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Image forming apparatus comprising a transferring brush.

@ An image forming apparatus includes an im-
age bearing member (3); a latent image form-
ing device (80) for forming a latent image on the
image bearing member, a resolution of the
latent image being x (dot/mm); a developing
device (1) for developing the latent image on the
image bearing member (3) into a toner image ; a
transferring device (9) for transferring the toner
image onto a transfer material ; wherein the
transferring device comprises a brush member
(10) imparted with a voltage, and a brush den-
sity (line/mm) of the brush satisfies :

y = 2x.

Jouve, 18, rue Saint-Denis, 75001 PARIS
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FIELD OF THE INVENTION AND RELATED ART

The present invention relates to an image forming
apparatus, such as an electrostatic copying machine
or printer, which incorporates an electrostatic trans-
ferring process.

A process in which a latent image is formed in re-
sponse to analog signals has been widely used in a
copying machine or the like. In particular, a process
in which a latent dot image is formed on an image
bearing member by turning on or off a laser beam has
come to be widely used in an image forming appara-
tus to be used for color image formation which re-
quires stricter image forming conditions.

When this type of apparatus is used to form an
image, a binary recording system is satisfactory if an
original contains only an image such as text or the
like, but it is not satisfactory if the original contains an
image such as a photograph or the like. This is be-
cause a half tone must be reproduced in the case of
latter. Therefore, imaging systems such as the design
system, density pattern system, and the like have
been proposed as a method capable of reproducing
the half tone while using the binary recording system.

However, since this type of recording means in-
volves such a problem that high resolution is not ac-
complished, a proposal has been made in which the
recording means has been devised in order to solve
this problem. In this devised recording means, the dot
size is varied in each picture element by PW (pulse-
width)-modulating the laser beam, whereby the tone
reproduction is accomplished without reducing the
picture element density, in other words, an excellent
halftone image can be obtained without sacrificing
the high resolution. Such a recording means is desir-
able in the case of the color image forming apparatus
which requires sfrict image forming conditions.

Figure 13 shows the essential structure of a laser
beam scanning portion of such an apparatus. To de-
scribe briefly this portion, a solid state laser element
202 is turned on or off, with a predetermined timing,
by a light emitting signal generator 20 in response to
inputted imaging signals. The laser beam emitted
from the solid state laser element 202 travels through
a collimator 203, is reflected by a polygon mirror ro-
tating in the direction indicated by an arrow b, and is
focused by f-0 lenses 205a, 205b and 205¢ on the
surface of an image bearing member 3, as a spot.

Thus, an exposure distribution which is equiva-
lent to a single image scanning line is formed on the
image bearing member surface. This scanning cycle
is repeated while the image bearing member is rotat-
ed by a predetermined peripheral distance in the di-
rection perpendicular to the aforementioned scanning
direction, whereby an latent image is formed on the
scanned surface, that is, the photosensitive layer on
the image bearing member surface. Thereafter, this
latent image may be transferred onto a transfer ma-
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terial by a known means.

In image formation, in particular, the image for-
mation using a high resolution color image forming
apparatus, a system incorporating a magnetic brush
and two component developing agents is frequently
used. This is because the latent dot image formed on
the image bearing member can be accurately visual-
ized by increasing the density of the magnetic brush.
Further, there are other advantages such that a low
voltage power source suffices to transfer the toner
image borne on the image bearing member onto the
transfer material; transfer current utilization efficien-
cy is high; a lesser amount of ozone is produced; and
the like. Therefore, a contact type transfer brush is
frequently used as a member for generating the trans-
fer electric field.

However, when a prior image forming means as
described above is used, irregular spots are some-
times generated during the transfer operation even
after the latent dot image is accurately developed.
Such imaging faults occur with the use of not only the
binary recording system but also the PWM system. In
particular, they are likely to occur in the highlight por-
tion. This phenomenon becomes more noticeable
when the latent dot image resolution is increased.

Thus an embodiment of the present invention
provides an image forming apparatus capable of pro-
ducing a high quality image.

According to an aspect of the present invention,
irregular spots are eliminated while increasing the re-
solution.

These and other objects, features and the inven-
tion will be more readily understood upon a consider-
ation of the following exemplary description of prefer-
red embodiments of the present invention taken in
conjunction with the accompanying drawings, in
which:

Figure 1A is a plan view of an embodiment of the
transfer brush according to the present invention.

Figure 1B is a sectional view of the embodiment
of the transfer brush according to the present inven-
tion.

