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Description

FIELD OF THE INVENTION

The invention relates in general to electrostato-
graphic reproduction apparatus, and more particularly
to an improved magnetic brush development apparatus
for an electrostatographic reproduction apparatus.

DESCRIPTION OF THE PRIOR ART

Magnetic brush development apparatus for apply-
ing developer material to a latent image in an electrosta-
tographic reproduction apparatus are well known in the
art. Such apparatus may include a housing having a
sump portion which contains a supply of developer ma-
terial. When the developer material comprises a mixture
of magnetic carrier particles and smaller pigmented
marking particles, the material in the sump is agitated
to triboelectrically charge the material prior to delivering
it to a magnetic brush where it can be brought into as-
sociation with, and transferred to, an electrostatic latent
image to develop such image.

U.S.-A-4,671,207 discloses a magnetic brush de-
velopment apparatus particularly suitable for use with
developer material having pigmented marking particles
and permanent magnetic carrier particles. More partic-
ularly, the disclosed apparatus include a ribbon blender
that is used for agitating (mixing), feeding and triboelec-
trically charging such material in the sump portion of a
magnetic brush development apparatus, and a feed
mechanism that delivers material from the sump portion
to a magnetic brush. The material delivered to the mag-
netic brush is applied to the latent electrostatic image in
a development zone to develop the image. The ribbon
blender is constructed to provide uniform flow distribu-
tion of developer material across the length of the ap-
paratus so that a sufficient supply of material is delivered
to the magnetic brush over its full extent to uniformly
develop the entire latent electrostatic image. A take-off
skive, in contact with the magnetic brush downstream
of the development zone, strips excess developer ma-
terial from the magnetic brush and returns such material
to the sump portion.

Since the pigmented marking particles are used
during image development, replenishment of the devel-
oper material must be periodically effected. Typical re-
plenishment devices include a reservoir for replenish-
ment material with a flow communication path between
the reservoir and the sump of the of the development
apparatus. A selectively actuable member, such as a
roller, controls flow of replenishment material through
the path. It has been found that under certain conditions
the set up latitude between the replenishment roller and
the flow communication path is unduly limited which can
result in inconsistent replenishment or marking particle
level sensor inconsistencies. Further, under certain con-
ditions measurement of level of replenishment material
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in the reservoir is inconsistent, which can result in run-
ning out of replenishment material without knowing it.

It has also been found that under certain conditions
the mounting of the take-off skive imposes a force on
the magnetic brush which causes excessive torque in
the rotation of the magnetic brush. Such excessive
torque causes heat build up and accelerated wear of the
skive and the magnetic brush, and induces production
of development material flakes between the skive and
the magnetic brush. These flakes result in undesirable
artifacts being produced in the developed image.

It has also been found that under certain conditions
the mixing of replenished pigmented marking particles
and developer material does not completely occur. That
is, the marking particles do not charge sufficiently to dis-
perse and adhere tothe carrier particles in the developer
material in the sump of the development apparatus. This
may result in the generation of unacceptable artifacts in
the developed image.

