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@ Apparatus for driving image bearing member.

@ This invention relates to a driving mechanism for F/G 1
driving an electrophotographic photosensitive body -
operated through a torque limiter. The torque limiter
is arranged on a support shaft for supporting the
photosensitive body, thereby making the mechanism
g compact; and a driving gear for driving process
means is arranged coaxially with the torque limiter
independently of the latter, thereby reducing the
= [0ad applied to the torque limiter, thus improving the
ability of the torque limiter.
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Apparatus for Driving Image Bearing Member

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an image for-
ming apparatus such as a copying machine, printer
and the like, in which an image is formed through a
predetermined processes by forming a latent im-
age on an image bearing member such as a pho-
tosensitive drum, by visualizing the latent image by
using a developer in a developing device, by frans-
ferring the visualized image from the image bearing
member onto a transfer member and then by fixing
the transferred image. More particularly, the
present invention relates to an image forming ap-
paratus which can prematurely detect abnormity in
driving apparatuses for driving an image bearing
member such as a photosensitive drum and a
developing device to effectively prevent damage or
destruction of the image forming apparatus and
which includes a compact driving apparatus adapt-
ed to drive such image bearing member and the
like.

Related Background 5_r£

Conventionally, in an image forming apparatus
such as a copying machine, printer and the like, in
which an image is formed through a predetermined
processes by forming a latent image on an image
bearing member such as a photosensitive drum, by
visualizing the latent image by using a developer in
a developing device, by transferring the visualized
image from the image bearing member onto a
transfer member, by fixing the tranferred image,
and by cleaning the residual developer on the
image bearing member by means of a cleaner, the
above-mentioned predetermined processes such
as the latent image forming process, image visu-
alizing process, image transferring process and the
like necessary to form the image were carried out
by rotating image bearing member such as the
photosensitive drum constituted by an endless belt
or a rotatable drum.

In this case, as the driving apparatuses for
driving or rotating the image forming member such
as the photosensitive drum (hereinafter, referring to
the driving apparatuses associated with the pho-
tosensitive drum), a mechanism comprising a gear
fixed to a flange of the photosensitive drum and a
gear connected to a driving source so that the
photosensitive drum is rotated by the driving
source, or a mechanism wherein a photosensitive
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drum driving plate arranged coaxially with a sup-
port shaft for the photosensitive drum is rotated in
such a manner that a pin fixed to the driving plate
engages with and entrains a flange of the pho-
tosensitive drum to rotate the latter have been
used. Further, the developing device used in the
image visualizing process was driven through the
gear fixed to the flange of the photosensitive drum
or by means of a discrete driving mechanism for
driving the developing device.

Some of these driving apparatuses had a
torque limiter for limiting an upper limit of a driving
torque to prevent the damage of the image forming
apparatus when abnormity occurred in load torques
regarding the photosensitive drum, developing de-
vice, cleaner and the like. In some cases, such
driving apparatus was used in a container for re-
ceiving a waste or exhaust toner to prevent the
damage of a toner discharging member provided in
the container, which would be caused during the
rotation of the toner discharging member when the
container was filled with the toner. However, in the
conventional driving apparatus of the type that the
developing device and the toner discharging mem-
ber are simultaneously driven by drivingly rotating
the gear provided on the flange of the photosen-
sitive drum, when the torque limiter for detecting
the abnormity in the load torque is arranged up-
stream of the driving system for the photosensitive
drum, the torque limiter cannot detect the abnor-
mity in the load torques unless the capacity of the
torque limiter is set to be larger than all of the load
torques in the downstream side of the photosen-
sitive drum, thus increasing an error regarding the
operating torque of the limiter.

More particularly, for example, if it is assumed
that the operating torque of the photosensitive
drum is 4 £ 0.5 kgecm, the operating torque of the
toner discharging member in the container is 2 £
0.2 kgecm, the operating torque of the developing
device is 8 £ 1 kgecm and the tolerance of the
torque limiter itself is £ 10%, the set value of the
operating torque of the torque limiter will be larger
as in the order of 17.5 £ 1.8 kgecm for the totai
operating torque of 14 £ 1.7 kgecm, with the result
that the torque limiter can not detect the abnormity
uniess the torque of 7.0 kgecm (=(17.5 + 1.8) -
(14 - 1.7)), at the most, is generated in the abnor-
mity condition.

