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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a fransfer ar-
rangement, and more specifically, to a transfer
arrangement incorporated in an image forming ap-
paratus such as an electrographic copying ma-
chine, a printer and a facsimile machine for elec-
trostatically fransferring a toner image formed on
the surface of an electrostatic latent image carrier
incorporated in the apparatus onto a sheet of paper
such as a fransfer sheet by means of a transfer
roller.

Description of the Prior Art

The following two are typical transfer methods
employed for the transfer arrangement incorpo-
rated in the image forming apparatus: a non-con-
tact-type corona transfer method using a corona
discharger as a means for supplying a charge fo
the electrostatic latent image carrier; and a contact-
type bias roller transfer method using a conductive
roller as the charge supplying means.

A transfer arrangement employing the corona
transfer method includes a corona discharger. As
schematically shown in Fig. 1, a corona discharger
22 is arranged so that a necessary gap is left
between the corona discharger 22 and a
photoreceptor drum 21 used as the electrostatic
latent image carrier. The corona discharger 22
charges a transfer sheet P conveyed through the
gap between the rotary photoreceptor drum 21 and
the corona discharger 22 by applying a corona
charge of a polarity reverse to that of toner from
the reverse side of the transfer sheet P. Thereby,
the transfer sheet P is made to partly adhere to the
surface of the photoreceptor drum 21, and the
charged toner on the surface of the photoreceptor
drum 21 is transferred onto the transfer sheet P by
a Coulomb force.

However, when the transfer arrangement em-
ploying the corona fransfer method is used, a
means is necessary for separating the transfer
sheet P from the surface of the photoreceptor drum
21 since the fransfer sheet P adhering to the sur-
face of the photoreceptor drum 21 does not easily
come off spontaneously. In addition, since a high
voltage is applied to the corona discharger 22,
discharge products such as ozone which is harmful
to the human body and nitrogen oxides (NOx) are
generated in a considerable amount.

A transfer arrangement employing the bias roll-
er fransfer method includes a ftransfer roller made
of urethane resin provided with conductivity by
being mixed with a carbon or alkali metal. As
schematically shown in Fig. 2, a transfer roller 23 is
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arranged to be rotatively in contact with the
photoreceptor drum 21. The fransfer roller 23
presses the fransfer sheet P passing between the
peripheries of the photoreceptor drum 21 and the
transfer roller 23 against the toner adhering to the
surface of the photoreceptor drum 21, and transfers
the toner image on the surface of the photorecep-
tor drum 21 onto the transfer sheet P by a transfer
voltage of a polarity reverse to that of the toner
applied to the axial core of the transfer roller 23.
The ftransfer arrangement of this method, which
uses very weak current, is advantageous since the
generation of discharge products such as ozone
and NOx is considerably small compared to the
transfer arrangement of the corona discharge meth-
od (1/20 to 1/30 of that of existing arrangements of
the corona discharge method) and since no means
is necessary for separating the transfer sheet P.

In the transfer arrangement employing the bias
roller transfer method, to make the transfer sheet to
adhere to the surface of the photoreceptor drum
21, the fransfer sheet P is pressed against the
surface of the photoreceptor drum 21 by the sur-
face of the transfer roller 23. For this reason, it is
apt to occur that the toner located at a central
portion of the surface of the photoreceptor drum 21
is not fransferred to the transfer sheet P and that
toner scatters and adheres to a peripheral portion
of the image transferred onto the transfer sheet P.

To solve these problems of the bias roller
transfer method, the present applicant proposed in
Japanese Patent Application No. H4-284120 an ar-
rangement as schematically shown in Fig. 3,
wherein the transfer roller 23 is arranged so that a
gap larger than the thickness of the transfer sheet
P is left between the photoreceptor drum 21 and
the transfer roller 23 in order that the roller 23
remains out of contact with the drum 21 and the
transfer sheet P to thereby prevent the occurrence
of the above-mentioned problems. In Fig. 3, refer-
ence numeral 24 represents a pair of resist rollers
for conveying the transfer sheet P, reference des-
ignations 25a and 25b represent guide members
for guiding the transfer sheet P to the surface of
the photoreceptor drum 21, and reference numeral
26 represents a supporting table for guiding the
transfer sheet P onto which the image has been
transferred to a fixing roller pair (not shown).

