groove 625 which is engageable with a shaft 521 provided
in the drive gear 520, when the toner tank 600 is nmounted to the upper case
230 of the image formng unit in a manner to be discussed later. Also, in

the stir blade 623, as shown by an{(iz_
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| magi nary line, there can be provided integrally a w per-Ilike cleaning
menber 626 which is formed of rubber or the like for cleaning the inner
surface of the tank case 610. The shutter portion 630 includes a seal

wal |
menber 631 fornmed of an elastic material such as a sponge or the like, a

dISk shaped shutter 632, and a guide menber 633.
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- 12 - The seal nenber 631 is fornmed in a fan shape and can be fitted into
a-recessed portion 611la which is fornmed in the tank case bottom portion 611
and is identical in shape with the seal nenber 631. The seal nenber 631

i mcl udes an axial hol e 631a which, when the seal nenber 631 is fitted into

the recessed portion 61l1la, coincides with the axial hole 612 in
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the tank case bottom portion, and a toner supply port 631b whi ch coinci des
with the toner supply port 613 in the above-nentioned fitted condition. The
shutter 632 includes an axial hole 632a to be coin- cident with the axial
hole 612 in the tank case bottom portion 611, a toner supply port 632b to
be coincident with the toner supply port 613, an arc-shaped el ongated 632c
into which the pin 614 of the tanKl?pse bottom portion can be inserted,

! o e
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and an engagi ng hol e 632d engageable with a pin 244 provided in the upper
case 230 of the inmage formng unit which will be discussed |ater. The guide
menber 633 is formed in a ring shape as a whole and is nounted on a stepped
portion 611b which is provided in the tank case bottom portion 611. Wen it
I's mounted, the four square holes 633e of the guide nmenber 633 are
respectively engaged with four enggqhng claws 61lle
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provided in the stepped portion 611b and thus the guide nenber 633 is fixed
to the tank case bottom portion 611, while the inner surface (upper
surface) of the bottom edge portion 633f thereof supports the peripheral

edge portion 632f of the shutter 632 in a slidingly rotatable manner. Al so,

t he gui de nenber 633 includes an elastic arp-shaped t ongue pi ece 633g
formed integrally therewth and, in the Ie%dﬁhg end portion of the tongue

pi ece 633g,

there is provided a
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projection 633c which can be |oosely fitted fromthe back surface thereof
(t+ he upper surface side in FIG 10) into the engaging hole 632d of the
shutter 632 (see FIG 13). The shutter 632 is nounted to the guide nenber

633 fromthe upper surface side of the guide nenber 633 by inserting the
shutter 632 under the tongue piece 633g. The engagenent of the projection
633c into the engagi ng hol e 632d prevent s t he i nadvertent '

i I»A—

rotation of the

shutter 632 and coi nci des the
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toner supply port 632b with the toner supply port 613 of the tank case
bottom portion to thereby prevent the | eakage of the toners existing wthin
the toner tank case 610. In the toner tank 600 structured in the above
manner, when the respective parts thereof are assenbl ed together, the pin
614 in the tank case bottom portion extends through the el ongated hole 632c

of the shutter 632 and the | eading end nLﬁthe pin 614 projects out fromthe
el ongat ed hol e 632c (see :
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FIG 13). The seal nenber 631 is bonded to the tank case - 13 - bottom
portion 611 in such a manner that the toner supply port 631b thereof is
coincident with the toner supply port 613 of the tank case bottom portion

611, and is held while
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it
t he seal nenber

IS pressed by the shutter 632. This inproves the cl ose adherence between
613 and shutter 632 to thereby be able to prevent the

| eakage of the toners. The shutter 632 is held between the tank case bottom
portion 611 and gui de nmenber 633 in such a manner that it can be rotated
and slid in a direction of an arrowa or bin FIG 10 in such a range as
the pin 614 can nove relatively aIQBgnghe el ongated hole 632c. That is, in
the shutter portion 630, only :
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the shutter 632 can rotate and slide relatively with respect to the tank
case 610. Wien the toner tank 600 is not nounted to the image formng unit,
the toner supply port 632b of the shutter 632 is not coincident with the
toner supply port 631b of the seal nmenber 631. That is, the toner supply
port 631b of the seal nenber 631 is sealed by the shutter 632. Next,
description will be given bel ow of {{i€20ounting portion 240 of the toner
tank 600 in the upper case 230 of
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the image formng unit with reference to FIGS. 11 and 12. The nounti ng
portion 240 is structured as a recessed portion in which the respective
parts of the | ower portion of the toner tank 600 are fitted with one
another. That is, the shutter portion 250, the stucture of which is

basi cal |y the same as that of the abave;gentioned shutter portion 630 of
t he toner tank 600, is incorporated i-ht-e=the recessed portion. In the

bottom surface 241 of the recessed portion, there
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are di sposed an axial hole 245 into which the shaft 521 of the drive gear
Is inserted, a toner supply port 243 (see FIG 8) facing a portion at which
the drive gear 520 and coil spring 510 in the above-nentioned circulation
path of the coil spring 510 begin to mesh with each other, and a pin 244.

Al so, in the inner peripheral surface of the recessed portion, there are
formed a pair of dovetail grooves Ugfgﬂhped grooves) 242,242 which can be

renovabl y engaged with the
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above-nenti oned projected portions 616 of the toner tank. Each dovet ai
groove 242 includes a vertical groove 242a and a horizontal groove 242b,
while the upper end of the vertical groove 242a is connected with the | ower
ehd of a guide groove 101b formed in a nounting hole 10la (see FIG 14) in
the above-nentioned printer main body., Al so, the term nal end of the

hori zontal groove 242b fornms a regul@tioen portion which regul ates the

term nal end of the -
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- 14 - rotational operation of the toner tank 600 in the toner tank
nmounti ng operation which will be discussed |later. The shutter portion 250

i ncludes a seal nmenber 251 formed of an elastic nmenber such as a sponge or
the like, a -
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di sk-shaped shutter 252, and a gui de menber 253. The seal nmenber 251 can be
fitted into and bonded to a recessed portion 241[err] which is fornmed in
the bottom surface 241 of the recessed portion and is identical in shape
with the seal nenber 251. The seal nenber 251 includes a toner supply port
251[err] and a toner supply port 251b, which can be respectively coincident

with the shaft hole 245 and toner supply port 243 when the seal member 251
.is fitted into the 6/22. '
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recessed portion 241[err]. The shutter 252 includes a shaft hole 252[err]
tb be coinci- dent wwth the shaft hole 245, a toner supply port 252[err]

whi ch can be coincident with the toner supply port 243, an arc- shaped
el'ongat ed hol e 252[err] into which the pin 244 is inserted, and an engagi ng
hol e 252[err] engageable with the pin 614 of the toner tank 600. The guide
meénber 253 has a substantially rind-yVKELshape

Fl& (9
|
!
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and is to be nounted in the recessed portion (240). Wen the gui de nenber
253 is nounted, the two engaging claws 253[err] thereof are respectively

engaged i nto engagi ng holes (not shown) forned in the wall surfaces of the
wher eby the gui de nmenmber 253 can be fixed in the recessed

recessed portion,
portion while the | ower surface of the bottom edge portion 253[err] thereof
supports the peripheral edge portion 252[err] of the shutter 252 (see FIG

13). The guide menmber 253 includes 52{22_ T
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A

an elastic arc-shaped tongue piece 253g provided integrally therew th and,
isn the | eading end portion of the tongue piece 253g, there is provided a
proj ection 253c (see FIG 13) which can be loosely fitted into the engagi ng
hel e 252[err] fromthe back surface side (in FIG 10, the |lower surface
side) thereof. The shutter 252 is so guided as to pass above the tongue

prece 253g fromthe |ower surface sp@i@@j the gui de nenber 253 and |s
i nserted bel ow t he gui de nenber 253. T
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Engagenment of the projection 253[err] into engaging hole 252[err] prevents
thhe shutter 252 fromrotating inadvertently, for exanple, when the printer
main body is in transit, while coincidence of the toner supply port 252b
wirt h the toner supply port 243 prevents the | eakage of the toner used in
the image form ng unit-200. Wen the.inmgge formng unit 200 is assenbl ed,
the pin 244 on the bottom surface ofggﬁe“recessed portion extends
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t hrough the el ongated hole 252[err] of the shutter 252 and the | eading end
portion thereof projects out fromthe elongated hole 252[err] (see FIG
13). Al'so, the seal nenber 251 is held -15- while it is pressed by and

bet ween the bottom surface 241 of
~Li22
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<

the recessed portion and the shutter 252. This inproves the close contact
bet ween the seal nenber 251 and shutter 252 to thereby be able to prevent
the | eakage of the toners. The shutter 252 is held between the bottom
syrface 241 of ¢t he recessed portion and guide nmenber 253 such that it is
rotatable in a direction of an arrow a orb shown in FIGS. 11 and 12 within
such a range that the pin 244 can noye ME+at|ver with respect to and al ong
t he el ongat ed hol e 252c.
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Thét I's, in the shutter portion 250, only the shutter 252 is allowed to

_rotate’and slide relatively with respect to the upper casep23®., finse
the toner tank 600 is not .nounted, the toner supply port .A@ﬁﬁﬁﬁNT%ﬁﬁﬂ@f
shutter 252, as shown in FIG 11, is not coincident with tjhg toner supply

port 251[err] of the seal nenber 251. That is, the toner supply8a0Y 1996
251[err] of the seal nenber 251 is seajed by the shutter 251.

IMAGE FORMING EQUIPMENT AND TONER
QUANTITY DETECTION DEVICE THEREFOR
The present invention relates to image forming
equipment and more particularly, but not exclusively, to
image forming equipment such as a printer, a copying machine,
a facsimile machine, and the like which use toners to form an
image onto recording paper according to an
electrophotographic method. The present invention further
relates to a toner quantity detection device and a technique
for detecting the residual quantity of toners.
The present inventors have developed image forming
- equipment which includes: a developing device which supplies
toners to the surface of a photosensitive member and develops
a latent image on the surface of the sensitive member to
thereby form a toner image; a cleaning device which, after
the toner image formed by the developing device is
transferred to paper, removes and collects the residual
toners attached to the surface of the sensitive member; a
toner delivery device, interposed in a closed loop between
the developing device and the cleaning device, which delivers
a portion of a surplus toners that have not been used for
development in the developing device to the cleaning device
and delivers the residual toner collected by the cleaning
device to the developing device; and toner supply means,
which supplies the toners to a toner delivery path of the

toner delivery device.

et o e e T
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Now, the nounting and renoving operations of the toner t amgCROP~A
respect to the above structured nounting portion 240 are $32 “ﬁﬂ@ VT%SHEET
FIG 13 is a typical section view of the toner tank 600 ahd]nounti ng
portion 240, showing a state just before the toner tank 6 | & STNOVt g4t O
the nounting portion 240. Description wll be given bel ow of the nmounting
and renovi ng operations and the operation of the toner tank GO0 TTErT-y—wHt I
reference to FIG 13. -2 -

In such image forming equipment, the delivery of the
toners is entrusted to the toner delivery device and the
toners is supplied to the toner delivery path R, which makes
it possible to miniaturize not only the developing device but
also the whole image forming equipment and, at the same time,
to improve the degree of freedom of the layout to a great
extent. Now, in Japanese Patent Publication No. 63-246780 of
Showa, there is disclosed image forming equipment which
includes: a belt-shaped member interposed between the
interior of a developing device as described above and the
interior of a cleaning device, which removes and collects the
residual toners attached to the surface of the photosensitive
drum, the belt—shaped member being driven around the cleaning
and developing device; and toner removing means, provided in
the developing device, for removing the residual toners
attached to the surface of the belt-shaped member in the
interior of the cleénin§ device from the blt-shaped member in
the interior of the developing device. However, the belt-
shaped member disclosed in the image forming equipment does
not deliver part of the surplus toners that have not been
used for development in the developing device to the cleaning
device. Also, in the subject publication (that‘is, Japanese
Patent Publication No. 63-246780 of Showa), no teaching is
disclosed regarding a toner supply means which is used to
supply toﬁérs to the toner delivery path of the toner

delivery device.

..“
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Atﬂfirst, the toner tank 600 is inserted into the nounti
. (see FIG 14) of the main body case in such a manner that

L)

portions 616 of the toner tank 600 am coincident with gujd rooves
101[err] formed in the mounting hole 101[err]. If insertpd FH%NHVdpaétl
616 are guided by the guide grooves 101[err] such that they nove downwar{dl

Ef

on

within the guide grooves 101[err], further advance into fhe vertical

grooves 242[err] of the dovetail grooves-

On the other hand, in the image forming equipment

which uses toners to form an image on recording paper

according to an electrophotographic method, it is necessary

to provide a toner residual quantity detection device which

detects the residual quantity of the toners because recording

is impossible if the toners run out in the developing device.
In conventional image forming equipment, normally,

for example, as disclosed in Japanese Patent Publication No.

4-97179 of Heisei, the toner residual quantity detection

device is provided in the developing device.

However, when the toner residual quantity detection

device is provided in the developing device as in the

conventional image forming equipment, the developing device

becomes inconveniently large.

Therefore, if this conventional technique is used in

the image forming equipment developed by the present

inventors, -the resultin§ combination goes against the object

of the image forming equipment (i.e., the miniaturization of

the developing device) and is thus not desirable.

It is an object of the invention to solve the above-
mentioned problems and also, in the above-mentioned image
forming equipment developed by the present inventors, to be
able to detect precisely the residual quantity of the toners

without incurring any increase in the size of the developing

device.

According to the invention, there is provided image
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forned in the nmounting portion 240 of the inmage forn1ng REPLA@EMEmﬁagHEET
| ower ends of the vertical grooves 242a and stop there 3—SHows—a

state just before the projec- tions 616 reach the Iomer nd of &nglﬁ%%% Ea

groove 242[err]). At that time, the shaft 521 of the geaj $2¢F¥% t ed
with the shaft portion 621 of the agitator 620 of the topei_tank 600. Al ko
the pin 614 of the toner tank 600 is fitted into the engaging hole 252[err
of the shutter 252 provided in the - 4 -

forming equipment which comprises: a developing device, in
contacts with a photosensitive member, supplying toners to
the surface of a photosensitive member and developing a
latent image on the surface of the photosensitive member,
thereby forming a toner image; a cleaning device, that
removes and collects the residual toners that are still
attached to the photosensitive member surface after the toner
image formed by the developing device is transferred to
paper; a toner delivery device, interposed in a closed loop
between the developing and cleaning devices delivering a
portion of surplus toners not used for development in the
developing device to said cleaning device, and delivering the
residual toners collected by the cleaning device to the
developing device; toner supply means for supplying toners to
a toner delivery path of the toner delivery device; and a
detection device.provided %n the toner delivery path,
detecting toner debleti&n. The detection device, preferably,
may be disposed downstream of the developing device and
upstream of the cleaning device. Also, the detection device,
preferably, may include a detect window provided in the toner
delivery path, and an optical sensor provided in the detect
window. Preferably, the detect window may be floated
electrically. At least the surface of the detect window that
contacts the toners may be formed of a material that
possessesﬁfhe same polarity as an electrified polarity of the

toners in a triboelectric series.
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nDhnting portion 240 of the image formng unit to press i&ﬁLAGENﬁﬁHﬁ&HEE

. 253[err] of the tongue piece 253[err] to thereby renove
shutter 252 by the projection 253[err]. At the sane tine

provi ded on the nounting portion 240 side is fitted into}the éﬁgaglng6ho

632d of the shutter 632 to press up the projection 633[elr]
pi ece to thereby renove the | ocking of the shutter

v

he

- 5 -
Also, the toner delivery device may include a toner
delivery member movable circulatingly between the developing
and cleaning devices, and the toner delivery member may be
preferably arranged such that it moves in sliding contact
with the detect window. It is also preferable that the toner
delivery member may be floated electrically. Now, the
detection device may include the detect window provided in
the toner delivery passage, an elastic reflecting plate
disposed to face the detect window, and a reflection type
optical sensor provided in the detect window, while the
reflecting plate may preferably energize the toner delivery
member toward the detect window. Further, the toner delivery
path may include a side wall surface which is capable of
sliding contact with the toner delivery member to guide the
toner delivery member and, preferably, at least the surface
portion of the side wall surface situated in the neighborhood
of the detect window méf be so inclined as to form an acute
angle with respect to the surface of the detect window facing
the toner delivery passage. Moreover, preferably, the
reflecting plate may be electrically floated. It is
preferably, in some cases, that at least the surface of the
reflecting plate that contacts the toners may be formed of a
| material that possesses the same polarity as an electrified
polarity of the toners in a triboelectric series.
Aléo, according to the invention, there is provided

-image forming equipment which comprises: a developing
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- 16 - 632 by the projection 633[err]. Next, the toner RFBL&QENE%H}SHEEE
counterclockwi se, that is, in a direction of an arrow b {sh ' 1
Responsive to this, the projected portions 616 of the tdndr t 5 @ar
respectively allowed to enter the horizontal grooves 242b of‘%%{}\@(}@g

}

i
|
|

- 6 -
device, in contacts with a photosensitive member, supplying
toners to the surface of a photosensitive member and |
developing a latent image on the surface of the
photosensitive member, thereby forming a toner image; a
cleaning device, for removing and collecting the residual
toners that are still attached to the surface of the
photosensitive member after the toner image formed by the
developing device is transferred to paper; a toner delivery
device interposed in a closed loop between the developing and
cleaning devices for delivering, to the cleaning device, part
of the surplus toners that have not been used for development
in the developing device, and for delivering, to the
developing device, the residual toners collected by the
cleaning device; a toner supply means for supplying toners to
a toner delivery path of the toner delivery device; an
elastic toner delivery member movable circulatingly within
the toner delivery-path”of the toner delivery device; a
transparent detect window provided in the toner delivery path
and including a projecting surface projecting toward the
elastic toner delivery member; and an optical sensor provided
in the detect window. Preferably, the optical sensor may be
disposed downstream of the developing device and upstream of
the cleaning device. Also, it is preferable that the toner
delivery means may be formed of a coil spring and the length
of the préiecting surface of the detect window in the toner

delivery direction may be equal to or less than 2 pitches of

This Sheet Has Been Replaced

"I SHEET HAS BEEN
REPLACED

MR




t he’ dovetail grooves and get engaged with themto thereb REPLACE EN QHEE};;

.slippage of the toner tank 600. That is, the toner tank p0OD now nountje
‘in the nounting portion 240. As described above, the pin 61423#N9HéW96ner
tank is fitted into the engagi ng hole 252d of the shuttef 252 of the
mounting portion 240, and the pin 244 provided on the nting portron 24

side is fitted into the engagi ng hole 632d of the shutter—632—0f the toney
tank. Because of this, if the toner _ - _

the coil spring. Preferably, at least the projecting surface
of the detect window may be formed of a material that
possesses the same polarity as an electrified polarity of the
toner in a triboelectric series, and the elastic toner
delivery member may be floated electrically. It is also
preferable that the optical sensor may comprise a reflection
optical sensor, and that an elastic reflection plate may be
disposed opposite the detect window with the toner delivery
member between them, and the reflection plate may be urge the
toner delivery member toward the detection window.
Preferably, the reflection plate may be electrically floated
and, depending on the situation, at least the surface of the
reflection plate that contacts the toners may be formed of a
material that is possesses the.same polarity as an
electrified polarity of the toner in a triboelectric series.
The toner delivery path may include a side wall surface which
is capable of sliding céﬁtact with the toner delivery member
for guiding the same and, preferably, at least the surface
portion of the side wall surface existing in the neighborhood
of the detect window may be so include as to form an acute
angle between the projecting surface of the detect window and
itself.

For a better understanding of the invention,
embodiments will now e described be way of example, with
reference'ﬁo the accompanying drawings, in which:

Fig. 1 is a perspective view of a printer using an
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tank 600 is rotated in the direction of the arrow b shown REPEA@H%E‘W[&M',

. the shutter 252 of the nounting portion 240 is rotated todge
toner tank 600 in the sane direc- tion, that is, in the dire
arrow b shown in FIG 11, nanely, counterclockw se so that| t|h

Ctlggﬁé{1éUppEy

pnrt 251b_af.i

port 252b of the shutter 252 coincides with the toner supgly
the seal nenber 251. On the other hand, the shutter 632 ofj t

he toner tank

H
{
;
|

600 does not nobve even if the toner taBk-

embodiment of image forming equipment according to the

invention;

Fig. 2 is a front view of the above printer;

Fig. 3 is a plan view of the above printer;

Fig. 4 is a section view of the above printer;

Fig. 5 is a partially omitted perspective view of an

image forming unit and a toner tank respectively employed in

the above printer;

Fig. 6 is a section view taken along the line Vi-Vi

in Fig. 5;

Figure 7 is a typical plan view of the image forming

unit and toner tank;

Figure 8 is a typical plan view of the whole image

forming unit;

Fig. 9 is a perspective view of the toner tank when

viewed from below;

Fig. 10 is an eiploded perspective view of the toner

tank;

Fig. 11 is a plan view of the image forming unit;

Fig. 12 is an exploded perspective view of the toner

tank mounting portion of the image forming unit;

Fig. 13 is a typical section view showing a state

just before the toner tank is mounted to the mounting portidn

of the image forming unit;

Fig. 14 is a partially perspective view of a case for

a printer main body;
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‘ IREPLALEN. D -
600 is rotated in the arrow b direction and, therefore, tHe[Shutter 632
noves cl ockwi se as shown by an arrow a in FIG 9 relativelly
the toner tank 600, so that the toner supply port 632b coijn
toner supply port 631[err] of the seal nenber 631. In othgr
toner supply ports 613, 631[err], 632[err], 252[err], 251flerr], and 243 of
all parts are all coincident with one another, which allows The toner to"f)""‘i
supplied fromthe toner tank 600 to - I% 4 mage

wig B 1epRAECE to

s with th e

Fig. 15 is a partially enlarged view of Fig. 8;

Fig. 16 is a section view taken along the line XVI-
XVI in Fig. 15;

- Fig. 17 (a) is a section view taken along the line
XVII-XVII in Fig. 15;

Fig. 17 (b) is a partially enlarged view of Fig. 17
(a);

Figs. 18 (a) to (c) are detail views of a detect
window employed in the invention; in particular, Fig. 18 (a)
is a front view thereof, Fig. 18 (b) is a left side view
thereof, and Fig. 18 (c) is a bottom view;

Fig. 19 is a perspective view of a reflection plate
employed in the invention;

Figs. 20 (a) and (b) are respectively general section
views taken along the line XX-XX in Fig. 8, showing different
states of the toner in a developing device;

Figs. 21 (a) and (b) are respectively explanatory
views of the detection operation;

Fig. 22 is an explanatory view of a modification of
the above embodiment;

Fig. 23 is a graphical representation of a
relationship of an S/N ratio with respect to the distance
between an optical sensor of a reflection type and a detect
window; and

Figs. 24 (a), (b) and (c) are respectively

explanatory views of other modifications.
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formng unit 200. In a state that the toner tank 600 is nj
.image formng unit 200 in the above-nentioned nmanner, if
unit 200 is operated in the above manner, then the agitat
rotationally driven by the shaft 521 of the drive gear 52
toners stored in the tank case 610 are stirred upwardly by
bl ade 622 of the agitator 620, if

- 10 -

Referring to Figs. 1 to 4, reference character 100
designates a printer main body and 101 stands for a case for
the printer main body 100. Within the case 101, there are
disposed a paper feed roller 102, an optical unit 110, an
image forming unit 200, a fixing unit 120, and a paper
discharge roller 103. For reference, in Fig. 1, the image
forming unit is drawn in a general manner (that is, in a
typical manner).

Numeral 600 designates a toner tank which serves as
the toner supply means that replenishes toners to the image
forming unit 200. The present image forming equipment
comprises mainly the optical unit 110, image forming unit
200, and toner tank 600.

The toner tank 600 is disposed such that, when it is
mounted in the main body 100, the upper portion thereof is
exposed externally of the case 101. In Fig. 3, P2 designates
the recording paper that is being discharged onto a paper
discharge tray 108, and in Fig. 2, P3 stands for the
recording paper that has been discharged onto the paper
discharge tray 108. As can be seen clearly from these
figures, the exposed portion 600A of the toner tank 600 is
exposed externally of theﬁcase 101, away from the moving path
of the recording paper.