Figure 2 is a sectional view of a typical color prin-
ter incorporating the electrophotographic system.

Figure 3 is a plan view of the exposing member.

Figure 4, (a) is a graph of the laser driver output.
Figure 4, (b) is a graph of the output of a solid state
laser.

Figure 5 shows graphs of exposure distribution by
the laser.

Figure 6 is a diagram of a PWM circuit.

Figure 7 is a timing chart for the PWM circuit op-
eration.

Figure 8 is an enlarged sectional view of an de-
veloping member and its adjacent components.

Figure 9 is a sectional view of an transferring
member and its adjacent components.

Figure 10 is a perspective view of a transfer drum.
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Figure 11 is a graph showing the relation between
the brush density and the half tone image quality
when the resolution is 400 dpi.

Figure 12 is a graph showing the relation be-
tween the brush density and the half tone image
quality when the resolution is 800 dpi.

Figure 13 is a schematic view of a laser beam
scanning portion.

Figure 14 is a sectional view of an alternative em-
bodiment of the image forming apparatus in accor-
dance with the present invention.

Figure 15Ais a plan view of an embodiment of the
transfer brush in accordance with the present inven-
tion. Figure 15B is a sectional view of the embodiment
of the transfer brush in accordance with the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Figure 2 shows a typical color printer, as an ex-
ample of image forming apparatus, incorporating the
electrophotographic system, in which a transfer brush
is employed. This printer comprises, as the image
bearing member, an electrophotographically sensitive
drum 3 which rotates in the direction indicated by an
arrow. This photosensitive drum 3 is surrounded by
a charger 4, a rotational developing apparatus 1 com-
prising developers 1M, 1C, 1Y and 1BK, a transferring
charger 10, a cleaning means 12, and an image form-
ing means comprising a laser beam scanner or the
like, and being disposed in the upward direction in the
drawing.

Next, the overall operational sequence of the col-
or printer is briefly described, referring to the full-color
mode. The photosensitive drum 3 is uniformly
charged by the charger 4. Then, the charged surface
is exposed to a laser beam E modulated by the ma-
genta imaging signals, whereby an electrostatic latent
image is formed on the photosensitive drum 3. This
latent image is developed by the magenta developer
1M positioned in advance at a predetermined location
in the developing station.

Meanwhile, a transfer material advanced by a
feed guide 5a, a feed roller 6, and a feed guide 5b is
gripped by a gripper 7 of a transfer drum 9, in syn-
chronization with a predetermined timing, and as the
transfer drum 9 rotates, the transfer material is wrap-
ped around the transfer drum 9 while being electro-
statically adhered to the transfer drum 9 by a contact
roller 8 and an electrode which coordinates with the
contact roller 8. The transfer drum 9 is rotated in the
direction indicated by an arrow D, in synchronization
with the photosensitive drum, and the visual image
which is developed from the aforementioned latent
image by the magenta developer 1M is transferred
onto the transfer material by the transfer charger 10,
in the transfer station. The transfer drum 9 continues

10

15

20

25

30

35

40

45

50

55

its rotation to be prepared for transferring the image
having next color (cyan in Figure 2).

On the other hand, the photosensitive drum 3 is
cleared of the charge by the charger 11, is cleaned by
the cleaning means 12, and then, is charged by the
charger 4 to be exposed, in the same manner as the
preceding exposure, to a laser beam modulated this
time by the cyan imaging signals. Meanwhile, the de-
veloping apparatus 1 is rotated in advance so thatthe
cyan developer 1C is positioned at the predetermined
developing location, in the developing station, where-
by the toner image of cyan color is formed.

The same image forming process is repeated for
yellow and black colors. After four toner images of dif-
ferent color are transferred onto the transfer material,
the transfer material is cleared of charge by a pair of
chargers 13 and 14, is released from the aforemen-
tioned gripper 7, and then, is separated from the
transfer drum 9 by a separating claw 15. Next, the
transfer material is sent by a conveyer belt 16 to a fix-
ing apparatus (fixing apparatus of a heat roller type),
where the toner images are fixed to the transfer ma-
terial, producing a desired full-color print, which con-
cludes a cycle of the full-color printing sequence.

Referring to Figure 3, the aforementioned laser
beam scanner which constitutes an exposing means
comprises a semiconductor laser 102, a polygon mir-
ror 105 which revolves at a high speed, and a f-0 lens
106. The semiconductor laser 102 serially receives
the digital image signals outputted by a computing de-
vice, such as a computer, of an image reading (scan-
ning) apparatus, and emits an oscillating laser beam
modulated in pulse width in response to the received
serial digital imaging signals, to exposes the surface
of the photosensitive drum 3.