In this prior art, the resist rollers 24 send out
the transfer sheet P at a speed equal to the periph-
eral speed of the surface of the photoreceptor
drum 21 in accordance with the rotation of the
photoreceptor drum 21, so that the fransfer sheet P
is guided toward the photoreceptor drum along the
guide members 25a and 25b. After the front end of
the transfer sheet P passes an end of the lower
guide member 25b and abuts the surface of the
photoreceptor drum 21, the fransfer sheet P moves
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at a speed equal to the peripheral speed of the
surface of the photoreceptor drum 21 while being
in contact with the surface of the photoreceptor
drum 21. The toner image on the surface of the
photoreceptor drum 21 is transferred at this time.

It is considered that the reason why the toner
image on the surface of the photoreceptor drum 21
is appropriately and excellently transferred onto the
transfer sheet P although the fransfer roller 23 is
separated from the surface of the photoreceptor
drum 21 is that a slight corona discharge is gen-
erated from the transfer roller 23 toward the under-
surface of the transfer sheet P. In actuality, ex-
cellent test results have been obtained with respect
to the transfer performance of the toner image.

After being separated from the surface of the
photoreceptor drum 21 and reaching the upper
surface of the supporting table 26, the transfer
sheet P is released from the resist rollers 24, and
thereafter, it is conveyed along the upper surface
of the supporting table 26 in accordance with the
rotation of the photoreceptor drum 21. Between just
in front of the position at which the fransfer sheet P
abuts the surface of the photoreceptor drum 21,
and the supporting table 26, the transfer sheet P
has a tendency to bend in a direction opposite to
the curve of the surface of the photoreceptor drum
21. The resiliency of the transfer sheet P generated
by the bend works as a pressing force on a portion
of the transfer sheet P which is in contact with the
surface of the photoreceptor drum 21.

The conveying speed of the transfer sheet P
and the angles of guide surfaces Sa and Sb of the
guide members 25a and 25b are set so that the
transfer sheet P is in close contact with the surface
of the photoreceptor drum 21 while rotating at a
speed equal to the speed of the drum 21. For
example, to bring the transfer sheet P into close
contact with the surface of the photoreceptor drum
21, the guide members 25a and 25b are arranged
o be close to the photoreceptor drum 21.

The angles of the guide surfaces Sa and Sb of
the guide members 25a and 25b are adjusted so
that an angle ¢ of the fransfer sheet P fo a tangen-
tial plane (shown by the alternate long and short
dash line in Fig. 3) at the position where the front
end of the transfer sheet P abuts the surface of the
photoreceptor drum 21 is large to thereby press
the transfer sheet P against the surface of the
photoreceptor drum 21 so as to be in close contact
therewith and out of contact with the transfer roller
23.

However, when the guide members 25a and
25b the angles of which are thus adjusted are
used, since the guide members 25a and 25b resist
the movement of the fransfer sheet P, the moment
the transfer sheet P is released from the resist
rollers 24 provided in the upstream side of the
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photoreceptor drum 21, the movement of the trans-
fer sheet P is delayed an instant from the move-
ment of the photoreceptor drum 21. As a result, the
toner image is not fransferred to a correct position.
Moreover, paper dust may be raised due to the
friction between the transfer sheet P and the guide
members 25a and 25b. The paper dust could
cause mal-transfer or troubles in the image forming
apparatus.

Further, since the transfer roller 23 is out of
contact with the transfer sheet P, gravity works on
the transfer sheet P in a direction to separate the
transfer sheet P from the photoreceptor drum 21
due to the dead load of the transfer sheet P. As a
result, the transfer sheet P and the photoreceptor
drum 21 may not be in contact at a sufficient
contact pressure. When the transfer sheet P and
the photoreceptor drum 21 are not in contact at a
sufficient contact pressure, mal-transfer occurs or
the transfer sheet P comes in contact with the
transfer roller 23 so that dirt on the transfer roller
23 adheres to the fransfer sheet P.