Description will now be given in detail of the main
body 100, image forﬁing unit 200, and toner tank 600. First,

however, the whole structure of the main body 100 will be
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the toners in the image formng unit 200 are consuned, t

stored in the tank case 610 drop freely by a quantity co

quantity of the toners con- suned fromthe toner supply p

i mge formng unit 200 through the above-nentioned respe
ports and the toner supply port 243 of the upper case 23D
toners can be replenished into the inmage formng unit 200.

- 11 -

described.
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so that

In the back portion of the case 101, there is

disposed a paper feed tray 104 such that it is rotatable.

The paper feed tray 104 includes a base portion 104a

supported rotatably by the back portion of the case 101 and a

tray 104b so mounted as to be slidable with respect to the

base portion 104a. While not in use, as shown by a broken

line in Fig. 4, with the tray 104b stored in the base portion

104a, the paper feed tray 104 is folded so as to be in close

contact with the back surface of the case 101.

When in use,

as shown by a solid line, the paper feed tray 104 is opened

before it is used.

Two or more sheets of recording paper P that are set

in the paper feed tray 104 are fed one by one by the paper

feed roller 102.

The recording paper fed passes through a paper feed

path Al formed by a papér guide 105 and the lower surface of

the image forming unit 200 and reaches between a photo—

sensitive drum 201, in which a toner image is formed in a

manner to be discussed later, and a transfer roller 106.

Here, the recording paper with a toner image transferred from

the photosensitive drum 201 passes through a path A2 between

a fixing roller 121 and a pressure roller 122, which are

respectively included in a fixing unit 120, thereby fixing

the toner image. After then, the recording paper passes

through an upwardly curbed paper discharge path A3 and is
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Thé toner tank 600, as shown in FIG 7, is nounted ups RF GEMENg SHEET
~devel opi ng device 300. As shown in FIG 8§, - 17- sipck the toner s | y

port 243 is so opened as to face a position at which the] dRig/NO¥efys 530 fand
coil spring 510 start

- 12 -
discharged from a paper discharge opening 107 onto the paper
discharge tray 108 by the paper discharge roller 103.

Numeral 109 designates a cover in which the above-
mentioned paper discharge path A3 is formed, and the cover
109 is openable and closable with respect to the main body
100 by means of shafts 109a, 10%9a. The paper discharge
opening 107 is formed on in the upper surface of the cover
109 and the fixing unit 120 is mounted on the cover 109. The
cover 109 may be opened on this side when the paper clogging
occurs or for maintenance.

Next, description will be given below of the image
forming unit 200,

As shown in Figs. 5 to 8, the image forming unit 200
is structured as a single unit by incorporating a
photosensitive drum 201 used as a photosensitive member, an
electrifying roller 202, a developing device 300, a cleaning
device 400, a toner delivery device 500, and detection device
700 into a case 210.

The photosensitive drum 201 includes a conductive
substrate formed of an aluminum drum and a photosensitive
layer made of an organic photosensitive material and formed
on the conductive substrate. The photosensitive drum 201 is
supported rotatably and can rotationally driven in a
direction of an arroﬁ a by a drive mechanism (not shown).

The electrifying roller 202 is pressed against fhe

photosensitive drum 201 by a pressure mechanism (not shown)

S
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to mesh with each other, there is elininated the possi

toners can be supplied excessively to the toner delivefy
toners can be supplied in a proper quantity. Wen the §{
or replenished fromthe toner tank 600 to the inmage fof
the toner tank is enpty, and no toners are replenished
uni t 200,

then the quantity of the toners in the inmage
- 13 -

and can electrify the photosensitive drum 201 while it
follows the photosensitive drum 201. A bias voltage is
applied to the electrifying roller 202.

The electrified photosensitive drum 201 is scanned by
a laser beam LB radiated from the optical unit 110 shown in
Fig. 4, whereby a latent image is formed on the surface of
the photosensitive drum 201.

The case 210 consists of a lower case 220 and an
upper case 230, while the upper case 230 includes a slit 231
for beam scanning.

The developing device 300 includes a toner storage
chamber 301, defined by the lower case 220, so as to extend
in the longitudinal direction of the lower case 220; a supply
roller 310 disposed so as to be rotatable within the toner
storage chamber 301; a developing roller 320 disposed
similarly; and a regulation blade 330 in contact with the
peripheral surface of Eﬁe developing roller 320. The supply
roller 310 and developing roller 320 can be rotationally
driven respectively in directions of arrows shown in Fig. 6
by a drive mechanism in linking with the drive mechanism of
the photosensitive drum 201. The regulation blade 330 is
formed of an elastic member such as a stainless steel plate
or the like and is mounted to the upper case 230 by a
mounting member 331.

The supply roller 310 rotates while stirring the

toners stored within the toner storage chamber 301, and coats
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formng unit 200 decreases and the decrease in the to ' ! |
detected by detection device 700 and, in accor- dance ﬁﬁ ACEM o Eg
t he detection device 700, the toner tank is replaced. |Hg
tank case 610 is fornmed transparent, the fact that no |t
the toner tank can also be confirned visually. To rengv
t he above-nenti oned nounti ng operation may be perif
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ornmed reversedly.

the toners onto the surface of the developing rollerl320.

The toners that are coated on the surface of the developing
roller 320 are brought into sliding contact with the
regulation blade 330, so that they are turned into a thin
layer and are also frictionally electrified. With the bias
voltage being applied to the develéping roller 320, the thin-
layered toners are delivered to the photosensitive drum 201
and are invertingly developed on the latent image on the
surface of the photosensitive drum 201 in a nip portion which
consists of a pressure contact portion between the developing
roller 320 and photosensitive drum 201. As a result of this,
the latent image on the surface of the photosensitive drum
201 is developed to thereby form a toner image. '

The toner image formed on the surface of the
photosensitive drum 201 is then transferred to recording
paper P which is being held between and delivered by the
transfer roller 106 (seé Fig. 4), to which a bias voltage
having a reversed polarity to the toner image is being
applied, and the photosensitive drum 201.

The cleaning device 400 includes a cleaning blade
410, which is mounted to the upper case 230 by a mounting
member 420. The cleaning:bladé 410 includes a lower edge 411
which is in contact with the peripheral surface of the
photosensitive drum 201. Thus, the lower edge 411, after the
toner imagé is tranéferred to the recording paper, scrapes

the residual toners adhered to the surface of the
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, the upper portion (the exposed portion 600A that A !
the main body case 101) of the toner tank 600 is gri ppedEr. m GLSHEEIrk
600 is rotated in the arrow a direction (clockw se) and, ter then, theg
toner tank 600 may be drawn out fromthe nounting hole 101 e2®8 NOV 98& raiin
body case 101. Wien the toner tank 600 is rotated in thel arrow a directijon,
then the shutter 632 of the toner tank 600 is relativelﬁ rotated

count ercl ockwi se, nanely, in the diredsi on

photosensitive drum 201 toward a toner collect portion 560 in
the toner delivery device 500.

After the residual toners are scraped off and thus
the photosensitive drum 201 is cleaned, the photosensitive
drum 201 is moved again to the above-mentioned image forming
process.

The toner delivery device 500 is disposed in a closed
loop between the developing device 300 and cleaning device
400, and includes a coil spring 510 serving as toner delivery
meéns, a drive gear 520 engageable with the coil spring 510
to drive the same circulatingly, and a guide portion 530 (see
Fig. 8) formed in a substantially groove-like shape and
capable of sliding contact with the coil spring 510 for
guiding the same.

The coil spring 510 is structured in an endless shape
and is so disposed as to be movable in circulating manner
between the inside of the cleaning device 400 and the inside
of the developing device 300.

The drive gear 520 can be driven by a drive mechanism
(not shown) linked with the drive mechanism of the
photosensitive drum 201 to drive the coil spring 510
circulatingly in a direction of an arrow b in Figs. 5 to 8.

Now, Fig. 8 is a typical plan view of the whole of
the image forming unit 200.

As can be seen clearly from Fig. 8, the guide portion

530 is structured in a shape which can reform the shape of
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of the arrow b shown in FIG 9. This notion covers th
613 and 631[err] of the toner tank 600. At the sane ti
of the image formng unit 200 is rotated in the direct
shown in FIG 11, thereby shutting or covering the tor
and 252[err] of the image formng unit 200. Therefore,
toner tank 600, even if sone quantity of toners are |e

600, there is elimnated the possibirltfy-that such
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the coil spring 510, which would make a circle in its natural
condition, into an almost elliptic shape when viewed in a
plan view before it guides the coil spring 510. In
particular, the guide portion 530 includes two corner
portions Cl, C2 which are respectively formed in an almost
1/4 arc shape, a corner portion C3 formed in a hemi-arc
shape, and two substantially linear portions L1, L2 which
connect these corner portions with one another.

One linear portion L1 of the two linear portions L1,
L2, as shown in Fig. 6, exists within the developing device
300, while the other linear portion L2 exists in the cleaning
device 400. And for the one linear portion L1, a guide
portion is defined by a standup wall 221 provided in the
lower case 220 and, for the other linear portion L2, a guide
portion is defined by a recesses groove 222 formed in the

upper portion of the lower case 220. Also, the linear

- portion Ll existing within the developing device 300 is so

structured as to guide only the outside of the coil spring
510 by means of the standup wall 221, with the result that
there is formed an opening portion 531 used to open the lower
portion of the coil spring 510 with respect to the developing
device 300. : |

That is, within the developing device 300, only the
outside of the coil spring 510 is guided by the standup wall
221 to thereby be able to release the toners into the

developing device 300. On the other hand, in the toner’
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toners can be scattered to contami nate the printer and A
Al so, for exanple, when transporting the printer, even {i ENE@ELquhé
transported with the toner tank 600 renoved therefrom fthere

possibility that the toners remaining in the i mage fornjng 28 Nogoﬁ%:ar‘

| eak fromthe toner supply ports 243 and 252[err] of th nage f orm ng fun
200 and can be scattered around. Next, description will|bé given of the

det ecti on devi ce - 17 -

collect portion 560 within the cleaning device 400, the upper
portion of the coil spring 510 is opened toward the cleaning
blade 410 in order to be able to receive and collect the
toners that are scraped off by the cleaning blade 410.

The thus structured image forming unit 200 operates
in the following manner.

As described before, the toners are supplied to the
surface of the photosensitive drum 201 by the developing
device 300 and the latent image on the surface of the
photosensitive drum 201 is developed by the toners, thereby
forming the toner image. After the toner image is
transferred to the recording paper P, the residual toners
adhered to the surface of the photosensitive drum 201 are
removed by the cleaning blade 410 of the cleaning device 400
and are then collected-into the collect portion 560 provided
in the cleaning device 400. |

Between the clééning device 400 and developing device
300, there is provided the endless coil spring 510 such that
it can circulate between the inside of the cleaning device
and the inside of the developing device. Since the coil
spring 510 is circulatingly driven by the drive gear 520,
part of the surplus toners, which are stored in the toner
storage chamber 301 of the developing device 300 and have not
been used for development, are delivered to the cleaning
device 400-by the coil spring 510, while the residual toners

collected into the cleaning device 400 are stirred and mixed
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700. The detection device 700, as shown in FIGS. 7 and 8f ' fvom)
‘the toner delivery path R downstream of the devel opi ng Jﬂﬁﬂé@ﬁiﬁﬁﬁ
upstream of the cl eaning device 400.
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with the surplus toners and are then delivered to the
developing device 300.

The toners delivered to the developing device 300 are
released toward the toner storage chamber 301 if the toners
within the toner storage 301 have been consumed and the level
surface thereof is lowered.

By repeating the above-mentioned operation, the
toners within the image forming unit 200 ére consumed
gradually, while a quantity of toners corresponding to the
quantity of the toners consumed are replenished from the
toner tank 600 as occasion demands.

As shown in Figs. 1 and 14, in the upper surface of
the case 10 of the printer main body, there is opened up a
toner tank mounting hole 10la through which the toner tank
600 can be removably mounted to the upper case 230 of the
image forming unit 200. In the inner wall surface of the
mounting hole 10la, there is formed a guide groove 101b used
to guide a projected portion 616 (see Fig. 9) which is
provided in the toner tank 600 to be discussed below.

Next, description will be given below of the
structure of the toner tank 600 with reference to Figs. 9 and
10.

The toner tank 600 includes a transparent tank case
610 into which toners are loaded, an agitator 620 disposed
within the tank case 610 such that it is rotatable, a shutter

portion 630 provided in the bottom portion of the tank case
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-18- FIG 15 is a partially enlarged view of FIG 8, FIG ec+4-0n
_ view taken along the line XVI-XVI shown in FIG 15. and -REPLAGEN%ﬁﬂ’SHEET
section view taken along the line XVII-XVI1 in FIG 15. -The deteciion
device 700, as shown in FIGS. 16 and 17, includes a detegt quﬂﬁwv7$§
provided in the toner delivery path R an elastic reflecfipn plate 6 S
di sposed as to face

- 19 -

610, and a cover 640.

In the bottom portion 611 of the tank case 610, there
are provided an axial hole 612, a toner supply port 613, and
a pin 614. Also, on the outer peripheral surface 615 of the
tank case 610, there are provide a pair of projected portions
616 which are removably engageable with a pair of dovetail
grooves (L-shaped grooves) 242, 242 formed in a recessed
portion 240 (see Fig. 12) in the upper case 230 to be
discussed later.

The'agitator 620 includes a shaft portion 621, a
scrape-up blade 622 used to scrape up the toners in the tank
case 610, . and a stir blade 623 formed integrally with the
scrape-up blade 622 for stirring the toners in the tank case
610. And the shaft portion 621 is rotatably mounted to the
axial hole 612 in the tank case bottom portion through a seal
ring (not shown). In the shaft portion 621, there is formed
a groove 625 which is eﬁgageable with a shaft 521 provided in
the drive gear 520, when the toner tank 600 is mounted to the
upper case 230 of the image forming unit in a manner to be
discussed later. Also, in the stir blade 623, as shown by an
imaginary line, there can be provided integrally a wiper-like
cleaning member 626 which .is formed of rubber or the like for
cleaning the inner wall surface of the tank case 610.

The shutter portion 630 includes a seal member 631
formed of an elastic material such as a sponge or the like, a

disk-shaped shutter 632, and a guide member 633.
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the detect wi ndow 710, and an optical sensor 730 of a EBCE HZHH‘
provided in the detect wi ndow 710. The optical sensor 7 | 5

cl ose contact with the | ower surface of the detect w ndow 710. The det ¢c
wi ndow 710 is formed of a transparent mate- rial such gs|glZa8NOEthed i
resin, or the |like. The detect w ndow 710, as shown in|F{G 18 (a),
I ncl udes a plate-like base portion 711 and a projectedjportion /13 Tornmegd
i nt e- - 20 -
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The seal member 631 is formed in a fan shape and can
be fitted into a recessed portion 6lla which is formed in the
tank case bottom portion 611 and is identical in shape with
the seal member 631. The §eal member 631 includes an axial
hole 63la which, when the seal member 631 is fitted into the
recessed portion 6lla, coincides with the axial hole 612 in
the tank case bottom portion, and a toner supply port 631b
which coincides with the toner supply port 613 in the above-
mentioned fitted condition.

The shutter 632 includes an axial hole 632a to be
coincident with the axial hole 612 in the tank case bottom
portion 611, a toner supply port 632b to be coincident with
the toner supply port 613, an arc-shaped elongated 632c into
which the pin 614 of the tank case bottom portion can be
inserted, and an engaging hole 632d engageable with a pin 244
provided in the upper case 230 of the image forming unit
which will be discussed later.

The guide member 633 is formed in a ring shape as a
whole and is mounted on a stepped portion 611b which is
provided in the tank case bottom portion 611. When it is
mounted, the four square holes 633d of the guide member 633
are respectively engaged with four engaging claws 6lle
provided in the stepped portion 611b and thus the guide
member 633 is fixed to the tank case bottom portion 611,
while the inner surface (upper surface) of the bottom edge

portion 633f thereof supports the peripheral edge portion
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grally with the upper surface 712 of the base portion 7$&kacmﬁ§§zsshé;;r

surface of the projected portion 713 forns a projecting|s :
projected portion 713, as shown in FIG 18([err]), is CJr/e§ 'tg% sian
radi us of curvature Rl as the portion (here, the corner|ppr iemm %Bgf

toner delivery path Rin which the detect wi ndow 710 i s{di =S
in FIGS. 16 and 17, the | ower case 220 of the image forfmng unit 200
i ncl udes a recessed portion - 21 -

632f of the shutter 632 in a slidingly rotatable manner.
Also, the guide member 633 includes an elastic arc-shaped
tongue piece 633g formed integrally therewith and, in the
leading end portion of the tongue piece 633g, there is
provided a projection 633c which can be loosely fitted from
the back surface thereof (the upper surface side in Fig. 10)
into the engaging hole 632d of the shutter 632 (see Fig. 13).
The shutter 632 is mounted to the guide member 633 from the
ubper surface side of the guide member 633 by inserting the
shutter 632 under the tongue piece 633g. The engagement of
the projection 633c into the engaging hole 632d prevents the
inadvertent rotation of the shutter 632 and coincides the
toner supply port 632b with the toner supply port 613 of the
tank case bottom portion to thereby prevent the leakage of
the toners existing within the toner tank case 610.

_In the.toner tank 600 structured in the above manner,
when the respectivé parfs thereof are assembled together, the
pin 614 in the tank case bottom portion extends through the
elongated hole 632c of the shutter 632 and the leading end of
the pin 614 projects out from the elongated hole 632c (see
Fig. 13). The seal member 631 is bonded to the tank case
bottom portion 611 in such a manner that the toner supply
port 631b thereof is coincident with the toner supply port
613 of the tank case bottom portion 611, and is held while it
is pressed by the shutter 632. This improves the close

adherence between the seal member 613 and shutter 632 to
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223. By nounting the base portion 711 to the recessed p

. detect wi ndow 710 can be nmounted to the | ower case 220.

" projecting surface 715 (see FIGS. 18([err]) and 21([err[)

equal to or smaller than 2 pitches of the coil spring 91

17, reference character 224 designates a snoother forngd
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thereby be able to prevent the leakage of the toners. The
shutter 632 is held between the tank case bottom portion 611
and guide member 633 in such a manner that it can be rotated
and slid in a direction of an arrow a or b in Fig. 10 in such
a range as the pin 614 can move relatively along the
elongated hole 632c. That is, in the shutter portion 630,
only the shutter 632 can rotate and slide relatively with
respect to the tank case 610. When the toner tank 600 is not
mounted to the image forming unit, the toner supply port 632b
of the shutter 632 is not coincident with the toner supply
port 631b of the seal member 631. That is, the toner supply
port 631b of the seal member 631 is sealed by the shutter
632.

Next, description will be given below of the mounting
portion 240 of the toner tank 600 in the upper case 230 of
the image forming unit with reference to Figs. 11 and 12.

- The mounting pbition 240 is structured as a recessed
portion in which the respective parts of the lower portion of
the toner tank 600 are fitted with one another. That is, the
shutter portion 250, the structure of which is basically the
same as that of the above-mentioned shutter portion 630 of
'theltoner tank 600, is incorporated into the recessed
portion.

In the bottom surface 241 of the recessed portion,
there are disposed én axial hole 245 into which the shaft 521

of the drive geai'is inserted, a toner supply port 243 (see
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resin, polyacetal or the like. In the upper surface 71
711, there is fornmed an arc-shaped recessed portion 71
"to obtain a snooth connecting condition with the snoot
18). In a state that the detect w ndow 710 i s nount ed,
surface 715 of the projected portion 713 projects a lit i}l
spring 510 rather than the snoother 224. For this reason, the coil sprin
510 noves in such a - 23 - ,

Fig. 8) facing a portion at which the drive gear 520 and coil
spring 510 in the above-mentioned circulation path of the
coil spring 510 begin to mesh with each other, and a pin 244.
Also, in the inner peripheral surface of the recessed
portion, there are formed a pair of dovetail grooves (L-
shaped grooves) 242, which can be removably engaged with the
above-mentioned projected portions 616 of the toner tank.
Each dovetail groove 242 includes a vertical groove 242a and
a horizontal groove 242b, while the upper end of the vertical
groove 242a is connected with the lower end of a guide groove
101b formed in a mounting hole 10la (see Fig. 14) in the
above-mentioned printer main body. Also, the terminal end of
the horizontal groove 242b forms a regulation portion which
regulates the terminal end'of the rotational operation of the
toner tank 600 in the toner tank mounting operation which
will be discussed later.

The shuttei poriion 250 includes a seal member 251
formed of an elastic member such as a sponge or the like, a
disk-shaped shutter 252, and a guide member 253.

The seal member 251 can be fitted into and bonded to
a recessed portion 24la which is formed in the bottom surface
241 of the recessed portion and is identical in shape with
the seal member 251. The seal member 251 includes a toner
supply port 25la and a toner supply port 251b, which can be
respectively coincident with the shaft hole 245 and toner

supply port 243 when the seal member 251 is fitted into the
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manner that it is pushed and curved upwardly a little byj HEN@ E%ﬂ:&ﬂi'

_surface 715. As a result of this, the projecting surface uuxyét
wi ndow 710 is sure to be in sliding contact with the coil pflng ?10 due to
a restitutive force caused by the elasticity of the coill| sjprf®g 8Y 0996 sel fi,
and the toners attached to the projecting surface 715 can |be _w ped away.

Alternatively, the projecting surface:;ES may be

recessed portion 241la.

The shutter 252 includes a shaft hole 252a to be
coincident with the shaft hole 245, a toner supply port 252b
which can be coincident with the toner supply port 243, an
arc-shaped elongated hole 252c into which the pin 244 is
inserted, and an engaging hole 252d engageable with the pin
614 of the toner tank 600.

The guide member 253 has a substantially ring-like
shape and is to be mounted in the recessed portion (240).
When the guide member 253 is mounted, the two engaging claws
253e thereof are respectively engaged into engaging holes
(not shown) formed in the wall surfaces of the recessed
portion, whereby the guide member 253 can be fixed in the
recessed portion while the lower surface of the bottom edge
portion 253f thereof supports the peripheral edge portion
252f of the shutter 252 (see Fig. 13). The guide member 253
includes an elastic aréFShaped tongue piece 253g provided
integrally therewith and, in the leading end portion of the
tongue piece.253g, there is provided a projection 253c (see
Fig. 13) which can be loosely fitted into the engaging hole
252d from the back surface side (in Fig. 10, the lower
surface side) thereof. The shutter 252 is so guided as to
pass above the tongué piece 253g from the lower surface side
of the guide member 253 and is inserted below the guide
member 253. Engagehent of the projection 253c into engaging

hole 252d prevents the shutter 252 from rotating
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- 19 - curved upwardly in conformity with the slight RERMM@EWENTqﬂi‘—W

novi ng path of the coil spring 510. The snoot her 224 Used—to—sHeal N t he
circulatory operation of the coil spring 510 and it pﬁthge b g qutter
shape at least in the corners Cl, C2, and C3 respect} vely 9
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inadvertently, for example, when the printer main body is in
transit, while coincidence of the toner supply port 252b with
the toner supply port 243 prevents the leakage of the toner
used in the image forming unit 200.

When the image forming unit 200 is assembled, the pin
244 on the bottom surface of the recessed portion extends
through the elongated hole 252c¢ of the shutter 252 and the
leading end portion thereof projects out from the elongated
hole 252c (see Fig. 13). Also, the seal member 251 is held
while it is préssed by and between the bottom surface 241 of
the recessed portion and the shutter 252. This improves the
close contact between the seal member 251 and shutter 252 to
thereby be able to prevent the leakage of the toners. The
shutter 252 is held between the bottom surface 241 of the
récessed portion and guide member 253 such that it is
rotatable in a direction of an arrow a or b shown in Figs. 11
and 12 within such a réﬁge that the pin 244 can move
relatively with respect to and along the elongated hole 252c.
that is, in the shutter portion 250, only the shutter 252 is
allowed‘to rotate and slide relatively with respect to the
upper case 230. Also, when the toner tank 600 is not
mounted, the toner supply port 252b of the shutter 252, as
shown in Fig.'ll, is not coincident with the toner supply
port 251b of the seal member 251. That is, the toner supply
port 251b of the seal member 251 is sealed by the shutter
251. e

This Sheet Has Been Rep F}“s SHEET HAS BEEN

[T



shown in FIG 8. Also, as shown in FIG 17([err]), thg 3

.includes a side wall surface 224[err] which is capabl § 8C£REQ€rSHEEIEt
with the coil spring 510 to guide the sane. The side walll

so inclined as to forman acute angle [err] with respgct 208 INGY 199g ett | ng

surface 715 of the detect wi ndow 710 as shown in FIG |1F [

reason, in a contact portion 510[err] between the incl|ined sar

and coil - 26 -

Now, the mounting and removing operations of the
toner tank 600 with respect to the above structured mounting
portion 240 are as follows. Here, Fig. 13 is a typical
section view of the toner tank 600 and mounting portion 240,
showing a state just before the toner tank 600 is mounted to
the mounting portion 240. Description will be given below of
the mounting and removing operations and the operation of the
toner tank 600 mainly with reference to Fig. 13.

