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(54) Image forming apparatus with transfer Nip adjustment function

(57) A secondary transfer facing roller (24) that sup-
ports an intermediate transfer belt (21) on the back face
of the secondary transfer facing roller is configured by a
roller part that has a through-hole penetrating in a rotary
shaft line direction at a rotation center position, and a
penetrating shaft member penetrating the through-hole
of the roller part and spinning the roller part on a surface
of the penetrating shaft member. Out of the entire region
in a longitudinal direction of the penetrating shaft mem-
ber, eccentric cams are fixed to both end regions that are
not located in the roller part, so as to rotate integrally with
the penetrating shaft member. The degree of freedom of
the layout of distance adjusting means for adjusting the
distance between the intermediate transfer belt and the
secondary transfer roller is improved compared with the
conventional technology. In case a position regulating
cam and an abutting roller that function as gap forming
means form a gap between the intermediate transfer belt
and the secondary transfer roller immediately before a
transfer sheet enters a transfer nip part. While the gap
is formed, current that is induced by transfer voltage ap-
plied by transfer voltage application means flows be-
tween the intermediate transfer belt and the secondary
transfer roller via the position regulating cam and the
abutting roller. Image displacement and image tip end
part transfer failure that are caused when a tip end of a
recording body enters the transfer nip can be both pre-
vented without damaging an image carrier.
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Description

Background of the Invention

Field of the Invention

[0001] The present invention relates to an image form-
ing apparatus, such as a copying machine, a facsimile
device and a printer, which sends a recording sheet as
a recording body to a transfer nip part of a transfer region
formed by an image carrier and a facing member that
faces a surface of the image carrier, and then records on
this recording sheet a toner image formed on the image
carrier. The present invention particularly relates to an
image forming apparatus, such as a copying machine, a
facsimile device and a printer, which not only has a func-
tion for adjusting the pressure of a transfer nip formed
by the contact between the image carrier and the facing
member by appropriately adjusting a relative distance
between the image carrier and the facing member, but
also is capable of preventing the occurrence of image
degradation, such as displacement of the position of an
image, which is caused by load fluctuations of the image
carrier generated when the recording sheet enters and
is removed from the transfer nip.

Description of the Related Art

[0002] This type of image forming apparatus can not
only adjust the pressure of the transfer nip formed by the
contact between the image carrier and the facing mem-
ber by adjusting the relative distance therebetween, but
also alleviate load fluctuations of the image carrier
caused when the recording sheet enters the transfer nip,
the recording sheet formed from cardboard as a record-
ing body. As distance adjusting means for adjusting the
relative distance between the image carrier and the fac-
ing member, generally the one having a configuration for
pushing back the facing member to a certain level against
a biasing force, while biasing the facing member toward
the image carrier by using biasing means.
[0003] For example, the distance adjusting means of
the image forming apparatus described in Japanese Pat-
ent Application Laid-open No. H10-83124 has such con-
figuration. Specifically, a transfer roller of this image form-
ing apparatus that functions as the facing means has a
cylindrical roller part and a shaft member protrudes from
each end face of the roller part so as to rotate integrally
with the roller part. The protruding parts of the shaft mem-
ber are provided with eccentric cams so that the shaft
member can spin. A motor for spinning the eccentric
cams on a circumferential surface of the shaft member
is directly connected to the eccentric cams. In the eccen-
tric cams that are spun on the circumferential surface of
the shaft member by the motor, cam surfaces are caused
to abut with an end part of a photosensitive drum in a
shaft line direction within a range of predetermined rota-
tion angles. The transfer roller that is biased toward the

photosensitive drum is moved against the biasing force
away from the photosensitive drum by means of this abut-
ment, whereby the inter-shaft distance between the pho-
tosensitive drum and the transfer roller.
[0004] However, in this conventional image forming
apparatus, a drive transmission mechanism has to be
provided in the vicinity of each end of a roller shaft line
direction, in order to drive the eccentric cam spinning on
the shaft member on the one end side of the transfer
roller in the shaft line direction and the eccentric cam
spinning on the shaft member on the other end side. Such
layout restriction causes significant downsizing of the ap-
paratus.
[0005] Note in this conventional image forming appa-
ratus that the eccentric cams spinning on the shaft mem-
ber of the transfer roller are caused to abut with the pho-
tosensitive drum. The same problem occurs in a config-
uration where the eccentric cams spinning on the shaft
member of the photosensitive drum are caused to abut
with the transfer roller to move the transfer roller away
from the photosensitive drum. The same problem occurs
also in a configuration where a belt member for endlessly
moving at least either the photosensitive drum and the
facing member while wrapping a rotatable support rotat-
ing body, the photosensitive drum and the facing member
being brought into contact with each other to form the
transfer nip.
[0006] When, on the other hand, a tip end of the re-
cording body enters the transfer nip formed by the image
carrier and a contact member, or when a rear end of the
recording body is removed from the transfer nip, instan-
taneous load fluctuations occur in the image carrier, dis-
turbing the surface movement speed of the image carrier.
As a result, so-called shock jitter occurs, which is image
degradation caused by displacement of the position of
an image. Such image degradation occurs easily if the
basis weight of the recording body is as great as that of
cardboard.
[0007] For example, Japanese Patent Application
Laid-open No. 2007-334292 describes an image forming
apparatus that has gap forming means for separating an
image carrier and a contact member to form a gap ther-
ebetween at predetermined timing immediately before a
tip end of a recording body enters the position of a transfer
nip where the image carrier and the contact member con-
tact with each other, or immediately before a rear end of
the recording body is removed from the position of the
transfer nip. In this apparatus, formation of the gap be-
tween the image carrier and the contact member at the
timing immediately before the entry of the tip end of the
recording body or immediately before the separation of
the rear end of the recording body can reduce the load
fluctuations that occur in the image carrier at the time of
the entry or separation of the recording medium.
[0008] Furthermore, in an apparatus that performs
transfer using a transfer electric field formed by the trans-
fer nip described above, the transfer electric field is
formed by starting to apply transfer voltage to the image
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carrier or the contact member before the entry of the tip
end of the recording medium into the transfer nip, by us-
ing transfer voltage application means. When the transfer
voltage application means starts applying the transfer
voltage after the tip end of the recording body enters the
transfer nip, the output of the transfer voltage application
means does not increase before transfer of an image tip
end part starts, and consequently a sufficient transfer
electric might not be obtained at the image tip end part.
This is because, in this case, image degradation called
a tip end part transfer failure occurs.
[0009] However, when the transfer voltage is applied
before the tip end of the recording body enters the trans-
fer nip in order to prevent the occurrence of the tip end
part transfer failure, this conventional apparatus causes
adverse effects in which leak discharge occurs at the gap
between the image carrier and the contact member that
is formed immediately before the entry into the transfer
nip, damaging the image carrier.
[0010] Technologies relating to the present invention
are (also) disclosed in, e.g., Japanese Patent Application
Laid-open No. H4-242276, Japanese Patent No.
3,822,266, and Japanese Patent No. 3,911,941.

SUMMARY OF THE INVENTION

[0011] A first object of the present invention is to pro-
vide an image forming apparatus that is capable of im-
proving the degree of freedom of a layout of distance
adjusting means for adjusting the distance between an
image carrier and an opposing member of a transfer re-
gion.
[0012] A second object of the present invention is to
provide an image forming apparatus that is capable of
preventing the occurrence of image degradation without
damaging the image carrier, the image degradation being
caused by displacement of an image that is caused when
a recording sheet serving as a recording body enters or
is removed from a transfer nip.
[0013] According to an aspect of the present invention,
in an image forming apparatus, at least either an image
carrier or a facing member that faces the image carrier
and forms a transfer region is configured by a belt mem-
ber supported by a support rotating body or a rotating
body. A distance between the image carrier and the fac-
ing member in the transfer region is adjusted by changing
a rotation position of cams provided to a shaft part of the
support rotating body or the rotating body. In the transfer
region, a visible image on the image carrier is transferred
to the facing member or to a recording sheet passed
through between the image carrier and the facing mem-
ber. The support rotating body or the rotating body pro-
vided with the cams at the shaft part thereof is configured
by at least a main body part that has a through-hole pen-
etrating in a rotary shaft line direction at a rotation center
position, and a penetrating shaft member that serves as
the shaft part penetrating the through-hole of the main
body part and spinning the main body part on a surface

of the penetrating shaft member. Out of the entire region
in a longitudinal direction of the penetrating shaft mem-
ber, the cams are fixed to both end regions that are not
located in the main body part, such that the cams are
rotated integrally with the penetrating shaft member.
[0014] According to another aspect of then present in-
vention, an image forming apparatus comprises an im-
age carrier that carries a toner image and performs sur-
face movement; a contact member that comes into con-
tact with the image carrier while performing surface
movement and forms a transfer nip; a recording body
sending device for sending a recording body toward the
transfer nip; a transfer voltage application device for start-
ing to apply transfer voltage to the image carrier or the
contact member prior to the entry of the recording body
into the transfer nip, so as to form a transfer electric field
for transferring the toner image on the image carrier to
the recording body; and a gap forming device for sepa-
rating the image carrier and the contact member from
each other to form a gap therebetween immediately be-
fore the recording body enters the transfer nip part. The
image forming apparatus further comprises a conducting
device for conducting electricity so that current induced
by the transfer voltage applied by the transfer voltage
application device flows between the image carrier and
the contact member while the gap forming device sepa-
rates the image carrier and the contact member from
each other to form a gap therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent from the following detailed description taken with
the accompanying drawings, in which:

FIG. 1 is a diagram showing a schematic configura-
tion of a copying machine according to a first em-
bodiment of the present invention;
FIG. 2 is an enlarged schematic diagram showing a
secondary transfer nip and a peripheral configura-
tion thereof within a printer part of the copying ma-
chine;
FIG. 3 is an enlarged cross-sectional diagram show-
ing a peripheral configuration of the secondary trans-
fer nip;
FIG. 4 is a perspective view showing a part of the
peripheral configuration;
FIG. 5 is an enlarged schematic diagram showing a
state of the secondary transfer nip immediately be-
fore the entry of a piece of regular paper;
FIG. 6 is an enlarged schematic diagram showing a
state of the secondary transfer nip immediately be-
fore the entry of a piece of cardboard;
FIG. 7 is a graph showing a relationship between a
dot diameter and a dot sub scanning position that
are obtained when a dot pattern image is output un-
der the condition that a secondary transfer roller is
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not pushed down;
FIG. 8 is a graph showing a relationship between a
dot diameter and a dot sub scanning position that
are obtained when a dot pattern image is output un-
der the condition that the push-down amount of the
secondary transfer roller is set at 0.5 [mm];
FIG. 9 is a graph showing a relationship between a
dot diameter and a dot sub scanning position that
are obtained when a dot pattern image is output un-
der the condition that the push-down amount of the
secondary transfer roller is set at 1.0 [mm];
FIG. 10 is a graph showing a relationship among
secondary transfer nip pressure obtained when the
recording sheet is interposed in the nip, the push-
down amount of the secondary transfer roller and
the thickness of a recording sheet;
FIG. 11 is a diagram showing a schematic configu-
ration of an image forming apparatus according to a
second embodiment of the present invention;
FIG. 12 is a cross-sectional diagram showing a con-
figuration of substantial parts of a secondary transfer
part;
FIG. 13 is a diagram for explaining an operation of
the secondary transfer part that is performed when
a transfer sheet is fed toward a secondary transfer
nip;
FIG. 14 is a diagram for explaining an operation of
the secondary transfer part that is performed imme-
diately before a transfer sheet tip end part enters the
secondary transfer nip;
FIG. 15 is a diagram for explaining an operation of
the secondary transfer part that is performed when
a toner image is transferred to the transfer sheet in
the secondary transfer nip; and
FIG. 16 is a diagram for explaining an operation of
the secondary transfer part that is performed imme-
diately before a transfer sheet rear end part is re-
moved from the secondary transfer nip.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0016] Preferred embodiments of the present inven-
tion will be described hereinafter. It is to be noted the
reference numerals used in each embodiment are inde-
pendent of the reference numerals of the other embodi-
ment, i.e., the same reference numerals do not always
designate the same structural elements.