More particularly, referring to Figure 3, the solid
state laser element 102, that is, the laser beam
source, is connected to a laser driver 500, that is, a
generator of light emitting signals, whereby it oscil-
lates the laser beam in response to the beam emitting
signals generated by the laser driver. The laser beam
flux emitted from the solid state laser element 102 is
substantially collimated by a collimator lens system
103. This collimator lens system 103 is movable by a
predetermined distance in the direction indicated by
an arrow A, that is, the direction parallel to the beam
passage.

The polygon mirror, that is, the rotational multi-
faceted mirror 105, rotates in the direction indicated
by an arrow B at a predetermined constant speed,
whereby the collimated beam coming out of the colli-
mator lens system 103 is reflected in such a manner
as to be scanned in the predetermined direction, that
is, the direction indicated by an arrow C. The -0 lens
group 106 (10a, 106b, 106c) disposed on the down-
stream side of the beam passage, with reference to
the rotational polygon mirror 105, focuses the laser
beam flux polarized by the polygon mirror on the sur-
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face to be scanned, that is, on the photosensitive
drum 8, as a spot which scans the surface to be scan-
ned, at a constant scanning speed.

While scanning the surface of the photosensitive
drum 3 which is the surface to be scanned, the laser
beam flux L is also reflected by a reflective mirror 107
toward a CCD 108 (solid state imaging element)
which is a detecting means. The CCD 108 comprises
a number of optical sensors, which are arranged in
such a manner that their arrangement becomes sub-
stantially equivalent to the surface arrangement of
the photosensitive drum, with reference to the light
source. Also, the CCD 108 is connected to a controller
100 for controlling the laser driver 500 and a focal
point adjusting means 104. Further, an image proces-
sor 111 is connected to the laser driver 500 and the
controller 100.

As for the operational sequence for forming a de-
sired image using an apparatus with the above-
described structure, first, an image output signal P is
inputted from the image processor 111 to the control-
ler 100, and then, an image signal S is inputted to the
laser driver 500, whereby the solid state laser element
102 is caused to oscillate a laser beam with a prede-
termined timing.

The laser beam emitted from the solid state laser
element 102 is collimated by the collimator lens sys-
tem 103, becoming a substantially parallel beam,
which is made to scan in the arrow C direction, by the
rotational polygon mirror 105 rotating in the arrow B
direction, and then, is focused by the -6 lens group
106 onto the photosensitive drum 3 as a spot. Each
time the laser beam flux L scans across the surface
of the photosensitive drum in the above mentioned
manner, an exposure distribution equivalent to a sin-
gle line of scanning is formed on the surface of the
photosensitive drum, wherein the photosensitive
drum 3 is rotated by a predetermined distance for ev-
ery scanning. As a result, a latent image is formed on
the photosensitive drum 3, which is equivalent to the
exposure distribution formed in response to the im-
age signal S. Then, this latent image is recorded as
avisual image on a transfer material, through a known
electrophotographic process.

The aforementioned image output signal P is out-
putted from the image processor 111 before the im-
age signal S is outputted, and it is turned off after the
image signal S is turned off. The controller 100
ceases its operation while receiving the image output
signal P from the image process 111. Therefore, the
size and contrast of the picture element can be kept
constant during the image forming operation.

Next, the operation of the laser beam flux focal
point adjusting means 104 is described.

First, an operational signal from the controller is
inputted to the laser driver 500. The laser driver gen-
erates rectangular waves which oscillate at a constant
frequency as shown in Figure 4(a) for a predeter-
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mined period, whereby the solid state laser element
102 is turned on and off in response to this signal, os-
cillating the laser beam it emits. The laser beam emit-
ted from the solid state laser element 102 is caused
to scan as described above, is reflected by the reflec-
tive mirror 107, and is projected onto the CCD 108
positioned at a location which is optically equivalent
to the photosensitive drum, scanning thereby the
CCD 108.

The controller 100 resets the accumulated
charge of each picture element before the laser beam
flux L scans the CCD 108. Each time the CCD 108 is
scanned by the spot of laser beams flux, a charge is
accumulated in each picture element of the CCD 108,
and this accumulated charge is read as an electric
signal.