" At first, thé toner tank 600 is inserted into the
mounting hole 10la (see Fig. 14) of the main body case in
such a manner that the projected portions 616 of the toner
tank 600 are coincident with guide grooves 101b formed in the
mounting hole 10la. If inserted, the projections 616 are
guided by the guide grooves 101b such that they move
downwardly within the guide grooves 101b, further advance
into the vertical grooves 242a of the dovetail grooves formed
in the mounting portioﬁ:240 of the image forming unit, and
reach the lower ends of the vertical grooves 242a and stop
there (Fig. 3 shows a state just before the projections 616
reach the lower end of the vertical groove 242a). At that
time, the shaft 521 of the gear 520 is connected with the
shaft portion 621 of the agitator 620 of the toner tank 600.
Also, the pin 614 of the toner tank 600 is fitted into the
engaging hole 252d of the shutter 252 provided in the
mounting portion 240 of the image forming unit to press down

the projection 253c of the tongue piece 253g to thereby
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spring 510, there is produced a conponent force which e
spring 510 toward the projecting surface 715. This makes
bring the coil spring 510 into sliding contact with the proLz
715 nore posi- tively. For reference, in the present enbodi
angle [err] is set for 86. The reflection plate 720 is fjor

pl ate having a springy elasticity and, as showmn in FIG {19,
- 27 -
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remove the locking of the shutter 252 by the projection 253c.
At the same time, the pin 244 provided on the mounting
portion 240 side is fitted into the engaging hole 632d of the
shutter 632 to press up the projection 633c of the tongue
piece to thereby remove the locking of the shutter 632 by the
projection 633c.

Next, the toner tank 600 is rotated counterclockwise,
that is, in a direction of an arrow b shown in Fig. 1.
Responsive to this, the projected portions 616 of the toner
tank 600 are respectively allowed to enter the horizontal
grooves 242g of the dovetail grooves énd get engaged with
them to thereby prevent the slippage of the toner tank 600.
That is, the toner tank 600 is now mounted in the mounting
portion 240. As described above, the pin 614 of the toner
tank is fitted into the engaging hole 252d of the shutter 252
of the mounting portion 240, and the pin 244 provided on the
mounting portion 24d-éide is fitted into the engaging hole
632d of the shutter 632d of the toner tank. Because of this,
if the toner tank 600 is rotated in the direction of the
arrow b shown in Fig. 1, then the shutter 252 of the mounting
portion 240 is rotated together with the toner tank 600 in
the same direction, that is, in the direction of the arrow b
shown in Fig. 11, namely, counterclockwise so that the toner
supply port 252b of the shutter 252 coincides with the toner
supply port 251b of the seal member 251. On the other hand,

the shutter 632 of the toner tank 600 does not move even if
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curved portion 721 in the |leading end portion thereof a
723 in the trailing end portion thereof. As shown in FI(
portion 233 is forned in the upper case 230 of the imagq f

ﬁE?bAﬁEmm‘S )

case 230.
spring 510 toward the detect - 28 -

by fitting the folded portion 723 of the refledtijorp BlNO® 1994

the recessed portion 233, the reflection plate 720 is unted to the up

orm ng unit 290
[
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pe

In the nounted state, the reflection plate 72Q emergrzes—the

the toner tank 600 is rotated in the arrow b direction and,
therefore, the shutter 632 moves clockwise as shown by an
arrow a in Fig. 9 relatively with respect to the toner tank
600, so that the toner supply port 632b coincides with the
toner supply port 631b of the seal member 631. In other
words, the toner supply port 613, 631b, 632b, 252b, 251b, and
243 of all parts are all coincident with one another, which
allows the toner to be supplied from the toner tank 600 to
the image forming unit 200.

In a sate that the toner tank 600 is mounted to the
image forming unit 200 in the above-mentioned manner, if the
image forming unit 200 is operated in the above manner, then
the agitator 620 is rotationally driven by the shaft 521 of
the drive gear 520.

While the toners stored in the tank case 610 are
stirred upwardly by the scrape-up blade 622 of the agitator
620, if the toners in the image forming unit 200 are |
consumed, then the toners stored in the tank case 610 drop
freely by a quantity corresponding to the quantity of the
toners consumed from the toner supply port 613 into the image
forming unit 200 through the above-mentioned respective toner
supply ports and the toner supply port 243 of the upper case
230, so that the toners can be replenished into the image
forming unit 200.

The toner tank 600, as shown in Fig. 7, is mounted

upstream of the developing device 300. As shown in Fig. 8,
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wi ndow 710 by neans of the spri ngy elasticity thereo REIHLMMENT&'IEE%

.sliding contact of the coil spring 510 with the projecting surface 415 of
t he detect wi ndow 710, which in turn makes it possi b € tzzmuge-g?@y t He
toners attached to the projecting surface 715 nore giitively. due to
the fact that the reflection surface 720 energi zes the—Tort—spr+rag—510, the
toners attached to the reflecting surface 724 (see H G 17) of the
reflection plate 720 can al so be w ped2away.

since the toner supply port 243 is so opened as to face a
position at which the drive gear 520 and coil spring 510
start to mesh with each other, there is eliminated the
possibility that the tonérs can be supplied excessively to
the toner delivery path C, and the toners can be supplied in
a proper quantity.

When the toners are supplied or replenished from the
toner tank 600 to the image forming unit 200 until the toner
tank is empty, and no toners are replenished to the image
forming unit 200, then the quantity of the toners in the
image forming unit 200 decreases and the decrease in the
toner quantity is detected by detection device 700 and, in
accordance with the detection by the detection device 700,
the toner tank is replaced. Here, because the tank case 610
is formed transparent, the fact that no toners are left in
the toner tank can also be confirmed visually.

To remove the toner tank 600, the above-mentioned
mounting operation may be performed reversedly. In other
word, the upper portion (the exposed portion 600A that is
exposed out of the main body case 101) of the toner tank 600
is gripped and the toner tank 600 is rotated in the arrow a
direction (clockwise) and, after then, the toner tank 600 may
be drawn out from the mounting hole 10la of the main body
case 101. When the foner tank 600 is rotated in the arrow a
direction, then the shutter 632 of the toner tank 600 is

relatively rotated counterclockwise, namely, in the direction
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Any material can be used for the reflection plane 72 )REHA'@E?]EQFWE?F has

such a high reflectance as a netal shiny surface wt e5pet i ght
having a wavel ength radi- ated by a light enmitting elepent used in the
reflection type optical sensor 730. In the present efbpditeACY H6rel ils
used a rolled plate of SUS304 having a given springyjelasticity. At | efast
one of, and preferably, both of, the surfaces of thejdetect w ndow 710 and
reflection plate 720 that nay conme - 30 -

of the arrow b shown in Fig. 9. This motion covers the toner
supply ports 613 and 631b of the toner tank 600. At the same
time, the shutter 250 of the image forming unit 200 is
rotated in the direction of the arrow a shown in Fig. 11,
thereby shutting or covering the toner supply ports 243 and
252b of the image forming unit 200. Therefore, when removing
the toner tank 600, even if some quantity of toners are left
in the toner tank 600, there is eliﬁinated the possibility
that such toners can be scattered to contaminate the printer
and its peripherieé. Also, for example, when transporting
the printer, even if the printer is transported with the
toner tank 600 removed therefrom, there is no possibility
that the toners remaining in the image forming unit 200 can
leak from the toner supply ports 243 énd 252b of the image
forming unit 200 and can be scattered around.

Next, description will be given of the detection
device 700.

The detection device 700, as shown in Figs. 7 and 8,
is disposed in the toner delivery path R, downstream of the
developing device 300 and upstream of the cleaning device
400.

Fig. 15 is a partially enlarged view of Fig. 8, Fig.
16 is a section view taken along the line XVI-XVI shown in
Fig. 15, and Fig. 17 is a section view taken along the line

XVII-XVII in Fig. 15.

.The detection device 700, as shown in Figs. 16 and
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in contact with the toners may be formed of a naterld{w T
possesses the sane polarity as an electrified pol arifyre+ iln a
triboelectric series. In the present enbodi nent, the coni%p&cﬁqbagc qf the

detect wi ndow 710 with the toners

- 31 -

17, includes a detect window 710 provided in the toner
delivery path R, an elastic reflection plate 720 so disposed
as to face the detect window 710, and an optical sensor 730
of a reflection type provided in the detect window 710. The
optical sensor 730 is disposed in close contact with the
lower surface of the detect window 710.

The detect window 710 is formed of a transparent
material such as glass, synthetic resin, or the like. The
detect window 710, as shown in Fig. 18 (a), includes a platé—
like base portion 711 and a projected portion 713 formed
integrally with the upper surface 712 of the base portion
711, while the upper surface of the projected portion 713
forms a projecting surface 715. The projected portion 713,
as shown in Fig. 18 (a), is curved with the same radius of
curvature Rl as the portion (here, the corner portion C3) of
the toner delivery path R in which the detect window 710 is
disposed. As shown in'Figs. 16 and 17, the lower case 220 of
the image forming unit 200 includes a recessed portion 223.
By mounting the base portion 711 to the recessed portion 223,
the detect window 710 can be mounted to the lower case 220.

The length L of the projecting surface 715 (see Figs.
18 (b) and 21 (a)) is set to be equal to or smaller than 2
pitches of the coil spring 510.

In Figs. 16 and 17, reference character 224
designates a smoother formed of a low friction material such

as fluoro-resin, polyacetal or the like. 1In the upper
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is formed of the material that is situated on the sgREPBACE [ENT 'g”ymﬁth
respect to the electrified polarity of the toners of TP e
series. The triboelectric series can be obtained init eég X é% nmpnper
First, two kinds of arbi- trarily selected material$ &r @IN&W@ i efl |n
contact with each other in an electrically shielded}space,_ _and the
polarities of the surface potentials thus produced fire neasured by uske of a
surface potentioneter. Then, the rerFaBRonshi ps bet weer—t+he

surface 712 of the base portion 711, there is formed an arc-
shaped recessed portion 714 in order to be able to obtain a

smooth connecting condition with the smoother 224 (see Fig.

18).

In a state that the detect window 710 is mounted, the
projecting surface 715 of the projected portion 713 projects
a little toward the coil spring 510 rather than the smoother
224. For this reason, the coil spring 510 moves in such a
manner that it is pushed and curved upwardly a little by the
projecting surface 715. As a result of this, the projecting
surface 715 of the detect window 710 is sure to be in sliding

' contact with the coil spring 510 due to a restitutive force
caused by the elasticity of the coil spring 510 itself, and
the toners attached to the projecting surface 715 can be
wiped away. Alternatively, the projecting surface 715 may be
curved upwardly in conformity with the slightly upwardly
curved, moving path of the coil spring 510.

The smoother 224 is used to smooth the circulatory
operation of the coil spring 510 and it is provided in a

_gutter shape at least in the corners Cl, C2, and C3
respectively shown in Fig. 8.

Also, as shown in Fig. 17 (a), the smoother 224
includes a side wall surface 224a which is capable qf sliding
contact with the coil spring 510 to guide the same. The side
wall surface 224a is so inclined as to form an acute angle 8

with respect to the projecting surface 715 of the detect
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posi'tive and negative polarities of the materials are EEREACEMW&H;SHEET

toners are frictionally electrified to the negative po Ity 1Tn USE, t he
material for at |east the contact surface(s) of the trjn pg@pngvdgz ct

wi ndow 710 with the toners, preferably, the material th possess

negative polar- ity in the triboelectric series my be ; rijy

to the toners, nore preferably, the material that is gquivalent to the
t oner or has a greater negative pol arit3f than the toner nay De

window 710, as shown in Fig. 17 (b). For this reason, in a
contact portion 510a between the inclined surface 224a and
coil spring 510, there is produced a component force which
energizes the coil spring 510 toward the projecting surface
715. This makes it possible to bring the coil spring 510
into sliding contact with the projecting surface 715 more
positively. For reference, in the present embodiment, the
acute angle 6 is set for 86°.

The reflection plate 720 is formed of a metal plate
having a springy elasticity and, as shown in Fig. 19, it
includes a cured portion 721 in the leading end portion
thereof and a folded porﬁion 723 in the trailing end portion
thereof. As shown in Fig. 16, a recessed portion 233 is
formed in the upper case 230 of the image forming unit 200.
That is, by fitting the folded portion 723 of the reflection
plate 720 into the recessed portion 233, the reflection plate
720 is mounted to the upper case 230. In the mounted state,
the reflection plate 720 energizes the coil spring 510 toward
the detect window 710 by means of the springy elasticity
thereof.

This assures the sliding contact of the coil spring
510 with the projecting surface 715 of the detect window 710,
which in turn makes it possible to wipe away the toners
attached to the projecting surface 715 more positively.

Also, due to the fact thét the reflection surface 720

energizes the coil spring 510, the toners attached to the

[
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sel écted. For exanple, when a negative polarity type tongREPOAGEMENT SHEET
pol yester system binder is used, the material that has a [grfgater—TegatTvs

polarity than PMVA (pol ynet hyl nethacrylate), nore preferfall v i1
or the like that possesses a greater negative polarity than t%ep@qubﬁ%a)
be selected. On the other hand, when the toner is frictignakly—electrified
to the positive polarity, as the material for the contact] surface of the

transparent detect wi ndow 710 with at- 34 -

reflecting surface 724 (see Fig. 17) of the reflection plate
720 can also be wiped away.

Any material can be used for the reflection plate
720, provided that it has such a high reflectance as a metal
shiny surface with respect to the light having a wavelength
radiated by a light emitting element used in the reflection
type optical sensor 730. In the present embodiment, there is
used a rolled plate of SUS304 having a given springy
elasticity.

At least one of, and preferably, both of, the
surfaces of the detect window 710 and reflection plate 720
that may come in contact with the toners may be formed of a
material which possessés the same polarity as an electrified
polarity of the toners in a triboelectric series. 1In the
present embodiment, the contact surface of the detect window
710 with the toners is formed of the material that is
situated on the same polarity side with respect to the
glectrified polarity of the toners on the triboelectric
series. The triboelectric series can be obtained in the
following manner. First, two kinds of arbitrarily selected
materials are electrified in contact with each other in an
electrically shielded space, and the polarities of the
surface potentials thus produced are measured by use of a
surface potentiometer. Then, the relationships between the
positive and negative polarities of the materials are ranked.

When the toners are frictionally electrified to the negative
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| east toners, preferably, the material that possesses pcgqgiiﬁQ@MﬁﬂgisﬂﬁEI

_the triboelectric series may be selected simlarly to tHe toners or
preferably, the material that is equiva- lent to the torler] o FNQ é@%@s
greater positive polarity than the toner may be sel ected. {For exanpl e, Wwhen
a positively electrified toner forned of a styrene-acryl] copol yner system
bi nder is used, preferably, the material that possesses Lt
polarity than polyolefin may be sel ect®®, ~or nore

polarity in use, as the material for at least the contact
surface(s) of the transparent detect window 710 with the
toners, preferably, the material that possesses negative
polarity in the triboelectric series may be selected
similarly to Ehe toner, more preferably, the material that is
equivalent to the toner or has a greater negative polarity
than the toner may be selected. For example, when a negative
polarity type toner formed of a polyester system binder is
used, the material that has a greater negative polarity than
PMMA (polymethyl methacrylate), more preferably, polyolefin
or the like that possesses a greater negative polarity than
the toner may be selected. On the other hand, when the toner
is frictionally electrified to the positive polarity, as the
material for the contact surface of the transparent'detect
window 710 with at least toners, preferably, the material
that possesses positive polarity in the triboelectric series
may be selected similarly to the tonérs, or more preferably,
the material that is equivalent to the toner or possesses
greater positive polarity than the toner may be selected.

For example, when a positively electrified toner formed of a
styrene-acryl copolymer system binder is used, preferably,
the material that possesses greater positive polafity than
polyolefin may be selected, or more preferably, the material
such as polyamide or the like that is possesses greater
positive polarity than the toner may be selected. In the

present embodiment, since the toner is negatively electrified
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preferably, the material such as polyam de or the like t
. greater positive polarity than the toner may be sel ected
enbodi ment, since the toner is negatively electrified in
mat eri al that possesses greater negative polarity in the
series than the toner, noncrystal polyolefin is used for

710. However, this is not limtative but, according to the electriftied

LT

uge, as the
t}i BENOY: 1996 %
o]

the detect win

states of the toner, there can be used®Sinilarly

in use, as the material that possesses greater n
polarity in the triboelectric series than the to
noncrystal polyolefin is used for the detect win
However, this is not limitative but, according t
electrified sates of the toner, there can be use
transparent organic material such as PMMA, polya
me;amine resin, polyurethane, SA resin, polystyr
resin, epoxy resin, polycarbonate, acrylonitrile
polyimide, vinyl chloride or the like, or inorga
such as alumina, diamond, silica or the like.

It is also preferable that a material se
according to the triboelectric series may be coa
surface of the reflection plate 720.

At least one, preferably, all of the con
members such as the coil spring 510, reflection
the like may be arranged such that they are in a
electrically floated condition. 1In the present

all of the conductive members used are arranged

egative

ner,

dow 710.

o the

d similarly

mide,

ene, ABS
resin,

nic glass

lected

ted on the

ductive

plate 720 and
o :
embodiment,

in an

electrically floated condition. For reference, when the

detect window 710 is arranged conductive, simila
preferably that the detect window 710 is electri
floated.

The toners to be éarried and delivered c
by the coil spring 510 are frictionally electrif
are slid along and rubbed against the coil sprin

inner wall for the toner delivery path. When th
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transparent organic material such as PMVA, pol yani de, nelan1REPLg@Exg
pol yur et hane, SA resin, polystyrene, ABS resin, epoxy resin
acrylonitrile resin, poly- - 21 - imde, vinyl chloride ¢r t%3
i norgani c gl ass such as .

NGP190"
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coil spring 510 and reflection plate 720 are grounded, then
the opposite polarity electric charges to the toners are
supplied to the coil spring 510 and reflection plate 720.
This causes a strong attracting force to be generated between
the toners and the coil spring 510 and reflection plate 720,
which makes it difficult to wipe away the toners. In order
to prevent this, the coil spring 510 and reflection plate 720
are electrically floated. In the electrically floated
condition, the electrostatic adhesion of the toners to the
reflection plate 720 can be controlled and thus, when the
coil spring 510 is in sliding contact with the reflection
plate 720, the toners adhered to them can be wiped away
easily.

To the optical sensor 730, there are connected a
detect device and an alarm device (which are not shown).

In the toner delivery path R, while the toners are
being replenished from the toner tank 600, a given quantity
of toners are circulating. A detect light, which is radiated
from the reflection type optical sensor 730 in the detection
device 700, transmits the detect window 710, passes through
the toner delivery path R, is reflected by the reflection
plate 720, again passes through the toner delivery path R,
transmits the detect window 710, and is received by the
reflection type optical sensor 730. When the optical path of
the detect light is shielded by the given quantity of toners

under circulation, then the reflection type optical sensor
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al um na, dianond, silica or the like. It is also prefBﬁ%ﬁm&Emmagr.

rial

_selected according to the triboelectric series may be csa eo on the swurff ace

of the reflection plate 720. At |east one, preferably

conductive nmenbers such as the coil spring 510, refleltlon plate 720 hn

the like may be arranged such that they are in an ele

condition. In the present enbodinent, all of the condyctive
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730 outputs an output signal which corresponds to the fact of
"no reflection light".

When the toners are greatly reduced or run out in the
portion of the toner delivery path where the detection device
700 is disposed, there occurs a state that the optical path
of the detect light cannot be shielded. Especially, in a
state that the toners run out, the optical path of the detect
light is simply shielded temporarily by the coil spring 510.
Therefore, the reflection type optical sensor 730 outputs an
output signal corresponding to the detection of the reflected
light and, especially, when the toners run out, there is
outpﬁt a repeat signal which corresponds to 1/2 pitches of
the coil spring 510.

Accordingly, the output signals output from the
optical sensor 730 are being monitored by the detect device
(not shown) connected to the optical sensor 730. When the
above-mentioned repeat signals are successively output for a
given time and at a given probability, this can be detected
as no toner is left in the toner delivery path R.

Also, in this case, an alarm sound is issued from the
alarm device and/or a message is displayed on a display
device (not shown), thereby informing a user of the fact that
no toner is left (to be exact, the fact that the toners in
the toner tank 600 run out and the quantity of toners in the
developing device 300 is starting to decrease).

According to the above-mentioned printer, the
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menbers used are arranged in an electrically floated con®EPLACEMEND SHEET
. reference, when the detect wi ndow 710 is arranged conductijve, simTarTy, i
is preferable that the detect wi ndow 710 is electrically] f]l oaigeuvT#
toners to be carried and delivered circulatingly by the i sprindbg 0
frictionally electrified as they are slid along and rubbed ' et

spring 510 and the inner wall of the toner delivery pathi Wen the
conductive coil - 39 -
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following operation effects can be obtained:

(i) the toners are supplied onto the surface of the
photosensitive member 201 by the developing device 300 and
the latent image on the surface of the photosensitive member
201 is developed by the toners to form a toner image. After
the toner image is transferred to the recording paper P, the
residual toners adhered to the surface of the photosensitive
membér are removed and collected by the cleaning device 400.

'Because the developing device 300 and cleaning device
400, there is interposed the toner delivery device 500 in a
closed loop, by which delivery device 500 delivers part of
the surplus toners that have not been used for development in
the developing device 300 to the cleaning device 400, and the
residual toners collected by the cleaning device 400 are
delivered to the developing device 300. At the same time,
new toners are replenished to the toner delivery path R by
the toner tank 600. As a result, normally, a given quantity
of toners are circulating through the developing device 300,
cleaning device 400 and toner delivery path R. Therefore, if
the toners aré consumed in the developing device 300,
normally, a quantity of toners corresponding to the quantity
of toners consumed are then replenished through the toner
delivery path 500.

However, if the toner tank 600 becomes empty and new
toners are supplied from the toner tank 600 no longer, then

the quantity of the toners existing in the toner delivery
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gener at ed between the toners and the coil spring 510 and fr§ Iect|
720, which makes it difficult to wi pe away the toners.

this, the coil spring 510 and reflection plate 720 are ellec- trlcally
floated. In the electrically floated-cé®drtion, the

path R decreases gradually and, in the end, the quantity of
the toners in the toner delivery path R decreases greatly
when compared with the normal quantity of toners and the
toners almost run out in the path R.

Now, Figs. 20 (a) and (b) are respectively schematic
section views taken along the line XX-XX in Fig. 8, showing
how the toners T within the developing device run out from
the normal state thereof.

In particular, Fig. 20 (a) shows a state that new
toners are being supplied to the toner delivery path R from
the toner tan 600, in which a given quantity of toners are
circulating in the toner storage chamber 301 of the
developing device 300 and the toner delivery path R. Since
the toners T are delivered on the toner storage chamber 301
along the longitudinal direction thereof by the coil spring
510, even if the toners are consumed in part in the toner
storage chamber 301 and thus the quantity level of the toners
is lowered, toners are replenished as occasion demands by
means of free drop (free flow-down) of the toners from the
coil spring 510 to the level lowered portions, for example,
portions D1 and D2 respectively by imaginary lines in Fig. 20
(a). Therefore, even if the toners are consumed in the
developing device 300, a quantity of toners equivalent to the
quantity of the toners consumed are replenished through the
toner delivery path R to the developing device 300, thereby

being able to maintain an even level of the toners T in the
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el ectrostatic adhesion of the toners to the reflection plathPbéCE&ﬁ%ﬁéSHEFT§
controlled and thus, when the coil spring 510 is in slidin ontac ' =
the reflection plate 720, the toners adhered to themcan b i @quﬂﬂ@gpg i
easily. To the optical sensor 730, there are connected a d¢tect devic Bnd
an al arm device (which are not shown). In the toner delivefy '
the toners are being replenished fromthe toner tank 600,
of - 41 -

gi ven quantity

toner storage chamber 301. Here, if the level toners is
lowered in two or more portions (for example, D1, D2), supply
of new toners begins at the portion (Dl) located most
upstream, that is, the toners are supplied sequentially from
upstream to downstream, thereby evening the level of the
toners.