SUMMARY OF THE INVENTION

An object of the present invention is to provide
a transfer arrangement of a type where the transfer
roller is arranged so that a gap larger than the
thickness of the transfer sheet is left between the
transfer roller and the electrostatic latent image
carrier, wherein the fransfer sheet is in contact with
the electrostatic latent image carrier at a sufficient
contact pressure without any need to bend the
transfer sheet by a guide member.

To achieve the above-mentioned object, ac-
cording to the present invention, the transfer roller
is arranged above the electrostatic latent image
carrier so that the transfer of the image onto the
transfer sheet is performed above the electrostatic
latent image carrier.

According to this feature, since the transfer
roller is arranged above the electrostatic latent im-
age carrier, the transfer sheet conveyed to the gap
between the transfer roller and the electrostatic
latent image carrier comes into close contact with
the surface of the electrostatic latent image carrier
due to its own dead load. Therefore, since it is
unnecessary o bend the transfer sheet by a guide
member so as to be pressed against the surface of
the electrostatic latent image carrier, the movement
of the transfer sheet is never resisted by the guide
member, and the conveying speed of the transfer
sheet receives no influence when the transfer sheet
is released from the resist rollers provided in the
upstream side of the electrostatic latent image car-
rier.
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BRIEF DESCRIPTION OF THE DRAWINGS

This and other objects and features of this
invention will become clear from the following de-
scription, taken in conjunction with the preferred
embodiments with reference to the accompanied
drawings in which:

Fig. 1 is a front view schematically showing a

conventional transfer arrangement employing

the corona transfer method;

Fig. 2 is a front view schematically showing a

conventional transfer arrangement employing

the bias roller transfer method;

Fig. 3 is a front view schematically showing a

relevant portion of a non-contact-type transfer

roller arrangement in a prior art;

Fig. 4 is a front view schematically showing an

electrographic copying machine provided with a

transfer arrangement employing an embodiment

of the present invention; and

Fig. 5 is a side view schematically showing the

transfer arrangement according to the embodi-

ment of the present invention arranged above a

photoreceptor drum.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Hereinafter, an embodiment of the present in-
vention will be described with reference to the
drawings. Fig. 4 shows a transfer arrangement of
the present invention employed in a digital elec-
trographic copying machine.

In the figure, reference numeral 10 represents
a photoreceptor drum (electrostatic latent image
carrier) which comprises a tube made of a metal
such as aluminum on which a photosensitive layer
made of amorphous silicon (a-Si) or other pho-
tosensitive material is formed. The photoreceptor
drum 10 is arranged substantially horizontally in a
copying machine 11, and is rotated counterclock-
wise (i.e. in the direction of arrow A) by a driving
system (not shown) provided in the copying ma-
chine 11. The direction of rotation of the
photoreceptor drum 10 is set to correspond to the
conveying direction of a transfer sheet P like the
clockwise (in the direction of arrow B) rotation of a
subsequently-described transfer roller 1.

Around the surface of the photoreceptor drum
10, a charging means 6, a developing means 4, a
non-contact-type ftransfer roller 1 and a charge-
removing and cleaning means 7 are arranged in
this order in the rotation direction of the
photoreceptor drum 10. Between the surface of the
photoreceptor drum 10 and the surface of the
transfer roller 1, there exists a gap larger than the
thickness of a transfer sheet which passes thereth-
rough. Below the charging means 6, an exposure
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means 5 is arranged. Between the charging means
6 and the developing means 4, the photoreceptor
drum 10 is exposed to a laser beam L from the
exposure means 5.

In an electrographic copying machine provided
with the above-described arrangement, first, the
photosensitive layer on the surface of the
photoreceptor drum 10 is charged by corona dis-
charge by the charging means 6. The exposure
means 5 irradiates the laser beam L in accordance
with an image read out from an original (not shown)
to the charged surface of the photoreceptor drum
10, thereby forming an electrostatic latent image.
The electrostatic latent image is formed into a
toner image by being toner-developed by the de-
veloping means 4.