The CCD 108 is positioned in a manner optically
equivalent to the photosensitive drum 8, with respect
to the scanning laser beam, and therefore, each time
the oscillating laser beam from the solid state laser
element 102 scans the CCD 108, the exposure dis-
tribution on the surface of the CCD 108 is an intensity
distribution pattern correspondent to the spot diame-
ter of the laser beam flux L, as shown in Figure 5.
Therefore, the output of each picture element of the
CCD 108 displays a distribution shown in Figure 4(b),
and this output is sent out as a signal to the controller
100. The controller 100 computes a contrast V with
use of the following formula, wherein the maximum
value of the output of the CCD 108 is 0,5, and the
minimum value is 0.

V= (emax - 9min)/(emax + 9min) (1)

In this case, the smaller the spot diameter is, the
higher the contrast V is, and therefore, when a value
of the V computed from the formula (1) is not equal
to a predetermined value V,, a driving signal is sent
from the controller 100 to the focusing means 104, to
move the collimator lens system 103 in the arrow A
direction by a predetermined distance. Then, the V is
measured again, with the collimator lens system 103
being at a new location, to compare the new value of
the V with V,. Eventually, the collimator lens system
103 is fixed at a location where the measured value
of V becomes equal to V,, thereby the focusing error
of the optical system is corrected, realizing thereby
the smallest diameter for the scanning spot of the las-
er beam flux L.

Figure 6 is a diagram of a PWM circuit, and Figure
7 is a timing chart for the PWM circuit operation.

Referring to Figure 6, the PWM circuit comprises
a TTL latching circuit for locating the eight bit image
signal, a level converter 402 for converting the TTL
logic level to the high speed ECL logic level, an
ECLD/A converter 403, an ECL comparator 404 for
generating the PWM signal, a level converter 405 for
converting the ECL logic level to the TTL logic level,
a clock generator 406 for generating a clock signal 2f
having a frequency twice a picture element clock sig-
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nal f, a triangular wave generator 407 for generating
a substantially idealistic triangular wave signal in syn-
chronization with the clock signal 2f, and a frequency
divider 408 for halving the clock signal 2f. Further, in
order to allow the circuit to operate at a high speed,
the ECL logic circuits are installed wherever appropri-
ate.

The circuit having such a structure is described
referring to Figure 7.

A pattern (a) depicts the clock signal 2f, and a pat-
tern (b) depicts the picture element clock signal f hav-
ing a period twice the signal (a). As is evident from the
drawing, they are correlated to the picture element
number. Also in the triangular wave generator 407, in
order to hold the duty ratio of the triangular wave sig-
nal at 50 % level, the triangular wave depicted by a
pattern (c) is generated by dividing the clock signal 2f
into halves. Further, this triangular wave pattern (c)
is converted to the ECL level (0 - -1 V), becoming the
triangular wave depicted by a pattern (d).

On the other hand, the image signal intensity
fluctuates within a gradation range from OOH (white)
to FFH (black), constituting thereby 256 gradation lev-
els, wherein the code H stands for the hexadecimal
code. A pattern (e) shows several ECL voltage levels
obtained by D/A conversion of the image signals,
wherein for example, alevel correspondent to the first
picture element is equivalent to FFH, that s, the black
in the gradation level; a level correspondent to the
second picture element, to 80H, that is, an intermedi-
ate gradation level; a level correspondent to the third
picture element, to 40H, that is, another intermediate
gradation level; and a level correspondent to the
fourth picture element is equivalent to 20H, that is, yet
another intermediate gradation level. The comparator
404 combines the triangular wave pattern (d) and the
image signal pattern (e) to generate PWM signals T,
t,, t3 and t, which are correspondent to the density of
the picture element to be formed. Then, the PWM sig-
nal is converted to the TTL level of 0 V or 5 V, becom-
ing the PWM signal depicted by a pattern (f), and is
inputted to the laser drive circuit 500.

In the circuit shown in Figure 6, an unshown look-
up table is provided in front of the latching circuit 401.
This look-up table is used to execute the y correction
on the image data. It comprise memories storing the
y-corrected data, which are accessed using the eight
bit image signal as the address data, to output an im-
age signal carrying y-corrected data. Normally, one
specific y-correction table is used for each page of im-
aging surface, but two or more y-correction tables
may be employed to be switched as needed during
the single page of image forming operation. For ex-
ample, three different tables may be alternately used
each time the scanning line is shifted to the next line,
in other words, the gradation in the secondary scan-
ning direction is corrected by switching the y-correc-
tion for each scanning line.
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Further, the look-up table may be provided for
each of the color toners, for example, yellow, magen-
ta, cyan and black, so that the correction is not affect-
ed by the density peculiar to a specific color toner. In
other words, a toner having a low density is matched
with a so-called "enhancing" y-correction table, and a
toner having a high density is matched with a y-cor-
rection table having the opposite characteristic. Also,
in order to correct the murkiness of each other color,
a non-linear color masking circuit, for example, a sec-
ondary color masking circuit, may be provided in the
beginning portion of the look-up table.