In the torque limiter, if the abnormity in the
load torques is detected by using such larger op-
erating torque, for example, when the abnormity
occurs in a cleaner having the toner discharging
member, upon the detection of the abnormity,
there will be greater possibility of occurring of
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serious or critical damage of the cleaner, with the
result that, in the worst case, the cleaner unit must
be replaced. Of course, it is possible that the
cleaner unit and the like are previously constructed
more strongly for providing against such abnormity;
however, such countermeasure is not desirable
from the view point of the available space in the
image forming apparatus, the cost of the construc-
tural parts and the like.

Further, in the conventional driving apparatus in
which an additional or discrete torque limiter is
provided regarding the toner discharging member
for treating the waste toner removed in the cleaning
operation and stored in the container in the cleaner
to detect premature abnormity in the cleaner, the
abnormity in the cleaner can be positively de-
tected; however, in this case, since the abnormity
in the cleaner is signaled to an operator only by an
abnormal noise, if the operator continues a copying
operation without being aware of the abnormity, the
toner will overflow out of the cleaner to smear the
interior of the image forming apparatus.

In addition, in the conventional driving appara-
tus in which the developing device is driven by a
discrete driving mechanism, the above-mentioned
drawback can be eliminated by arranging the
torque limiter upstream of the driving system for
the photosensitive drum; however, in this case,
since the discrete driving mechanism is added,
there arose a problem that the number of the
constructural parts of the image forming apparatus
is increased and that the apparatus cannot be
easily compacted.

SUMMARY OF THE INVENTION

it is an object of the present invention is to
provide an image forming apparatus including a
driving apparatus wherein a torque value of a
torque limiter can be set to detect, with high sen-
sitivity, abnormity in even lower load torque of an
image bearing member such as a photosensitive
drum when the image bearing member is driven by
the driving apparatus having the torque limiter.

It is another object of the present invention is
to provide an image forming apparatus including a
driving apparatus which can drive a plurality of
elements such as a developing device, a waste
toner discharging member and the like, as well as
an image bearing member such as a photosen-
sitive drum by a compact driving means including
a torque limiter to form an image, and whersin a
torque value of the torque limiter can be set to
positively detect abnormity in even lower load
{orque.

The above objects can be achieved by the
present invention. In brief, according to the present
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invention, there is provided a driving apparatus
adapted to be used with an image forming appara-
tus which can form an image on an image bearing
member through predetermined image forming
processes, and capable of drivingly rotating the
image bearing member by means of a driving
means including a torque limiter arranged coaxially
with a shaft for supporting the image bearing mem-
ber.

According to a preferred embodiment of the
present invention, the driving apparatus includes a
driving means for directly trasmitting a driving force
from a driving source in order to directly drive a
developing device used in the predetermined im-
age forming processes.

Accordingly, in the present invention, by di-
rectly driving the image bearing member such as
the photosensitive drum by means of the driving
means including the torque limiter arranged co-
axially with the support shaft for supporting the
image bearing member, and by arranging, in par-
allel with said driving means, the discrete driving
means for directly transmitting the driving force
from the driving source in order to drive the devel-
oping device, it is possible to positively perform the
operation of the torque limiter and to set the value
of the torque limiter in high response to the pho-
tosensitive drum and to provide a compact con-
struction. Further, by stopping the rotation of the
photosensitive drum as the image bearing member
when the torque limiter is operated, it is possible to
positively signal the abnormity to the operator.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic sectional side view of
an image forming apparatus according to a pre-
ferred embodiment of the present invention;

Fig. 2 is a longitudinal sectional view show-
ing the details of a photosensitive drum of Fig. 1;

Fig. 3 is an exploded perspective view of a
torque limiter incorporated into a gear as a driving
means used with the photosensitive drum of Fig. 2;

Fig. 4 is a perspective view of a flange
portion of the photosensitive drum of Fig. 1; and

Fig. 5 is a partial side view of a photosen-
sitive belt according to another embodiment of an
image bearing member.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will now be explained in
connection with preferred embodiments thereof
with reference to the accompanying drawings.

Fig. 1 shows a preferred embodiment of an
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image forming apparatus according to the present
invention.