The transfer sheet P is supplied, in accordance
with the rotation of photoreceptor drum 10 (arrow
A), from a paper feeding cassette 9 by a paper
feeding roller 3, and conveyed along a sheet con-
veying path constituted by an upper guide member
15a and a lower guide member 15b arranged to be
opposite to each other. A pair of resist rollers 2
send the fransfer sheet P into the gap between the
photoreceptor drum 10 and the transfer roller 1, at
a speed equal to the peripheral speed of the
photoreceptor drum 10. While the transfer sheet P
conveyed in this manner is in contact with the
surface of the photoreceptor drum 10, a voltage of
a polarity reverse to that of the toner image on the
surface of the photoreceptor drum 10 is applied to
the transfer roller 1. By the Coulomb's force gen-
erated by this voltage application, the charged
toner adhering to the surface of the photoreceptor
drum 10 is fransferred onto the surface of the
transfer sheet P. Since the fransfer sheet P is in
contact with the photoreceptor drum 10 at a stable
contact pressure, the generation of uneven portions
in the transferred image is prevented.

The transfer sheet P to which the foner image
has been fransferred is separated from the surface
of the photoreceptor drum 10, and heated and
pressurized while passing between the rollers at a
fixing means 8, so that the toner image is fixed
onto the transfer sheet P. When the front end of
the transfer sheet P reaches the fixing means 8,
the transfer sheet P is conveyed by both the fixing
means 8 and the resist rollers 2. Thereafter, the
rear end of the transfer sheet P is released from
the resist rollers 2 and discharged onto a tray 13 in
accordance with the rotations of the photoreceptor
drum 10 and the rollers constituting the fixing
means 8. The toner image has been transferred on
the undersurface of the transfer sheet P when it is
advancing toward the fixing means 8 after sepa-
rated from the photoreceptor drum 10. However,
since the distance between the transfer roller 1 and
the fixing means 8 is short, the undersurface of the
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transfer sheet P on which the toner image has
been transferred never abuts a guide member 16.
Therefore, the toner image which has not been
fixed yet is not damaged.

After the transfer, the residual toner and charge
on the surface of the photoreceptor drum 10 are
removed by the charge-removing and cleaning
means 7. The photoreceptor drum 10 is ready for
the next charging when it makes one revolution
after the last charging.

Fig. 5 shows a positional relationship between
the transfer roller 1 and the photoreceptor drum 10.
As is seen in the figure, the transfer roller 1 is
arranged parallel to the axis (not shown) of the
photoreceptor drum 10, and a distance d which is
greater than the thickness of the fransfer sheet P
(Fig. 4) is left between the transfer roller 1 and the
surface of the photoreceptor drum 10.

As shown in Fig. 5, the ftransfer roller 1 in-
cludes a body 1a made of a conductive rubber, a
rotational axis 1b made of a metal, and a roller 1¢
made of an insulating material. The body 1a has a
length equal to or greater than the width of a toner
image forming area 10A on the surface of the
photoreceptor drum 10, and is formed to be of a
long-axis roller shape around the rotational axis 1b.
The body 1a preferably has a volume electrical
resistivity pv of 108 to 107Q<cm. For example, a
conductive resin material such as polystyrene or
urethane resin in which carbon or an alkali metal is
mixed and a conductive rubber material are suit-
able for this purpose. The body 1a and the rota-
tional axis 1b are connected electrically.

During the transfer, a voltage of a polarity
reverse to that of the charged toner adhering to the
surface of the photoreceptor drum 10 is applied to
the rotational axis 1b from a power source 12
through a contact terminal (not shown). When dis-
charging is performed toward the photoreceptor
drum 10 by applying the voltage, the transfer sheet
P is charged as described previously, so that the
charged toner adhering to the surface of the
photoreceptor drum 10 is ftransferred onto the
transfer sheet P.

At each end of the body 1a, the roller 1¢ made
of an insulating resin is provided to regulate the
distance d between the surface of the photorecep-
tor drum 10 and the transfer roller 1. The roller 1c
is in contact with the surface of the photoreceptor
drum 10 outside the toner image forming area 10A
on the surface of the photoreceptor drum 10. While
the distance d is set at 0.5mm in this embodiment,
it can be varied by employing a pair of rollers
having another diameter.