The aforementioned PWM system is character-
ized in that the intermediate tone can be realized by
gradating the area size of a dot for each picture ele-
ment, and therefore, the picture element density does
not need to be sacrificed.

Hereinafter, the present invention will be further
described, referring to the embodiments.

Figure 8 is an enlarged sectional view of one of
the developer and its adjacent area in a revolving de-
veloping apparatus 1 incorporated in the laser beam
printer shown in Figure 1. This developer is located in
a developing station, facing the photosensitive drum
3.

The developer comprises a developing sleeve 22
positioned next to the photosensitive drum 3. The de-
veloping sleeve 22 is made of non-magnetic material
such as aluminum or SUS 316, and is placed in a de-
veloping case 36, across an elongated opening
formed in the lower left portion of the wall of the de-
veloper case, extending in the horizontal direction of
the case, wherein an approximately half of its periph-
eral surface is exposed from the opening, and the
rest is in the case. It is supported by bearings and is
rotated in the direction indicated by an arrow b.

Within the developing sleeve 22, a permanent
magnet 23 is fixed as a means for generating a fixed
magnetic field, holding an attitude as shown in the
drawing. The magnet 23 has four magnetic poles:
magnetic poles 23a (N pole), 23b (S pole), 23¢c (N),
and 23d (S). The magnet 23, which is a permanent
magnet, may be replaced by an electro-magnet.

The developer alsoc comprises a non-magnetic
blade 24 which serves as a member for regulating the
developing agent. It is disposed at the upperlip of the
aforementioned opening, through which the develop-
ing agent is fed. Its base end is fixed to the developer
case walll, and the tip of the other end projects beyond
the upper lip of the opening, extending horizontally
across the opening. This blade 24 is made by bending
a piece of SUS 316 in a manner so as for its cross sec-
tion to form an "L" shape.

The developer further comprises a magnetic par-
ticle regulating member 26, the bottom surface of
which serves as a developing agent guiding surface,
and this developing agent guiding surface extends to
contact the inner surface of the non-magnetic blade
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24, at the opening. The blade 24, magnetic particle
regulating member 26, and the other serve as a reg-
ulating members as a whole.

The developing agent contains magnetic particle
27 and non-magnetic toner 37. In order to seal the to-
ner which might build up at the bottom of the devel-
oper case 36, an elastic sealing member 40 is provid-
ed. One end of the sealing member 40 is fixed on the
case and the other is bent in the rotating direction of
the sleeve 22, pressing on the surface of the sleeve
22, so that the developing agent is let in through the
contact area between the sealing member 40 and
sleeve 22, from the downstream side, with reference
to the direction in which the sleeve 22 rotates.

Also in the developer case, a plate electrode 30
and a toner feeding roller 60 are provided. The plate
electrode 30 is imparted with a voltage of the same
polarity as the toner, so that the loose toner, that is,
the toner which becomes loose during the developing
process, is adhered to the photosensitive drum. The
toner feeding roller 60 is activated in response to the
output from the toner density sensor (unshown). As
for sensing means, a piezoelectric element, an induc-
tance sensing element, or the like may be used to-
gether with a system in which the developing agent
volume is detected, an antenna system in which an al-
ternating bias is utilized, and a system in which the
optical density is detected. The non-magnetic toner
37 is fed by stopping the rotation of the feed roller 60.
The fresh developing agent, that is, the developing
agent replenished with the non-magnetic toner 37, is
stirred and mixed while being conveyed by a screw
61. During this conveyance, the replenished toner is
triboelectrically charged. A divider plate 63 is cut out
at each end in the longitudinal direction of the devel-
oper, and the fresh developing agent conveyed by the
screw 61 is transferred to a screw 62, through these
cutouts.

The S pole 23(d) is a conveyer pole. It recovers
the residual developer into the developer case after
the development, and conveys the developing agent
within the case to the regulating members. In the
proximity of the S pole 23(d), the developing agent re-
covered after the development is exchanged with the
fresh developing agent being conveyed by the screw
62 disposed close to the sleeve 22.