The image forming apparatus shown in Fig. 1
comprises an electrophotographic photosensitive
drum 1 as an image bearing member, which is
formed in a cylindrical shape and is rotated in a
direction shown by an arrow in Fig. 1. Around the
photosengitive drum, along the direction of rotation
thereof, there are, in order, a charging device 2 for
uniformly charging a peripheral surface of the pho-
tosensitive drum 1; an information light beam 4
emitted from an exposure device (not shown) for
performing an exposing operation in response to an
image information, for example, by means of a
laser optical system to form a latent image on the
photosensitive drum 1; a known developing device
8 for visualizing the latent image by applying a
toner as a developer to the latent image formed on
the photosensitive drum 1; a transfer charging de-
vice 8 for transferring the visualized image from the
photosensitive drum 1 onto a transfer sheet P such
as a paper; a known fixing device 10 for fixing the
image transferred to the transfer sheet P; and a
cleaning device 12 for cleaning the residual toner
on the photosensitive drum 1. The cleaning device
12 includes a toner discharging member 13 for
conveying the removed residual toner toward one
end of the cleaning device 12, which member
comprises, for example, a screw member.

Image forming processes carried out by the
image forming apparatus having the construction
mentioned above are well known in the art; and,
thus, the detailed explanation regarding the image
forming processes will be omitted here.

Now. referring to Fig. 2 showing the details of a
part of the photosensitive drum 1, the photosen-
sitive drum 1 has a flange 14 fixed thereto, on an
outer peripheral surface of which a gear 14a for
fransmitting a driving force to the toner discharging
member 13 is formed. The flange 14 is rotatably
supported, at its central portion, by a support shaft
16 rotatably mounted on a frame 15 of the image
forming apparatus. Accordingly, the photosensitive
drum 1 is freely rotatably supported by the frame
15 through the support shaft 16.

Further, a substantially cylindrical gear 17 act-

ing as a driving means is fixed to the support shaft
16 coaxially therewith. As shown, a coil spring 18,
a ring-shaped limiter plate 19 and a substantially
circular driving plate 20 having a step (see Fig. 3)
are incorporated in the gear 17 in a predetermined
position, which elements 18-20 constitute a torque
limiter 17A as a whole. A pin 20a protruded from
the driving plate 20 of the torque limiter 17A toward
the flange 14 can engage by one of ribs 14b (Fig.
4) formed in the flange 14. The gear 14a formed on
the peripheral surface of the flange 14 meshes with

an idler gear 21 having a small gear 21a fixed
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thereto, which meshes with a driving gear 23 for
driving the toner discharging member 13.

in addition, a gear portion 17a formed on an
outer peripheral surface of the gear 17 meshes
with a sleeve gear 25 fixed to a developing sleeve
24,

Now, the concrete construction of the torque
limiter 17A will be further explained.

As shown in Fig. 3, three grooves 17b are
formed in an inner peripheral surface of the sub-
stantially cylindrical gear 17 acting as the driving
means in predetermined positions, and these
grooves 17a are engaged by corresponding pawls
19b formed on an outer periphery of the limiter
plate 19 in predetermined positions; thus, when
assembled, the limiter plate 19 can be slidably
moved along a ceniral axis of the gear 17 while
engaging by the grooves 17b. Further, three
trapezoidal projections 19a are formed on an outer
side surface of the limiter plate 19 in predeter-
mined positions, which projections are engaged by
corresponding trapezoidal recesses 20b formed in
an inner side surface of the driving plate 20. The
driving plate 20 has an outer diameter that the
driving plate is fitted in the gear 17.

With this construction, in the assembied con-
dition (Fig. 2) that the driving plate 20, limiter plate
19 and coil spring 18 are positioned in place in the
gear 17, when the gear 17 is drivingly rotated, the
limiter ptate 19 tends to rotate against the load
applied to the pin 20a of the driving plate 20. In
this case, since the rotationai force from the limiter
plate 19 is transmitted to the driving plate 20
through the engagement between the projections
19a of the limiter plate 19 and the recesses 20b of
the driving plate 20, an escaping force tending to
escape the limiter plate 19 along the inclined sur-
faces of the trapezoidal recesses 20b of the driving
plate is created. In this case, as long as the escap-
ing force is smaller than a resultant force com-
prised of a friction force between the coil spring 18
and the limiter plate 19 and of a friction force
between the trapezoidal projections 19a and the
recesses 20b, the limiter plate 19 cannot escape
from the recesses 20b and thus fransmits the rota-
tional force to the driving plate 20. However, when
the load applied to the pin 20a of the driving plate
20 becomes larger, the escaping force will also
become larger accordingly, and, consequently, if
the escaping force exceeds the resultant force
comprised of a friction force between the coil
spring 18 and the limiter plate 19 and of a friction
force between the trapezoidal projections 19a and
the recesses 20b, the limiter plate 19 will escape
from the trapezoidal recesses 20b to slide inwardly
along the grooves 17b of the gear 17, thus not
transmitting the rotational force to the driving plate
20. This is the operating condition of the torque
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limiter 17A. Of course, it should be noted that a
torque value for creating the operation condition of
the torque limiter 17A can be properly set by
appropriately selecting an angle of the inclined
surface of the projection (and recess), coefficient of
friction between the projection and recess, and the
force of the coil spring 18.