The distance d may be changed to any value
as far as it is greater than the thickness of the
transfer sheet P. It may be set to the same value
as that of the arrangement as shown in Fig. 3
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where the transfer roller 23 is arranged below the
photoreceptor drum 21. However, when the transfer
roller 1 is arranged above the photoreceptor drum
10 as shown in Figs. 4 and 5, the distance d can
be set shorter than in the arrangement of Fig. 3
since the transfer sheet P comes into close contact
with the photoreceptor drum 10 due fo its own
dead load.

The reason therefor is as follows: As described
previously with reference to Fig. 3, when the frans-
fer roller 23 is located below the photoreceptor
drum 21, gravity works on the transfer sheet P in a
direction to separate the transfer sheet P from the
photoreceptor drum 21, so that the fransfer sheet P
approaches the transfer roller 23. Since dirt on the
transfer roller 23 adheres to the transfer sheet P if
the transfer sheet P abuts the fransfer roller 23, a
sufficient distance has to be secured between the
transfer roller 23 and the photoreceptor drum 21.
On the contrary, in this embodiment, since the
transfer sheet P is separated from the transfer
roller 1 due to its own dead load, the distance d
between the photoreceptor drum 10 and the trans-
fer roller 1 can be reduced to the minimum.

When the distance d is reduced, the transfer
efficiency increases, and the current necessary for
the transfer is reduced. When the current is re-
duced, the generation of the discharge products
such as ozone which is harmful to the human body
and NOx which produces a bad effect on the
photoreceptor is reduced accordingly. Since the
transfer roller 1 is arranged so that the distance d
between the transfer roller 1 and the photoreceptor
drum 10 is greater than the thickness of the trans-
fer sheet P, the transfer sheet P never comes in
contact with the surface of the transfer roller 1
when it is in contact with the surface of the
photoreceptor drum 10 due o its own dead load as
described above. As a result, dirt on the transfer
roller 1 never adheres to the transfer sheet P.

In the conventional arrangement of Fig. 3, the
transfer sheet P is not in contact with the
photoreceptor drum 21 at a sufficient contact pres-
sure according to the gravity working on the trans-
fer sheet P. The degree of insufficiency of the
contact pressure differs according to the quality
and thickness of the transfer sheet P. When the
contact pressure is insufficient, mal-transfer occurs.

On the contrary, when the transfer roller 1 is
arranged above the photoreceptor drum 10 as de-
scribed above, gravity works on the transfer sheet
P in a direction to press it against the photorecep-
tor drum 10, so that the transfer sheet P is in
contact with the photoreceptor drum 10 at a suffi-
cient contact pressure. When the contact pressure
is sufficient, mal-transfer is prevented.

When the fransfer roller 23 is arranged below
the photoreceptor drum 21 as shown in Fig. 3, the
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guide members 25a and 25b are required whose
angles are adjusted to bend the transfer sheet P.
However, according to the arrangement of the
present invention, no guide members are neces-
sary to bend the transfer sheet P. That is, when the
transfer roller 1 is located above the photoreceptor
drum 10 as described previously, gravity works on
the transfer sheet P in a direction to bring the
transfer sheet P into close contact with the
photoreceptor drum 10, and therefore, the transfer
sheet P is brought into close contact with the
photoreceptor drum 10 without any need of guide
members the angles of which are adjusted.

Unlike the guide members 25a and 25b of Fig.
3, the angles of the guide members 15a and 15b
are not adjusted to bring the transfer sheet P into
close contact. The guide members 25a and 25b in
the prior art are provided not only to constitute the
conveying path for the transfer sheet P but also fo
guide the ftransfer sheet P to approach the
photoreceptor drum 21 while rising at an angle to
thereby prevent the contact of the transfer sheet P
with the transfer roller 23, and to guide the front
end of the transfer sheet P to a predetermined
position t0 be in close contact with the surface of
the photoreceptor drum 21. On the contrary, the
guide members 15a and 15b are provided merely
to constitute the conveying path for the fransfer
sheet P.