1st Embodiment

[0017] The first embodiment accomplishes mainly the
first object described above.
[0018] Hereinafter, the first embodiment is described
in which the present invention is applied to a tandem-
type color copying machine (called simply as "copying
machine" hereinafter) functioning as an image forming
apparatus.
[0019] FIG. 1 shows a schematic configuration of a

copying machine according to the first embodiment. This
copying machine has a printer part 100, a sheet feeding
part 200, a scanner part 300 attached onto the printer
part 100, and an automatic document feeder (ADF) 400
attached onto the scanner part 300.
[0020] The printer part 100 an endless belt-type inter-
mediate transfer belt 21 functioning as an image carrier.
The intermediate transfer belt 21 is wrapped around a
driving roller 22, a driven roller 23 and a secondary trans-
fer facing roller 24, such that the side view of the inter-
mediate transfer belt 21 forms an inverted triangle. The
intermediate transfer belt 21 is endlessly moved clock-
wise in the diagram by rotational drive of the driving roller
22. Four image forming units 1C, M, Y and K for forming
cyan (C), magenta (M), yellow (Y) and black (K) toner
images are arranged in an upper part of the intermediate
transfer belt 21 along a belt movement direction.
[0021] The image forming units 1C, M, Y and K have,
respectively, photosensitive drums 2C, M, Y and K, de-
veloping units 3C, M, Y and K, and photosensitive drum
cleaning devices 4C, M, Y and K. The photosensitive
drums 2C, M, Y and K each are brought into contact with
the intermediate transfer belt 21 to form C, M, Y and K
primary transfer nips, and at the same time rotated and
driven counterclockwise in the diagram by driving means
that is not shown. Note that the developing units 3C, M,
Y and K use C, M, Y and K toners to develop electrostatic
latent images formed on the photosensitive drum 2C, M,
Y and K. Furthermore, the photosensitive drum cleaning
devices 4C, M, Y and K clean transfer residual toner on
the photosensitive drums 2C, M, Y and K that have
passed the primary transfer nip. In this printer, a tandem
image forming part 10 is configured by the four image
forming units 1C, M, Y and K arranged along the belt
movement direction.
[0022] An optical writing unit 15 is disposed in an upper
part of the tandem image forming part 10 within the printer
part 100. This optical writing unit 15 performs optical
scanning and thereby an optical writing process on the
surfaces of the photosensitive drums 2C, M, Y and K that
are rotated and driven counterclockwise in the diagram.
Prior to the optical writing process, the surfaces of the
photosensitive drums 2C, M, Y and K are uniformly
charged by uniform charging means of each of the image
forming units 1C, M, Y and K.
[0023] A transfer unit 20 having the intermediate trans-
fer belt 21 and the like has primary transfer rollers 25C,
M, Y and K within the loop of the intermediate transfer
belt 21. These primary transfer rollers 25C, M, Y and K
presses the intermediate transfer belt 21 against the pho-
tosensitive drums 2C, M, Y and K by means of the back
of the C, M, Y and K primary transfer nips.
[0024] A secondary transfer roller 30 is disposed in a
lower part of the intermediate transfer belt 21. This sec-
ondary transfer roller 30 forms a secondary transfer nip
by coming into contact from the front face of the interme-
diate transfer belt 21 onto the section where the interme-
diate transfer belt 21 is wrapped around the secondary
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transfer facing roller 24. A recording sheet is sent to this
secondary transfer nip at predetermined timing. Then,
the toner images with the four superimposed colors are
secondarily transferred at once onto the intermediate
transfer belt 21 at this secondary transfer nip.
[0025] The scanner part 300 uses a reading sensor
302 to read image information of a document placed on
a contact glass 301, and sends the read image informa-
tion to a controller of the printer part 100. The controller,
not shown, controls a laser diode, LED, or other light
source of the optical writing unit 15 of the printer part 100
based on the image information received from the scan-
ner part 300, emits C, M, Y and K laser writing light
beams, and optically scans the photosensitive drums 2C,
M, Y and K. Through this optical scanning, electrostatic
latent images are formed on the surfaces of the photo-
sensitive drums 2C, M, Y and K, and these latent images
are developed to the C, M, Y and K toner images through
a predetermined developing process.
[0026] The sheet feeding part 200 has sheet feeding
cassettes 202 disposed in multiple stages within a paper
bank 201, sheet feeding rollers 203 for sending out re-
cording sheets from the sheet feeding cassettes 202, a
separation roller 205 for separating the sent recording
sheets and guiding the separated recording sheet to a
sheet feeding path 204, and a conveying roller 206 for
conveying the recording sheet to a sheet feeding path
99 of the printer part 100.
[0027] When feeding sheets, the sheets can be fed
manually instead of using the sheet feeding part 200, and
therefore a manual tray 98 for manual feeding, and a
separation roller 96 for separating the recording sheets
on the manual tray 98 one by one and sending the sep-
arated recording sheet toward a manual sheet feeding
path 97 are also provided. The manual sheet feeding
path 97 merges into the sheet feeding path 99 in the
printer part 100.
[0028] A resist roller pair 95 is disposed in the vicinity
of the foot of the sheet feeding path 99. The resist roller
pair 95 holds, between the rollers, a recording sheet fed
through the sheet feeding path 99 and then sends the
recording sheet toward the secondary transfer nip at pre-
determined timing.
[0029] When copying a color image using the copying
machine according to this embodiment, a document is
set on a document table 401 of the ADF 400 or on the
contact glass 301 of the scanner part 300 by opening the
ADF 400, and the document is pressed by closing the
ADF 400. Then, a start switch, which is not shown, is
pushed. When the document is set in the ADF 400, the
document is fed onto the contact glass 301. Thereafter,
the scanner part 300 is driven, and a first traveling body
303 and a second traveling body 304 start traveling along
the surface of the document. A light beam emitted from
the light source of the first traveling body 303 is projected
on the surface of the document, and thus obtained re-
flected light is folded toward the second traveling body
304. The folded light is further folded by a mirror of the

second traveling body 304 and enters the reading sensor
302 through an imaging lens 305. In this manner, the
contents of the document are read.
[0030] Once receiving the image information from the
scanner part 300, the printer part 100 feeds recording
sheets of the size corresponding to the image information
to the sheet feeding path 99. In response to this, the
driving roller 22 is rotated and driven by an unshown driv-
ing motor to endlessly move the intermediate transfer
belt 21 clockwise in the diagram. At the same time, rota-
tion drive of the photosensitive drums 2C, M, Y and K of
the image forming units 1C, M, Y and K are started, and
thereafter the uniform charging process, optical writing
process, and developing process are carried out on the
photosensitive drums 2C, M, Y and K. The C, M, Y and
K toner images that are formed on the surfaces of the
photosensitive drums 2C, M, Y and K by these processes
are sequentially superimposed at the C, M, Y and K pri-
mary transfer nips and primarily transferred onto the in-
termediate transfer belt 21, whereby a four-color super-
imposed toner image is formed.
[0031] In the sheet feeding part 200, one of the sheet
feeding rollers 203 is selectively rotated in accordance
with the size of the recording sheets, and the recording
sheets are sent out from one of the three sheet feeding
cassettes 202. The sent recording sheets are separated
one by one by the separation roller 205 and guided to
the sheet feeding 206. Thereafter, the separated record-
ing sheet is sent to the sheet feeding path 99 within the
printer part 100 via the conveying roller 206. When using
the manual tray 98, the sheet feeding roller on the tray
is rotated and driven, whereby the recording sheets on
the tray are sent to the manual sheet feeding path 97
while being separated by the separation roller 96, and
reach the vicinity of the foot of the sheet feeding path 99.
In the vicinity of the sheet feeding path 99, the separated
recording sheet hits the resist roller pair 95 at the tip end
thereof and then stops. Subsequently, when the resist
roller pair 95 is rotated and driven in synchronization with
the four-color superimposed toner image on the interme-
diate transfer belt 21, the recording sheet is sent into the
secondary transfer nip and contacts the four-color super-
imposed toner image on the belt. Consequently, the four-
color superimposed toner image is secondarily trans-
ferred onto the recording sheet at once by the effects of
nip pressure, a transfer electric field, and the like.
[0032] The recording sheet to which the four-color su-
perimposed toner image is secondarily transferred at the
secondary transfer nip is sent into a fixing device 71 by
a sheet conveying belt 70. Then, when the recording
sheet is held at a fixing nip between a pressure roller 72
and a fixing belt 73 in the fixing device 71, the four-color
superimposed toner image is fixed to the surface by the
application of pressure or heat. In this manner, the re-
cording sheet having a color image formed thereon is
stacked on a catch tray 75 outside the apparatus via a
discharge roller pair 74. Note that when forming the im-
age on the other side of the recording sheet, the recording
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sheet is discharged from the fixing device 71 and then
sent to a sheet inverting device 75 by switching the pas-
sage using a switching click 76. After being inverted, the
recording sheet is returned to the resist roller pair 95 and
passes through the secondary transfer nip and the fixing
device 71 again.
[0033] A belt cleaning device 26 contacts the surface
of the intermediate transfer belt 21 after the recording
sheet passes through the secondary transfer nip and be-
fore the recording sheet enters the C primary transfer
nip, which is the furthest upstream for carrying out a pri-
mary transfer step out of the four colors. This belt cleaning
device 26 cleans transfer residual toner on the belt sur-
face.
[0034] FIG. 2 shows the secondary transfer nip and a
peripheral configuration thereof within the printer part 100
of the copying machine according to this embodiment.
In this diagram, the secondary transfer facing roller 24,
circumferential surface of which is partially wrapped with
the intermediate transfer belt 21 within the loop thereof,
serves to support the intermediate transfer belt 21 by
means of the circumferential surface, to keep its shape
so as to correspond to a constant curvature. In the section
where the intermediate transfer belt 21 is wrapped
around the secondary transfer facing roller 24, the sec-
ondary transfer roller 30 contacts the surface of the belt,
forming the secondary transfer nip.
[0035] The secondary transfer roller 30 is rotatably
held by a roller unit holding body 40 via a bearing that is
not shown. The roller unit holding body 40 is configured
so as to be able to rotate around a rotary shaft 40a dis-
posed parallel to a rotary shaft line of the secondary trans-
fer roller 30. When the roller unit holding body 40 is ro-
tated counterclockwise around the rotary shaft 40a, the
secondary transfer roller 30 held by the roller unit holding
body 40 is pressed against the intermediate transfer belt
21, thereby forming the secondary transfer nip. Further-
more, when the roller unit holding body 40 is rotated
clockwise around the rotary shaft 40a, the secondary
transfer roller 30 held by the roller unit holding body 40
separates from the intermediate transfer belt 21. In the
copying machine according to this embodiment, an end
part opposite to the rotary shaft 40a of the roller unit hold-
ing body 40 is constantly biased toward the intermediate
transfer belt 21 by a biasing coil spring 45. By causing
the biasing coil spring 45 to constantly apply force to the
roller unit hold body 40 to rotate the roller unit holding
body 40 counterclockwise around the rotary shaft 40a,
the secondary transfer roller 30 is biased toward the in-
termediate transfer belt 21.
[0036] A rotation drive force of an unshown roller driv-
ing motor is transmitted to the secondary transfer roller
30 via an unshown gear or other drive transmission
means, whereby the secondary transfer roller 30 is ro-
tated and driven counterclockwise. The roller unit holding
body 40 is further caused to hold such roller driving motor
and drive transmission means so that the roller driving
motor and the drive transmission means are rotated