With the construction mentioned above, when
the support shaft 16 is rotated by the driving
source (not shown), the gear 17 as the driving
means is also rotated together with the shaft 16,
thus driving the developing sleeve 24 in the devel-
oping device 6 and an agitating mechanism 6a
(Fig. 1) in the developing device 6 through the
sleeve gear 25.

Further, upon the rotation of the gear 17, as
shown in Figs. 2 and 3, the driving force is trans-
mitted to the coil spring 18, limiter plate 19, driving
plate 20 and pin 20a in order, with the resuit that
the pin 20a drivingly rotates the flange 14 and the
photosensitive drum 1 through the engagement be-
tween the pin 20a and the rib 14b (Fig. 4) of the
flange 14. In addition, since the gear 14a formed
on the outer periphery of the flange 14 meshes
with the idler gear 21, the driving gear 23 for
driving the toner discharging member 13 for con-
veying the residual toner removed by the cleaner
to the predetermined collection position is also

rotated through the idler gear 21 and its small gear -

21a. Accordingly, in this case, the load torques
form the photosensitive drum 1 and the toner dis-
charging member 13 are applied to the pin 20a of
the torque limiter 17A.

In this way, according to the illustrated embodi-
ment of the present invention, since the photosen-
sitive drum 1 and the toner discharging member 13
are directly driven through the medium of the gear
17 acting as the driving means having the torque
limiter of the above-mentioned construction, it is
possible to set the torque value for initiating the
operation of the torque limiter in high response to
the abnormity in even the smaller load in the
driving portions.

Further, as mentioned above, in the illustrated
embodiment, it is possible to drive the developing
device 6 through the medium of the gear portion
17a formed on the outer periphery of the gear 17
acting as the driving means having the torque
limiter 17A, thus reducing the installation space of
the driving mechanism and accordingly reducing
the whole dimension of the image forming appara-
tus.

Now, as a numerical example, when the image
forming apparatus according to the above-men-
tioned embodiment is used, if the load torque of
the photosensitive drum 1 and the toner discharg-
ing member 13 is 4 £ 0.5 kgecm, and the load
torque of the developing device 6 is 4 £ 1.5 kgecm,
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the load torques created when the toner container
is filled with the toner can be detected by the
torque limiter having the set torque value of 5 £ 0.5
kgecm. In this case, it is possible to detect the
abnormity with a maximum error of 2 kgecm = (-
(5.5 - 3.5)kgecm).

On the other hand, in the above-mentioned
conventional image forming apparatus, the torque
value of the torque limiter used must be setto 11 £
1.1 kge cm. In this case, the maximum error will be
6.1 kgecm (=12.1 - 6)kgecm, and therefore, the
abnormity cannot be detected unless the load
torque is increased by about 6 kgecm due to the
abnormity.

in addition, with the above-mentioned construc-
tion of the illustrated embodiment, since the pho-
tosensitive drum 1 is stopped immediately after the
torque limiter is operated, when the torque limiter
is operated (i.e., when the abnormity occurs), the
image will be intermittently formed on the copying
sheet, which clearly signals the abnormity to the
operator.

It should be noted that the present invention is
not limited to the illustrated embodiment wherein
the torque limiter is assembled in the substantially
cylindrical gear. For example, as an alternation, the
torque limiter may be assembled in the flange 14
of the photosensitive drum 1.

Further, it is apparent that, in the present in-
vention, the torque limiter does not depend upon
the type thereof, but depends upon only the in-
stallation position thereof.