On the other hand, Fig. 20 (b) shows a state after
the elapse of some time since the toner tank 600 has run out
of the toners and new supply of toners from the toner tank
600 has been stopped.

Just after the supply of new toners from the toner
tank 600 is stopped, a given quantity of toners are still
left in the toner delivery path R. Therefore, even if the
toners are consumed in the developing device 300, while the
same quantity of toners as the toners consumed are present in .
the toner delivery path R, the toners are replenished in the
above-mentioned manner so that the toners T in the toner
storage chamber 301 can be kept almost level.

However, if the toners are further consumed and the
quantity of the toners existing in the toner delivery path R
becomes smaller than the quantity of the toners consumed in
the developing device 300, the toners in the toner storage
chamber 301 begin to decrease in quantity on the downstream
side of the toner delivery path. A portion in which the
quantity of the toners decreases is shown by D3 in Fig. 20

(b). The toner quantity begins to decrease on the downstream
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toriers are circulating. A detect light, which is radi
reflection type optical sensor 730 in the detection de
"the detect w ndow 710, passes through the toner deli\
reflected by the reflection plate 720, again passes t
delivery path R transmts the detect w ndow 710, and
reflection type optical sensor 730. Wen the opti cal
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light is shielded by the given quantit¥2of toners under circul ation,

side because the replenishment of the toners to the toner

storage chamber 301 is performed sequentially from the

upstream side to the downstream side.

As a result of the toners in the toner storage

chamber 301 decreasing in quantity form the downstream side

of the toner delivery path in this mahner, the toners in the

toner delivery path R run out first in a portion 301A just

downstream of the toner storage chamber 301, the depletion

state advances sequentially along the circulation direction

of the coil spring 510, and, when the depletion state reaches

a portion 301B upstream of the toner storage chamber 301,

then the toners almost run out in the toner delivery path R.

In this case, unless the quantity of consumption of the

toners in the developing device is excessively great, a given

quantity of toners are still left in the toner storage

chambeér 301 and are used for development, and the residual

toners thereof are collected by the cleaning device 400. The

collected toners are then delivered to the developing device

300 by the delivery device and, therefore, there exist some

toners (a very small quantity of toners when compared with

the normal quantity of toners used) in the delivery path

extending from the cleaning device 400 to the developing

device 300.

As described above, in the present embodiment, if the

new toners are not supplied from Ehe toner tank 600 any

longer, then the toners in the toner delivery path R firstly
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then the reflection type optical sensor 730 outputs an tﬁﬁ
corresponds to the fact of "no reflection light". Wen th
greatly reduced or run out in the portion of the toner de
the detection device 700 is disposed, there occurs a stat
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run out before the toners in the developing device 300 run
out.

According to the image forming equipment of the
present embodiment, since the detection device 700 for
detecting the fact that the toners run out is provided with
respect to the toner delivery path R, it is possible to
detect the residual quantity of the toners positively without
increasing the size of the developing device 300.

The term "to detect the residual guantity of the
toners" used here does not mean to detect the residual toners
quantitatively, for example, how many grams of toners are
left. 1Instead, the present embodiment detects if the toners
in the image forming equipment are left only in such a
quantity that cannot satisfy the necessary quantity of the
toners to be normally present in the developing device 300.

(ii) As described above, according to the present
image forming equipment, if the new toners are not supplied
from the toner supply means any longer, then the toners in
the toner delivery path R first run out before the toners in
the developing device 300 run out. And in the toner delivery
path R, the toners begin to run out first at the portion of
the path R situated downstream of the developing device 300.

Also, according to the image forming equipment of the
present embodiment, since the detection device 700 is
disposed downstream of the developing device 300 and upstream

of the cleaning device 400, the residual quantity of the
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optical sensor 730 outputs an output signal

t he detect |ight cannot be shielded. Especially, in a
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toners can be detected more positively and quickly.

The position of the detection device 700 is not

limited to the downstream side of the developing device 300

but the detection device 700 may be situated upstream of the

developing device 300. 1In this case as well, since the

toners in the delivery path R run out first before the toners

in the developing device 300 run out, the residual quantity

of the toners can be detected positively. However, when the

detection device is located downstream of the cleaning device

400 and upstream of the developing device 300, some quantity

of the toners collected from the cleaning device 400 are

present in the toner delivery path R and, therefore, the

detect accuracy may be lowered depending on the structure of

the detection device.

On the other hand, according to the present

embodiment, since the detection device 700 is disposed

downstream of the develbping device 300 and upstream of the

cleaning device 400, the residual quantity of the toners can

be detected more positively.

Also, when the detection device is disposéd

downstream of the toner supply port 243 and upstream of the

developing device 300, the new toners that are supplied just

after replacement of the toner tank 600 are detected and,

therefore, in spite of the fact that a sufficient quantity of

toners are not present in the developing device 300, there is

a possibility that the detection device detects or judges
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spring 510. Accordingly, the output signals output fron1t*RERhAGEﬁﬂﬂW¥ 1}
730 are being nonitored by the detect device (not shown) pofinected to the
optical sensor 730. Wen the above-nentioned repeat signals ?QSNOV‘W96

successively output for a given tine and at a given probapi this can
be detected as no toner is left in the toner delivery path A-SO—R—+H1 S
case, an alarmsound is issued fromthe al arm

- 45 -

that a sufficient quantity of toners are present there.

On the other hand, according to the present
embodiment, since the detection device 700 is disposed
downstream of the developing device 300 and upstream of the
cleaning device 400, the residual quantity of toners can be
detected more positively and quickly without incurring such
inconvenience as mentioned above. That is, according to the
present embodiment, the detection device 700 is providedjatfa
position where the toners are delivered first just after the
toner storage chamber 301 of the developing device 300 is
filled with the toners and, therefore, the detection device
700 is able to detect the quantity of the toners very
positively. | |

(iii) According to the present embodiment, since the
sensor is formed of the optical sensor 730, it is possible to
control the variations in the output signals with respect to
environmental noises pro&uced by the peripheral mechanisms of
the detection device 700, such as vibrations caused by
driving of devices, variations in temperatures and humidity,
and the like. Because of this, in forming successive images
for a long period of time and in forming images under the
high temperature and high,humidity environment or under the
low temperature and low humidity environment, the detection
device 700 is not likely to malfunction, so that there can be
obtained highly reliéble detect result.

(iv) The coil. spring 510 moves in sliding contact
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device and/or a nessage is displayed on a display deviBEPMMJH@ﬂK{ﬁHEET

thereby informng a user of the fact that no toner isjgft (to_be exadt,

the fact that the toners in the toner tank 600 run out and2 h0 ﬁdﬁ%ﬁlty of

toners in the devel oping device 300 is starting to decrdase). Accordingito

t he above-nentioned printer, the followi ng operation ¢ffects can be

obtained: (i) The toners are supplied onto the surface_of the pha:
- 46 -

with the detect window 710, and the sliding contact of the
coil spring 510 makes it possible to wipe away the toners
adhered to the upper surface 715 of the detect window 710.

Because of this, the light to transmit the detect
window 710 is not shielded by the toners and thus whether the
toners are' present or not in the toner delivery path R can be
detected with high reliability.

In other words, according to the present image
forming equipment, since the coil spring 510 forms toner
wiping means for the detect window 710, the detection device
700 can be wiped without providing special wiping means (such
as a wiper or the like) and a positive detect operation can
be achieved.

-quther, in the present embédiment, since the detect
window 710 includes the predicting surface 715 which projects
toward the coil spring 510, the projecting surface 715 is
sure to be in sliding contact with the coil spring 510 due to
the restitutive force caused by the elasticity of the coil
spring 510 itself. This sliding contact action enables the
toners adhered to the projecting surface 715 to be wiped away
more completely, which prevents the light to be transmitted
through the detect window 710 from being erroneously shielded
by the toners. Therefore, it is possible to detect with high
reliability whether the toners are present'in the toner

delivery path R or not.

(v) Since the reflection plate 720 energizes the
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This Sheet Has Been Replac REPLACED

[T




tosensitive nenber 201 by the devel opi ng device 300 and 1
_the surface of the photosensitive nenber 201 is devel opedl by the toners {

forma toner inmage. After the toner image is transferredijt %4 np
paper P, the residual toners adhered to the surface of the|photosensitive
menber are renoved and coll ected by the cl eaning device 400. Between the
devel opi ng device 300 and cl eani ng device ;

- 47 -

coil spring 510 toward the detect window 710, the above toner
wiping operation can be performed further positively without
requiring any other energizing means than the reflection
plate 20. And, as the result that the reflection plate 720
energizes the coil spring 510, the toners adhered to the
reflecting surface 724 of the reflection plate 720 can be
wiped away, which makes it possible to detect the presence or
absence of the toners in the toner delivery path with higher
reliability.

Also, according to the present structure, since it is
not necessary to wipe away the toners from the detect surface
by use of means having a strong stirring ability such as a
wiper or the like, such excessive stresses that can lower an
image quality are not applied to the toners. Thus, the
present invention possesses a stabilized image quality. The
pressure force to be applied between the coil spring 510 and
the detect surface may be preferably set in the range of 2 to
200 gf and, more preferably, in the range of 5 to 50 gf.

(vi) Since the length L of the projecting surface
715 in the toner delivery direction is equal to or less than
2 pitches (2 p) of the coil spring 510, a further positive
sliding contact operation can be obtained between the
projecting surface 715 and coil spring 510.

Fig. 21 (b) illustrates what happens if the length L’
of the projecting surface 715 in the toner delivery direction
is more than 2 pitches (2 p) of the coil spring 510. When

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
{ REPLACED

TR




400, there is interposed the toner delivery device 500 in a
whi ch delivery device 500 delivers part of the surplus tone
been used for devel opnent in the devel opi ng device 300 to t
device 400, and the residual toners collected by the clean

are delivered to the devel oping device 300. At the sanme tim
are replenished to the toner delivery path R by the toner t

REPRACELERE siEr

e cl eani ng
ng| d@B CVAGD
P, | new toners

I

f

result, normally, a given quantity of- 48 -

ank 600.

ASa

three portions 511, 512, and 513 where the coil spring 510
must be in sliding contact with the projecting surface 715
due to some curving and allowance of the coil spring 510, or
due to the fact that the coil spring 510 moves while it is
pushed up and thus curved slightly upwardly by the projecting
surface 715, are provided, the central portion 512 floats up
from the projecting surface 715 as shown in Fig. 21 (b).
Thus, there is a possibility that a positive sliding contact
condition cannot be always obtained.

On the other hand, according to the present
embodiment, as shown in Fig. 21 (a), since the length L of
the projecting surface 715 in the toner delivery direction is
equal to or less than 2 pitches (2 p) of the coil spring 510,
even if the coil spring 510 has some curving or allowance, or
even if the coil spring 510 moves while it is slightly pushed
up and thus curved upwardly, the number of the portions of
the coil spring 510 where it must be in sliding contact with
the projecting surface 715 is at the most 2 (the two portions
are designated by 511, 512, respectively). Therefore, the
coil spring 510 can never float up from the projecting
surface 715, so that a positive sliding contact condition can
be obtained.

(vii) As shown in Fig. 17 (b), since the side wall
surface 224a capable of sliding contact with the coil spring
510 to guide the same is so inclined as to form an acute

angle 6 with respect to the projecting surface 715, in the
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toners are circulating through the devel opi ng device 300,

400 and toner delivery path R Therefore, if the toners a
devel opi ng device 300, normally, a quantity of toners cor
quantity of toners consuned are then replenished through {
pat h 500. However, if the toner tank 600 becones enpty and W i
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contact portion 510a between the inclined surface 224a and
coil spring 510, a component force which energizes the coil
spring 510 toward the projecting surface 715 is generated.
As a result, the coil spring 510 can come into sliding
contact with the projecting surface 715 more positively, and
better detection results are possible.

(&iii) Because the contact surface of the detect
window 710 with the toner is formed of the material that is
situated on the samé polarity side on the triboelectric
series with respect to the electrified polarity of the toner,
the toners existing in the toner delivery path o not easily
adhere electrostatically to the detect window 710. For this
reason, the light to transmit the detect window 710 is
difficult to be shielded by the toners, which makes it
possible to detect with high reliability whether the toners
are present in the toner delivery path or not. And, since
the above-mentioned toner wiping operation by the coil spring
510 in the contact surface of the detect window 710 with the
toners can be performed more easily, the presence or absence
of the toners in the toner delivery path can be detected more
positively. |

(ix) 8Since the coil spring 510 and reflection plate
720 are both electrically floated, the toners are difficult
to adhere electrostatically to the coil spring 510 and
reflection plate 720, which facilitates the toner wiping

operation. Therefore, it is possible to detect positively
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- 23 - toners are supplied fromthe toner tank 600 no | ong
gquantity of the toners existing in the toner delivery path
gradually and, in the end, the quantity of the toners in th
path R decnses greatly when conpared with the normal quantiit
t he toners :

SHEET

oner deliverly
26 NoMepses arjd

t
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whether the toners are present in the toner delivery path or
not.

(x) If a toner absence condition is detected by the
optical sensor 730, then the alarm device informs the user of
this condition, and the user can replace the toner tank 600
properly.

In this state, as described before, normally, since a
given quantity of toners are still left in the developing
device 300 and are used for development, the printing
operation on the recording paper can be continued. And,
since the exposed portion 600A of the toner tank 600 is
exposed externally of the main body case 101 out of the
moving path of the recording paper P, by gripping and
rotating the exposed portion 600A while performing the
printing operation, the toner tank 600 can be replaced easily
in a short time.

That is, for example, when the toners are going to
run out while documents including a large number of sheets of
recording paper are under printing, the toner absence message
is issued beforehand and, responsive to this, the user can
replace the toner tank 600 without interrupting the printing
operation, that is, the user can continue the printing
operation without interruption even during the replacement of
the toner tank 600. |

(xi) As described above, since at the time when the

toners in the developing device 300 begin to decrease in
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alnost run out in the path R Now, FIGS. 20([err]) and (
. respectively schematic section views taken along the |

showi ng how the toners T within the devel opi ng device r
normal state thereof. In particular, FIG 20([err]) sho
toners are being supplied to the toner delivery path R
600, in which a given quantity of toners are circulatin

MENT SHERT
njout fromthe

a %8GV tiheg e
m t he toner tan
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quantity, this can be detected, it is possible to prevent
occurrence of a condition that the toners in the developing
device 300 are greatly reduced in quality or run out. This
prevents the toners or foreign substances such as paper
powder or the like from adhering to the regulation blade 330
portion.

That is, the developing device 300 is structured such
that a given developing operation can be performed in a
condition that a predetermined quantity of toners are present
in the toner storage chamber 301. When the quantity of the
toners in the toner storage chamber 301 is extremely small or
the toners run out, not only can a good developing operation
not be performed but also damage can occur due to the
extremely small quantity or absence of the toners. For
example, when the quantity of the toners in the toner storage
chamber 301 is extremely small, during the above-mentioned
operation of the déveloping device 300, the toners cannot be
coated uniformly onto the developing roller 320 by the supply
roller 310, and the toners on the surface of the developing
roller 320 cannot be turned into an even thin léyer and
cannot be frictionally electrified uniformly in the image
forming width direction. As a result of this, the toners
partially cocated on the developing roller 320 can suffer from
unbalanced sliding contact in the sliding contact portion of
the regulation blade 330 and can be fixed there forcibly, or

a small quantity of strange substances such as paper powder
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in"the toner storage chanber 301 of the devel opi ng devi P EMQ%HW&HEEREr
~delivery path R Since the toners T are delivered on the [toner storage
chamber 301 al ong the |ongitudinal direction thereof by tjheZ 8oNDVsip94 n
510, even if the toners are consuned in part in the torjer; storage chante
301 and thus the quantity level of the toners is |owergd, toners are
repl eni shed as occasi on demands by neans of free drop (+ree_flow down) o
the toners fromthe coil spring 510- 52 -

—

or the like mixed into the toner storage chamber 301 can be
coated on the developing roller 320 to cause clogging in the
sliding contact portion of the regulation blade 330. When
such fixing and clogging occur, even if toners are
replenished after such phenomena, they cannot be returned to
their original conditions, so that a good image formation
cannot be realized.

On the other hand, according to the image forming
equipment of the present embodiment, as described above,
since decrease in the quantity of the toners can be detected
at the time when the quantity of the toners begins to
decrease, it is possible to prevent the above-mentioned
inconveniences.

Description will now be given of a modification of
the above-mentioned embodiment. In the modification, the
same parts (including equivalent parts depending on the
situation) as those in the above-mentioned embodiment are
given the same reference characters in the following
description.

Fig. 22 is a typical view of the modification
relating to the provision of the mechanism of detection
device, in which a reflection type optical sensor 730 is
movably supported in the main body of a recording device in
such a manner that the element surface of the reflection type
optical sensor 730 is able to followingly approach or stick

to the surface of the detect window 710 disposed in a portion

; TITR 13
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to the level |owered portions, for exanple, portions [H.RERﬁN@Ehﬂ§$DQ§H§
by imaginary lines in FIG 20([err]). Therefore, even iff

consuned in the devel opi ng device 300, a quantity of tcne t]tg
o ?”@W?ﬁ |

the quantity of the toners consunmed are repl enished thro
delivery path Rto the devel opi ng device 300, thereby bhei
mai ntain an even level of the toners T in the toner st{nge chanber 301.

T——

]
}
i
l

Here, if the level of the toners is |owéBed in —

of the toner delivery part R of the image forming equipment.
A sensor support base member 35 is a member which is used to
support and fix the reflection type optical sensor 730
directly. Between the sensor support base member 35 and a
main body support base member 37 fixed to the printer main
body, there is interposed a coil spring 36 so that the
reflection type optical sensor 730 is free to move in a range
where the coil spring 36 is elastically deformable with
iespect to the printer main body. Therefore, even in a
structure in which a case 210 including the detect window 710
is easy to be shifted in portion or position, since the
element surface of the reflection type optical sensor 730 is
able to followingly approach or stick to the surface of the
detect window 710, not only large dimensional tolerances can
be obtained for the component parts but also the case 210
including the detect window 710 can be ;;moved from and
mounted to the sensor 730. 1In the present embodiment, the
coil spring 36 is interposed between the sensor support base
member 35 and main body support base member 37 so that the
reflection type optical sensor 730 is free to move. However,
the invention is not limited to the coil spring 36 but, as an
urging member capable of performing a similar function to the
coil spring 36, there can be used a plate spring, soft
rubber, soft foam, or the like. By structuring the toner
residual quantity detection device in this manner, the image

forming equipment can be freely removed from and mounted to
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two or

nmore portions (for exanple, D1, D2), supply ot new toners beQ|ns at

.the portion (Dl) located nost upstream that is, the tolmEps e

sequentially fromupstreamto downstream thereby eveni
toners.
some time since the toner tank 600 has run out of the t
of toners fromthe toner tank 600 has gfen st opped.

On the other hand, FIG 20([err]) shows a state

the printer main body 100.

The reason why the detect window 710 is so disposed
as to be approachable or stickable to the reflection type
optical sensor 730 is to reduce flare light produced as a
result of part of the light emitted from the light emitting
element of the reflection type optical sensor 730 is
reflected by the inner surface of the detect window 710. The
flare light ﬁust be reduced sufficiently with respect to the
reflected light from the optical reflection plate 720 to be
received by a light receiving element. 1If the flare light
that provides a noise signal is approximate to the reflected
light from the reflection plate 720, which provides a normal
signal, then the S/N ratio is lowered. Therefore, even if
the toners run short on the toner detect surface, it is
difficult to detect this short condition as the toner absence
condition because the resolution of the detect signal is low.

Now, Fig. 23 is a graphical representation which
shows a relationship between the S/N ratio and the distance
from the reflection type optical sensor 730 to the detecf
window 710 respectively used in the detection device in the
above modification. The relationship holds also in the
previously-described embodiment.

The abscissa of Fig. 23 expresses a distance between
the reflection type optical sensor 730 and the detect window
710, while the ordinate expresses a ratio between a normal

signal provided by the reflected light from the reflection
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Just after the supply of new toners fromthe toner
given quantity of toners are still left in the tondgr :
" Therefore, even if the toners are consuned in the deje B 98y 300,
while the same quantity of toners as the toners co swné% é&@ %@é@e t§in the
toner delivery path R, the toners are replenished ijn nept £ oned

manner so that the toners T in the toner storage chanber 301 can be ept
al nost | evel. - 55 - -

ACEMENT JHBRTYd. 2

plate 720 and a noise signal provided by the flare light, in
the form of S/N.

Since the S/N ratio lowers greatly as the distance
increases and the S/N ratio is 10 or less if the distance is
1.5 mm or larger, it is difficult to detect the toner absence
condition under this condition. In consideration of the
manufacturing variations, environmental variations and aging
variations of the respective elements forming the reflection
type sensor 730, the S/N ratio required for detection of the
toner absence condition must be 10 or more, preferably, 100
or more. Therefore, the distance between the reflection type
optical sensor 730 and detect window 710 that satisfies the
above-mentioned S/N ratio is less than 1.5 mm and,
preferably, may be less than 0.6 mm. In the above-mentioned
embodiment, as the reflection type optical sensor 730, there
is used a photo-microsensor (model EE-SY 110, manufactured by
Omron Co., for example). However, this is not limitative,
and other light emitting/receiving elements can be used in
combination, or a sensor which does not include an integral
package of two light emitting and receiving elements can also
be used. Also, with respect to the distance between the
reflection type optical sensor 730 and detect window 710
required as the condifion to satisfy the S/N ratio 10 or
more, although the required value of the distance may vary
according to the distance between the light emitting and

receiving elements, the angles of the light emitting and
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- 24 - However, if the toners are further consuned and th@ T Ay e

toners eX|st|ng in the toner delivery path R becones smal
quantity of the toners consumed in the devel opi ng device 30

t he toner

t he tonefs”
st or age 28 NOV 1965

- 56 -

ag . .

receiving elements relative to the reflection plate 720 and
the like, in fact, it is preferable that the distance between
the reflection type optical sensor 730 and detect window 710
is reduced as much as possible. When the distance between
the reflection type optical sensor 730 and detect window 710
cannot be reduced, it is also possible to interposed a light
shield cover or the like for prevention of the flare light
between the light emitting and receiving elements in order to
reduce the quantity-of the flare light to be received by the
light receiving element.

In the above-mentioned embodiment, the reflection

plate 720 itself is formed of a metal plate having a springy

elasticity. However, alternatively, other kinds of
structures may also be used. For example, by supporting and
pressing an optical reflection plate, which is a rigid
member, by use of elastic means such as a coil spring, soft
rubber, soft foam or the like, a similar effect can be
obtained.

Figs. 24 (a) to (c) are typical views of
modifications of the mechanism of the pressure means which
presses against the colil spring 510 and the transparent
detect window of the detection device.

In particular, Fig. 24 (a) shows the structure of
pressure means using a support spring 51 which presses the
coil spring 510 through a pressure member 54 against a

transparent detect window 53. In this figure, reference
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chanber 301 begin to decrease in quantity on the down- SLLﬁﬁﬂl§LQE~21_LE?
.toner delivery path. A portion in which the quantity ofjjRmp it NN ST

decreases is shown by D3 in FIG 20([err]). The toner dugni+ "@iﬁg
decrease on the down- stream si de because the replenishn@ b
to the toner storage chanber 301 is perforned sequentlaI]

upstream side to the downstream side. As a result of theLLQners I n thq
toner storage chanber 301 - 57 -
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character 52 designates a reflection plate.

Fig. 24 (b) shows the structure of pressure means
which presses the coil spring 510 through a transparent
detect window 56 by means of the pressure of a support spring
57. In this figure, 55 stands for a reflection plate.

Fig. 24 (c) shows the structure of pressure means
which presses the coil spring 510 against a transparent
detect window 60 by use of a pressure member 58. 1In this
figure, 59 designates a reflection plate.