It has also been found that under certain conditions
particulate material in an uncharged, or low charged
state, becomes airborne. Such airborne material can
cause undesirable artifacts in the developed images
and/or exit from the development apparatus to contam-
inate the interior of the electrostatographic reproduction
machine.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
magnetic brush development apparatus for applying de-
veloper material to a latent image on a moving image
carrying member to overcome the above-described de-
ficiencies. According to the present invention a magnet-
ic brush development apparatus is provided as defined
in Claim 1. Essentially, the development apparatus in-
cludes a housing having a portion defining a sump
adapted to contain a supply of developer material, and
a magnetic brush located substantially within the hous-
ing in spaced relation to the sump portion for applying
developer material to the latent image. A feed mecha-
nism including a metering assembly located within the
housing between the sump portion and the magnetic
brush transports developer material from the sump to
the magnetic brush, and a mechanism located in the
sump portion agitates developer material and transports
developer material to the feed mechanism. A take-off
skive for stripping development material from the mag-
netic brush after application to a latent image and direct-
ing such material to the sump portion is mounted so that
the skive is self-adjustably supported between the me-
tering assembly and the magnetic brush. In order to en-
hance the mixing of developer material, flow of devel-
oper material is directed from the wall of the housing
adjacent to the sump portion back into the agitating and
transport mechanism. Further, developer material in the
sump portion is replenished by a device which includes
a reservoir for replenishment material adjacent to the
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sump portion, a flow communication path between the
reservoir and the sump portion and a selectively rotata-
ble roller located relative to the path to control flow of
replenishment material through the path. The entrance
to the path is configured to engage the roller such that
the set up latitude between the roller and path is in-
creased. Measuring the level of replenishment material
in the reservoir is facilitated by the material monitor lo-
cated in the bottom of the reservoir immediately up-
stream of the flow communication path, the surface of
the monitor being periodically swept to assure accurate
measurement of replenishment material level. Still fur-
ther, a shield is located upstream of the development
zone between the housing and the image carrying mem-
ber for containing developer material within the devel-
opment zone to substantially prevent escape of airborne
particulate material from the apparatus.

The invention, and its objects and advantages, will
become more apparent in the detailed description of the
preferred embodiment presented below.

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description of the preferred embod-
iment of the invention presented below, reference is
made to the accompanying drawings, in which:

Figure 1 is an end elevational view, partly in cross-
section, of the improved magnetic brush develop-
ment apparatus according to the present invention;
Figure 2 is a side elevational view, on an enlarged
scale, of a portion of the replenishment skive wall
of the magnetic brush development apparatus
shown in Fig. 1;

Figure 3 is an end elevational view, on an enlarged
scale, of the take-off skive mounting device for the
magnetic brush development apparatus shown in
Fig. 1, and

Figure 4 is a top plan view of a portion of the take-
off skive mounting device for the magnetic brush de-
velopment apparatus shown in Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the accompanying drawings, Fig.
1 shows an improved magnetic brush development ap-
paratus according to this invention, generally designat-
ed by the numeral 10. The apparatus 10 is adapted to
provide a supply of developer material, including pig-
mented marking particles and carrier particles, to an
electrostatic latent image carried by a member 12 in or-
der to develop the latent image on the member with the
marking particles. The member 12, which is for example
part of an electrostatographic reproduction apparatus,
is in the form of an endless web or a drum, or can be
discrete sheets on which a reproduction is formed. The
member 12 is moved past apparatus 10 in the direction
shown by the arrow A during development of the latent
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image on the member.

Apparatus 10 comprises a housing 14 having
spaced, generally parallel, substantially vertical side
walls 16, 18; a generally semi-cylindrical bottom wall 20
that joins the side walls; and end walls (not shown). The
lower portion of the housing defines a sump S for con-
taining a supply of developer material. The developer
material can be of any known type, for example includ-
ing two-component developer material comprising hard,
permanent magnetic carrier particles and pigmented
marking particles, such as disclosed in U.S.-A-
4,546,060.

Developer material in sump S is agitated in order to
mix the marking particles and carrier particles, provide
triboelectric charging of the developer material, move
the material along the length of the sump, and deliver
developer material to a feed mechanism 60. Such agi-
tation is effected by a ribbon blender generally desig-
nated by the numeral 26, such as disclosed in the afore-
mentioned U.S.-A- 4,671,207. The ribbon blender 26
comprises an outer helical ribbon 28 and an inner helical
ribbon 30. Both ribbons are coiled concentrically about
a shaft 32. Shaft 32 is, in turn, concentrically located
with respect to the semi-cylindrical bottom wall 20 of the
housing 14, and runs for substantially the full length
thereof. The ribbons 28, 30 rotate with the shaft 32. Rib-
bon 28 may have the same pitch throughout its length,
or may have one pitch over half its length and the oppo-
site pitch over the other half of its length. The pitch ori-
entation of ribbon 30 is selected to be opposite to the
pitch orientation of ribbon 28. When the shaft 32 is ro-
tated in a counterclockwise direction as viewed in Fig.
1, the ribbons move developer material in sump S in a
counterclockwise direction, as well as a direction from
the front of the housing 14 toward the rear, and then
fromthe rear of the housing toward the front. This results
in significant agitation and shearing of the developer
material in order to triboelectrically charge the material.