along with the secondary transfer roller 30 and the roller
unit holding body 40. Moreover, the roller unit holding
body 40 is caused to hold a cleaning blade 39, solid lu-
bricant agent 41, lubricant pressing device 43 and the
like.
[0037] The toner on the belt adheres to the surface of
the secondary transfer roller 30 that is in contact with the
surface of the intermediate transfer belt 21 carrying the
toner image. If the adhered toner is left as it is, the ad-
hered toner is transferred to the back of the recording
sheet at the secondary transfer nip, causing so-called
backside stain. Therefore, in this copying machine, the
edge of the cleaning blade 39 is brought into contact with
the surface of the secondary transfer roller 30 to mechan-
ically remove the toner from the surface of the secondary
transfer roller 30. In this configuration, because the con-
tact of the cleaning blade 39 generates a load inhibiting
the rotation of the secondary transfer roller 30, the sec-
ondary transfer roller 30 cannot be driven-rotated by
dragged rotation thereof along with the intermediate
transfer belt 21. Therefore, the secondary transfer roller
30 is rotated and driven using the abovementioned roller
driving motor.
[0038] The lubricant pressing device 43 presses the
solid lubricant agent 41, which is made of a zinc stearate
clump or the like against, against the secondary transfer
roller 30 by using the biasing coil spring 42, to apply lu-
bricant powder to the secondary transfer roller 30. By
applying the lubricant agent in this manner, the increase
of the rotational load caused by the contact between the
cleaning blade 39 and the secondary transfer roller 30 is
prevented. In addition, the blade edge can be prevented
from being seized. Instead of pressing the solid lubricant
agent 41 against the secondary transfer roller 30, a ro-
tation application brush for scraping the solid lubricant
agent 41 and applying it to the secondary transfer roller
30 may be provided.
[0039] A characteristic configuration of the copying
machine according to this embodiment is described next.
FIG. 3 shows a peripheral configuration of the secondary
transfer nip, and FIG. 4 also shows a peripheral config-
uration of the secondary transfer nip.
[0040] In these diagrams, the secondary transfer roller
30 has a roller part 31, a first shaft member 32 and second
shaft member 33 that protrude from both end faces in a
shaft line direction of the roller part 31 and extend in a
rotary shaft line direction, and a first spinning roller 34
and second spinning roller 35 described hereinafter. The
roller part 31 further has a cylindrical hollow cored bar
31a, an elastic layer 31b fixed to a circumferential surface
of the hollow cored bar 31a and made of an elastic ma-
terial, and a surface layer 31 c fixed to a circumferential
surface of the elastic layer 31b.
[0041] Examples of the metal configuring the hollow
cored bar 31a include, but are not limited to, stainless
and aluminum. It is desired that the elastic layer 31b have
a JIS-A hardness of 70 [°] or less. However, because the
cleaning blade 39 is brought into contact with the roller
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part 31, various problems might occur if the elastic layer
31b is excessively elastic. Hence, it is desired that the
elastic layer 31b have a JIS-A hardness of 40 [°] or more.
The elastic layer 31b having a JIS-A hardness of approx-
imately 50 [°] is formed by means of epichlorohydrin rub-
ber exerting a certain level of electrical conductivity. As
the rubber material exerting the electrical conductivity,
EPDM or Si rubber having carbon dispersed therein,
NBR having an ion electrical conductivity function or ure-
thane rubber may be used in place of the abovemen-
tioned electrically conductive epichlorohydrin rubber. Be-
cause most rubber materials exert good chemoaffinity
for toners or relatively high friction coefficients, the sur-
face of the rubber elastic layer 31b is coated with the
surface layer 31c. In this manner, adhesion of the toner
to the surface of the roller part 31 is prevented, and the
frictional load between the blade and the roller part is
reduced. For the material of the surface layer 31 c, it is
preferred to use a material in which carbon, ion conduct-
ing material, or other resistance adjustment material is
contained in a fluorine resin having a low friction coeffi-
cient and exerting good toner parting characteristics.
[0042] When the secondary transfer roller 30 comes
into contact with the intermediate transfer belt 21 and
rotates, the secondary transfer roller 30 often has a small
linear difference with the belt. The surface layer 31c ad-
justs the friction coefficient to 0.3 or lower, so that the
belt does not slip due to the linear speed difference. The
intermediate transfer belt 21 needs to be driven at a con-
stant speed in order to transfer each color of image with-
out causing color shifting. Therefore, it is important that
the surface frictional resistance of the surface layer 31c
of the secondary transfer roller 30 is low.
[0043] The secondary transfer roller 30 having such a
configuration is biased toward the intermediate transfer
belt 21 wrapped around the secondary transfer facing
roller 24. The secondary transfer facing roller 24 wrap-
ping the intermediate transfer belt 21 has a roller part
24b, which is a cylindrical main body part, and a pene-
trating shaft member 24a that penetrates a rotation cent-
er section of the roller part 24b in the rotary shaft line
direction and spins the roller part 24b on the surface of
the penetrating shaft member 24a. The penetrating shaft
member 24a made from metal freely spins the roller part
24b on a circumferential surface of the penetrating shaft
member 24a. The roller part 24b functioning as the main
body part has a drum-like hollow cored bar 24c, an elastic
layer 24d fixed to a circumferential surface of the hollow
cored bar 24c and made of an elastic material, and a ball
bearing 24e that is press-fitted to each end of the hollow
cored bar 24c in the shaft line direction. The ball bearing
24e rotates on the penetrating shaft member 24a along
with the hollow cored bar 24c while supporting the hollow
cored bar 24c. The elastic layer 24d is press-fitted to an
outer circumferential surface of the hollow cored bar 24c.
[0044] The penetrating shaft member 24a is rotatably
supported by a first bearing 52 fixed to a first side plate
28 of a transfer unit stretching the intermediate transfer

belt 21, and a second ball bearing 53 fixed to a second
side plate. However, the penetrating shaft member 24a
is stopped and not rotated for most of the time required
for a print job. The roller part 24b that is dragged and
rotated as the intermediate transfer belt 21 endlessly
moves is freely spun on the circumferential surface of
the penetrating shaft member 24a.
[0045] The elastic layer 24d fixed to the circumferential
surface of the cored bar 24c is configured by an electri-
cally conductive rubber material, a resistance value of
which is adjusted by addition of a ion conducting material
in order to exert a resistance of at least 7.5 [LogS2]. The
reason that the electric resistance of the elastic layer 24d
is adjusted to fall within a predetermined range is to pre-
vent transfer current from centering on to a section where
the belt and the roller are in direct contact with each other
without having a recording sheet therebetween in the
secondary transfer nip, the recording sheet having a
comparatively small roller shaft line direction, such as an
A5-sized recording sheet. By setting the electric resist-
ance of the elastic layer 24d at a value greater than the
value of the resistance of the recording sheet, the transfer
current can be prevented from centering on in such sec-
tion.
[0046] As the electrically conductive rubber material
configuring an elastic layer 16c, a foamed rubber that
exerts an elasticity at an Asker-C hardness of approxi-
mately 40 [°]. By configuring the elastic layer 16c with
such foamed rubber, the elastic layer 16c can be de-
formed flexibly in a thickness direction thereof within the
secondary transfer nip, and a secondary transfer nip that
is somewhat wide in a sheet conveying direction can be
formed. As described above, in this copying machine it
is difficult to use a quite elastic material as the material
of the roller part of the secondary transfer roller 30, be-
cause the cleaning blade 39 needs to be brought into
contact with the secondary transfer roller 30. Therefore,
in place of the secondary transfer roller 30, the roller part
24b of the secondary transfer facing roller 24 is elastically
deformed.
[0047] Out of the entire region in a longitudinal direc-
tion of the penetrating shaft member 24a of the secondary
transfer facing roller 24, in both end regions that are not
located in the roller part 24b, eccentric cams serving as
members to be abutted with the secondary transfer roller
30 are fixed so as to be rotated integrally with the pene-
trating shaft member 24a. Specifically, a first eccentric
cam 50 is fixed in one end part region in the longitudinal
direction of the penetrating shaft member 24a. The first
eccentric cam 50 has an eccentric cam part 50a and circle
roller part 50b integrally formed side by side in a shaft
line direction. A screw 80 penetrating the roller part 50b
is screwed together with the penetrating shaft member
24a, whereby the first eccentric cam 50 is fixed to the
penetrating shaft member 24a. Furthermore, a second
eccentric cam 51 with the same configuration as the first
eccentric cam 50 is fixed in the other end part region in
the longitudinal direction of the penetrating shaft member
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24a.
[0048] A drive receiving gear 54 is fixed in a region
outside the second eccentric cam 51 in the shaft line
direction of the penetrating shaft member 24a. In addi-
tion, a detected disk 59 is fixed further outside the drive
receiving gear 54.
[0049] On the other hand, in the second side plate 29,
a cam driving motor 58 is fixed, and an input/output gear
unit is rotatably fixed. In this input/output gear unit, an
input gear part 55, which is engaged with a motor gear
57 of the cam driving motor 58 and receives a drive force,
and an output gear part 56, which is engaged with the
abovementioned drive receiving gear 54 fixed to the pen-
etrating shaft member 24a and transmits the drive force,
are integrally formed side by side in the shaft line direc-
tion. The penetrating shaft member 24a can be rotated
by driving the cam driving motor 58. At this moment, the
roller part 24b can be freely spun on the penetrating shaft
member 24a even by rotating the penetrating shaft mem-
ber 24a. Thus, the dragged rotation of the roller part 24b
with the belt can be prevented.
[0050] When the rotation of the penetrating shaft mem-
ber 24a is stopped within a predetermined rotation angle
range, cam parts of the first eccentric cam 50 and the
second eccentric cam 51 are brought into abutment with
the secondary transfer roller 30, and the secondary trans-
fer roller 30 is pushed back against the biasing force of
the biasing coil spring (45) of the roller unit holding body.
As a result, the inter-shaft distance between the second-
ary transfer facing roller 24 and the secondary transfer
roller 30 is adjusted by moving the secondary transfer
roller 30 away from the secondary transfer facing roller
24 (or the intermediate transfer belt 21). Such a config-
uration has distance adjusting means for adjusting the
inter-shaft distance between the secondary transfer fac-
ing roller 24 and the secondary transfer roller 30 by
means of the first eccentric cam 50, the second eccentric
cam 51, the cam driving motor 58, various gears, and
the abovementioned roller unit holding body. The sec-
ondary transfer facing roller 24 serving as a rotatable
support rotating body spins the roller part 24b freely on
the penetrating shaft member 24a penetrating the cylin-
drical roller part 24b. Because the rotation of the pene-
trating shaft member 24a rotates integrally the eccentric
cams (50, 51) fixed to the both ends in the shaft line
direction of the penetrating shaft member 24a, the ec-
centric cams at the both ends can be rotated by simply
providing one end of the shaft line direction with a drive
transmission mechanism for transmitting the drive to the
penetrating shaft member 24a. Therefore, unlike the con-
ventional technology where the drive transmission mech-
anism has to be provided on each end, the degree of
freedom of the layout of the distance adjusting means
can be improved.
[0051] In this copying machine, while the cored bar
31a of the secondary transfer roller 30 is connected to
the ground, a secondary transfer bias with the same po-
larity as the toner is applied to the cored bar 24c of the