While description has been given heretofore of the
embodiment and its modifications according to the invention,
the present invention is not limited to the above-mentioned
embodiment and its modifications, but other wvarious
modifications and changes are also possible without departing
from the scope of the subject matter of the invention.

For example, the sensor of the detection device is
not limited to the optical reflection type sensor but a
transmission type sensor can also be used. In this case, a
transparent detect window is provided instead of the
reflection plate.

Further, the detection device is not limited to the
optical detect type but an inductance detect type, an
electrostatic capacitance detect type, a current detect type,
a leakage magnetic flux detect type can also be used. That
is, any type of detection device can be used, provided that

it is able to detect the fact that the toners run out in the
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decreasing in quantity fromthe downstream side of the toner delivery path
.in this manner, the toners in the toner delivery path 1'~§H a
portion 301A jUSt downstream of the toner storage cha .-qué E

depl etion state advances sequentially along the circuljatfion direction |of
the coil spring 510, and, when the depletion state reaches28 NOViI96 J01B
upstream of the toner storage chanmber 301. then the tongrs al nbst run |oyt
in the toner delivery path R In this T&se, ]

toner delivery path.
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ed by the cleaning device 400. | TR I

to the devel opi ng device 300f{by the delivery

therefore, there exist sone toners (a veryjsmall quantTtly
toners when conpared with the - 59 -

WHAT IS CLAIMED IS:

1. 1Image forming equipment, comprising:

a developing device, in contact with a photosensitive

member, supplying toners onto a surface of said

photosensitive member and developing a latent image on said

surface of said photosensitive member, thereby forming a
toner image;

a cleaning device, disposed downstream from said
develqping device in sliding engagement with said

photosensitive member, that removes and collects residual

toners adhered to said surface of said photosensitive member

after said toner image formed by said developing device is

transferred to paper;

a toner delivery device, interposed in a closed loop

between said developing device and said cleaning device,
delivering a portion of surplus toners not used for

development in said developing device to said cleaning

device, and delivering said residual toners collected by said

cleaning device to said developing device;

toner supply means for replenishing toners to a toner

delivery path in said toner delivery device; and
a detection device, disposed along said toner

delivery path, detecting toner depletion.

2. Image forming equipment as set forth in Claim 1,

wherein said detection device is disposed downstream of said

developing device and upstream of said cleaning device.

T
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normal quantity of toners used) in the delivery path e &@rﬁaﬁcﬁh@‘”rﬁmﬁﬂe

cl eani ng device 400 to the devel opi ng devi ce 300. As de#crlbed above,
“the pr esEmsherbBa®esmRplaceif t he new toners are not suppli edzerm)vtoﬂg? tcner
I r

tank 600 en the toners in the toner d6|IWer path R gt lfy
run out b rs in the devel opi ng device 300 run—ouf7—ﬁeee+é|rg
to the i ui pment  of the present L

3. Image forming equipment as set forth in Claim 1,

wherein said detection device comprises a detect window
provided in said toner delivery path and an optical sensor
provided in said detect window.

4, Image forming equipment as set forth in Claim 3,
wherein said detect window is electrically floated.

5. Image forming equipment as set forth in Claim 3,
wherein at least a surface of said detect window that
contacts said toners is formed of a material having the same
polarity as an electrified polarity of said toners in a
triboelectric series.

6. Image forming equipment as set forth in Claim 3,
wherein said toner delivery device includes a toner delivery
member movable circulatingly between said developing device
and cleaning device, and said toner delivery member moves in
sliding contact with said detect window.

7. Image forming equipment as set forth in Claim 6,
wherein said toner delivery member is electrically floated.

8. Image forming equipment as set forth in Claim 6,
wherein said detection device comprises a detect window
provided in said toner delivery path, an elastic reflection
plate disposed facing said detect window, and an optical
sensor of a reflection type provided in said detect window,
and said reflection plate urges said toner delivery member
toward said detect window.

9. Image forming equipment as set forth in Claim 8§,
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enbodi nent, since the detection device 700 for detecting the fact that the
~toners run out is provided with respect to the toner delivery path R it is
possi bl e to dgl@kdet i Becn®SSteRl quantity of the toners positively wthout

i ncreasing the|ld evel opi ng device 300. The term"to detect the
LmnE‘n ers" used here does not nean to detect the
ly, for e%%nple, how many grans of toners are

resi dual quant
wherein said toner delivery path includes a side wall surface

resi dual toner

capable of sliding contact with said toner delivery member to
guide said toner delivery member, and at least the surface
portion of said side wall surface situated adjacent to said
detect window is inclined so as to form an acute angle with
respect to a surface of said detect window facing said toner
delivery path.

10. 1Image forming equipment as set forth in Claim 8,
wherein said reflection plate is electrically floated.

11. Image forming equipment as set forth in Claim 8,
wherein at least a surface of said reflection plate that
contacts said toners is formed of a mate:ial having the same
polarity as an electrified polarity of said toners in a
triboelectric series.

12. Image forming equipment, comprising:

a developing device, in.contact with a photosensitive
member, supplying toners onto a surface of said
photosensitive member and developing a latent image on said
surface of said photosensitive member, thereby forming a
toner image;

a cleaning device, disposed downstream from said
developing device in sliding engagement with said
photosensitive member, that removes and collects residual
toners adhered to said surface of said photosensitive member
after said toner image formed by said developing device is

g

transferred to paper;
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f or m ng “equi pnent are Ieft only in such a quantity that
necessaryﬂgg&éﬁia‘i\ﬂi toners to be normally present] ijn 2 BeN

devi ce 300 “

| eft Instead, the. present-iinvention detects if the ton7

T

- 62 - ' et

a toner delivery device, interposed in a closed loop
between said developing device and said cleaning device,
delivering a portion of surplus toners not used for
development in said developing device to said cleaning
device, and delivering said residual toners collected by said
cleaning device to said developing device;

toner supply means for replenishing toners to a toner
delivery path in said toner delivery device; and

an elastic toner delivery member, circulatingly
movable in said toner delivery path in said toner delivery
device;

a transparent detect window disposed in said toner
delivery path and including a projecting surface projecting
toward said elastic toner delivery member; and

an optical sensor provided in said detect window.

13. Image forming equipment as set forth in Claim
12, wherein said optical sensor is disposed downstream of
said developing device and upstream of said cleaning device.

14. Image forming equipment as set forth in Claim
12, wherein said elastic toner delivery member comprises a
coil spring, and wherein the length of said projecting
surface of said detect window in the toner delivery direction
is equal to or less than 2 pitches of said coil spring.

15. Image forming equipment as set forth in Claim
12, wherein at least said projecting surface of said detect

window is formed of a material possessing the same polarity
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(i1) As described above,--according to the present m’ﬁg@ fpgfm H nt,
i f the New toners are not’ supplied fromthe toner su, p HCGJEFQ“an ger,

‘then theﬂ@m&mmeﬁh@lac@ner delivery path R first r [0 bh@ (%8, t e
toners in device 300 run out. And in he 2 5 dé§$ dry path
R, the ton “ un out first at the portion boftthe path R siltdated
domnstrea oplng device 300. Also, according to the inmge

form ng eqU|pnent of the - 63 - e

as an electrified polarity of said toners in a triboelectric
series.

16. Image forming equipment as set forth in Claim
12, wherein said elastic toner delivery member is
electrically floated.

17. Image forming equipment as set forth in Claim
12, wherein said detect window is electrically floated.

18. Image forming equipment as set forth in Claim
12, wherein said optical sensor comprises an optical sensor
of a reflection type, an elastic reflection plate is provided
at a position facing said detect window with said elastic
toner delivery member between said reflection plate and said
detect window, and said reflection plate eneréizes said
elastic toner delivery member toward said detect window.

19. Image forming equipment as set forth in claim
18, wherein said reflection plate is electrically floated.

20. Image forming equipment as set forth in Claim
18, wherein at least a surface of said reflection plate that
contacts said toners is formed of a material possessing the
same polarity as an electrified polarity of said toners in a
triboelectric series.

21. Image forming equipment as set forth in Claim
18, wherein said toner delivery path includes a side wall
surface capable of sliding contact with said elastic toner
delivery member for guiding said elastic toner delivery

member, and at least the surface portion of said side wall
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present enbodi nent. .si-nce-t-he detection device 700 i sl ”EW@E?_'
of the developlng deV|ce 300 and upstream of the cleani g~ A
OChsr § ‘i“ ers can be detected nore p05|t|vel and

the det ection device 700 is |ngt £8nNO¥H59H tind
el opi ng device 300 but the dqtectlon devicg 100
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eg upstream of the developlgg device 30¢. In this
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surface situated adjacent to said detect window is so
inclined as to form an acute angle with respect to said

projecting surface of said detect window.

22. Image forming equipment comprising a developing

device for forming a latent image on a member; a toner supply

means for providing toner used to form the latent image; a

cleaning device which removes toner from said member; a

toner

delivery path for allowing toner to be transferred between

the developing device, supply means and cleaning device; and

detection means for providing an indication of the quantity

of toner in the delivery path.

23. Image forming equipment according to claim

22,

wherein the detection means is for providing an indication of

the quantity of toner in a part of the delivery path between

the developing device and the cleaning device.
24. Image forming equipment according to claim
23, wherein a toner delivery member is provided in said
delivery path for urging the toner to flow therealong.
25. Image forming equipment substantially as

hereinbefore described with reference to and/or as

22 or

illustrated in any one of the figures of the drawings or any

combination thereof.
26. A detection device providing an indication

the quantity of toner in a toner delivery path in image

of

forming equipment, the detection device comprising a window

through which radiation can pass which is insertable in

a
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in the delivery path Rrun out first before the toners REHhA&IEﬂﬂ$TQﬁH
device 300 run out. the residual quantity of the toners gan be detect
positively. However, when the detec- tion device is Iocatqugq§%%3§§§n1o1
t he cl eaning devi ce 400 and upstream of the devel opi ng {dgvi ce , mg

quantity of the toners collected fromthe cl eani ng devifce486—are—resen
in the toner delivery path R and, therefore, the detecf accuracy nmay be
| oner ed depending on the structure of” té® -

wall defining the toner delivery path, and an optical sensor
for detecting radiation passing through said window, the
arrangement being such that the guantity of detected
radiation is indicative of an amount of toner in said toner
delivery path.

27. A detection device according to claim 26,
wherein means are provided for reducing the tendency for
toner to adhere to said window.

28. A detection device substantially as hereinbefore
described with reference to and/or as illustrated in any one
of the figures of the accompanying drawings or any

combination thereof.
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detection device. On the ot her hand, according to the present enbodi nent,
since the detection device 700 is di sposed downstream of gfﬁma i T
devi ce 300 and upstream of the cl eaning device 400, the %EE%ua. gﬁgéﬂmai‘
of the toners can be detected nore positively. Al so, wheh hﬁégﬁt ction |
device is disposed downstream of the toner supply port 2#43]a t 1994m Jof
t he devel opi ng

- 66 -

ABSTRACT

IMAGE FORMING EQUIPMENT AND TONER QUANTITY

DETECTION DEVICE THEREFOR

Image forming.equipment, which includes a developing
device for supplying toners to the surface of a
photosensitive member and developing a latent image on the
surface of the photosensitive member to thereby form a toner
image; a cleaning device for removing and collecting residual
toners adhered to thé surface of the photosensitive member
after the toner image formed by the developing device is
transferred to paper; a toner delivery device interposed in a
closed loop between the developing device and cleaning device
for delivering part of the surplus toners that have not been
used for development in the development device to the
cleaning device and for delivering the residual toners
collected by the cleaning device to the developing device;
and a toner tank for supplying toners to a toner delivery
path R of the toner delivery device, is provided. 1In the
image forming equipment, by providing a detection system for
detecting the depletion of the toners with respect to the
toner delivery path, the residual quantity of toners can be
detected positively without increasing the size of the
developing device.

(Figure 16]'
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device 300, the new toners that are supplied just after replacenent of the
toner tank 600 are detected and, there- fore, in spite offffE—fact—that—a
.~ sufficient quantity of toners are not present in the deveIRlEFIA@%B’ NE SHEM,
there is a possi- bility that the detection device detectis Jor judges Thai a
sufficient quantity of toners are present there. On the dtHerzlgandy 1995
according to the present enbodi nent, {since the detection j[dgvice 700 is
di sposed downstream of the

FIG. 1
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devel opi ng device 300 and upstream of the cleaning device 4 he—+es-dual——
i NT SHEET

quantity of toners can be detected nore positively and qui

i ncurring such inconveni ence as nmentioned above. That is. gccordl ng to th
present enbodi ment, the detection device 700 is provided at p?%iit‘kgﬁgg
where the toners are delivered first just after the toner dtqgrage cha e(F

301 of the devel oping device 300 is
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-26- filled wwth the toners and, therefore, the detection device 700 is
able to detect the quantity of the toners very positivel ypr—+i)_Accordi ng
to the present embodi nent, since the sensor is fornmed of[R A@EMWTSH r

730, it is possible to control the variations in the outfpyr STyrars—w
respect to 28 NOV 1996
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environmental noi ses produced by the peripheral mecha- nisms of the

détection device 700, such as vibrations caused by drivin
variations in tenperatures and humd- ity, and the I|ike.
in form ng successive inmages for a long period of tine an

i mages under ‘the high tenperature and high hum dity envirjonnmeptg§ NOVURYSr
the I ow tenperature and | ow hum dity gnviron- nent, the

700 is not likely to mal function,
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so that there can be obtained highly reliable detect r‘es.ul-t-.——-'
spring 510 noves in sliding contact wwth the detect w VKENLA'CE
sliding contact of the coil spring 510 nakes it possib|eftoW pe away
toners adhered to the upper surface 715 of the detect W d%w'm&a
of this, the light to transmt the detect w ndow 710 i $ mot™ shi el ded by
toners and thus whether the toners ame present or not ijn Very
path R can be detected L_

FIG. 5
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wi_ith high reliability. In other words, according to the
form ng equi pnment, since the coil spring 510 forns toner
t he detect w ndow 710, the detection device 700 can be
provi di ng special w ping neans (such as a w per or the

detect operation can be achieved. Further, in the prese

t he det ect 6
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wi ndow 710 includes the projecting surface 715 which proj
coil spring 510, the projecting surface 715 is sure to be
contact with the coil spring 510 due to the restitutive f

el asticity of the coil spring 510 itself. This sliding comtact28dNi\wngge

enabl es the toners adhered to the pr %ectlng surface 715
nore conpletely, which prevents the
detect wi ndow 710 from bei ng
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erroneously shielded by the toners. Therefore, it is pos

i.bhle to detect

with high reliability whether the toners are present in t
path R or not. (v) Since the reflection plate 720 ener gi 3
510 toward the detect wi ndow 710, the above toner w ping
performed further positively without requiring any other
than the reflection plate 20. And, asB8the result that th
720

v
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. delivery path with

energi zes the coil spring 510, the toners adhered to the reflecting surface
724 of the reflection plate 720 can be -27- w ped away,~which_makes it

possi ble to detect the presence or absence of t he toners IREPDRCERHEH1SHEET
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hi gher reliability. Also, according to the present structur

npt necessary to w pe away the toners fromthe detect surfa

means having a strong stirring ability such as a w per or tjh
excessive stresses that can lower an inmage quality are not jappl bedxlQ fobg

tones. Thus, the present invention possesses a stabilized

The pressure force to be applied bet@ween the coil spring 510 ‘and-the
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detect surface may be preferably set in the range of 2 to 200 gf and, nore -
preferably, in the range of 5 to 50 gf. (vi) Since the length L of the
projecting surface 715 in the toner delivery direction {s—eaud 70 Is
than 2 pitches (2 p) of the coil spring 510, a further REPLACEM! NI
contact operation can be obtai ned between the projecting $urface 715 ang
coil spring 510. FIG 21([err]) illugtrates what happeng iif 4 BenOemagsh
of the
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projecting surface 715 in the toner delivery direction is nore than 2
prtches (2 p) of the coil spring 510. Wen three portiops~511l_512, and 513

where the coil spring 510 nust be in sliding contact w tRER“meME' '
surface 715 due to some curving and all owance of the co} | sprrrg @f%ﬁﬂﬂm{

-f.
due to the fact that the coil spring 510 noves while it]ijs R and
thus curved slightly upwardly by theldrojecting surface 15f%§B§qﬁ@§@icec,

the central portion 512 floats up
FIG. 13
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fromthe projecting surface 715 as shown in FIG 21([err]). Thus, there is
a‘possibility that a positive sliding contact condition cangat _be al ways

obtai ned. On the other hand, according to the present embodiRERjt M

in FIG 21([err]), since the length L of the projecting sur - EﬁLiSﬁEBT
toner delivery direction is equal to_or less than 2 pitcheg (]2 R), of. the
coil spring 510, even if the coil spB8ing 510 has sone curvijn ogsaNpMWBﬂ&e,
or even if the coi

FIG. 15
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spring 510 noves while it is slightly pushed up and thus curved upwardly,

t he nunber of the portions of the coil

spring 510 where it _pust be in

sliding contact with the projecting surface 715 is at t EKEFB R
portions are designated by 511, 512, respectively). Theﬂe e.rz\fcmm" EE]
spring 510 can never float up fromthe projecting surfade 715, so that 3
positive sliding contact condition gan be obtained. 2 8 NQOV 1994
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(vii) As shown in FIG 17([err]), since the side wall surface 224a capable .

of sliding contact with the coil spring 510 to guide the sane is so
inclined as to forman acute angle [err] with respect t
- surface 715, in the contact portion 5la between the incIR @@Eﬁﬁ‘l esggﬁg

and coil spring 510,
15 2 8 NGV 1996
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-28 - a conponent force which energizes the coil spring 510 toward the
projecting surface 715 is generated. As a result. the cob—spring 510 can

conme into sliding contact with the projecting surface 71?%&@@;};{@5@%‘

and better detection results are possible. (viii) Becausg the—coftact
surface of the detect wi ndow 710 with the toner is fornmed pof t?ﬁd‘}a&srl gl
that is situated 16.
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on the sanme polarity side on the triboelectric series with respect to the
electrified polarity of the toner, the toners existing in-the _toner
delivery path do not easily adhere electrostatically to tR@PEH
710. For this reason, the light to transmt the detect wfn

difficult to be shielded by the toners, which nmakes it p¢s$ible to detec
with high reliability whether the tdgfers are present in {hg t NO@Rve Yy
path or not. And, since the above-nentioned
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h

toner w ping operation by the coil spring 510 in the contact _surface of t

detect w ndow 710 with the toners can be performed nore GREELKCEN&ﬁH‘SHEFT

presence or absence of the toners in the toner delivery pa
- detected nore positively. (ix) Since the coil spring 510}a
plate 720 are both electrically floated, the toners are d
electrostatically to the coil springg510 and reflection
facilitates the toner w ping operation. Therefore,
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it is possible to detect positively whether the toners are present in the

toner delivery path or not. (x) If a toner absence condition is detected by
the optical sensor 730, then the alarm device informnms thg s

“condition, and the user can replace the toner tank 600 pr£§ CﬁbEﬂHﬁSdEET

state, as described before, normally, since a given quantjtly of toners arde

still left in the devel opi ng devi ce 1800 28 NOV 1995
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and are used for devel opnent, the printing operation on.the recording paper
can be continued. And, since the exposed portion 600A of OB t@ngd00
_is exposed externally of the main body case 101 out of t%EPEALEﬂﬂﬁqE 'ﬁ

the recording paper P, by gripping and rotating the exppsked portlon 60CA
whil e perforning the printing operation, the toner tank| 600 éﬁHOUe99§placed

easily in a short tine. That is, forZ@xanple, when the ftoners are going t{o
run out
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whil e decunments including a | arge nunber of sheets of rgecordi-rg—paper—at

under printing,

the toner absence nes- sage is issued befEEEWﬁMENTdSHEET

A\

respon5|ve to this, the user can replace the toner tank |60 ottt

|nterrupt| ng t
- printing operat:

toner tank 600.-

printing operation, that is, the user dgan} c ?n@t‘lfi%?
on without interruption even duri_ngtherel enen t

he
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IMAGE FORMING EQUIPMENT WITH
DEPLETION DETECTION IN AN TONER
ENDLESS CIRCULATION PATH

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to image forming equipment
and, in particular, to image forming equipment such as a
printer, a copying machine, a facsimile machine, and the like
which use toners to form an image onto recording paper
according to an electrophotographic method. The present
invention further relates to a technique for detecting the
residual quantity of the toners.

2. Description of the Related Art

The present inventors have developed image forming
equipment which includes: a developing device which sup-
plies toners to the surface of a photosensitive member and
develops a latent image on the surface of the sensitive
member to thereby form a toner image; a cleaning device
which, after the toner image formed by the developing
device is transferred to paper, removes and collects the.
residual tomers attached to the surface of the sensitive
member; a toner delivery device, interposed in a closed loop
between the developing device and the cleaning device,
which delivers a portion of the surplus toners that have not
been used for development in the developing device to the
cleaning device and delivers the residual toner collected by
the cleaning device to the developing device; and toner
supply means, which supplies the toners to a toner delivery
path of the toner delivery device.

In such image forming equipment, the delivery of the
toners is entrusted to the toner delivery device and the toners
is supplied to the toner delivery path R, which makes it
possible to miniaturize not only the developing device but
also the whole image forming equipment and, at the same
time, to improve the degree of freedom of the layout to a2
great extent. Now, in Japanese Patent Publication No.
63-246780 of Showa, there is disclosed image forming
equipment which includes: a belt-shaped member interposed
between the interior of a developing device as described

“ above and the interior of a cleaning device, which removes
and collects the residual toners attached to the surface of the
photosensitive drum, the belt-shaped member being driven

~around the cleaning and developing devices; and toner
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devel opi ng device 300 begin to decrease in quantity, '"thip
it is possible to prevent occurrence of a condition that fh
devel opi ng device 300 are greatly reduced in quality or ruun
prevents the toners

(xi) As described above, since at the tinme when the ton

ers in the

REPDADEMERT &5H;

toners 1n

-
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removing means, provided in the developing device, for
removing the residual toners attached to the surface of the
belt-shaped member in the interior of the cleaning device

from the belt-shaped member in the interior of the devel-
oping device. However, the belt-shaped member disclosed

in the image forming equipment does not deliver part of the
surplus toners that have not been used for development in
the developing device to the cleaning device. Also, in the
subject publication (that is, Japanese Patent Publication No.
63-246780 of Showa), no teaching is disclosed regarding a
toner supply means which is used to supply toners to the
toner delivery path of the toner delivery device.

On the other hand, in the image forming equipment which
uses toners to form an image on recording paper according
to an electrophotographic method, it is necessary to provide
a toner residual quantity detection device which detects the
residual quantity of the toners because recording is impos-
sible if the toners run out in the developing device.

In conventional image forming equipment, normally, for
example, as disclosed in Japanese Patent Publication No.
4-97179 of Heisei, the toner residual quantity detection
device is provided in the developing device.

However, when the toner residual quantity detection
device is provided in the developing device as in the
conventional image forming equipment, the developing
device becomes inconveniently large.

Therefore, if this conventional technique is used in the
image forming equipment developed by the present inven-
tors, the resulting combination goes against the object of the
image forming equipment (i.e., the miniaturization of the
developing device) and is thus not desirable.

SUMMARY OF THE INVENTION

It is an object of the invention to solve the above-
mentioned conventional problems and also, in the above-
mentioned image forming equipment developed by the
present inventors, to be able to detect precisely the residual
quantity of the toners without incurring any increase in the
size of the developing device,

In attaining the above and other objects, according to the

~ invention, there is provided image forming equipment which

compx:ises: a developing device, in contacts with a photo-
sensitive member, supplying tonmers to the surface of a
photosensitive member and developing a latent image on the




condi- tion that a predeterm ned quantity of toners are pfege
toner storage chanber 301. When the quantity of the toner
storage chanber 301 is extrenely small_  or the toners run
a good devel opi ng operation not -3-

I n

surface of the photosensitive member, thereby forming a
toner image; a cleaning device, that removes and collects the
residual toners that are still attached to the photosensitive
member surface after the toner image formed by the devel-
oping device is transferred to paper; a toner delivery device,
interposed in 2 closed loop between the developing and
cleaning devices, delivering a portion of surplus toners not
used for development in the developing device to said
cleaning device, and delivering the residual toners collected
by the cleaning device to the developing device; toner
supply means for supplying toners to a toner delivery path
of the toner delivery device; and a detection device provided
in the toner delivery path, detecting toner depletion. The
detection device, preferably, may be disposed downstream
of the developing device and upstream of the cleaning
- device. Alsp, the detection device, preferably, may include a
detect window provided in the toner delivery path, and an
optical sensor provided in the detect window. Preferably, the
detect window may be floated electrically. At least the
surface of the detect window that contacts the toners may be
formed of a material that possesses the same polarity as an
electrified polarity of the toners in a triboelectric series.