The conveyer screw 64 is provided for equalizing
the distribution of the developing agent in the direc-
tion of the developing sleeve axis. As the sleeve ro-
tates, the developing agent rides on the sleeve sur-
face and is conveyed toward the screw 64, where it
is conveyed in the sleeve axis direction, creating a
heap of developing agent moving in the sleeve axis
direction. A portion of this heap of developing agent
moving in the sleeve axis direction. A portion of this
keep of developing agent is pushed back in the direc-
tion opposite to the one in which the developing agent
on the sleeve is conveyed, within a space M shown

10

15

20

25

30

35

40

45

50

55

in Figure 8. The screw 64 delivers the developing
agent in the direction opposite to the one in which the
screw 6 does.

Such a developer structure is effective also in the
case in which a mixture of the magnetic particle and
the non-magnetic toner, or the magnetic particle and
a slightly magnetic toner, is in the developing agent
container.

The distance d, between the tip of the non-mag-
netic blade 24 and the developing sleeve 22 is 50 -
900 pum, preferably 150 - 800 pum. If this distance is no
more than 50 um, the gap is clogged with the mag-
netic particle, causing thereby the developing agent
to be distributed as an uneven layer. This makes it im-
possible to coat the developing agent on the surface
of the sleeve, in such a manner that the image is
properly developed, resulting n an image having a low
density and irregular tone reproduction.

Though magnetic particles in this magnetic par-
ticle layer are carried on the sleeve 22 and conveyed
in the arrow b direction in which the sleeve 22 is ro-
tated, the farther their distances from the surface of
the sleeve 22 are, the slower the speed at which they
move as the sleeve 22 is rotated are, because of the
balance between the magnetic force, effect of gravi-
ty, and force urging it to move in the rotating direction
of the sleeve 22. Of course, some of them fall of the
sleeve 22 because of the effect of gravity.

Therefore, when the magnetic poles 23a and 23d
are properly positioned, and also, the fluidity and
magnetic characteristic of the magnetic particle 27
are properly selected, the magnetic particles create
a dynamic layer in which the closer the magnetic par-
ticles are to the surface of the sleeve 22, the more
they shift toward the magnetic pole 23a. As the mag-
netic particles shift while the sleeve 22 is rotated, the
magnetic particles and the toner are supplied to the
developing station where they develop the image.

Figure 1 shows an example of the transfer brush
incorporated in an embodiment of the image forming
apparatus in accordance with the present invention.

Figure 1A is a plan view, and Figure 1B is a sec-
tional view. In this embodiment, a conductive brush
10a is composed of micro-acrylic fiber which is made
conductive by being dyed with copper sulfate. How-
ever, this conductive fiber may be replaced with con-
ductive or semi-conductive material: stainless steel
fiber measuring 8 - 15 um in cross sectional area size;
resin fiber, such as acrylic fiber, nylon fiber, polyester
fiber, rayon fiber, or the like, which is plated with met-
al; composite material in which conductive material
such as carbon or metallic powder is mixed in resin;
carbon fiber composed by carbonizing the resin fiber
or the like, to impart conductivity; or the like.

As for the volume resistivity, material having a
volume resistivity value of no more than 101% Q/cm,
preferably no more than 108, is usable.

Figure 9 shows a sectional view of the transfer-
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ring member.

The conductive fiber brush 10 is pressed on a di-
electric material sheet 93 because of the elasticity of
an elastic dielectric material sheet 10c, such as 125
um thick polyethylene telephthalate (PET) or the like,
which covers one side of the conductive fiber brush
10. The other side of the conductive fiber brush 10,
which faces the back side of the dielectric material
sheet 93 where the conductive fiber brush 10 con-
tacts the dielectric material sheet 93, is covered with
an electric field regulating member 10b composed of
a dielectric material sheet such as 50 um thick PET
sheet (polyethylene telephthalate) or the like, so that
the electric field is shielded on the upstream side of
the transfer station. The conductive fiber brush 10 is
connected to a transfer power source 40. A transfer
electric field generating means having such a struc-
ture as described above induces no such current that
does not directly contribute to the transfer operation,
as the current which flows to the shield if the corona
discharger is employed, and therefore, all of the cur-
rent flowing from the transfer power source contri-
butes as the transfer charge current.