secondary transfer facing roller 24. Consequently, a sec-
ondary transfer electric field for electrostatically moving
the toner from the secondary transfer facing roller 24 side
toward the secondary transfer roller 30 side is formed in
the secondary transfer nip between the rollers.
[0052] The first bearing 52 that rotatably receives the
metallic penetrating shaft member 24a of the secondary
transfer facing roller 24 is configured by an electrically
conductive sliding bearing. This electrically conductive
first bearing 52 is connected to a high-voltage power
source 61 that outputs a secondary transfer bias. The
secondary transfer bias output by the high-voltage power
source 61 is guided to the secondary transfer facing roller
24 via the electrically conductive first bearing 52. Then,
in the secondary transfer facing roller 24, the secondary
transfer bias is transmitted to the metallic penetrating
shaft member 24a, the metallic ball bearing 24e, the me-
tallic cored bar 24c, and the electrically conductive elastic
layer 24d, sequentially.
[0053] The detected disk 59 that is fixed to one end of
the penetrating shaft member 24a has a detected part
59a that rises in the shaft line direction at a predetermined
position of the penetrating shaft member 24a in a rotation
direction. On the other hand, an optical sensor 60 is fixed
to a motor bracket supporting the cam driving motor 58.
When the penetrating shaft member 24a comes to a po-
sition within the predetermined rotation angle range in
the course of the rotation of the penetrating shaft member
24a, the detected part 59a of the detected disk 59 enters
between a light-emitting element and light-receiving el-
ement of the optical sensor 60 to block the optical path
therebetween. The light-receiving element of the optical
sensor 60 receives light from the light-emitting element
and transmits a light-receiving signal to the unshown con-
troller. The controller learns the rotation angular positions
of the cam parts of the eccentric cams (50, 51) fixed to
the penetrating shaft member 24a, based on the timing
when the light-receiving signal is no longer received from
the light-receiving element or the amount of drive of the
cam driving motor 58 obtained from this timing.
[0054] As described above, the eccentric cams (50,
51) are brought into abutment with the secondary transfer
roller 30 within the predetermined rotation angle range,
and then the secondary transfer roller 30 is pushed back
against the biasing force of the biasing coil spring (45)
and moved away from the secondary transfer facing roller
24 (this pushing back is called "push down" hereinafter).
The push-down amount here is determined based on the
rotation angular positions of the eccentric cams (50, S1).
Note that the greater the push-down amount of the sec-
ondary transfer roller 30, the wider the inter-shaft dis-
tance between the secondary transfer facing roller 24
and the secondary transfer roller 30.
[0055] In the secondary transfer roller 30, the first spin-
ning roller 34 is provided so as to be able to spin freely
in the first shaft member 32 that rotates integrally with
the roller part 31. This first spinning roller 34 has a slightly
bigger external diameter than the roller part 31 and has
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a doughnut-like disk shape. The first spinning roller 34
itself functions as a ball bearing and is capable of spinning
on a circumferential surface of the first shaft member 32.
The second spinning roller 35 with the same configura-
tion as the first spinning roller 34 is provided to the second
shaft member 33 of the secondary transfer roller 30 so
as to be able to spin.
[0056] As described above, in the secondary transfer
facing roller 24, although the eccentric cams (50, 51) fixed
to the penetrating shaft member 24a are brought into
abutment with the secondary transfer roller 30 at the pre-
determined rotation angular positions, the eccentric
cams are, specifically, brought into abutment with the
abovementioned spinning rollers (34, 35). In other words,
the first eccentric cam 50 fixed to one end of the pene-
trating shaft member 24a is brought into abutment with
the first spinning roller 34 of the secondary transfer facing
roller 24. At the same time, the second eccentric cam 51
fixed to the other end of the penetrating shaft member
24a is brought into abutment with the second spinning
roller 35 of the secondary transfer facing roller 24. The
spinning roller (34, 35) that are brought into abutment
with the eccentric cams (50, 51) of the secondary transfer
facing roller 24 are prevented from rotating upon abut-
ment, but the rotation of the secondary transfer roller 30
is not interrupted. Even when the spinning rollers (34,
35) stop rotating, the shaft members (32, 33) of the sec-
ondary transfer roller 30 can freely rotated independently
from the spinning rollers because the spinning rollers
function as ball bearings. By causing the spinning rollers
(34, 35) to stop rotating as they abut with the eccentric
cams (50, 51), it is possible to avoid not only the gener-
ation of friction therebetween, but also the increase of
the torque of the belt driving motor or the driving motor
of the secondary transfer roller 30 that is caused by the
friction.
[0057] FIG. 5 shows a state of the secondary transfer
nip obtained immediately before the entry of a piece of
regular paper P1 functioning as the recording sheet. In
this copying machine, when the regular paper P1 is al-
lowed to enter the secondary transfer nip, as shown in
the diagram, the rotation of the penetrating shaft member
24a of the secondary transfer facing roller 24 is stopped
at a position where the eccentric cams (50, 51) of the
secondary transfer facing roller 24 are not brought into
abutment with the spinning rollers (34, 35) of the second-
ary transfer roller 30. In other words, when using the reg-
ular paper P1, the secondary transfer roller 30 is not
pushed down by the eccentric cams (50, 51). This is be-
cause a significant load fluctuation does not occur on the
belt or the secondary transfer roller 30 at the time of the
entry into the secondary transfer nip, even when the sec-
ondary transfer roller 30 is not pushed down when the
comparatively thin regular paper P1 is used.
[0058] FIG. 6 shows a state of the secondary transfer
nip obtained immediately before the entry of a piece of
cardboard P2 functioning as the recording sheet. In this
copying machine, when the cardboard P2 is allowed to

enter the secondary transfer nip, as shown in the dia-
gram, the rotation of the penetrating shaft member 24a
of the secondary transfer facing roller 24 is stopped at a
position where the eccentric cams (50, 51) of the sec-
ondary transfer facing roller 24 are brought into abutment
with the spinning rollers (34, 35) of the secondary transfer
roller 30. In other words, when using the cardboard P2,
the secondary transfer roller 30 is pushed down by the
eccentric cams (50, 51). This is because a significant
load fluctuation occurs on the belt or the secondary trans-
fer roller 30 at the time of the entry into the secondary
transfer nip, when the secondary transfer roller 30 is
pushed down when the comparatively large cardboard
P2 is used.
[0059] In order to clarify the comparison between
FIGS. 5 and 6, the length Wb of the secondary transfer
nip in the belt movement direction that is obtained when
the secondary transfer roller 30 is pushed down by the
eccentric cams (50, 51) is shorter than the length Wa
obtained when the push down is not performed. On the
other hand, an inter-shaft distance Lb between the sec-
ondary transfer facing roller 24 and the secondary trans-
fer roller 30 that is obtained when the push down is per-
formed is longer than an inter-shaft distance La obtained
when the push down is performed. By increasing the in-
ter-shaft distance, the pressing force of the secondary
transfer roller 30 onto the intermediate transfer belt 21 is
weakened, reducing the pressure of the secondary trans-
fer nip. As a result, the drastic increase of the load on
the belt or roller that can be caused when the cardboard
P2 enters the secondary transfer nip can be prevented.
[0060] The five inventors of the present invention have
carried out an experiment for examining the relationship
between the inter-shaft distances and fluctuations of the
dot diameter by using a copy test machine having the
same configuration as the copying machine shown in
FIG. 1. Specifically, when the intermediate transfer belt
21 stably travels at a designed speed, there is almost no
linear speed difference between the photosensitive
drums and the belt at the primary transfer nip where the
toner images are transferred from the photosensitive
drums to the belt. In this state, each of dots configuring
each toner image is primarily transferred to the belt while
keeping the shape of the dot (circular shape). On the
other hand, when the traveling speed of the intermediate
transfer belt 21 drops instantaneously due to a drastic
increase of the torque when the cardboard enters the
secondary transfer nip, a linear speed difference is gen-
erated between the photosensitive drums and the belt at
this moment. Due to this linear speed difference, each
dot is expanded to an oval shape in a photosensitive
drum surface movement direction and then primary
transferred to the belt. Therefore, the dot diameter be-
comes larger than usual. In order to examine the rela-
tionship between the difference in dot diameter and the
push-down amount of the secondary transfer roller 30
obtained by the eccentric cams, the copy test machine
was used to output a predetermined dot pattern image
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under various conditions of the push-down amount. A
piece of cardboard having a basis weight of 300 [g/m2]
was used as the recording sheet.
[0061] FIG. 7 is a graph showing a relationship be-
tween the dot diameter and a dot sub scanning position
that are obtained when the dot pattern image is output
under the condition that the secondary transfer roller 30
is not pushed down. Note that the dot sub scanning po-
sition means a position of a dot on the recording sheet
in the sheet conveying direction. In this diagram, the mo-
ment when a dot formed at a sub scanning position Xa
is primarily transferred from a photosensitive drum to the
belt is also a moment when a tip end of the cardboard
enters the secondary transfer nip (to be referred to as
"sheet tip end entry" hereinafter). Under the condition
that the push-down amount of the secondary transfer roll-
er 30 is set at zero, the diameter of the dot located in the
sub scanning position Xa is much larger than the diam-
eter of a dot located in the other position. This is because
the load on the belt drastically increases upon the sheet
tip end entry under the abovementioned condition, re-
ducing the movement speed of the belt instantaneously.
[0062] FIG. 8 is a graph showing a relationship be-
tween the dot diameter and the dot sub scanning position
that are obtained when the dot pattern image is output
under the condition that the push-down amount of the
secondary transfer roller 30 is set at 0.5 [mm]. Under this
condition, compared to the condition that the push-down
amount is set at zero, the increase of the dot diameter
upon the sheet tip end entry is prevented, but the dot
diameter obtained upon the sheet tip end entry is larger
than usual. This is because the instantaneous decrease
of the speed of the belt upon the sheet tip end entry is
not completely resolved.
[0063] FIG. 9 is a graph showing a relationship be-
tween the dot diameter and the dot sub scanning position
that are obtained when the dot pattern image is output
under the condition that the push-down amount of the
secondary transfer roller 30 is set at 1.0 [mm]. In this
condition, the increase of the dot diameter upon the sheet
tip end entry is completely resolved. This is because the
instantaneous decrease of the speed of the belt upon the
sheet tip end entry is completely resolved. This result
confirms that the instantaneous decrease of the speed
of the belt upon the sheet tip end entry can be resolved
by appropriately setting the push-down amount.
[0064] Next, the inventors have carried out an exper-
iment for examining the relationship among the second-
ary transfer nip pressure obtained when the recording
sheet is interposed in the nip, the push-down amount of
the secondary transfer roller 30, and the thickness of the
recording sheet. Three types of paper were used as the
recording sheets: a piece of cardboard having a basis
weight of 300 [g/m2] (the thickness is approximately 320
Pm), a piece of medium cardboard having a basis weight
of 200 [g/M2] (the thickness is approximately 200 Pm),
and a piece of regular paper having a basis weight of 80
[g/m2] (the thickness is approximately 90 Pm). The result