Also, the toner delivery device includes a toner aeiivery
member movabie circulatingly between the developing and
cleaning devices, and the toner delivery member may be
preferably arranged such that it moves in sliding contact
with the detect window. It is also preferable that the toner
delivery member may be floated electrically. Now, the
detection device includes the detect window provided in the
toner delivery passage, an elastic reflecting plate disposed to
face the detect window, and a reflection type optical sensor
provided in the detect window, while the reflecting plate
may preferably energize the toner delivery member toward
the detect window. Further, the toner delivery path includes
a side wall surface which is capable of sliding contact with
the toner delivery member to guide the toner delivery
member and, preferably, at least the surface portion of the
side wall surface situated in the neighborhood of the detect
window may be so inclined as to form an acute angle with
respect to the surface of the detect window facing the toner
delivery passage. Moreover, preferably, the reflecting plate

_may be electrically floated. It is preferable, in some cases,
that at least the surface of the reHeEﬁ'h“g plate that contacts

the toners may be formed of a matcrial that possesses the

samc polarity as an electrified polarity of the toners in a
triboelectric series.

PEITL
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Also, according to the invention, there is provided image
forming equipment which comprises: a developing device,
in contacts with a photosensitive member, supplying toners
to the surface of a photosensitive member and developing a
latent image on the surface of the photosensitive member,
thereby forming a toner image; a cleaning device, for
removing and collecting the residual toners that are still
attached to the surface of the photosensitive member after
the toner image formed by the developing device is trans-
ferred to paper; a toner delivery device interposed in a closed
loop between the developing and cleaning devices for deliv-
ering, to the cleaning device, part of the surplus toners that
have not been used for development in the developing
device, and for delivering, to the developing device, the
residual toners collected by the cleaning device; a toner
supply means for supplying toners to a toner delivery path
of the toner delivery device; an elastic toner delivery mem-
ber movable circulatingly within the toner delivery path of

the toner delivery device; a transparent detect window -

provided in the toner delivery path and including a project-
ing surface projecting toward the elastic tomer delivery
member; and an optical sensor provided in the detect win-
dow. Preferably, the optical sensor may be disposed down-
stream of the developing device and upstream of the clean-
ing device. Also, it is preferable that the toner delivery
means may be formed of a coil spring and the length of the
projecting surface of the detect window in the toner delivery
direction may be equal to or less than 2 pitches of the cail
spring. Preferably, at least the projecting surface of the
detect window may be formed of a material that possesses
the same polarity as an electrified polarity of the toner in a
triboelectric series, and the elastic toner delivery member
may be floated electrically. It is also preferable that the
optical sensor may comprise 2 reflection optical sensor, and
that an clastic reflection plate may be disposed opposite the
detect window with the toner delivery member between
them, and the reflection plate may urge the toner delivery
member toward the detection window. Preferably, the reflec-
tion plate may be electrically floated and, depending on the
situation, at least the surface of the reflection plate that
contacts the toners may be formed of a material that is

‘possesses the same polarity as an electrified polarity of the

toner in a triboelectric series. The toner delivery path

Jincludes a side wall surface which is capable of sliding
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a printer using an
.embm!imcnt of image forming equipment according to the
invention;

FIG. 2 is a front view of the above printer;

FIG. 3 is a plan view of the above printer;

FIG. 4 is a section view of the above printer;

FIG. § is a partially omitted perspective view of an image
forming unit and a toner tank respectively employed in the

above printer;
FIG. 6 is a section view taken along the line VI—VI in
HG. §;
FIG. 7 is a typical plan view of the image forming unit and
toner tank; :
!’IG. 8 is a typical plan view of the whole image forming
unit;

FIG. 9 is a perspective view of the toner hank when
viewed from below;

FIG. 10 is an exploded perspective view of the toner tank;
FIG. 11 is a plan view of the image forming unit; -
FIG. 12 is an exploded perspective view of the toner tank
mounting portion of the image forming unit; '
-FIG. 13 is a typical section view showing a state just
before the toner tank is mounted to the mounting portion of

the image forming unit;
FIG. 14 is a partially perspective view of a case for a2
printer main body;

FIG. 15 is a partially enlarged view of FIG. 8;

FIG. 16 is a section view taken along the line XVI—XV]
in FIG. 15; '

FIG. 17(a) is a section view taken along the line XVII—
XVII in FIG. 15; )

FIG. 17(b) is a partially enlarged view of FIG. 17 (g);
. FIGS. 18(a)«(c) are detail views of a detect window
employed in the invention; in particular, FIG. 18(a) is a front
view thereof, FIG. 18(b) is aleft side view thereof, and FIG.
18(c) is a bottom view;
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ﬁG. 19 is a perspective view of a reflection plate
employed in the invention;

FIGS. 20(a) and (b) are respectively gencral section views
taken along the line X3(—XX in FIG. 8, showing different
states of the toner in a developing device;

FIGS. 21(a) and (b) are respectively explanatory views of
the detection operation to be performed by the invention;

FIG. 22 is an explanatory view of a modification of the
above embodiment;

FIG. 23 is a graphical representation of a relationship of
an S/N ratio with respect to the distance between an optical
sensor of a reflection type and a detect window; and

FIGS. 24(a), (b) and (c) are respectively explanatory
views of another modifications.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Description will now be given of the embodiments of
image forming equipment according to the invention with
reference to the accompanying drawings.

Referring to FIGS. 14, reference character 100 desig-
nates a printer main body and 101 stands for a case for the
printer main body 100. Within the case 101, there are
disposed a paper feed roller 102, an optical unit 110, an
image forming unit 200, a fixing unit 120, and a paper
discharge roller 103. For reference, in FIG. 1, the image
forming unit is drawn in a general manner (that is, in a
typical manmer).

Numeral 600 designates a toner tank which serves as the

“toner supply means that replenishes toners to the image
- forming unit 200. The present image forming equipment

comprises mainly the optical unit 110, image forming unit
200, and toner tank 600.

The toner tank 600 is disposed such that, when it is
mounted in the main body 100, the upper portion thereof is
exposed externally of the case 101, In FIG. 3, P2 designates

the recording paper that is being discharged onto a paper

* discharge tray 108, and in FIG. 2, P3 stands for the recording

paper that has been discharged onto the paper discharge tray

108. As can be seen clearly from these figures, the exposed

portion 600A of the toner tank 600 is exposed externally of

the casc 101, away from the moving path of the recording
aper.

’ Description will now be given in detail of the main body

100, imuge forming unit 200, and toner tank 600. First,

and

t hey
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however, the whole structure of the main body 100 will be
described.

In the back portion of the case 101, there is disposed a
paper feed tray 104 such that it is rotatable. The paper feed
tray 104 includes a base portion 1044 supported rotatably by
the back portion of the case 101 and a tray 1045 so mounted
as to be slidable with respect to the base portion 104a. While
not in use, as shown by a broken line in FIG. 4, with the tray
1045 stored in the base portion 104a, the paper feed tray 104
is folded so as to be in close contact with the back surface
of the case 101. When in use, as shown by 2 solid line, the
paper feed tray 104 is opened before it is used.

‘Two or more sheets of recording paper P that are set in the

paper feed tray 104 are fed one by one by the paper feed
roller 102

The recording paper fed passes through & paper feed path
Al formed by a paper guide 105 and the lower surface of the
image forming unit 200 and reaches between a photosensi-
tive drum 201, in which a toner image is formed in 2 manner
to be discussed later, and a transfer roller 106. Here, the

- recording paper with a toner image transferred from the
photosensitive drum 201 passes through a path A2 between
a fixing roller 121 and a pressure roller 122, which are
respectively included in a fixing unit 120, thereby fixing the
toner image. After then, the recording paper passes through
an upwardly curved paper discharge path A3 and is dis-
charged from a paper discharge opening 107 onto the paper
discharge tray 108 by the paper discharge roller 103.

Numeral 109 designates a cover in which the above-
mentioned paper discharge path A3 is formed, and the cover
109 is openable and closable with respect to the main body
100 by means of shafts 1094, 109a. The paper discharge
opening 107 is formed on in the upper surface of the cover
109 and the fixing unit 120 is mounted on the cover 109. The
cover 109 may be opened on this side when the paper
clogging occurs or for maintenance.

Next, description will be given below of the image:
forming unit 200.

As shown in FIGS. 5-8, the image forming unit 200 is
structured as a single unit by incorporating a photosensitive
drum 201 used as a photosensitive member, an electrifying
roller 202, a developing device 300, a cleaning device 400,
a toner delivery device 500, and detection device 700 into a
case 210. '

The photosensitive drum 201 includes a conductive sub-
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strate formed of an aluminum drum and a photosensitive
layer made of an organic photosensitive material and formed
on the conductive substrate. The photosensitive drum 201 is’
supported rotatably and can be rotationally driven in a
direction of an arrow a by a drive mechanism (not shown).

The electrifying roller 202 is pressed against the photo-
sensitive drum 201 by a pressure mechanism (not shown)
and can electrify the photosensitive drum 201 while it
follows the photosensitive drum 201. A bias voltage is
applied to the electrifying roller 202.

The electrified phatosensitive drum 201 is scanned by 2
laser beam LB radiated from the optical unit 110 shown in
FIG. 4, whercby a latent image is formed on the surface of
the photosensitive drum 201.

The case 210 consists of a lower case 220 and an upper
case 230, while the upper case 230 includes a slit 231 for
beam scanning.

The developing device 300 includes a tomer storage
chamber 301, defined by the lower case 220, so as to extend
in the longitndinal direction of the lower case 220; a supply
roller 310 disposed so as to be rotatable within the toner
storage chamber 301; a developing roller 320 disposed
similarly; and a regulation blade 330 in contact with the
peripheral surface of the developing roller 320. The supply
roller 310 and developing roller 320 can be rotationally
driven respectively in directions of arrows shown in FIG. 6
by a drive mechanism in linking with the drdve mechanism
of the photosensitive drum 201. The regulation blade 330 is
formed of an elastic member such as a stainless steel plate
or the like and is mounted to the upper case 230 by a
mounting member 331.

The supply roller 310 rotates while stiring the toners
stored within the toner storage chamber 301, and coats the
toners onto the surface of the developing roller 320. The
toners that are coated on the surface of the developing roller
320 are brought into sliding contact with the regulation
blade 330, so that they are turned into a thin layer and are
also frictionally electrified. With the bias voltage being
applied to the developing roller 320, the thin-layered toners
are delivered to the photosensitive drum 201 and are invert-
ingly developed on the latent image on the surface of the
photosensitive drum 201 in a nip portion which consists of
a pressure contact portion between the developing roller 320
and photosensitive drum 201. As a result of this, the latent
image on the surface of the photosensitive drum 201 is
developed to thereby form a toner image.
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The toner image formed on the surface of the photosen-
sitive drum 201 is then transferred to recording paper P
which is being held between and delivered by the transfer
roller 106 (see FIG. 4), to which a bias voltage having a
reversed polarity to the toner image is being applied, and the
photosensitive drum 2401.

The cleaning device 400 includes a cleaning blade 410,
which is mounted to the upper case 230 by 2 mounting
member 420. The cleaning blade 410 includes a lower edge
411 which is in contact with the peripheral surface of the
photosensitive drum 201. Thus, the lower edge 411, after the
toner image is transferred to the recording paper, scrapes the
residual toners adhered to the surface of the photosensitive
drum 201 toward a toner collect portion 560 in the toner
delivery device 500.

After the residual toners are scraped off and thus the
photosensitive drum 201 is cleaned, the photosensitive drum
201 is moved again to the above-mentioned image forming
process.

The toner delivery device 500 is disposed in a closed loop
between the developing device 300 and cleaning device 400,
and includes a coil spring 510 serving as toner delivery
means, a drive gear 520 engageable with the coil spring 510
to drive the same circulatingly, and a guide portion S30 (see
FIG. 8) formed in a substantially groove-like shape and
capable of sliding contact with the coil spring 510 for
guiding the same.

The coil spring 519 is structured in an endless shape and
is so disposed as to be movable in circulating manner
between the inside of the cleaning device 400 and the inside
of the developing device 300.

The drive gear 520 cad be driven by 4 dnve mechanism
(not shown) linked with the drive mechanism of the photo-
seasitive drum 201 to drive the coil spring 510 circulatingly

in a direction of an arrow b in FIGS. 5-8.

Now, FIG. 8 is a typical plan view of the whole of the
image forming unit 200.

As can be seen clearly from FIG. 8, the guide portion 530
is structured in a shape which can reform the shape of the
coil spring 510, which would make a circle in its natural
condition, into an almost elliptic shape when viewed in a
plan view before it guides the coil spring 510. In particular,
the guide portion 530 includes two comer portions C1, C2
which are respectively formed in an almost % arc shape, a
comer portion C3 formed in a hemi-arc shape, and two
substantially linear portions L1, L2 which connect these
corner portions with one another.
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Onre linear portion L1 of the two linear portions L1, L2,
as shown in FIG. 6, exists within the developing device 300,
while the other linear portion L2 exists in the cleaning
device 400. And for the one linear portion L1, a guide
portion is defined by a standup wall 221 provided in the
lower case 220 and, for the other linear portion L2, a guide
portion is defined by a recessed groove 222 formed in the
upper portion of the lower case 220. Also, the linear portion
L1 existing within the developing device 300 is so structured
as to guide only the outside of the coil spring 510 by means
of the standup wall 221, with the result that there is formed
an opening portion 531 used to open the lower portion of the
coil spring 510 with respect to the developing device 300.

That is, within the developing device 300, only the
outside of the coil spring 5§10 is guided by the standup wall
221 to thereby be able to release the toners into the devel-
oping device 300. On the other hand, in the toner collect
portion 560 within the cleaning device 400, the upper
portion of the coil spring 510 is opened toward the cleaning
blade 410 in order to be able to receive and collect the toners
that are scraped off by the cleaning blade 410.

The thus structured image forming unit 200 operates in
the following manner.

As described before, the toners are supplied to the surface
of the photosensitive drum 201 by the developing device
300 and the [atent image on the surface of the photosensitive
drum 201 is developed by the toners, thereby forming the
toner image. After the toner image is transferred to the
recording paper P, the residual toners adhered to the surface
of the photosensitive drum 201 are removed by the cleaning
blade 410 of the cleaning device 400 and are then collected
;‘n:)tg the collect portion 560 provided in the cleaning device

Between the cleaning device 400 and developing device
:.'000, there is provided the endless coil spring 510 such that
it can circulate between the inside of the cleaning device and
the inside of the developing device. Since the coil spring 510
1s arculatingly driven by the drive gear 520, part of the
surplus toners, which are stored in the toner storage chamber
301 of the developing device 300 and have not been used for
deyelopment, are delivered to the cleaning device 400 by the
coil spring 510, while the residual toners collected into the
cleaning device 400 are stirred and mixed with the surplus
toners and are then delivered to the developing device 300.

The toners delivered to the developing device 300 are
released toward the toner storage chamber 301 if the toners
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within the toner storage chamber 301 have been consumed
and the level surface thereof is lowered.

By repeating the above-mentioned operation, the toners
within the image forming unit 200 are consumed gradually,
while a quantity of toners corresponding to the quantity of
the toners consumed are replenished from the toner tank 600
a3 occasion demands.

As shown in FIGS. 1 and 14, in the upper surface of the
case 10 of the printer main body, there is opened up a toner
tank mounting hole 1014 through which the toner tank 600
can be removably mounted to the upper case 230 of the
image forming unit 200. In the inner wall surface of the
mounting hole 1014, there is formed a guide groove 1015
used to guide a projected portion 616 (see FIG. 9) which is
provided in the toner tank 600 to be discussed below.

Next, description will be given below of the structure of
the toner tank 600 with reference to FIGS. 9 and 10.

The toner tank 600 includes a transparent tank case 610
into which toners are loaded, an agitator 620 disposed within
the tank case 610 such that it is rotatable, a shutter portion
630 provided in the bottom portion of the tank case 610, and
a cover 640.

In the bottom portion 611 of the tank case 610, there are
provided an axial hole 612, a toner supply port 613, and a pin
614. Also, on the outer peripheral surface 615 of the tank
case 610, there are provided a pair of projected portions 616
which are removably engageable with a pair of dovetail
grooves (L-shaped grooves) 242, 242 formed in a recessed
portion 240 (see FIG. 12) in the upper case 230 to be
discussed later.

The agitator 620 includes a shaft portion 621, a scrape-up
blade 622 used to scrape up the toners in the tank case 610,
and a stir blade 623 formed integrally with the scrape-up
blade 622 for stirring the toners in the tank case 610. And the
shaft portion 621 is rotatably mounted to the axial hole 612
in the tank case bottom portion throngh a seal ring (not
shown). In the shaft portion 621, there is formed a groove
625 which is engageable with a shaft 521 provided in the
drive gear 520, when the toner tank 600 is mounted to the
upper case 230 of the image forming unit in a manner to be
discussed later. Also, in the stir blade 623, as shown by an
imaginary line, there can be provided integrally a wiper-like
cleaning member 626 which is formed of rubber or the like
for cleaning the inner wall surface of the tank case 610.

The shutter portion 630 includes a seal member 631
formed of an elastic material such as a sponge or the like, a
disk-shaped shutter 632, and a guide member 633.
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The seal member 631 is formed in a fan shape and can be
fitted into a recessed portion €112 which is formed in the
tank case bottom portion 611 and is identical in shape with
the seal member 631. The seal member 631 includes an axial
hole 6314 which, when the seal member 631 is fitted into the
recessed portion 6114, coincides with the axial hole 612 in
the tank case bottom portion, and a toner supply port 631
which coincides with the toner supply port 613 in the
above-mentioned fitted condition.

The shutter 632 includes an axial hole 632z to be coin-
cident with the axial hole 612 in the tank case bottom portion
611, a toner supply port 632b to be coincident with the toner
supply port 613, an arc-shaped elongated 632¢ into which
the pin 614 of the tank case bottom portion can be inserted,
and an engaging hole 632d engageable with a pin 244
provided in the upper case 230 of the image forming unit
which will be discussed later.

The guide member 633 is formed in a ring shape as a2
whole and is mounted on a stepped portion 6115 which is
provided in the tank case bottom portion 611. When it is
mounted, the four square holes 633e of the guide member
633 are respectively engaged with four engaging claws 611e

_ provided in the stepped portion 6115 and thus the guide

member 633 is fixed to the tank case bottom portion 611,
while the inner surface (upper surface) of the bottom edge
portion 633f thereof supports the peripheral edge portion
632f of the shutter 632 in a slidingly rotatable manner. Also,
the guide member 633 includes an elastic arc-shaped tongue
piece 633g formed integrally therewith and, in the lcading
end portion of the tongue piece 633g, there is provided a
projection 633¢ which can be loosely fitted from the back
surface thereof (the upper surface side in FIG. 10) into the
engaging hole 6324 of the shutter 632 (see FIG. 13). The
shutter 632 is mounted to the guide member 633 from the
upper surface side of the guide member 633 by inserting the
shutter 632 under the tongue piece 633g. The engagement of
the projection 633¢ into the engaging hole 632d prevents the
inadvertent rotation of the shutter 632 and coincides the
toner supply port 6325 with the toner supply port 613 of the
tank casc bottom portion to thereby prevent the leakage of
the toners existing within the toner tank case 610.

In the toner tank 600 structured in the above manner,
when the respective parts thereof are assembled together, the
pin 614 in the tank case bottom portion extends through the
clongated hole 632¢ of the shutter 632 and the leading end
of the pin 614 projects out from the elongated hole 632¢ (see
FIG. 13). The seal member 631 is bonded to the tank case
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bottom portion €11 in such 2 manner that the toner supply
port 6314 thereof is coincident with the toner supply port
613 of the tank case bottom portion 611, and is held while
it is pressed by the shutter 632. This improves the close
adherence between the seal member 613 and shutter 632 to
thereby be able to prevent the leakage of the toners. The
shutter 632 is held between the tank case bottom portion 611
and. guide member 633 in such a manner that it can be
rotated and slid in a direction of an arrow & or b in FIG. 10
in such a range as the pin 614 can move relatively along the
elongated hole 632¢. That is, in the shutter portion 630, only
the shutter 632 can rotate and slide relatively with respect to
the tank case 610. When the toner tank 600 is not mounted
to the image forming unit, the toner supply port 632b of the .
shutter 632 is not coincident with the toner supply port 631
of the seal member 631. That is, the toner supply port 6315
of the seal member 631 is sealed by the shutter 632.

Next, description will be given below of the mounting
portion 240 of the toner tank 600 in the upper case 230 of
the image forming unit with reference to FIGS. 11 and 12.

The mounting portion 240 is structured as a recessed
portion in which the respective parts of the lower portion of
the toner tank 600 are fitted with one another. That is, the
shutter portion 250, the structure of which is basically the
same as that of the above-mentioned shutter portion 630 of
the toner tank 600, is incorporated into the recessed portion.

In the bottom surface 241 of the recessed portion, there
are disposed an axial hole 245 into which the shaft 521 of the
drive gear is inserted, a toner supply port 243 (see FIG. 8)
facing a portion at which the drive gear 520 and coil spring
510 in the above-mentioned circulation path of the coil
spring 510 begin to mesh with each other, and a pin 244.
Also, in the inmer peripheral surface of the recessed portion,
there are formed a pair of dovetail grooves (L-shaped
grooves) 242, 242 which can be removably engaged with the
above-mentioned projected portions 616 of the toner tank.
Each dovetail groove 242 includes a vertical groove 242a
and a horizontal groove 242b, while the upper end of the
vertical groove 2424 is connected with the lower end of a
guide groove 101b formed in a mounting hole 10la (see
FIG. 14) in the above-mentioned printer main body. Also,
the terminal end of the horizontal groove 242b forms a
regulation portion which regulates the terminal end of the
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rotational operation of the toner tank 600 in the toner tank
mounting operation which will be discussed later.

The shutter portion 250 includes a seal member 251
formed of an elastic member such as a sponge or the like, a
disk-shaped shutter 252, and a guide member 253.

The seal member 251 can be fitted into and bonded to a
recessed portion 2414 which is formed in the bottom surface
241 of the recessed portion and is identical in shape with the
seal member 251. The ‘seal member 251 includes a toner
supply port 251a and a toner supply port 2515, which canbe
respectively coincident with the shaft hole 245 and toner
supply port 243 when the seal member 251 is fitted into the
recessed portion 241a.

The shutter 252 includes a shaft hole 2524 to be coinci-
dent with the shaft hole 245, a toner supply port 2525 which
can be coincident with the toner supply port 243, an arc-
shaped elongated hole 252c¢ into which the pin 244 is
inserted, and an engaging hole 2524 engageable with the pin
614 of the toner tank 600.

The guide member 253 has a substantially ring-like shape
and is to be mounted in the recessed portion (240). When the
guide member 253 is mounted, the two engaging claws 253¢
thereof are respectively engaged into engaging holes (not
shown) formed in the wall surfaces of the recessed portion,
whereby the guide member 253 can be fixed in the recessed
portion while the lower surface of the botiom edge portion
253f thereof supports the peripheral edge portion 252f of the
shutter 252 (see FIG. 13). The guide member 253 includes
an elastic arc-shaped tongue piece 253g provided integrally
therewith and, in the leading end portion of the tongue piece
253g, there is provided a projection 253c¢ (see FIG. 13)
which can be loosely fitted into the engaging hole 2524 from
the back surface side (in FIG. 10, the lower surface side)
thereof. The shutter 252 is so guided as to pass above the
tongue piece 253g from the lower surface side of the guide
member 253 and is inserted below the guide member 253.
Engagement of the projection 253¢ into engaging hole 252d
prevents the shutter 252 from rotating inadvertently, for

example, when the printer main body is in transit, while

coincidence of the toner supply port 252b with the toner
supply port 243 prevents the leakage of the toner used in the
image forming unit 200.