Figure 10 is a perspective view of a transfer drum.
A transfer drum 9 comprises a pair of cylinders 9a and
9b made of conductive material such as metal, a con-
necting member 9¢ which connects the cylinders 9a
and 9b, and transfer material carrying member, that
is, the dielectric material sheet 93, which is spread be-
tween the cylinders 9a and 9b in a manner to com-
plete the transfer drum 9. THe dielectric material
sheet 93 must satisfy at least two of the conditions:
that the dielectric constant is 3.0 - 13.0; that the vol-
ume resistivity is 109 - 1014 Q/cm; and that the thick-
ness is 70 - 200 um, and is composed of, for example,
polyfluorovinylidene resin (PVdF) film. The leading
end and the trailing end of the dielectric material
sheet 93 are fixed on the connecting member 9c.

In this embodiment, the diameter of the transfer
drum 9 is 160 mm, and its rotating speed is set at 160
mm/sec. Also, he process speed, that is, the moving
speed of the photosensitive drum 3 or the like, is set
at 160 mm/sec.

The toner employed in this embodiment is com-
posed of colored resin particles (containing bonding
resin and coloring agent, as well as other additives if
necessary) containing filler such as micro-particles of
hydrophobic colloidal silica. More particularly, it is a
polyester resin with a negative charge polarity, and its
volume average particle diameter is 8 pm.

After latent halftone dot images having a resolu-
tion of 400 dpi and 800 dpi, respectively, were formed
and developed, they were ftransferred using the
transfer brush while the brush density was varied,
and the picture quality of the transferred image sam-
ples were evaluated. As a result, it became evident
that if the density of the transfer brush was not high,
a tone reproduction irregularity developed.
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Figure 11 shows the relation between the brush
density and the picture quality when the latent half-
tone dot image having 400 dip (15.7 dot/mm) was
formed.

The picture quality was rated using the subjective
evaluations consisting of five grades:

5 ... Excellent
.. Good
... Average
.. Bad
... Poor

wherein, 30 evaluators were asked to give sub-
jective points to the produced images, twice for each
images, making a total of 60 evaluations, and then,
the average value was plotted in the graph. It is evi-
dent according to the graph that the picture quality
linearly improved as the brush density was increased
from five line/mm to 30 line/mm, and when the brush
density was higher than 30 line/mm, an excellent im-
age with no tone reproduction irregularity could be
obtained.

Figure 12 shows the relation between the brush
density and the picture quality when the latent half
tone dot image having a density of 800 dpi (31.5
dot/mm) was formed. The produced image was eval-
uated in the same manner as the above described
case in which the dot density was 400 dpi.

It is evident from this graph that the picture qual-
ity improved as the brush density was increased from
the 10 line/mm to 60 line/mm, and when the picture
density was more than 60 line/mm, an excellent im-
age with no tone reproduction irregularity could be
obtained.

Figure 14 is an alternative embodiment of the im-
age forming apparatus in accordance with the pres-
ent invention.

In this embodiment, the image forming apparatus
is a full color laser beam printer, whereas it is different
from the one used in the preceding embodiment, in
that a dedicated image bearing member is provided
for each color. In other words, this embodiment com-
prises dedicated photosensitive drums 3Y (yellow),
3M (magenta), 3C (cyan), and 3BK (black), which are
surrounded, respectively, by: dedicated laser beam
scanners 80Y, 80M, 80C, and 80BK; dedicated devel-
opers 1Y, 1M, 1C and 1BK; dedicated transfer dis-
chargers 10Y, 10M, 10C and 10BK; and dedicated
cleaners 12Y, 12M, 12C and 12BK.

The transfer material is fed through a feed guide
5a, and is delivered through a feed roller 6 and a guide
5b. Then, it is subjected to the corona discharge from
the adhesion charger 81, whereby it is securely ad-
hered onto the conveyer belt 9a.

Next, the images formed on respective photosen-
sitive drums are ftransferred by the brushes 10Y,
10M, 10C and 10BK onto the transfer material. Then,
the transfer material is cleared of the charge by the
charge removing member 82, whereby it is separated

=N W h
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from the conveyer belt 9a. Then, the images are fixed
onto the recording material by a fixing member 17, of-
fering thereby a full-color image.

In Figure 14, conductive brushes 10Y, 10M, 10C
and 10BK, that is, the means for generating the elec-
tric field, are in contact with the inner side surface of
the transfer belt 9a, that is, the transfer material car-
rying member. Further, an unshown bias voltage
power source which generates the transfer electric
field is connected to the conductive brush 10Y, 10M,
10C and 10BK.