is shown in FIG. 10. As shown in the diagram, under the
same condition of the push-down amount, the secondary
transfer nip with the sheet therein decreases as the thick-
ness of the recording sheet becomes thin. Because the
secondary transfer nip has to be within a constant range
regardless of the thickness of the recording sheet in order
to realize good secondary transfer, the push-down
amount needs to be set according to the thickness of the
recording sheet. When the push-down amount is set at
the same level for the cardboard and the regular paper,
the increase of the dot diameter upon the sheet tip end
entry can be avoided. However, transfer failure occurs
in the regular paper due to a lack of nip pressure, or a
significant increase of the dot diameter occurs upon the
sheet tip end entry in the case of the cardboard, although
the transfer failure can be avoided.
[0065] Therefore, this copying machine is provided
with thickness information acquisition means for acquir-
ing thickness information of the recording sheet supplied
to the secondary transfer nip. The controller, which is a
part of the distance adjusting means, is configured so as
to adjust the push-down amount of the secondary trans-
fer roller 30 in response to the result of acquisition by the
thickness information acquisition means. Specifically, a
ROM or other data storage means of the controller has
stored therein a data table showing the relationship be-
tween the thickness of the recording sheet and a rotation
stop position (same as the push-down amount) of the
penetrating shaft member 24a, which corresponds to the
thickness of the recording sheet. The controller is con-
figured to execute a process of specifying from the data
table the rotation stop position corresponding to the result
of acquisition of the thickness of the recording sheet, ro-
tating the penetrating shaft member 24a up to the rotation
stop position, and thereafter allowing the recording sheet
to enter the secondary transfer nip. In this manner, the
inter-shaft distance corresponding appropriately to the
thickness of the recording sheet can be set, and the trans-
fer failure caused by a lack of nip pressure and the in-
crease of the dot diameter upon the sheet tip end entry
can be prevented.
[0066] Note that the controller is so configured that it
can learn the rotation stop position of the penetrating
shaft member 24a based on the timing when the optical
sensor 60 detects the detected part 59a of the detected
disk 59 and the amount of drive of the cam driving motor
58 obtained from this timing, as described above.
[0067] As the thickness information acquisition means,
a thickness detection sensor for actually detecting the
thickness of the recording sheet conveyed in the sheet
feeding path 99 may be used. Data inputting means for
receiving a data input of the thickness information from
an operator may also be used. In addition, examples of
the thickness detection sensor include an optical sensor
for detecting a light transmission rate in the thickness
direction, and a sensor for detecting the amount of roller
movement obtained when the recording sheet is held be-
tween the conveying rollers.
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[0068] In this copying machine, because the roller part
24a is spun on the circumferential surface of the pene-
trating shaft member 24a of the secondary transfer facing
roller 24, the rotation of the roller part 24a is not affected
by the abutting state of the eccentric cams (50, 51) serv-
ing as the abutting members fixed to the penetrating shaft
member 24a. Moreover, because the spinning roller (34,
35) serving as abutted members are spun on the shaft
members (32, 33) in the secondary transfer roller 30, the
rotation of the secondary transfer roller 30 is not affected
by the abutted state of the spinning rollers. As a result,
even during a print job, the push-down amount of the
secondary transfer roller 30 can be changed in response
to continuous feeding of the recording sheets with differ-
ent thicknesses.
[0069] In FIG. 3 described above, when the secondary
transfer current leaks from the front roller to the rear roller
through the abutting part where the eccentric cams (50,
51) of the secondary transfer facing roller 24 are brought
into abutment with the spinning rollers (34, 35) of the
secondary transfer roller 30, a secondary transfer electric
field with appropriate strength cannot be formed within
the secondary transfer nip. For this reason, it is desired
that at least either the eccentric cams or the spinning
rollers be configured by an insulating material. In this
copying machine, the abovementioned leakage is pre-
vented by using the eccentric cams (50, 51) made of
polyacetal resin that is an insulating material.
[0070] The spinning rollers (34, 35) may be configured
by a resin, but desirably a highly rigid resin is used so
that the spinning rollers are not deformed by the pressure
from the eccentric cams (50, 51). For this reason, this
copying machine uses spinning rollers configured by me-
tallic ball bearings. Such spinning rollers are not de-
formed by the pressure of the eccentric cams and do not
affect the accuracy of the rotation position of the second-
ary transfer roller 30. Furthermore, wear of the eccentric
cams can be alleviated because such spinning rollers
have excellent slidability.
[0071] The above has described the copying machine
that uses the endless belt-like intermediate transfer belt
21 that is wrapped around the secondary transfer facing
roller 24 serving as a rotatable support rotating body and
endlessly moved. However, the present invention can be
applied by configuring at least either the image carrier
such as the intermediate transfer belt, or the facing mem-
ber such as the transfer roller, by using the belt member
or rotating body supported on the support rotating body.
[0072] For example, in the configuration where the
transfer nip is formed by pushing the drum-like photo-
sensitive drum serving as the rotating body against the
immobile transfer member that does not perform surface
movement, the following may be performed. In other
words, the rotatable drum-like photosensitive drums may
be configured by at least the main body part and the
penetrating shaft member, and the eccentric cams
formed integrally with the penetrating shaft member may
be brought into abutment with the transfer member bi-

ased by the biasing means.
[0073] Furthermore, in the configuration where the
transfer nip is formed by pushing the immobile transfer
member that does not perform surface movement,
against a photosensitive belt or the intermediate transfer
belt that is wrapped around the rotatable support rotating
body and endlessly moved, the following may be per-
formed. In other words, a supporting roller wrapped with
the photosensitive belt or intermediate transfer belt may
be configured by at least the main body part or the pen-
etrating shaft member, and the eccentric cams formed
integrally with the penetrating shaft member may be
brought into abutment with the transfer member biased
by the biasing means.
[0074] Moreover, in the configuration where the trans-
fer nip is formed by pushing the sheet conveying belt
against the photosensitive belt or intermediate transfer
belt wrapped around the supporting roller and endlessly
moved, the sheet conveying belt being wrapped around
a supporting roller and endlessly moved, the following
may be performed. In other words, either one of the two
supporting rollers may be configured by at least the main
body part and the penetrating shaft member, and the
eccentric cams formed integrally with the penetrating
shaft member may be brought into abutment with the
other support roller biased by the biasing means.
[0075] As described above, the copying machine ac-
cording to this embodiment has the following character-
istics.

(1) The endless belt-like intermediate transfer belt
21 that is wrapped around the secondary transfer
facing roller 24 serving as the support rotating body
is used as the image carrier, to configure the sec-
ondary transfer facing roller 24 by means of at least
the roller part 24b serving as the main body part and
the penetrating shaft member 24a, and the roller part
24b is driven-rotated on the surface of the penetrat-
ing shaft member 24a as the intermediate transfer
belt 21 endlessly moves. In this configuration, the
degree of freedom of the layout of the distance ad-
justing means for adjusting the relative distance be-
tween the endless intermediate transfer belt 21 and
the secondary transfer roller 30 can be improved
compared with the conventional technology.
(2) The distance adjusting means configured by the
controller or eccentric cams is configured to execute
the operation for forcibly pushing the secondary
transfer roller 30 away from the belt against the bi-
asing force of the biasing coil spring 45 by means of
the abutment of the eccentric cams (50, 51), and
increasing the relative distance between the belt and
the roller, prior to the entry of the recording sheet
into between the intermediate transfer belt 21 1 and
the secondary transfer roller 30. According to such
configuration, as described earlier, the increase of
the dot diameter caused by an instantaneous de-
crease of the movement speed of the belt upon the
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sheet tip end entry can be prevented.
(3) Note that the distance adjusting means config-
ured by the controller or eccentric cams is configured
to execute the operation for forcibly pushing the sec-
ondary transfer roller further away from the belt
against the biasing force of the biasing coil spring 45
by means of the abutment of the eccentric cams, and
increasing the relative distance between the belt and
the roller, before discharging the recording sheet be-
tween the intermediate transfer belt 21 and the sec-
ondary transfer roller 30, from therebetween. Ac-
cording to such configuration, when the recording
sheet is interposed between the belt and the roller
at the secondary transfer nip, the roller is pressed
against the belt with sufficient force to secure a nec-
essary secondary transfer nip. Meanwhile, when dis-
charging a sheet rear end, the relative distance is
made large in advance, so that an instantaneous in-
crease of the speed of the belt due to a drastic drop
of the load during the discharge can be prevented.
(4) Furthermore, the first eccentric cam 50 and the
second eccentric cam 51 of the longitudinal direction
both ends of the penetrating shaft member 24a are
fixed to the penetrating shaft member 24a in its lon-
gitudinal direction, with a distance greater than the
width of the intermediate transfer belt 21 therebe-
tween. According to such configuration, the interme-
diate transfer belt 21 can be endlessly moved be-
tween the first eccentric cam 50 and the second ec-
centric cam 51.
(5) The longitudinal direction both ends of the sec-
ondary transfer roller 30 are provided with the spin-
ning rollers (34, 35) serving as the abutted members
brought into abutment with the eccentric cams (50,
51), such that the spinning rollers can spin on the
surfaces of the rotary shaft members (32, 33). Ac-
cording to this configuration, by spinning the spinning
rollers (34, 35) on the shaft members (32, 33), the
secondary transfer roller 30 can be rotated well,
while stopping the rotation of the spinning rollers
abutted with the eccentric cams. As a result, not only
a friction between each eccentric cam and each spin-
ning roller, but also the increase of the torque of the
belt or roller caused by the friction can be prevented.
(6) Distance detection means (configured by the de-
tected disk 59, the optical sensor 60, the controller
and the like) for detecting the relative distance be-
tween the belt and the secondary transfer roller 30
is provided, and the controller for adjusting the rota-
tion stop position of the penetrating shaft member
24a based on the result of the detection performed
by the distance detecting means is configured as a
part of the distance adjusting means. According to
this configuration, the push-down amount of the sec-
ondary transfer roller 30 can be freely adjusted to a
desired value, on the basis of the rotation stop posi-
tion of the penetrating shaft member 24a.
(7) Furthermore, at least the eccentric cams (50, 51)

or the spinning rollers (34, 35) are configured by an
insulating material. According to this configuration,
leakage of the transfer current through the abutting
part between the eccentric cams and the spinning
rollers can be avoided.
(8) Because the eccentric cams (50, 51) are used
as the abutting members, the push-down amount,
which is the relative distance between the belt and
the roller, can be freely and steplessly adjusted by
the stepless cam surfaces.
(9) The thickness information acquisition means for
acquiring the thickness information of the recording
sheet supplied to the secondary transfer nip is pro-
vided, and the controller is configured as a part of
the distance adjusting means so as to adjust the
push-down amount based on the result of the detec-
tion. Hence, the push-down amount can be adjusted
to an appropriate value corresponding to the sheet
thickness.

[0076] As described above, in the first embodiment,
the rotating body configuring the image carrier or the fac-
ing member, or the support rotating body of the belt mem-
ber that configures the image carrier or the facing mem-
ber rotates the cylindrical main body part freely on the
penetrating shaft member penetrating the main body
part. One end side and the other end side in the shaft
line direction of the penetrating shaft member are pro-
vided with cams that rotate integrally with the penetrating
shaft member. When the penetrating shaft member ro-
tates, the cams fixed to the both ends in the shaft line
direction of the penetrating shaft member rotate integral-
ly. Therefore, these cams can be rotated by providing
either one of the both ends in the shaft line direction with
the drive transmission mechanism for transmitting the
drive to the penetrating shaft member. Consequently, un-
like the conventional technology that needs to provide
the drive transmission mechanism on both end sides, the
degree of freedom of the layout of the distance adjusting
means can be improved.

2nd Embodiment

[0077] This second embodiment accomplishes mainly
the second object described above.
[0078] Hereinafter, the second embodiment of a tan-
dem image forming apparatus to which the present in-
vention is applied is described.
[0079] FIG. 11 shows a configuration of an example
of the image forming apparatus according to this embod-
iment. This image forming apparatus is configured mainly
by a copying machine main body 100, a sheet feeding
table 200 on which the copying machine main body 100
is placed, a scanner 300 attached onto the copying ma-
chine main body 100, and an automatic document feeder
(ADF) 400 attached onto the scanner 300.
[0080] In the scanner 300, an unshown document that
is placed on a contact glass 32 is subjected to reading
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scanning in response to a reciprocal movement of a first
traveling body 33 having a document illumination light
source or a mirror placed thereon, and a second traveling
body 34 having a plurality of reflecting mirrors placed
thereon. An imaging lens 35 focuses scanning light,
which is sent out from the second traveling body 34, on
to an imaging surface of a reading sensor 36 installed in
the back of the imaging lens 35. Thereafter, the scanning
light is read as an image signal by the reading sensor 36.
[0081] The copying machine main body 100 is provid-
ed with photosensitive drums 40Y, 40C, 40M and 40K
serving as latent image carriers and corresponding to
yellow, cyan, magenta and black toners. Means for ex-
ecuting electrophotographic processes including charg-
ing, developing and cleaning processes is disposed
around each photosensitive drum 40, whereby each im-
age forming unit 18 is formed. Four of the image forming
units 18 are arranged parallel, forming a tandem-type
image forming apparatus 20.
[0082] In a developing device 61 of each of the image
forming units 18, developers containing the abovemen-
tioned four toners are used. In the developing device 61,
a developer carrier carries and conveys each developer,
and an alternate electric field is applied at a position
where the developer carrier faces each photosensitive
drum 40, whereby a latent image on the photosensitive
drum 40 is developed. The application of the alternate
electric field activates the developer, and the charge
amount distribution of the toners can be further narrowed
down, improving the developing performance. Also, a
process cartridge can be obtained by supporting the de-
veloping device 61 integrally with the photosensitive
drum 40 and forming the developing device 61 attacha-
ble/detachable with respect to the image forming appa-
ratus main body. This process cartridge can also include
charging means and cleaning means.
[0083] An upper part of the tandem-type image forming
apparatus 20 is provided with an exposure device 21 that
exposes the photosensitive drum 40 with a laser beam
or LED light to form a latent image, based on image in-
formation.
[0084] Furthermore, an intermediate transfer belt 10
configured by an endless belt member is disposed in a
lower position where the tandem-type image forming ap-
paratus 20 faces the photosensitive drum 40. The inter-
mediate transfer belt 10 is supported by supporting rollers
14, 15 and 16. A primary transfer device 62 that transfers
the toner image of each color formed on the photosen-
sitive drum 40 to the intermediate transfer belt 10 is dis-
posed in an adjacent position opposite to the photosen-
sitive drum 40 across the intermediate transfer belt 10.
The intermediate transfer belt 10 is provided with a clean-
ing device 17 for removing the toner remaining on the
surface of the intermediate transfer belt. A cleaning blade
of the cleaning device 17, which is made of, for example,
a fur brush or urethane rubber, is brought into abutment
with the intermediate transfer belt 10 to scrape secondary
transfer residual toner on the intermediate transfer belt