When the image forming unit 200 is assembled, the pin’

244 on the bottom surface of the recessed portion extends
through the elongated hole 252¢ of the shutter 252 and the
leading end portion thereof projects out from the elongated
hole 252¢ (see FIG. 13). Also, the seal member 251 is held
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detect signal is low.- Now, FIG 23 is a graphical represgentati on which '
shows a relationship between the SN ratio and the distapcg¢ 2d2mia¥eiss |
reflection type optical sensor 730 to the detect w ndow Y1 _respectively]
used in the detection device in the above nodification. The relationship
hol ds al so in the previously- described quo_di nment .

while it is pressed by and between the bottomn surface 241 of
the recessed portion and the shutter 252. This improves the
close contact between the seal member 251 and shutter 252
to thereby be able to prevent the leakage of the toners. The
shutter 252 is held between the bottom surface 241 of the
recessed portion and guide member 253 such that it is

- rotatable in a direction of an arrow a or b shown in FIGS. 11
and 12 within such a range that the pin 244 can move
relatively with respect to and along the elongated hole 252¢.
That is, in the shutter portion 250, only the shutter 252 is
allowed to rotate and slide relatively with respect to the
upper case 230. Also, when the toner tank 600 is not
mounted, the toner supply port 252b of the shutter 252, as
shown in FIG. 11, is not coincident with the toner supply
port 2515 of the seal member 251. That is, the toner supply
port 2515 of the seal member 251 is sealed by the shutter
251.

Now, the mounting and removing operations of the toner

tank 600 with respect to the above structured monnting
portion 240 are as follows. Here, FIG. 13 is a typxcal secuou

view of the tonmer tank 600 and mounting portion 240,
showing a state just before the toner tank 600 is mounted to
the mounting portion 240. Description will be given below
of the mounting and removing operations and the operation
of the toner tank 600 mainly with reference to FIG. 13.
At first, the toner tank 600 is inserted into the mounting
hole 101a (see FIG. 14) of the main body case in such a
manner that the projected portions 616 of the toner tank 600
are coincident with guide grooves 1015 formed in the
mounting hole 101a. If inserted, the projections 616 are
guided by the guide grooves 1015 such that they move
downwardly within the guide grooves 101b, further advance
into the vertical grooves 242a of the dovetail grooves
formed in the mounting portion 240 of the image forming
unit, and reach the lower ends of the vertical grooves 242a
and stop there (FIG. 3 shows a state just before the projec-
tions 616 reach the lower end of the vertical groove 242a).
At that time, the shaft 521 of the gear 520 is connected with
the shaft portion 621 of the agitator 620 of the toner tank
600. Also, the pin 614 of the toner tank 600 is fitted into the
engaging hole 2524 of the shutter 252 provided in the
mounting portion 240 of the image forming unit to press
down the projection 253c of the tongue piece 253z to |
thereby remove the locking of the shutter 252 by the
projection 253c. At the same time, the pin 244 provided on
the mounting portion 240 side is fitted into the engaging hole
6324 of the shutter 632 to press up the projection 633c¢ of the
tongue piece to thereby remove the locking of the shutter
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sensor 730 and the detect w ndow 710, while tHe j
a ratio between a nornmal signal provided by the refledte
reflection plate 720 and a noi se signal provided by the
formof S/IN. Since the SINratio |lowers greatly as thg d
and the S/Nratio is 10 or less if the djgtance is 1.5
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632 by the projection 633c.

Next, the toner tank 600 is rotated counterclockwise, that
is, in a direction of an arrow b shown in FIG. 1. Responsive
to this, the projected portions 616 of the toner tank 60§ are
respectively allowed to enter the horizontal grooves 242b of
the dovetail grooves and get engaged with them to thereby
prevent the slippage of the toner tank 600. That is, the toner
tank 600 is now mounted in the mounting portion 240. As
described above, the pin 614 of the toner tank is fitted into
the engaging hole 2524 of the shutter 252 of the mounting
portion 240, and the pin 244 provided on the mounting
portion 240 side is fitted into the engaging hole 6324 of the
shutter 632 of the toner tank. Because of this, if the toner
tank 609 is rotated in the direction of the arrow b shown in
FIG. 1, then the shutter 252 of the mounting portion 240 is
rotated together with the toner tank 600 in the same direc-
tion, that is, in the direction of the arrow b shown in FIG. 11,
namely, counterclockwise so that the toner supply port 252b
of the shutter 252 coincides with the toner supply port 251b
of the seal member 251. On the other hand, the shutter 632

of the toner tank 600 does not move even if the toner tank
600 is rotated in the arrow b direction and, therefore, the
shutter 632 moves clockwise as shown by an arrow a in FIG.
9 relatively with respect to the toner tank 600, so that the
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toner supply port 6325 coincides with the toner supply port- |
631b of the seal member 631. In other words, the toner.
supply ports 613, 6315, 632, 252b, 251b, and 243 of all’

parts are all coincident with one another, which allows the
toner to be supplied from the taner tank 600 to the image
forming unit 200.

In a state that the toner tank 600 is mounted to the image
forming unit 200 in the above-mentioned manner, if the
image forming unit 200 is operated in the above manner,
then the agitator 620 is rotationally driven by the shaft 521

- of the drive gear 520.

While the toners stored in the tank case 610 are stirred

upwardly by the scrape-up blade 622 of the agitator 620, if

the toners in the image forming unit 200 are consumed, then
the toners stored in the tank case wl0 urop Ireely by a

quantity corresponding to the quantity of the toners con-
sumed from the toner supply port 613 into the image
forming unit 200 through the above-mentioned respective
toner supply ports and the toner supply port 243 of the upper
case 230, so that the toners can be replenished into the image
forming unit 200.

The toner tank 600, as shown in FIG. 7, is mounted
upstream of the developing device 300. As shown in FIG. 8,



mmor larger, it is difficult to detect the toner absepce wnuu@ ngﬁﬁqer
this condition. In consideration of the manu- facturing r}

envi ronnmental variations and aging variations of the r«=s BCTTVE efemem{s
formng the reflection type sensor 730, the S/Nratio fequiggdtharizis |
detection of the toner absence condition nust be 10 or |ndre, preferably,
100 or nore. Therefore, the distance-bgrween the reflegtion type optical
sensor 730 and detect wi ndow 710 that satisfies the '

since the toner supply port 243 is so opened as to face a
position at which the drive gear 520 and coil spring 510 start
to mesh with each other, there is climinated the possibility
that the toners can be supplied excessively to the toner
delivery path C, and the toners can be supplied in a proper
quantity.

When the toners are supplied or replenished from the
toner tank 600 to the image forming unit 200 until the toner
tank is empty, and no toners are replenished to the image
forming unit 200, then the quantity of the toners in the image
forming unit 200 decreascs and the decrease in the toner
quantity is detected by detection device 700 and, in accor-
dance with the detection by the detection device 700, the
toner tank is replaced. Here, because the tank case 610 is
formed transparent, the fact that no toners are left in the
toner tank can also be confirmed visually.

To remove the toner tank 600, the above-mentioned
mounting operation may be performed reversedly. In other
words, the upper portion (the exposed portion 600A that is
exposed out of the main body case 101) of the toner tank 600
is gripped and the toner tank 600 is rotated in the arrow a
direction (clockwise) and, after then, the toner tank 600 may
be drawn out from the mounting hole 101a of the main body
case 101. When the toner tank 600 is rotated in the arrow a
direction, then the shutter 632 of the toner tank 600 is
relatively rotated counterclockwise, namely, in the direction
of the arrow b shown in FIG. 9. This motion covers the toner
supply ports 613 and 6315 of the toner tank 600. At the same
time, the shutter 250 of the image forming unit 200 is rotated
in the direction of the arrow a shown in FIG. 11, thereby
shutting or covering the toner supply ports 243 and 252b of
the image forming unit 200. Therefore, when removing the

. toner tank 600, even if some quantity of toners are left in the
toner tank 600, there is eliminated the possibility that such
toners can be scattered to contaminate the printer and its
peripheries. Also, for example, when transporting the
printer, even if the printer is transported with the toner tank
600 removed therefrom, there is no possibility that the toners
remaining in the image forming unit 200 can leak from the
toner supply ports 243 and 252b of the image forming unit
200 and can be scattered around.

Next, description will be given of the detection device
700.

The detection device 700 as shown in FIGS. 7 and 8, is
disposed in the toner delivery path R, downstream of the
developing device 300 and upstream of the cleaning device
400.
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optical sensor 730, there is used a photo-nicrosensor (npdel 9BE- B it

manuf ac- tured by Omwon Co., for exanple). However, this}ji$ not Ilmtatlve
and other light emtting/receiving elenments can be used } n Conbihation, or
a sensor which does not include an intggral package of tio Iight em',tti ng
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FIG. 15 is a partially enlarged view of FIG. 8, FIG. 16 is
a section view taken along the line XVI—XVI shown in
FIG. 15, and FIG. 17 is a section view taken along the line
XVII—XVI in FIG. 15.

The detection device 700, as shown in FIGS. 16 and 17,
includes a detect window 710 provided in the toner delivery
path R, an elastic reflection plate 720 so disposed as to face
the detect window 710, and an optical sensor 730 of a
reflection type provided in the detect window 710. The
optical sensor 730 is disposed in close contact with the lower
surface of the detect window 710.

The detect window 710 is formed of a transparent mate-
rial such as glass, syntheuc resin, or the like. The detect
window 710, as shown in FIG. 18 (a), includes 2 plate-like
base portion 711 and a projected portion 713 formed inte-
grally with the upper surface 712 of the base portion 711,
while the upper surface of the projected portion 713 forms
a projecting surface 715. The projected portion 713, as
shown in FIG. 18(a), is curved with the same radius of
curvature R1 as the portion (here, the comer portion C3) of
the toner delivery path R in which the detect window 710 is
disposed. As shown in FIGS. 16 and 17, the lower case 220
of the image forming unit 200 includes a recessed portion
223. By mounting the basc portion 711 to the rccessed
portion 223, the detect window 710 can be mounted to the
lower case 220.

The length L of the projecting surface 715 (see FIGS.
18(b) and 21(a)) is setto be equal to or smaller than 2 pitches
of the coil spring 510.

In FIGS. 16 and 17, reference character 224 designates a
smoother formed of a low friction material such as fluoro-
resin, polyacetal or the like. In the upper surface 712 of the
base portion 711, there is formed an arc-shaped recessed
portion 714 in order to be able to obtain a smooth connecting
condition with the smoother 224 (see FIG. 18).

In a state that the detect window 710 is mounted, the
projecting surface 715 of the projected portion 713 projects
a little toward the coil spring 510 rather than the smoother
224. For this reason, the coil spring 510 moves in such a
manner that it is pushed and curved upwardly a little by the
projecting surface 715. As a result of this, the projecting
surface 715 of the detect window 710 is sure to be in sliding
contact with the coil spring 510 due to a restitutive force
caused by the elasticity of the coil spring 510 itself, and the
toners artached to the projecting surface 715 can be wiped
awav. Alternatively, the proiecting surface 715 may be
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reflection type optical sensor 730 and detect w ndow 710 e
condition to satisfy the SSNratio 10 or nore, althoughltRfe requi regga\ﬂu

of the distance may vary according to the distance betwkeh QH2 JANA
emtting and receiving elenments, the angles of the ligh mtting.and
receiving elenents relative to the reflgqg;i on plate 720{and the like, in
fact, it is preferable that the di stance etween the

curved upwardly in conformity with the slightly upwardly
curved, moving path of the coil spring 510.

The smoother 224 is used to smooth the circulatory
operation of the coil spring 510 and it is provided in a gutter
shape at least in the corners C1, C2, and C3 respectively
shown in FIG. 8.

Also, as shown in FIG. 17(a), the smoother 224 includes
a side wall surface 224a which is capable of sliding contact
with the coil spring 510 to guide the same. The side wall
surface 224a is so inclined as to form an acute angle 8 with
respect to the projecting surface 715 of the detect window
710. as shown in FI(3 17h) Fnr thic reason. in a contact
portion 510a between the inclined surface £z4a and coil
spring 510, there is produced a component force which
energizes the coil spring 510 toward the projecting surface
715. This makes it possible to bring the coil spring 510 into
sliding contact with the projecting surface 715 more posi-
tively. For reference, in the present embodiment, the acute
angle O is set for 86°,

The reflection plate 720 is formed of a metal plate having
a springy elasticity and, as shown in FIG. 19, it includes a
curved portion 721 in the leading end portion thereof and a
folded portion 723 in the trailing end portion thereof. As
shown in FIG. 16, a recessed portion 233 is formed in the
upper casc 230 of the image forming unit 200. That is, by
fitting the folded portion 723 of the reflection plate 720 inta -
the recessed portion 233, the reflection plate 720 is mounted
to the upper case 230. In the mounted state, the reflection
plate 720 energizes the coil spring 510 toward the detect
window 710 by means of the springy elasticity thereof.
This assures the sliding contact of the coil spring 510 with
the projecting surface 715 of the detect window 710, which
in tum makes it possible to wipe away the toners attached to
the projecting surface 715 more positively. Also, due to the
fact that the reflection surface 720 energizes the coil spring
510, the topers attached to the reflecting surface 724 (see
FIG. 17) of the reflection plate 720 can also be wiped away.
Any material can be used for the reflection plane 720,
provided that it has such a high reflectance as a metal shiny
surface with respect to the light having a wavelength radi-
ated by a light emitting element used in the reflection type
optical sensor 730. In the present embodiment, there is used
a rolled plate of SUS304 having a given springy elasticity.
At least onc of, and preferably, both of, the surfaces of the

detect window 710 and reflection plate 720 that may come
in contact with the toners may be formed of a material which
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possesses the same polarity as an electrified polarity of the—
toners in a triboelectric series. In the present embodiment,
the contact surface of the detect window 710 with the toners
is formed of the material that is situated on the same polariry
side with respect to the electrified polarity of the toners on
the triboelectric series. The triboelectric series can be
obtained in the following manner. First, two kinds of arbi-
trarily selected materials are electrified in contact with each
other in an electrically shielded space, and the polarities of
the surface potentials thus produced are measured by use of
a surface potentiometer. Then, the relationships between the
positive and negative polarities of the materials are ranked.
When the toners are frictionally electrified to the negative
polarity in use, as the material for at least the contact
surface(s) of the transparent detect window 710 with the
toners, preferably, the material that possesses negative polar-
ity in the triboelectric series may be selected similarly to the
toners, more preferably, the material that is equivalent to the
toner or has a greater negative polarity than the toner may be
selected. For example, when a negative polarity type toner
formed of a polyester system binder is used, the material that
has a greater negative polarity than PMMA (polymethyl
methacrylate), more preferably, polyolefin or the like that
possesses 2 greater negative polarity than the toner may be
selected. On the other hand, when the toner is frictionally
electrified to the positive polarity, as the material for the
contact surface of the transparent detect window 710 with at
least toners, preferably, the material that possesses positive
polarity in the triboelectric series may be selected similarly
to the toners, or more preferably, the material that is equiva-
lent to the toner or possesses greater positive polarity than
the toner may be sclected. For example, when a positively
_electrified toner formed of a styrene-acryl copolymer system
binder is used, preferably, the material that possesses greater
positive polarity than polyolefin may be selected, or more
preferably, the material such as polyamide or the like that is
possesses greater positive polarity than the toner may be
selected. In the present embodiment, since the toner is
negatively electrified in use, as the material that possesses
greater negative polarity in the triboelectric series than the
toner, noncrystal polyolefin is used for the detect window
710. However, this is not limitative but, according to the
electrified states of the toner, there can be used similarly
transparent organic material such as PMMA, polyamide,
melamine resin, polyurethane, SA resin, polystyrene, ABS
resin, epoxy resin, polycarbonate, acrylonitrile resin, poly-
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imide, vinyl chloride or the like, or inorganic glass such as
alumina, diamond, silica or the like.

It is also preferable that a material selected according to
the triboelectric series may be coated on the surface of the
reflection plate 720.

At least one, preferably, all of the conductive members
such as the coil spring 510, reflection piate 720 and the like
may be arranged such that they are in an electrically floated
condition. In the present embodiment, all of the conductive
members used are arranged in an electrically floated condi-
tion. For reference, when the detect window 710 is arranged
conductive, similarly, it is preferable that the detect window
710 is electrically floated.

The toners to be carried and delivered circulatingly by the
coil spring 510 are frictionally electrified as they are slid
along and rubbed against the coil spring 510 and the inner
wall of the toner delivery path. When the conductive coil
spring 510 and reflection plate 720 are grounded, then the
opposite polarity electric charges to the toners are supplied
to the coil spring §10 and reflection plate 720. This causes
a strong attracting force to be generated between the toners
and the coil spring 510 and reflection plate 720, which

n plate
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makes it difficult to wipe away the toners. In order to prevent |

this, the coil spring 510 and reflection plate 720 are elec-
trically floated. In the electrically floated condition, the

NS

electrostatic adhesion of the toners to the reflection plate 720 |

can be controlled and thus, when the coil spring 510 is in
sliding contact with the refiection plate 720, the tomers
adhered to them can be wiped away easily.

To the optical sensor 730, there are connected a detect
device and an alarm device (which are not shown).

In the toner delivery path R, while the toners are being
replenished from the toner tank 600, a given quantity of
toners are circulating. A detect light, which is radiated from

- the reflection type optical sensor 730 in the detection device
700, transmits the detect window 710, passes through the
toner delivery path R, is reflected by the reflection plate 720,
again passes through the toner delivery path R, transmits the
detect window 710, and is received by the refiection type
optical sensor 730. When the optical path of the detect light
is shielded by the given quantity of toners under circulation,
then the reflection type optical sensor 730 outputs an output
signal which corresponds to the fact of “no reflection light™.

When the toners are greatly reduced or run out in the
portion of the toner delivery path where the detection device
700 is disposed, there occurs a state that the optical path of
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the detect light cannot be shielded. Especially, in a statc that
the toners run out, the optical path of the detect light is
simply shielded temporarily by the coil spring 510. There-
fore, the reflection type optical sensor 730 outputs an output

signal comesponding to the detection of the reflected light _

and, especially, when the toners run out, there is output a
repeat signal which corresponds to % pitches of the coil
spring 510.

Accordingly, the output signals output from the optical
sensor 730 are being monitored by the detect device (not
shown) connected to the optical sensor 730. When the
above-mentioned repeat signals are successively output for
a given time and at a given probability, this can be detected
as no toper is left in the toner delivery path R.

Also, in this case, an alarm sound is issued from the alarm
device and/or a message is displayed on a display device
(not shown), thereby informing a user of the fact that no
toner is left (to be exact, the fact that the toners in the toner
tank 600 run out and the quantity of toners in the developing
device 300 is starting to decrease).

According to the above-mentioned printer, the following
operation effects can be obtained:

(i) The toners are supplied onto the surface of the pho-
tosensitive member 201 by the developing device 300 and
the latent image on the surface of the vhotosensitive member
201 is developed by the toners to form a toner image. After

: the. toner image is transferred to the recording paper P, the
- residual toners adhered to the surface of the photosensitive

::)e‘;nber are removed and collected by the cleaning device

Between the developing device 300 and cleaning device
400, there is interposed the toner delivery device 500 in a
closed loop, by which delivery device 500 delivers part of
the surplus toners that have not been used for development
in the developing device 300 to the cleaning device 400, and
the residual toners collected by the cleaning device 400 are
delivered to the developing device 300. At the same time,
new toners are replenished to the toner delivery path R by
the toner tank 600. As a result, normally, a given quantity of
toners are circulating through the developing device 300,
cleaning device 400 and toner delivery path R. Therefore, if

the toners are consumed in the developing device 300,

normally, a quantity of toners corresponding to the quantity
of toners consumed are then replenished through the toner

~ delivery path 500.

However, if the toner tank 600 becomes empty and new
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toners are supplied from the toner tank 600 no longer, then
the quantity of the toners existing in the toner delivery path
R decreases gradually and, in the end, the quantity of the
toners in the toner delivery path R decreases greatly when
compared with the normal quantity of toners and the toners
almost run out in the path R.

Now, FIGS. 20(a) and (b) are respectively schematic
section views taken along the line XX—XX in FIG. 8,
showing how the toners T within the developing device run
out from the normal state thereof.

In particular, FIG. 20(a) shows a state that new toners are
being supplied to the toner delivery path R from the toner

- tank 600, in which a given quantity of toners are circulating
in the toner storage chamber 301 of the developing device
300 and the toner delivery path R. Since the toners T are
delivered on the tomer storage chamber 301 along the

longitudinal direction thereof by the coil spring 510, even if .

the toners are consumed in part in the toner storage chamber
301 and thus the quantity level of the toners is lowered,
toners are replenished as occasion demands by means of free
drop (free flow-down) of the toners from the coil spring 510
to the level lowered portions, for example, portions D1 and
D2 respectively by imaginary lines in FIG. 20(a). Therefore,
even if the toners are consumed in the developing device
300, a quantity of toners equivalent to the quantity of the
toners consumed are replenished through the toner delivery
path R to the developing device 300, thereby being able to
maintain an cven level of the toners T in the toner storage
chamber 301. Here, if the level of the toners is lowered in
two or more portions (for example, D1, D2), supply ot new
toners begins at the portion (D1) located most upstream, that
is, the toners are supplied sequentially from upstream to
downstream, thereby evening the level of the toners.

On the other hand, FIG. 20(b) shows a state after the
elapse of some time since the toner tank 600 has run out of

the toners and new supply of toners from the toner tank 600
has been stopped.

Just after the supply of new toners from the toner tank 600

_is stopped, a given quantity of toners are still left in the toner
delivery path R. Therefore, even if the toners are consumed
in the developing device 300, while the same quantity of
toners as the toners consumed are present in the tomer

i delivery path R, the toners are replenished in the above-
mentioned manner so that the toners T in the toner storage
chamber 301 can be kept almost level.
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However, if the toners are further consumed and the
quantity of the toners existing in the toner delivery path R
becomes smaller than the quantity of the toners consumed in
the developing device 300, the toners in the toner storage
chamber 301 begin to decrease in quantity on the down-
stream side of the toner delivery path. A portion in which the
quantity of the toners decreases is shown by D3 in FIG.
20(b). The toner quantity begins to decrease on the down-
stream side because the replenishment of the toners to the
toner storage chamber 301 is performed sequentially from
the upstream side to the downstream side.

As a result of the toners in the toner storage chamber 301
decreasing in quantity from the downstream side of the toner
delivery path in this manner, the toners in the toner delivery
path R run out first in a portior 301A just downstream of the
toner storage chamber 301, the depletion state advances
sequentially along the circulation direction of the coil spring
510, and, when the depletion state reaches a portion 301B
upstream of the toner storage chamber 301, then the toners
almost run out in the toner delivery path R. In this case,
unless the quantity of consumption of the toners in the
developing device is excessively great, a given quantity of
toners are still left in the toner storage chamber 301 and are:
used for development, and the residual toners thereof are
collected by the cleaning device 400. The collected toners
are then delivered to the developing device 300 by the
delivery device and, therefore, there exist some toners (a
very small quantity of toners when compared with the
normal quantity of toners used) in the delivery path extend-
ing from the cleaning device 400 to the developing device
300.

As described above, in the present embodiment, if the
new toners are not supplied from the toner tank 600 any
longer, then the toners in the toner delivery path R firstly run
out before the toners in the developing device 300 run out.

According to the image forming equipment of the present
embodiment, since the detection device 700 for detecting the
fact that the toners run out is provided with respect to the
toner delivery path R, it is possible to detect the residual
guantity of the toners positively without increasing the size
of the developing device 300. _

The term “to detect the residual quantity of the toners”
used bere does mot mean to detect the residual tomers
quantitatively, for example, how many grams of toners are
left. Instead, the present invention detects if the toners in the
image forming equipment are left only in such a quantity
that cannot satisfy the necessary quantity of the toners to be
normally present in the developing device 300.
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(ii) As described above, according to the present image
forming equipment, if the new toners are not supplied from
the toner supply means any longer, then the toners in the
toner delivery path R first mun out before the toners in the
developing device 300 run out. And in the toner delivery
path R, the toners begin to run out first at the portion of the
path R siated downstream of the developing device 300.

Also, according to the image forming equipment of the
present embodiment, since the detection device 700 is
disposed downstream of the developing device 300 and
upstream of the cleaning device 400, the residual quantity of
the toners can be detected more positively and quickly.