Further, when the fransfer roller 1 is arranged
above the photoreceptor drum 10, since the trans-
fer sheet P conveyed into the gap between the
transfer roller 1 and the photoreceptor drum 10
comes in close contact with the surface of the
photoreceptor drum 10 due to its own dead load, it
is unnecessary to press the fransfer sheet P
against the surface of the photoreceptor drum 10
by bending it by use of the guide members. There-
fore, it is unnecessary to provide the guide mem-
bers which resist the movement of the transfer
sheet P. For example, the movement of the transfer
sheet P receives no influence when the transfer
sheet P is released from the resist rollers 2 ar-
ranged in the upstream side of the photoreceptor
drum 10. That is, the problem no longer exists that
a slight positional shift is caused in the transferred
image at this time of release. Moreover, since the
friction is little between the transfer sheet P and the
guide members 15a and 15b, paper dust, which
causes mal-transfer and troubles in the image for-
ming apparatus, is hardly raised.

While a rotary photoreceptor drum is used as
an electrostatic latent image carrier in Fig. 4, the
present invention may be employed for an arrange-
ment where an endless-belt-type photoreceptor
which circularly moves is used. Moreover, as the
charge supplying means, a member which is fixed
at a position opposite to the photoreceptor drum 10
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may be used instead of a rotary transfer roller.

It is not easy to employ the transfer arrange-
ment of the present invention in an analog plain
paper copier (PPC) where the reading of the origi-
nal image and the exposure to the photoreceptor
drum 10 are performed by use of the same light.
This is because when the transfer roller 1 is ar-
ranged above the photoreceptor drum 10, it is
difficult to arrange the exposure means 5 serving
as a light source above the photoreceptor drum 10.
However, in the digital PPC as shown in Fig. 4, the
present invention is readily employed since dif-
ferent light beams are used for the reading of the
original and for the exposure. Thus, the present
invention is suitable for use in an apparatus such
as a facsimile apparatus, a printer and a digital
PPC where a laser optical system or a light emit-
ting diode (LED) optical system is used as the
exposure means.

Obviously, many modifications and variations
of the present invention are possible in light of the
above teachings. It is therefore to be understood
that within the scope of the appended claims, the
invention may be practiced other than as specifi-
cally described.

Claims

1. An image forming apparatus comprising:

an image carrier (10) which carries on its
surface an image constituted by charged toner;

sheet conveying means (2,3,15a,15b) for
conveying a sheet of paper (P) onto which the
image is to be fransferred, so as to pass above
the image carrier (10); and

a charge supplier (1) which charges the
sheet of paper (P) to a polarity reverse to a
polarity of the charged toner on the image
carrier (10) to ftransfer the image onto the
sheet of paper (P), said charge supplier (1)
being arranged above the image carrier (10)
and opposite to the image carrier (10) so that a
gap (d) larger than a thickness of the sheet of
paper (P) is left between the charge supplier
(1) and the image carrier (10).

2. An image forming apparatus according to
claim 1, wherein said image carrier (10) is a
rotary drum (10).

3. An image forming apparatus according to
claim 2, further comprising:
latent image forming means (5) for forming
an electrostatic latent image on the surface of
the image carrier (10), said latent image for-
ming means (5) being arranged below the ro-
tary drum (10); and
developing means (4) for developing the
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electrostatic latent image into a charged toner
image, said developing means (4) being ar-
ranged between the latent image forming
means (5) and the charge supplier (1).

An image forming apparatus comprising:

a rotary drum (10) which carries an image
on its surface;

sheet conveying means (2,3,15a,15b) for
conveying a sheet of paper (P) so as to pass
above the rotary drum (10) in order that a
transfer of the image onto the sheet of paper
(P) is performed above the rotary drum (10);

transfer means (1) for transferring the im-
age on the surface of the rotary drum (10) onto
the sheet of paper (P), said transfer means (1)
being arranged above the rotary drum (10);
and

image forming means (4,5) for forming the
image on the surface of the rotary drum (10)
below the transfer means (1).
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