10.
[0085] A secondary transfer device 19, which trans-
fers, at once, toner images superimposed on the surface
of the intermediate transfer belt 10 to a transfer sheet
conveyed from a sheet feeding tray 44 of the sheet feed-
ing table 200, is disposed in a lower part of the interme-
diate transfer belt1 10. The secondary transfer belt 19
has a secondary transfer roller 23. The secondary trans-
fer device 19 pushes the secondary transfer roller 23
against the supporting roller 16 via the intermediate
transfer belt 10, and transfers the toner images formed
on the intermediate transfer belt 10 to the unshown trans-
fer sheet. Hereinafter, the supporting roller 16 is referred
to as "secondary transfer backup roller 16."
[0086] A conveying belt device 29 for conveying the
transfer sheet is provided adjacent to the secondary
transfer device 19, and a fixing device 28 is provided in
a downstream of the conveying belt device 29. The fixing
device 28 fixes the image formed on the transfer sheet.
The fixing device 28 is configured mainly by an endless
fixing belt 26, and a pressure roller 27 that is pressed
against the fixing belt 26. An inverting device for inverting
the transfer sheet is disposed in a lower part of the sec-
ondary transfer device 19 and fixing device 28. The in-
verting device inverts the transfer sheet in order to record
the image on both sides of the transfer sheet.
[0087] An operation of this tandem-type image forming
apparatus having the above configuration is described
next.
[0088] A document is set on a document table 30 of
the automatic document feeder 400 shown in FIG. 11 or
on the contact glass 32 of the scanner 300 by opening
the automatic document feeder 400, and the automatic
document feeder 400 is closed. In this state, an activation
switch, which is not shown, is pushed. When the docu-
ment is set in the automatic document feeder 400, the
document is conveyed onto the contact glass 32, and
thereafter the scanner 300 is driven. On the other hand,
when the document is set on the contact glass 32, the
scanner 300 is driven immediately. Then, the first
traveling body 33 and the second traveling body 34 start
traveling. A light beam is emitted from the light source of
the first traveling body 33, and thus obtained reflected
light is received from the surface of the document and
reflected by the second traveling body 34. The reflected
light is further reflected by the mirror of the second
traveling body 34 and enters the reading sensor 36
through the imaging lens 35. In this manner, the contents
of the document are read by the reading sensor 36.
[0089] By pressing the activation switch of the appa-
ratus, an unshown driving motor is driven to rotate and
drive one of the supporting rollers 14, 15 and 16, and to
driven-rotate the other two supporting rollers. As a result,
the intermediate transfer belt 10 is rotated. At the same
time, in each image forming unit 18, the photosensitive
drum 40 is uniformly charged by a charger. Subsequent-
ly, a writing light beam L in the form of a laser or LED is
emitted from the exposure device 21 in accordance with
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the contents read by the scanner 300, and an electro-
static latent image is formed on each photosensitive drum
40. The toners are supplied from the developing device
61 to the photosensitive drum 40 formed with the elec-
trostatic latent image, to make the electrostatic latent im-
age visible. As a result, single-color images of black, yel-
low, magenta and cyan are formed on the respective pho-
tosensitive drum 40. The single-color images are prima-
rily transferred by the primary transfer device 62 by se-
quentially superimposing them on the intermediate trans-
fer belt 10, whereby a composite color image is formed
on the intermediate transfer belt 10. For the next image
formation, a photosensitive drum cleaning device, which
is not shown, removes the residual toner from the surface
of the photosensitive drum 40 after the image transfer,
and the electricity on the same surface is removed by an
unshown neutralization device.
[0090] By pressing the activation switch, one of sheet
feeding rollers 42 of the sheet feeding table 200 is se-
lected and rotated, and transfer sheets are brought out
of one of sheet feeding cassettes 44 provided in multiple
stages within a paper bank 43. The transfer sheets are
separated one by one by a separation roller 45, and a
separated transfer sheet is inserted into a sheet feeding
path 46. The transfer sheet is conveyed to a sheet feeding
path 48 of the copying machine main body 100 by a con-
veying roller 47, brought into contact with a resist roller
49 and then stopped. On the other hand, when the sheets
are fed manually, a sheet feeding roller 50 is rotated to
bring out the sheets on a manual tray 51 and separated
one by one by a separation roller 52. A separated sheet
is inserted into a manual sheet feeding path 53, brought
into contact with the resist roller 49 in a similar way, and
then stopped. Next, the resist roller 49 is rotated in syn-
chronization with the composite color image on the inter-
mediate transfer belt 10, and a sheet is sent to between
the intermediate transfer belt 10 and the secondary trans-
fer device 19. Then, the color image is transferred onto
the sheet by the secondary transfer device 19.
[0091] The sheet that has passed through the second-
ary transfer roller 23 and carries an unfixed toner image
is conveyed to the fixing device 28, and is then applied
with heat and pressure by the fixing device 28, whereby
the transferred image is fixed as a permanent image. The
passage is switched by a switching click 55 so that the
sheet obtained after fixing the image thereto is dis-
charged by a discharge roller 56. The sheet is stacked
on a catch tray 57 or guided to a sheet inverting device
after switching the passage using the switching click 55.
The sheet is then inverted and guided to the transfer po-
sition again where the image is recorded on the back of
the sheet as well. Thereafter, the sheet is discharged to
the catch tray 57 by the discharge roller 56. At this mo-
ment, the residual toner remaining on the intermediate
transfer belt 10 after the image transfer is removed by
the cleaning device 17, for the next image formation per-
formed by the tandem-type image forming apparatus 20.
[0092] A secondary transfer part of the secondary

transfer device 19, which is a characteristic part of this
embodiment, is described next. FIG. 12 is a cross-sec-
tional diagram showing an image forming apparatus
depth direction of a secondary transfer part of the image
forming apparatus.
[0093] The configuration of the secondary transfer part
is described with reference to FIG. 12.
[0094] The secondary transfer roller 23 has a metallic
electrically conductive shaft part 70 that is in the form of
a cylinder, and an electrically conductive elastic layer 23a
that covers an outer circumferential surface of the shaft
part 70. The secondary transfer backup roller 16 has a
metallic electrically conductive shaft part 71 that is in the
form of a cylinder, and an electrically conductive surface
elastic layer 16a that is configured to be freely rotatable
with the shaft part 71 by a ball bearing 74. The secondary
transfer roller 23 is applied with a pressing force of an
unshown pressure spring and is thereby pressed against
the secondary transfer backup roller 16 via the interme-
diate transfer belt 10, whereby a secondary transfer nip
is formed. A transfer electric field is formed in this sec-
ondary transfer nip, as described hereinafter, and the
toner images on the intermediate transfer belt 10 are
transferred to the transfer sheet.
[0095] Shaft end parts 70a on both ends of the shaft
part 70 of the secondary transfer roller 23 have abutting
rollers 78 serving as abutting members. A position reg-
ulating cam 72 serving as a position regulating member
is provided to each shaft end part 71a on each end of
the shaft part 71 of the backup roller 16. Each of the
abutting rollers 78 and each of the position regulating
cams 72 are disposed on both ends on the outside of the
intermediate transfer belt 10 in the width direction. An
inner circumference of the intermediate transfer belt 10
has position regulating cam detection means 79 for de-
tecting a rotation position of the position regulating cam
72 provided to the shaft end part 71a of the backup roller
16, and position regulating cam control means 80 for con-
trolling the rotation position of the position regulating cam
72. This position regulating cam control means 80 in-
cludes unshown drive force transmission means for ro-
tating the position regulating cam 72. These members
function as gap forming means for separating the inter-
mediate transfer belt 10 from the backup roller 16 to form
a gap therebetween.
[0096] The position regulating cam control means 80
rotates the position regulating cam 72 provided to the
shaft end part 71a of the backup roller 16. The position
regulating cam 72 comes into abutment with the abutting
rollers 78 provided to the shaft end parts 70a of the sec-
ondary transfer roller 23, whereby the abutting rollers 78
are pressed downward as shown in FIG. 2. As a result,
the secondary transfer roller 23 moves away from the
backup roller 16.
[0097] The surface elastic layer 16a of the backup roll-
er 16 and the shaft part 71 are configured so as to be
rotated freely by the ball bearing 74. The surface elastic
layer 16a of the backup roller 16 is subjected to dragged
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rotation by the intermediate transfer belt 10, and the shaft
end part 71a of the backup roller 16 is rotated along with
the position regulating cam 72 by a drive force transmitted
by the drive force transmission means (not shown) of the
position regulating cam control means 80.
[0098] The shaft end part 71a of the backup roller 16
is supported rotatably by a first support plate 76, and the
shaft end part 70a of the secondary transfer roller 23 is
supported rotatably by a second support plate 77. Trans-
fer voltage application means 75 for applying secondary
transfer voltage is connected to the shaft end part 71a
of the backup roller 16, while the shaft end part 70a of
the secondary transfer roller 23 is connected to the
ground. Secondary transfer voltage having the same po-
larity (negative polarity in the example shown in the dia-
gram) as the toners is applied to the backup roller 16 by
the transfer voltage application means 75, and a second-
ary transfer electric field for transferring the toner image
formed on the intermediate transfer belt 10 to the transfer
sheet is formed between the backup roller 16 and the
secondary transfer roller 23.
[0099] Next, an operation of the secondary transfer
part performed when conveying a transfer sheet P toward
the secondary transfer nip is described with reference to
FIG. 13.
[0100] When print information is input to the image
forming apparatus, the transfer sheet P is conveyed to-
ward a secondary transfer nip part by the resist roller 49
at the timing when the transfer sheet P is brought to the
position of the image on the intermediate transfer belt
10. At this moment, the position regulating cam 72 and
the abutting roller 78 are separated from each other, and
the secondary transfer roller 23 is pressed against the
backup roller 16 via the intermediate transfer belt 10, by
the pressing force of the pressure spring (not shown).
[0101] Next, an operation of the secondary transfer
part that is performed immediately before a tip end part
of the transfer sheet P enters the secondary transfer nip
is described next with reference to FIG. 14. When the tip
end part of the transfer sheet P is conveyed to a position
immediately before the secondary transfer nip part, the
drive force transmission means of the position regulating
cam control means 80 rotates the position regulating cam
72 and bring it into abutment with the abutting roller 78,
pressing the abutting roller 78 downward. By the rotation
of the position regulating cam 72 and the pressing force
of the pressure spring (not shown), the secondary trans-
fer roller 23 is moved and positioned in a position that is
away from the intermediate transfer belt 10 with a gap
therebetween. As a result, shock generated when the tip
end part of the transfer sheet P enters the secondary
transfer nip part is alleviated, and image quality degra-
dation caused by a fluctuation of the surface movement
speed of the intermediate transfer belt 10 can be pre-
vented.
[0102] It is preferred that the size of the gap between
the secondary transfer roller 23 and the intermediate
transfer belt 10 be changed according to the thickness