The position of the detection device 700 is not limited to
the downstream side of the developing device 300 but the
detection device 700 may be situated upstream of the
developing device 300. In this case as well, since the toners
in the delivery path R run out first before the toners in the
developing device 300 run out. the residual quantity of the
toners can be detected positively. However, when tne detec-
tion device is located downstream of the cleaning device 400
and upstream of the developing device 300, some quantity
of the toners collected from the cleaning device 400 are
present in the toner delivery path R and, therefore, the detect
accuracy may be lowered depending on the structure of the
detection device.

On the other hand, according to the present embodiment,

since the detection device 700 is disposed downstream of the

. developing device 300 and upstream of the cleaning device
400, the residual quantity of the toners can be detected more
positively.

Also, when the detection device is disposed downstream
of the toner supply port 243 and upstream of the developing
device 300, the new toners that are supplied just after
replacement of the toner tank 600 are detected and, there-
fore, in spite of the fact that a sufficient quantity of toners are
not present in the developing device 300, there is a possi-
bility that the detection device detects or judges that a
sufficient quantity of toners are present there.

On the other hand, according to the present embodiment,
since the detection device 700 is disposed downstream of the
developing device 300 and upstream of the cleaning device
400, the residual guantity of toners can be detected more
positively and quickly without incurring such inconvenience
as mentioned above. That is, according to the present
embodiment, the detection device 700 is provided at a
position where the toners are delivered first just after the
toner storage chamber 301 of the developing device 300 is
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filled with the toners and, therefore, the detection device 700
is able to detect the quantity of the toners very positively.

(iii) According to the present embodiment, since the
sensor is formed of the optical sensor 730, it is possible to
control the variations in the output signals with respect to
environmental noises produced by the peripheral mecha-
nisms of the detection device 700, such as vibrations caused
by driving of devices, variations in temperatures and humid-
?ty, and the like. Because of this, in forming successive
images for a long period of time and in forming images
under the high temperature and high humidity environment
or under the low temperature and low humidity environ-
ment, the detection device 700 is not likely to malfunction,
so that there can be obtained highly reliable detsct result.

(iv) The cail spring 510 moves in sliding contact with the
detect window 710, and the sliding contact of the coil spring
510 makes it possible to wipe away the toners adhered to the
upper surface 715 of the detect window 710.

Because of this, the light to transmit the detect window
710 is not shielded by the toners and thus whether the toners
are present or not in the toner delivery path R can be detected
with high reliability.

In other words, according to the present image forming
equipment, since the coil spring 510 forms toner wiping
means for the detect window 710, the detection device 700

. can be wiped without providing special wiping means (such

as & wiper or the like) and a positive detect operation can be
achieved.

Further, in the present embodiment, since the detect
window 710 includes the projecting surface 715 which
projects toward the coil spring 510, the projecting surface
715 is sure to be in sliding contact with the cail spring 510
due to the restitutive force caused by the elasticity of the coil
spring 510 itself. This sliding contact action enables the
toners adhered to the projecting surface 715 to be wiped
away more completely, which prevents the light to be

_transmitted through the detect window 710 from being
erroneously shielded by the toners. Therefore, it is possible

to detect with high reliability whether the toners are present
in the toner delivery path R or not.

(v) Since the reflection plate 720 energizes the coil spring
510 toward the detect window 710, the above toner wiping
operation can be performed further positively without
requiring any other energizing means than the reflection
plate 20. And, as the result that the reflection plate 720
energizes the coil spring 510, the toners adhered to the
reflecting surface 724 of the reflection plate 720 can be
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wiped away, which makes it possible ta detect the presence
or absence of the toners in the toner delivery path with
higher reliability.

Also, according to the present structure, since it is not
necessary to wipe away the toners from the detect surface by
use of means having a strong stirring ability such as a wiper
or the like, such excessive stresses that can lower an image
quality are not applied to the toners. Thus, the present
invention possesses a stabilized image quality. The pressure
force to be applied between the coil spring 510 and the
detect surface may be preferably set in the range of 2 to 200
gf and, more preferably, in the range of S to 50 gf.

(vi) Since the length L of the projecting surface 715 in the
toner delivery direction is equal to or less than 2 pitches (2
p) of the coil spring 510, a further positive sliding contact
operation can be obtained between the projecting surface
715 and coil spring 510.

FIG. 21(b) illustrates what happens if the length L' of the
projecting surface 715 in the toner delivery direction is more
than 2 pitches (2 p) of the coil spring 510. When three
portions 511, 5§12, and 513 where the coil spring 510 must
be in sliding contact with the projecting surface 715 due to
some curving and allowance of the coil spring 510, or due
to the fact that the coil spring 510 moves while it is pushed
up and thus curved slightly upwardly by the projecting
surface 715, are provided, the central portion 512 floats up
from the projecting surface 715 as shown in FIG. 21(b).
Thus, there is a possibility that a positive sliding contact
condition cannot be always obtained.

On the other hand, accordmg to the present embodiment,
as shown in FIG. 21(a), since the length L of the projecting
surface 715 in the toner delivery direction is equal to or less
than 2 pitches (2 p) of the coil spring 510, even if the coil
spring 510 bas some curving or allowance, or even if the coil
spring 510 moves while it is slightly pushed up and thus
curved upwardly, the number of the portions of the coil
spring 510 where it must be in sliding contact with the
projecting surface 715 is at the most 2 (the two portions are
designated by 5§11, 512, respectively). Therefore. the coil -
spring 510 can never float up from the projecting surface

715, so that a positive sliding contact condition can be

obtained.

(vii) As shown in FIG. 17(b), since the side wall surface
224a capable of sliding contact with the coil spring 510 to
guide the same is so inclined as to form an acute angle 6 with
respect to the projecting surface 715, in the contact portion
510a between the inclined surface 2244 and coil spring 510,
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& component force which energizes the coil spring 510

toward the projecting surface 715 is generated. As a result, :
the coil spring 5§10 can come into sliding contact with the !

projecting surface 715 more positively, and better detection
results are possible.

(viii) Because the contact surface of the detect window
710 with the toner is formed of the material that is situated
on the same polarity side on the triboelectric series with
Tespect to the electrified polarity of the toner, the toners
existing in the toner delivery path do not easily adhere
electrostatically to the detect window 710. For this reason,
the light to transmit the detect window 710 is difficult to be
shielded by the toners, which makes it possible to detect
with high reliability whether the toners are present in the
toner delivery path or not. And, since the above-mentioned
toner wiping operation by the coil spring 510 in the contact
surface of the detect window 710 with the toners can be
performed more easily, the presence or absence of the toners

in the toner delivery path can be detected more positively. .

(ix) Since the coil spring 510 and reflection plate 720 are
both electrically floated, the tomers are difficult to adhere
electrostatically to the coil spring 510 and reflection plate
720, which facilitates the toner wiping operation. Therefore,
it is possible to detect positively whether the toners are
present in the toner delivery path or not.

(x) If a toner absence condition is detected by the optical
sensor 730, then the alarm device informs the user of this
condition, and the user can replace the tonmer tank 600
properly.

. In this state, as described before, normally, since a given
quantity of toners are still left in the developing device 300

and are used for development, the printing operation on the -

recording paper can be continued. And, since the exposed
portion 600A of the toner tank 600 is exposed externally of

the main body case 101 out of the moving path of the

recording paper P, by gripping and rotating the exposed
portion 600A while performing the printing operation, the
toner tank 600 can be replaced easily in a short time.

That is, for example, when the toners are going to run out
while documents including a large number of sheets of
recording paper are under printing, the toner absence mes-
sage is issued beforehand and, responsive to this, the user
can replace the toner tank 600 without interrupting the
printing operation, that is, the user can continue the printing
operation without interruption even during the replacement
of the toner tank 600.
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(xi) As described above, since at the time when the toners
in the developing device 300 begin to decrease in quantity,
this can be detected, it is possible to prevent occurrence of -
a condition that the toners in the developing device 300 are
greatly reduced in quality or run out. This prevents the toners
or foreign substances such as paper powder or the like from
adhering to the regulation blade 330 portion.

That is, the developing device 300 is structured such that
a given developing operation can be performed in a condi-
tion that a predetermined quantity of toners are present in the
toner storage chamber 301. When the quantity of the toners
in the toner storage chamber 301 is extremely small or the
toners run out, not only can a good developing operation not
be performed but also damage cam occur due to the
extremely small quantity or absence of the toners. For
example, when the quantity of the toners in the toner storage
chamber 301 is extremely small, during the above-men-
tioned operation of the developing device 300, the toners
cannot be coated uniformly onto the developing roller 320
by the supply roller 310, and the toners on the surface of the
developing roller 320 cannot be turned into an even thin
layer and cannot be frictionally electrified uniformly in the
image forming width direction. As a result of this, the toners
partially coated on the developing roller 320 can suffer from
unbalanced sliding contact in the sliding contact portion of
the regulation blade 330 and can be fixed there forcibly, or
a small quantity of strange substances such as paper powder
or the like mixed into the toner storage chamber 301 can be
coated on the developing roller 320 to canse clogging in the
sliding contac, portion of the reguiation blade 330. When
such fixing and clogging occur, even if toners are replen-
ished after such phenomena, they cannot be returned to their
original conditions, so that a good image formation cannot
be realized.

On the other hand, according to the image forming
equipment of the present embodiment, as described above,
since decrease in the quantity of the toners can be detected
at the time when the quantity of the toners begins to
decrease, it is possible to prevent the above-mentioned

_inconveniences.

Description will now be given of a modification of the
above-mentioned embodiment. In the modification, the
same parts (including equivalent parts depending on the
situation) as those in the above-mentioned embodiment are
given the same reference characters in the following descrip-
tion.
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FIG. 22 is a typical view of the modification relating to the
provision of the mechanism of detection device, in which a
refiection type optical sensor 730 is movably supported in
the main body of a recording device in such a manner that
the element surface of the reflection type optical sensor 730
is able to followingly approach or stick to the surface of the
detect window 710 disposed in a portion of the toner
delivery path R of the image forming equipment. A sensor
support base member 35 is a member which is used to
support and fix the reflection type optical sensor 730
directly. Between the sensor support base member 35 and a
main body support base member 37 fixed to the printer main
body, there is interposed a coil spring 36 so that the
reflection type optical sensor 730 is free to move in a range
where the coil spring 36 is elastically deformable with
respect to the printer mair body. Therefore, even in a
structure in which a case 210 including the detect window
710 is easy to be shifted in portion, since the element surface
of the reflection type optical sensor 730 is able to follow-
ingly approach or stick to the surface of the detect window
710, oot only large dimensional tolerances can be obtained
for the component parts but also the case 210 including the
detect window 710 can be removed from and mounted to the
sensor 730. In the present embodiment, the coil spring 36 is
interposed between the sensor support base member 35 and
main body support base member 37 so that the refiection
type optical sensor 730 is free to move. However, the
invention is not Lirnited to the coil spring 36 but, as an urging
member capable of performing a similar function to the coil
spring 36, there can be used a plate spring, soft rubber, soft
foam, or the like. By structuring the toner residual quantity
detection device in this manner, the image forming equip-
ment can be freely removed from and mounted to the printer
main bady 100.

The reason why the detect window 710 is so disposed as
to be approachable or stickable to the reflection type optical
sensor 730 is to reduce flare light produced as a result of part
of the light emitted from the light emitting element of the
reflection type optical sensor 730 is reflected by the inner
surface of the detect window 710. The flare light must be
reduced sufficiently with respect to the reflected light from
the optical reflection plate 720 to be received by a light
receiving element. If the flare light that provides a noise
signal is approximate to the reflected light from the reflec-
tion plate 720, which provides a normal signal, then the S/N
ratio is lowered. Therefore, even if the toners run short on
the toner detect surface, it is difficult to detect this short
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condition as the toner absence condition because the reso-
lution of the detect signal is low.

Now, FIG. 23 is a graphical representation which shows
a relanonshp between the 3/N ratio and the distance trom
the reflection type optical sensor 730 to the detect window
710 respectively used in the detection device in the above
modification. The relationship holds alse in the previously-
described embodiment.

The abscissa of FIG. 23 expresses a distance between the
reflection type optical sensor 730 and the detect window
710, while the ordinate expresses a ratio between a normal
signal provided by the reflected light from the refiection
plate 720 and a noise signal provided by the flare light, in the
form of S/N.

Since the S/N ratio lowers greatly as the distance
increases and the S/N ratio is 10 or less if the distance is 1.5
mm or larger, it is difficult to detect the toner absence
condition under this condition. In consideration of the manu-
facturing variations, environmental variations and aging
variations of the respective elements forming the refiection
type sensor 730, the S/N ratio required for detection of the
toner absence condition must be 10 or more, preferably, 100
or more. Therefore, the distance between the reflection type
optical sensor 730 and detéct window 710 that satisfies the
above-mentioned S/N ratio is less than 1.5 mm and, pref-
erably, may be less than 0.6 mm. In the above-mentioned
embodiment, as the reflection type optical sensor 730, there
is used a photo-microsensor (model EE-SY 110, manufac-
tured by Omron Co., for example). However, this is not
limitative, and other light emitting/receiving elements can
be used in combination, or a sensor which does not include
an integral package of two light emitting and receiving
elements can also be used. Also, with respect to the distance
between the reflection type optical sensor 730 and detect
window 710 required as the condition to satisfy the S/N ratio
10 or more, although the required value of the distance may
vary according to the distance between the light emitting and
receiving elements, the angles of the light emitting and
receiving elements relative to the reflection plate 720 and the
like, in fact, it is preferable that the distance between the
reflection type optical sensor 730 and detect window 710 is
reduced as much as possible. When the distance between the
reflection type optical sensor 730 and detect window 710
cannot be reduced, it is also possible to interpose a light
shield cover or the like for prevention of the flare light
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between the light emitting and receiving elements in order to
reduce the quantity of the flare light 10 be received by the
light receiving element.

In the above-mentioned embodiment, the refiection plate
720 itself is formed of a metal plate having a springy
elasticity. However, alternatively, other kinds of structures
may also be used. For example, by supporting and pressing
an optical refiection plate, which is a rigid member, by use
of elastic means such as a coil spring, soft rubber, soft foam
or the like, a similar effect can be obtained.

FIGS. 24(a)—(c) are typical views of modifications of the
mechanism of the pressure means which presses against the

coil spring 510 and the transparent detect window of the
detection device.

In particular, FIG. 24(a) shows the structure of pressure
means using a support spring 51 which presses the coil
spring 510 through a pressure member 54 against a trans-
parent detect window 53. In this figure, reference character
§2 designates a reflection plate.

FIG. 24(b) shows the structure of pressure means which
presses the coil spring 510 through a transparent detect
window 56 by means of the pressure of a support spring 57.
In this figure, 55 stands for a reflection plate.

FIG. 24(c) shows the structure of pressure means which
presses the coil spring 510 against a transparent detect
window 60 by use of a pressure member 58. In this figure,
59 designates a reflection plate.

While description has been given heretofore of the
embodiment and its modifications according to the inven-

- tion, the present invention is not limited to the above-
mentioned embodiment and its modifications, but other
various modifications and changes are also possible without
departing from the scope of the subject matter of the
invention.

For example, the sensor of the detection device is not
limited to the optical reflection type sensor but a transmis-
sion type sensor can also be used. In this case, a transparent
detect window is provided instead of the reflection plate.

Further, the detection device is not limited to the optical
detect type but an inductance detect type, an electrostatic
capacitance detect type, a cument detect type, a leakage
magnetic flux detect type can also be used. That is, any type
of detection device can be used, provided that it is able to
detect the fact that the toners run out in the toner delivery

“path.
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What is claimed is:

1. Image forming equipment, comprising:

a developing device, in contact with a photoseasitive
member, supplying toners onto a surface of said pho-
tosensitive member and developing 2 latent image on
said surface of said photosensitive member, thereby
forming a toner image;

a cleaning device, disposed downstream from said devel-
oping device in sliding engagement with said photo-
sensitive member, that removes and collects residual
toners adhered to said surface of said photosensitive
member after said toner image formed by said devel-
oping device is transferred to paper;

a toner delivery device, interposed in a closed loop
between said developing device and said cleaning
device, delivering a portion of surplus toners not used
for development in said developing device to said
cleaning device, and delivering said residual toners
collected by said cleaning device to said developing
device;

toner supply means for replenishing toners to a toner
delivery path in said toner delivery device; and

a detection device, disposed along said toner delivery
path, detecting toner depletion.

2. Image forming equipment as set forth in claim 1,
wherein said detection device is disposed downstream of
said developing device and upstream of said cleaning
_device.

3. Image forming equipment as set forth in claim 1.]
wherein said detection device comprises a detect window
provided in said toner delivery path and an optical sensor
provxded in said detect window.

- 4. Image forming eqmpment as set forth in claim 3,
wherein said detect window is electrically floated.

S. Image forming equipment as set forth in claim 3,
wherein at least a surface of said detect window that contacts

" said toners is formed of a material having the same polarity
as an electrified polarity of said toners in a triboelectric
series.

6. Image forming equipment as set forth in claim 3,

- wherein said toner delivery device includes a toner delivery
member movable circulatingly between said developing

" device and cleaning device, and said toner delivery member
moves in sliding contact with said detect window.

7. Image forming equipment as set forth in claim 6,

L
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wherein said toner delivery member is electrically floated.

8. Image forming equipment as set forth in claim 6,
wherein said detection device comprises a detect window
provided in said toner delivery path, an elastic reflection
plate disposed facing said detect window, and an optical
sensor of a reflection type provided in said detect window,
and said reflection plate urges said toner delivery member
toward said detect window.

9. Image forming equipment as set forth in claim 8,
wherein said toner delivery path includes a side wall surface

-capable of sliding contact with said toner delivery member
to guide said toner delivery member, and at least the surface
portion of said side wall surface situated adjacent to said
detect window is inclined sc as to form an acute angle with
respect to a surface of said detect window facing said toner
delivery path.

10. Image forming equipment as set forth in claim 8,
wherein said refiection plate is electrically floated.

11. Image forming equipment as set forth in claim 8,
wherein at least a surface of said reflection plate that
contacts said toners is formed of a material having the same
polarity as an clectrified polarity of said toners in a triboclec-
tric series.

12. Image forming equipment, comprising:

a developing device, in contact with a photosensitive
member, supplying toners onto 2 surface of said pho-
tosensitive member and developing a latent image on
said surface of said photosensitive member, thereby
forming a toner image;

a cleaning device, disposed downstream from said devel-
oping device in sliding engagement with said photo-
sensitive member, that removes and collects residual
toners adhered to said surface of said photosensitive
member after said toner image formed by said devel-
oping device is transferred to paper;

a toner delivery device, interposed in a closed loop
between said developing device and said cleaning
device, delivering a portion of surplus toners not used
for development in said developing device to said
cleaning device, and delivering said residual toners
collected by said cleaning device to said developing
device;

toner supply means for replenishing toners to a tomer
delivery path in said toner delivery device; and

" anelastic toner delivery member, circulatingly movablein
said toner delivery path in said toner delivery device;

A
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a transparent detect window dispesed in said toner deliv-
ery path and including a projecting surface projecting
toward said elastic toner delivery member; and

an optical sensor provided in said detect window.

13. Image forming equipment as set torth in claim 12,
wherein said optical sensor is disposed downstream of said
developing device and upstream of said cleaning device.

14. Image forming equipment as set forth in claim 12,
wherein said elastic toner delivery member comprises a coil
spring, and wherein the length of said projecting surface of
said detect window in the toner delivery direction is equal to
ar less than 2 pitches of said coil spring.

15. Image forming equipment as set forth in claim 12,
wherein at least said projecting surface of said detect win-
dow is formed of a material possessing the same polarity as
‘an electrified polarity of said toners in a triboelectric series.

16. Image forming equipment as set forth in claim 12,
wherein said elastic toner delivery member is electrically
floated.

17. Image forming equipment as set forth in claim 12,
wherein said detect window is electrically floated.

18. Image forming equipment as set forth in claim 12,
wherein said optical sensor comprises an optical sensor of a
reflection type, an elastic reflection plate is provided at a
position facing said detect window with said clastic toner
delivery member between said reflection plate and said
detect window, and said reflection plate energizes said
clastic toner delivery member toward said detect window.

19. Image forming equipment as set forth in claim 18,
wherein said reflection plate is electrically floated.

20. Image forming equipment as set forth in claim 18,
wherein at least a surface of said refiection plate that
contacts said toners is formed of a material possessing the|

same polarity as an electrified polarity of said toners in a
triboelectric series. '

21. Image forming equipment as set forth in claim 18,
wherein said toner delivery path includes a side wall surface
capable of sliding contact with said elastic toner delivery
member for guiding said-elastic toner delivery member, and
at Jeast the surface portion of said side wall surface situated
adjacent to said detect window is so inclined as to form an
acute angle with respect to said projecting surface of said
detect window.
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a cl eani ng device, disposed downstream from sai d devel -
sliding engagenent with said photo- sensitive nenber,
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said toner delivery path in said toner delivery device; 3BPL

transparent detect w ndow disposed in said toner deliv- ery: p,aLhmEMiENT SHEET

i ncluding a projecting surface projecting toward said el ast [ Cl tfl}er

del i very nenber; and P AN mog
j [N

-4- L

FIG. 4

P
///’
08 £
/ ,f
7 104b
/’ ' |<3.4
,/’ 1) -l/
200,47 ( : 104
o1 S
j03 )% g //T ' #
09 A5 120 A 20 al 7
‘ ! ! g [044a
A3qi2) Lh PRy ol é ;f’
O S5 7~ 4
\ 5 () o : 0 rfil
109g ' A2 Al TS J
122 106 105 02




an optical sensor provided in said detect wi ndow 13. | nege—f

equi pnent as set forth in claim 12, wherein said opti cambgégﬂﬂgﬁ-ﬁi%gej
downst ream of sai d devel opi ng devi ce and upstream of saild ¢teani ng devi cg.
14. Image form ng equi pnent as set forth in claim 12, whgr i anm\gé&%&t C
toner delivery nenber conprises a coil spring, and wherefnijthe | ength
said projecting surface of said detect window in the tongr delivery
direction is equal to -5
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electrified polarity of said toners in a triboelectric serje
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17. Image form ng equi pnent as set forth in claim12, whe
window is electrically floated. 18. Image form ng equipne tREPLNQEMEN@rSHEEﬂ1

claim 12, wherein said optical sensor conprises an optical sersor—ef

reflection type, an elastic reflection plate is provided &t aéggs é O@g
facing said detect window with said elastic toner delivery e ét %n
said reflection plate and said detect- pinndow, and said refjl det+or—ptate

energi zes said

g SN, 8
o Qy S\
./ Jg | &
o [ r%&“) r“
\"""r:— i
_ o i
o — S
Q o
S g
bo N,
Ty i | =
S ] =
i s
e
) 8 }.




el astic toner delivery nenber toward said detect w ndow.

equi pnent as set forth in claim 18, wherein said reflecti
electrically floated. 20. Inmge form ng equi pnent as set
wherein at |east a surface of said reflection plate that
toners is formed of a material possessing the sane pol ari
electrified polarity of said tones in a triboelectric ser
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21. Image form ng equi pnent as set forth in claim18, wherieiy hrfl ot L
delivery path includes a side wall surface capable of slidi n‘gpgﬁﬁ&é\w% ‘FET
said elastic toner delivery nenber for guiding said elastic toner delivery
menber, and at |east the surface portion of said side wall' sur?dcdAd {138t dd
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wWth respect to said projecting surface of 9sai d detect w ndow.
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ABSTRACT

IMAGE FORMING EQUIPMENT WITH DEPLETION DETECTION IN AN TONER
ENDLESS CIRCULATION PATH '

Image forming equipment, which includes & developing
device for supplying toners to the surface of a photosensitive
member and developing a latent image on the surface of the
phetesensitive member to thereby form a toner image; a -
cleaning device for removing and collecting residual toners
adbered to the surface of the photoscasitive member after
the toner image formed by the developing device is trans-
ferred to paper; a toner delivery device interposed in a closed
loop between the developing device and cleaning device for
delivering part of the surplus toners that have not been used
for development in the development device to the cleaning
device and for delivering the residual toners collected by the
cleaning device to the developing device; and a toner tank
for supplying toners to a toner delivery path R of the toner
delivery device, is provided. In the image forming equip-
ment, by providing a detection system for detecting the
depletion of the toners with respect to the taner delivery
path, the residnal quantity of toners can be detected posi-
tively without increasing the size of the developing device.

Figure 5 and 7
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