As for the positioning of the conductive brush,
the conductive brush diagonally extends from the en-
trance side of the transfer material toward the down-
stream side of the transfer belt 9a, and because of its
elasticity and its extreme proximity to the transfer belt
9a, it presses itself upon the transfer belt 9a across a
range between where the transfer material being car-
ried on the transfer belt 9a begins its contact with the
photosensitive drum and where it begins to lose its
contact. As for the transfer belt 9a, a sheet of different
type of dielectric material, or a compound sheet made
of various types of dielectric material my be used for
the transfer belt 9a. However, in this embodiment, a
sheet of 150 pum thick polyflucrovinylidene (PVdF)
was used. This embodiment was subjected to a text
in which a latent halftone dot image having a resolu-
tion of 400 dpi, or 800 dip, was formed, and then, the
latent image was developed in reversal into a visible
image, using a toner having an approximate average
diameter of 8 um. The image samples were evaluated
in the same manner as the test of the preceding em-
bodiment, in which the transfer brush density was
varied. An excellent images was obtained when the
brush density was twice or more the resolution of the
latent dot image.

Figure 15 shows an example of a brush in which
a large number of bristles are compacted in order to
increase the transfer brush density, wherein Figure
15Ais a plan view, and Figure 15B is a sectional view
in which the bundle of bristles are placed in two layers
in the brush. When the brush was made as shown in
the sectional view, a brush density of approximately
100 line/mm was accomplished, offering an excellent
picture image.

The image forming means according to the pres-
ent invention which is structured in the aforemen-
tioned manner can form a high quality picture image
in which tone reproduction is excellent even in the
area where the image density is low, in other words,
there is no tone reproduction irregularity.

More specifically, though the tone reproduction
irregularity in the highlight and halftone areas be-
comes more conspicuous as the resolution is in-
creased, an excellent picture image can be nonethe-
less produced if a transfer brush having a density
twice or more the resolution of the latent dot image is
used or the transfer operation after the latent dot im-
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age is formed and developed.

While the invention has been described with ref-
erence to the structures disclosed herein, it is not
confined to the details set forth and this application
is intended to cover such modifications or changes as
may come within the purposes of the improvements
or the scope of the following claims.

Claims

1. An image forming apparatus comprising:

an image bearing member;

latent image forming means for forming a
latent image on said image bearing member, the
resolution of the latent image being x (dot/mm);

developing means for developing the la-
tent image on said image bearing member into a
toner image;

transferring means for transferring the to-
ner image onto a transfer material;

wherein said transferring means compris-
es a brush member imparted with a voltage, and
the brush density (line/mm) of said brush satis-
fies:

Y = 2x.

2. An image forming apparatus according to Claim
1, wherein said image bearing member is a pho-
tosensitive member, and said image forming
means uses a laser beam to expose said photo-
sensitive member, for image formation.

3. An image forming apparatus according to Claim
1, wherein said developing means comprises a
developer carrying member for carrying a devel-
oper containing toner and magnetic particle, and
said developer carrying member supplies the to-
ner to said image bearing member.

4. An image forming apparatus according to Claim
3, wherein a magnetic brush composed of the to-
ner and the magnetic particle is formed on said
developer carrying member, and this magnetic
brush is contactable with said image bearing
member.

5. An image forming apparatus according to Claim
1, wherein said transferring means comprises a
transfer material carrying member for carrying a
transfer material, and said brush member is con-
tactable the transfer material carrying member,
on the side opposite from where said image bear-
ing member contacts said transfer material carry-
ing member.

6. An image forming apparatus according to Claim
5, wherein said transfer material carrying mem-
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ber includes a sheet of dielectric material.

An image forming apparatus according to Claim
5, wherein said developing means comprises a
developer carrying member for carrying a devel-
oper containing toner and magnetic particle, and
said developer carrying member supplies the to-
ner to said image bearing member.

An image forming apparatus according to Claim
7, wherein a magnetic brush composed of the to-
ner and the magnetic particle is formed on said
developer carrying member, and this magnetic
brush is contactable with said image bearing
member.

An image forming apparatus according to Claim
5, wherein a plurality of toner images of different
color are transferred in a superimposing manner,
on the transfer material carried on said transfer
material carrying member.

An image forming apparatus according to Claim
9, wherein said apparatus is capable of forming
a full-color toner image on the transfer material.
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