of the transfer sheet P that is acquired by transfer sheet
information acquisition means of the image formation ap-
paratus. For example, when a piece of cardboard having
a basis weight of 160 to 300 [g/m2] is used as the transfer
sheet P, the gap amount between the surface of the sec-
ondary transfer roller 23 and the surface of the interme-
diate transfer belt 10 is set at 0 to 0.5 [mm].
[0103] Prior to the entry of the transfer sheet P into the
secondary transfer nip part, the voltage application
means 75 starts applying the transfer voltage for trans-
ferring the image formed on the intermediate transfer belt
10 to the transfer sheet P. As a result, the output of the
transfer voltage application means increases sufficiently
and a sufficient transfer electric field can be formed until
the transfer starts at an image tip end part. Consequently,
transfer failure of the tip end part or another form of image
degradation can be prevented. In addition, the transfer
current that is induced at this moment flows from the shaft
end part 71 a of the backup roller 16 to the shaft end part
70a of the secondary transfer roller 23 through the posi-
tion regulating cam 72 and the abutting roller 78 abutting
with each other. Therefore, leak discharge is prevented
from occurring in the gap between the surface of the sec-
ondary transfer roller 23 and the surface of the interme-
diate transfer belt 10, and the intermediate transfer belt
10 can be prevented from being damaged by the dis-
charge.
[0104] Next, an operation of the secondary transfer
part that is performed when transferring the toner images
to the transfer sheet at the secondary transfer nip is de-
scribed with reference to FIG. 15. The drive force trans-
mission means of the position regulating cam control
means 80 rotates the position regulating cam 72 until the
image tip end part on the intermediate transfer belt 10
reaches the secondary transfer nip part after the tip end
part of the transfer sheet P enters the secondary transfer
nip part. The position regulating cam 72 separates from
the abutting roller 78 as the position regulating cam 72
rotates, and the secondary transfer roller 23 is pressed
against the backup roller 16 by the pressing force of the
pressure spring (not shown) via the transfer sheet P and
the intermediate transfer belt 10. Therefore, sufficient
transfer pressure can be obtained when the image on
the intermediate transfer belt 10 is transferred to the
transfer sheet P, and hence good transfer can be real-
ized.
[0105] Because the position regulating cam 72 is sep-
arated from the abutting roller 78, the transfer current
flows from the backup roller 16 to the secondary transfer
roller 23 through the transfer sheet P and the intermediate
transfer belt 10. Therefore, a sufficient transfer electric
field can be obtained in the secondary transfer nip, and
hence good transfer can be realized. Note that when the
abutting roller 78 and the position regulating cam 72 are
separated from each other, the gap amount therebe-
tween is set at approximately 3 to 5 mm, depending on
the shape of the cam 72. In this manner, leak discharge
caused by the secondary transfer current between the
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abutting roller 78 and the position regulating cam 72 can
be prevented during the secondary transfer. In other
words, the discharge can be prevented if the gap is large
enough.
[0106] Next, an operation of the secondary transfer
part that is performed immediately before the transfer
sheet is removed from the secondary transfer nip is de-
scribed with reference to FIG. 16. The drive force trans-
mission means (not shown) of the position regulating cam
control means 80 rotates the position regulating cam 72
until a rear end part of the transfer sheet P is removed
from the secondary transfer nip part after the transfer of
an image rear end part is completed. By the rotation of
the position regulating cam 72 and the pressing force of
the pressure spring (not shown), the secondary transfer
roller 23 is moved and positioned in a position that is
away from the intermediate transfer belt 10 with a gap
therebetween. As a result, shock generated when the
rear end part of the transfer sheet P is removed from the
secondary transfer nip part is alleviated, and image qual-
ity degradation caused by a fluctuation of the surface
movement speed of the intermediate transfer belt 10 can
be prevented.
[0107] The drive force transmission means (not
shown) of the position regulating cam control means 80
rotates the position regulating cam 72 until the next trans-
fer sheet is conveyed to the secondary transfer nip part
after the rear end part of the transfer sheet P is removed
from the secondary transfer nip part. The position regu-
lating cam 72 separates from the abutting roller 78 as
the position regulating cam 72 rotates, and the secondary
transfer roller 23 returns to the state where it is pressed
against the backup roller 16 by the pressing force of the
pressure spring (not shown) via the transfer sheet P and
the intermediate transfer belt 10.
[0108] By rotating and bringing the position regulating
cam 72 into abutment with the abutting roller 78 to alle-
viate the shock generated when the tip end part of the
transfer sheet P enters the secondary transfer nip part,
the secondary transfer roller 23 separates from the inter-
mediate transfer belt 10, forming a gap therebetween.
While this gap is formed, the transfer current that is in-
duced by the voltage application means 75 flows from
the shaft part 71 of the backup roller 16 to the shaft part
70 of the secondary transfer roller 23 through the position
regulating cam 72 and the abutting roller 78 that are in
abutment with each other. Therefore, leak discharge can
be prevented at the gap, and the surface of the interme-
diate transfer belt 10 can be prevented from being dam-
aged.
[0109] In addition, while the image on the intermediate
transfer belt 10 is transferred onto the transfer sheet P,
the position regulating cam 72 and the abutting roller 78
separate from each other, whereby a sufficient transfer
voltage can be obtained and good transfer can be real-
ized. Because the position regulating cam 72 separates
from the abutting roller 78, the transfer current flows from
the backup roller 16 to the secondary transfer roller 23

via the transfer sheet P and the intermediate transfer belt
10. Consequently, a sufficient transfer electric field can
be obtained at the secondary transfer nip part and good
transfer can be realized.
[0110] Moreover, the total volume resistance value of
both the abutting roller 78 and the position regulating cam
72 functioning as gap forming means is set at 1.0 � 106

to 1.0 � 1010 [Ω·cm3]. Also, it is preferred that the abutting
roller 78 and the position regulating cam 72 be formed
by a material so that the total volume resistance value of
the both becomes substantially equal to the total value
of the volume resistances of the secondary transfer roller
23, the intermediate transfer belt 10, and the backup roller
16.
[0111] Here, a method for measuring the volume re-
sistance values is as follows. That is, when a direct volt-
age of 1KV is applied between the shaft end part 71a of
the backup roller 16 and the shaft end part 70a of the
secondary transfer roller 23, the value of current flowing
through the abutting roller 78 and position regulating cam
72 functioning as the gap forming means is measured
and calculated. In so doing, the backup roller 16 and the
secondary transfer roller 23 are separated enough so
that the current does not flow from the shaft end part 71a
of the backup roller 16 to the shaft end part 70a of the
secondary transfer roller 23 through the backup roller 16,
the intermediate transfer belt 10 and the secondary trans-
fer roller 23. Alternatively, the value is measured after
performing an insulation process on the backup roller 16
and the secondary transfer roller 23.
[0112] When the electric resistances of the gap form-
ing means are excessively low, leak discharge occurs at
the gap between the abutting roller 78 and the position
regulating cam 72 while the abutting roller and position
regulating cam are separated from each other, causing
a transfer failure where a sufficient electric field cannot
be obtained at the secondary transfer nip part. When the
electric resistances of the gap forming means are exces-
sively high, the transfer current does not flow through the
gap forming means and consequently does not function
as conducting means. As a result, leak discharge might
occur at the gap formed between the secondary transfer
roller 23 and the intermediate transfer belt 10. Therefore,
it is preferred that the electric resistances of the gap form-
ing means fall within the abovementioned range. Further,
it is more preferred that the electric resistances be sub-
stantially equal to the total value of the volume resistanc-
es of the secondary transfer roller 23, the intermediate
transfer belt 10 and the backup roller 16.
[0113] The electric resistances of the gap forming
means may be provided to the abutting roller 78, the po-
sition regulating cam 72, the shaft end part 70a provided
with the abutting roller 78, or the shaft end part 71a pro-
vided with the position regulating cam 72. Moreover, the
electric resistance may be provided to a part or a plurality
of sections of gap adjusting means.
[0114] In the image forming apparatus of the present
embodiment, the present invention has been described
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above by using a matter that also functions as the con-
ducting means for conducting electricity such that the
current induced by the transfer voltage of the transfer
voltage application means 75 flows between the inter-
mediate transfer belt 10 and the secondary transfer roller
23 only during a period when the gap forming means
separates the intermediate transfer belt 10 from the sec-
ondary transfer roller 23 to form a gap therebetween.
However, the present invention is not limited to this con-
figuration, and thus another conducting means may be
provided so that the same operational effects can be ac-
complished.
[0115] Moreover, in the image forming apparatus of
the present embodiment, the intermediate transfer belt
serving as the image carrier is supported by the backup
roller 16 and brought into contact with the secondary
transfer roller 23 serving as the contact member, where-
by the secondary transfer nip is formed. The transfer volt-
age is applied to the shaft end part 71a of the backup
roller 16 by the transfer voltage application means 75 to
form a transfer electric field. However, the present inven-
tion is not limited to this configuration, and the same op-
erational effects can be accomplished by applying the
present invention to a configuration where the transfer
voltage is applied to the shaft end part 70a of the sec-
ondary transfer roller by the transfer voltage application
means 75 in order to form a transfer electric field. In ad-
dition, the image carrier can be applied to not only the
intermediate transfer belt 10 but also a drum-like inter-
mediate transfer body and the photosensitive drum. In
so doing, the same operational effects can be achieved.
[0116] The image forming apparatus of the present
embodiment has the following characteristics.

(1) In order to form a transfer electric field for trans-
ferring the toner images formed on the intermediate
transfer belt 10 to the transfer sheet P, the transfer
voltage is applied by the transfer voltage application
means 75 at least before the transfer sheet P enters
the secondary transfer nip part, whereby a tip end
part transfer failure or another form of image degra-
dation can be prevented. In addition, the intermedi-
ate transfer belt 10 and the secondary transfer roller
23 are separated to form a gap therebetween by the
gap forming means immediately before the entry of
the transfer sheet P into the transfer nip part, so that
shock generated when the tip end part of the transfer
sheet P enters the secondary transfer nip part can
be alleviated, and image quality degradation caused
by a fluctuation of the surface movement speed of
the intermediate transfer belt 10 can be prevented.
Moreover, the conducting means for conducting
electricity such that the current induced by the trans-
fer voltage flows between the intermediate transfer
belt 10 and the secondary transfer roller 23 only dur-
ing a period when the gap forming means forms a
gap. Accordingly, because the current induced by
the transfer voltage flows between the intermediate