Furthermore, the effect obtainable from the
present invention does not depend upon the con-
figuration of the photosensitive drum (image bear-
ing member). For example, as shown in Fig. 5,
even when an electrophotographic photosensitive
belt 1a entrained around a flange 26 (in place of
the flange 14 of the drum) on which the torque
limiter acts is used, a satisfactory effect can be
obtained.

As mentioned above, according to the present
invention, since the photosensitive drum as the
image bearing member is driven by the gear acting
as the driving means having the torque limiter
arranged coaxially with the support shaft for the
photosensitive drum and the driving gear for di-
rectly transmitting the driving force from the driving
source in order to drive the developing device is .
associated with the first-mentioned gear, it is possi-
ble to set the torque value of the torque limiter in
higher response to the photosensitive drum than in
the conventional case, whereby the abnormity in
the load torque of the photosensitive drum can be
prematurely detected and can be signaled to the
operator positively. Further, since the photosen-
sitive drum and the developing device can be
driven by the single driving mechanism, the whole
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dimension of the image forming apparatus can be
considerably reduced.

This invention relates to a driving mechanism
for driving an electrophotographic photosensitive
body operated through a torque limiter. The torque
limiter is arranged on a support shaft for supporting
the photosensitive body, thereby making the
mechanism compact; and a driving gear for driving
process means is arranged coaxially with the
torque limiter independently of the latter, thereby
reducing the load applied to the torque limiter, thus
improving the ability of the torque limiter.

Claims

1. A driving mechanism for driving an image
bearing member used with an image forming ap-
paratus. comprising:

a support shaft for rotatably supporting an image
bearing member;

a driving source for drivingly rotating said support
shaft;

a torque limiter mechanism driven by rotation of
said support shaft; and

said image bearing member receiving a rotatable
output portion of said torque limiter in the vicinity
of said support shaft.

2. A driving mechanism according to claim 1,
wherein said image bearing member comprises an
electrophotographic photosensitive drum, and a
flange of said photosensitive drum receives said
rotatable output portion of said torque limiter.

3. A driving mechanism according to claim 2,
wherein said flange includes a gear integraily
formed thereto and said gear drives process
means.

4. A driving mechanism according to claim 3,
wherein said process means comprises a cleaning
device and a toner conveying member of said
cleaning device is driven by said gear.

5. A driving mechanism for driving an image
bearing member used with an image forming ap-
paratus, comprising: :
a support shaft for rotatably supporting an elec-
trophotographic photosensitive body as an image
bearing member;

a torque limiter mechanism provided between a
driving source and a photosensitive drum constitut-
ing said photosensitive body and coaxially with
said support shaft, for transmitting a rotational force
from said driving source to said photosensitive
drum; and

said photcsensitive body including a driving force
receiving portion for receiving an output of said
torgue limiter mechanism in the vicinity of said
support shaft.
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6. A driving mechanism according to claim 5,
wherein said driving force receiving portion com-
prises a flange of said photosensitive drum as said
photosensitive body.

7. A driving mechanism according to claim 6,
wherein said flange includes a gear integrally
formed thereto and said gear drives process
means.

8. A driving mechanism according to claim 7,
wherein said process means comprises a cleaning
device and a toner conveying member of said
cleaning device is driven by said gear.

9. A driving mechanism for driving an image
pearing member used with an image forming ap-
paratus, comprising:

a support shaft for rotatably supporting an elec-
trophotographic photosensitive body as an image
bearing member;

a driving source for drivingly rotating said support
shaft;

a first gear driven together with the rotation of said
support shaft;

a torque limiter mechanism driven together with the
rotation of said support shaft; and

said photosensitive body including a driving force
receiving portion for receiving an output of said
torque limiter mechanism in the vicinity of said
support shaft.

10. A driving mechanism according to claim 8,
wherein said driving force receiving portion com-
prises a flange of said photosensitive drum as said
photosensitive body.

11. A driving mechanism according to claim
10, wherein said flange includes a second gear
integrally formed thereto, and said first and second
gears drive process means.

12. A driving mechanism according to claim
11, wherein said second gear drives a cleaning
device and said first gear drives a developing de-
vice.

13. A driving mechanism according to claim
12, wherein said cleaning device a toner conveying
member is driven and in said developing device a
developing sleeve is driven.

14, A driving mechanism according to claim 9,
wherein said electrophotographic photosensitive
body comprises a beit-shaped photosensitive body.
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