transfer belt 10 and the secondary transfer roller 23
via the conducting means while the gap is formed,
the occurrence of leak discharge between the inter-
mediate transfer belt 10 and the secondary transfer
roller 23 is prevented. As a result, the intermediate
transfer belt 10 is prevented from being damaged by
the leak discharge.
(2) By providing the gap forming means with the func-
tion of the conducting means, the configuration can
be simplified, and cost reduction can be realized.
(3) The gap forming means has the electrically con-
ductive abutting rollers 78 provided to the shaft end
part 70a of the secondary transfer roller 23, the elec-
trically conductive position regulating cams 72 pro-
vided to the shaft end part 71a of the backup roller
16 of the intermediate transfer roller 10, and the po-
sition regulating cam control means 80. The position
regulating cam control means 80 of the gap forming
means controls the position of each position regu-
lating cam 72 and brings it into abutment with each
abutting roller 78, whereby the abutting roller 78 is
moved in the direction where the intermediate trans-
fer belt 10 is separated from the secondary transfer
roller 23, so that a gap is formed between the inter-
mediate transfer belt 10 and the secondary transfer
roller 23. By performing this operation, the electrical-
ly conductive position regulating cam 72 comes into
abutment with the electrically conductive abutting
roller 78, and the shaft part 71 of the backup roller
16 is electrically conducted with the shaft part 70 of
the secondary transfer roller 23 via the position reg-
ulating cam 72 and the abutting roller 78, whereby
the current induced by the transfer voltage flows be-
tween the intermediate transfer belt 10 and the sec-
ondary transfer roller 23. With this configuration, the
gap forming means that also functions as the con-
ducting means can be embodied easily.
(4) In addition, the position regulating cams 72 can
be easily embodied by using the position regulating
cams 72 of which position can be controlled in at
least two sections.
(5) Furthermore, the image carrier is a belt-like mem-
ber supported by the backup roller, and the transfer
voltage is applied to the shaft part 71 of the backup
roller 16 or the secondary transfer roller 23. When
using such a belt-like image carrier, significant shock
jitter occurs easily when the transfer sheet enters
the secondary transfer nip part. Therefore, the effect
of the present invention that prevents image degra-
dation such as a tip end part transfer failure has an
extensive effect.
(6) The electrical resistances of the gap forming
means are preferably a volume electric resistance
of 1.0 � 106 to 1.0 � 1010 [Ω·cm3]. When the electric
resistances of the gap forming means are excessive-
ly low, leak discharge occurs at the gap between the
abutting roller 78 and the position regulating cam 72
while the abutting roller and position regulating cam
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are separated from each other, causing a transfer
failure where a sufficient electric field cannot be ob-
tained at the secondary transfer nip part. When the
electric resistances of the gap forming means are
excessively high, the transfer current does not flow
through the gap forming means and consequently
does not function as the conducting means. As a
result, leak discharge might occur at the gap formed
between the secondary transfer roller 23 and the in-
termediate transfer belt 10. Therefore, it is preferred
that the electric resistances of the gap forming
means fall within the abovementioned range.
(7) In addition, it is preferred that the volume electric
resistances of the gap forming mean be substantially
equal to the total value of the volume resistances of
the secondary transfer roller 23, the intermediate
transfer belt 10 and the backup roller 16.
(8) Good transfer characteristics can be obtained by
causing the transfer voltage application means to
carry out constant current control.
(9) Because the gap forming means separates the
intermediate transfer belt 10 and the secondary
transfer roller 23 from each other to form a gap ther-
ebetween immediately before the transfer sheet is
removed from the transfer nip, image degradation
caused when the rear end part of the transfer sheet
is removed can be prevented.
(10) Moreover, while the toner images on the inter-
mediate transfer belt 10 are being transferred to the
transfer sheet, the gap forming means cancel the
separation of the intermediate transfer belt 10 from
the secondary transfer roller 23, and consequently
the secondary transfer roller 23 presses the interme-
diate transfer belt 10 via the transfer sheet. As a re-
sult, a sufficient transfer voltage can be obtained and
good transfer can be performed. In addition, because
the position regulating cam 72 and the abutting roller
78 are separated from each other, the transfer cur-
rent flows from the backup roller 16 to the secondary
transfer roller 23 via the transfer sheet P and the
intermediate transfer belt 10. As a result, a sufficient
transfer electric field can be obtained at the second-
ary transfer nip part and good transfer can be per-
formed.
(11) Recording body information acquisition means
for acquiring thickness information of the transfer
sheet sent toward the transfer nip is provided. The
size of the gap formed by the gap forming means is
changed according to the thickness of the recording
body that is acquired by the recording body informa-
tion acquisition means. Therefore, the occurrence of
shock jitter can be prevented more effectively.

[0117] As described above, according to the second
embodiment, in the image forming apparatus in which
the recording body is sent into a transfer nip that is formed
by the image carrier carrying a toner image and perform-
ing surface movement and the contact member contact-

ing with the surface of the image carrier, and the toner
image on the image carrier is transferred to the recording
medium by the transfer electric field formed in the transfer
nip part, image displacement caused upon the entry of
the tip end of the recording body into the transfer nip, and
image tip end part transfer failure can be prevented with-
out damaging the image carrier. In other words, the image
displacement is prevented by forming a gap between the
image carrier and the contact member immediately be-
fore the recording body enters the transfer nip part. Fur-
thermore, by starting to apply the transfer voltage from
the transfer voltage application means before the record-
ing body enters the transfer nip part, the image tip end
part transfer failure is prevented. Even when the transfer
voltage is applied while the gap is formed between the
separated image carrier and contact member, the current
induced by the transfer voltage flows between the image
carrier and the contact member through the conducting
means. Hence, leak discharge does not occur at the gap
between the image carrier and the contact member. Con-
sequently, the image carrier can be prevented from being
damaged by the leak discharge.
[0118] Various modifications will become possible for
those skilled in the art after receiving the teachings of the
present disclosure without departing from the scope
thereof.

Claims

1. An image forming apparatus, in which at least either
an image carrier or a facing member that faces the
image carrier and forms a transfer region is config-
ured by a belt member supported by a support ro-
tating body or a rotating body, a distance between
the image carrier and the facing member in the trans-
fer region is adjusted by changing a rotation position
of cams provided to a shaft part of the support rotat-
ing body or the rotating body, and, in the transfer
region, a visible image on the image carrier is trans-
ferred to the facing member or to a recording sheet
passed through between the image carrier and the
facing member,
wherein the support rotating body or the rotating
body provided with the cams at the shaft part thereof
is configured by at least a main body part that has a
through-hole penetrating in a rotary shaft line direc-
tion at a rotation center position, and a penetrating
shaft member that serves as the shaft part penetrat-
ing the through-hole of the main body part and spin-
ning the main body part on a surface of the pene-
trating shaft member,
and wherein, out of the entire region in a longitudinal
direction of the penetrating shaft member, the cams
are fixed to both end regions that are not located in
the main body part, such that the cams are rotated
integrally with the penetrating shaft member.
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2. The image forming apparatus as claimed in claim 1,
wherein at least either the image carrier or the facing
member is configured by the belt member, and the
main body part of the support rotating body support-
ing the belt member is driven-rotated on the surface
of the penetrating shaft member as the belt member
moves.

3. The image forming apparatus as claimed in claim 2,
wherein the two cams on the both ends in the longi-
tudinal direction of the penetrating shaft member are
fixed to the penetrating shaft member in the longitu-
dinal direction of the penetrating shaft member, with
a distance greater than a width of the belt member
therebetween.

4. The image forming apparatus as claimed in one of
the preceding claims, further comprising biasing
means for biasing the facing member toward the im-
age carrier, wherein the image forming apparatus
executes an operation for increasing the distance by
pushing back the facing member against a biasing
force of the biasing means as rotation drive of the
penetrating shaft member and the cams is stopped
at a predetermined rotation angle, before the record-
ing sheet enters between the image carrier and the
facing member.

5. The image forming apparatus as claimed in one of
the preceding claims, wherein the image forming ap-
paratus executes an operation for increasing the dis-
tance by pushing back the facing member against a
biasing force of the biasing means as rotation drive
of the penetrating shaft member is stopped at a pre-
determined rotation angle, after the recording sheet
enters between the image carrier and the facing
member but before the recording sheet is discharged
from therebetween.

6. The image forming apparatus as claimed in one of
the preceding claims, wherein the image carrier and
the facing member are configured by the belt mem-
ber or the rotating body, and at least one of the belt
member or rotating body configuring the image car-
rier, and the belt member or rotating body configuring
the facing member is configured by the main body
part and the penetrating shaft member having the
cams fixed thereto, while in the other one of the im-
age carrier or the facing member, the shaft part of
the support rotating body of the belt member or the
shaft part of the rotating body configuring the image
carrier or the facing member is provided with a spin-
nable abutted member that is brought into abutment
with the cams.

7. The image forming apparatus as claimed in claim 6,
wherein an insulating material is used for at least
either the cams or the abutted member.

8. The image forming apparatus as claimed in one of
the preceding claims, further comprising distance
detection means for detecting the distance, wherein
a rotation stop position of the penetrating shaft mem-
ber is adjusted based on a result of the detection
performed by the distance detection means.

9. The image forming apparatus as claimed in one of
the preceding claims, wherein stepless eccentric
cams are used as the cams.

10. The image forming apparatus as claimed in one of
the preceding claims, further comprising thickness
information acquisition means for acquiring thick-
ness information of the recording sheet supplied be-
tween the image carrier and the facing member,
wherein the distance is adjusted based on a result
of the detection performed by the thickness informa-
tion detection means.

11. An image forming apparatus, comprising:

an image carrier that carries a toner image and
performs surface movement;
a contact member that comes into contact with
the image carrier while performing surface
movement and forms a transfer nip;
recording body sending means for sending a re-
cording body toward the transfer nip;
transfer voltage application means for starting
to apply transfer voltage to the image carrier or
the contact member prior to the entry of the re-
cording body into the transfer nip, so as to form
a transfer electric field for transferring the toner
image on the image carrier to the recording
body; and
gap forming means for separating the image car-
rier and the contact member from each other to
form a gap therebetween immediately before
the recording body enters the transfer nip part,
the image forming apparatus further comprising
conducting means for conducting electricity so
that current induced by the transfer voltage ap-
plied by the transfer voltage application means
flows between the image carrier and the contact
member while the gap forming means separates
the image carrier and the contact member from
each other to form a gap therebetween.

12. The image forming apparatus as claimed in claim
11, wherein the gap forming means has a function
of the conducting means.

13. The image forming apparatus as claimed in claim
12, wherein the gap forming means has an electri-
cally conductive abutting member that is provided to
either a rotation central shaft for causing the image
carrier to perform surface movement or a rotation
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central shaft for causing the contact member to per-
form surface member in the transfer nip, an electri-
cally conductive position regulating member provid-
ed to the other rotation central shaft, and position
regulating member control means for controlling the
position of the position regulating member, and
wherein the position regulating member control
means controls the position of the position regulating
member to bring the position regulating member into
abutment with the abutting member, whereby the
abutting member is moved in a direction where the
image carrier and the contact member are separated
from each other, to form a gap between the image
carrier and the contact member, and the rotation cen-
tral shaft of the image carrier is electrically conducted
with the rotation central shaft of the contact member
via the abutting member and the position regulating
member.

14. The image forming apparatus as claimed in claim
13, wherein the position regulating member is an ec-
centric cam of which position can be controlled in at
least two sections.

15. The image forming apparatus as claimed in one of
claims 11 to 14, wherein the image carrier is in the
form of a belt, the image forming apparatus has a
backup roller for supporting a belt so that the image
carrier and the contact member forms the transfer
nip, and the transfer voltage is applied to a rotation
central shaft of the backup roller or the contact mem-
ber by the transfer voltage application means.

16. The image forming apparatus as claimed in claim
15, wherein the conducting means has a volume
electric resistance substantially equal to a total value
of volume electric resistances of the contact mem-
ber, the image carrier and the backup roller.

17. The image forming apparatus as claimed in one of
claims 11 to 16, wherein the conducting means has
a volume electric resistance of 1.0 � 106 to 1.0 �
1010 [Ω·cm3].

18. The image forming apparatus as claimed in one of
claims 11 to 17, wherein the transfer voltage appli-
cation means carries out constant current control.

19. The image forming apparatus as claimed in one of
claims 11 to 18, wherein the gap forming means sep-
arates the image carrier and the contact member
from each other to form a gap therebetween imme-
diately before the recording body is removed from
the transfer nip.

20. The image forming apparatus as claimed in one of
claims 11 to 19, wherein the gap forming member
cancels the separation of the image carrier from the

contact member while the toner image on the image
carrier is being transferred onto the recording body,
and the contact member presses the image carrier
via the recording body.

21. The image forming apparatus as claimed in one of
claims 11 to 20, further comprising recording body
information acquisition means for acquiring thick-
ness information of the recording body that is sent
toward the transfer nip by the recording body sending
means, wherein the size of the gap formed by the
gap forming means is changed according to the
thickness of the recording body that is acquired by
the recording information acquisition means.

37 38 



EP 2 211 239 A2

21



EP 2 211 239 A2

22



EP 2 211 239 A2

23



EP 2 211 239 A2

24



EP 2 211 239 A2

25



EP 2 211 239 A2

26



EP 2 211 239 A2

27



EP 2 211 239 A2

28



EP 2 211 239 A2

29



EP 2 211 239 A2

30



EP 2 211 239 A2

31



EP 2 211 239 A2

32



EP 2 211 239 A2

33



EP 2 211 239 A2

34



EP 2 211 239 A2

35

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP H1083124 B [0003]
• JP 2007334292 A [0007]
• JP H4242276 B [0010]

• JP 3822266 B [0010]
• JP 3911941 B [0010]


	bibliography
	description
	claims
	drawings