Under certain conditions, such as when fresh mark-
ing particles are added to the developer material in the
sump S inthe manner described below, the marking par-
ticles may not adequately mix with the carrier particles
before delivery to the feed mechanism 60. As a result
of inadequate mixing, marking particles may be left un-
charged or may only be charged to a low level insuffi-
cient to function in the desired manner during develop-
ment of the latent electrostatic image on the member
12. This may result in formation of airborne marking par-
ticles which can escape from the development station,
and artifacts in a finished reproduction due to incom-
plete development. In order to enhance mixing, a pro-
tuberance 16a is formed on the wall 16 of the develop-
ment station housing 14 adjacent to the ribbon blender
26 upstream of the feed mechanism 60. The protuber-
ance 16a, which runs substantially the full length of the
housing 14, directs flow of developer material (particu-
larly any replenished marking particles) from the wall of
the housing adjacent to the sump portion back into the
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ribbon blender thereby creating turbulence in the devel-
oper material being agitated by the ribbon blender to ef-
fectively extend the mixing path for the material. This
gives the marking particles more time to disperse within
the developer material and adequately charge before
being picked up and fed by the mechanism 60 to the
magnetic brush 36. Accordingly, the amount of un-
charged (or low charged) marking particles is substan-
tially reduced thereby concomitantly reducing undesir-
able airborne marking particles.

A magnetic brush, generally designated by the nu-
meral 36, is located at the top of housing 14. The mag-
netic brush 36 may be of any suitable construction, such
as illustrated for example in Fig. 1, where the magnetic
brush includes a shell 38 of a non-magnetic material that
rotates counterclockwise as indicated by arrow 40 about
a core 42. Core 42 comprises a plurality of permanent
magnets rotatable in a clockwise direction as shown by
arrow 46. The axis of rotation of the core, coincident with
the axis of rotation of the shell, is designated generally
by the numeral 48. A portion of the magnetic brush 36
projects through the top of the housing 14 and lies di-
rectly underneath the electrostatic latent image carrying
member 12.

Immediately beneath the magnetic brush 36 is a
feed mechanism generally designated by the numeral
60. The feed mechanism 60 includes a metering assem-
bly 50 having a plate defining an elongated feed slot 54
that extends substantially the full length of the magnetic
brush and lies adjacent to the outer surface of the mag-
netic brush shell 38. Developer material received from
the lower portion of the housing 14 passes through slot
54 to the brush 36, such material being attracted to the
outer surface of shell 38 by the magnets in the core 42
of the magnetic brush. A transport assembly 60a for the
feed mechanism 60 is located between metering as-
sembly 50 and the ribbon blender 26. The transport as-
sembly 60a receives developer material from the sump
S and the ribbon blender 26, and transports such mate-
rial to the metering assembly 50 and through the slot 54
to the magnetic brush 36. The transport assembly 60a
comprises, for example, a shell rotatable in a counter-
clockwise direction shown by the arrow with a plurality
of stationary magnets that extend counterclockwise
from a position generally directly above the ribbon
blender 26 to a position just ahead of the feed slot 54
(approximately 160 degrees). Developer material from
the sump is attracted to the shell and held to the shell
in the area under the influence of the magnets. Thus the
material can be transported from the sump to the slot
54 without dropping from the shell.

In operation, developer material provided to the
magnetic brush 36 is carried by the shell 38 into opera-
tive contact with the latent image carrying member 12
for developing an electrostatic latent image on the im-
age bearing member with pigmented marking particles
in a development zone between the brush and the mem-
ber. Even with the improved developer material mixing
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described above, some percentage of the marking par-
ticles are not charged (or have low charge) and become
airborne. As noted, these particles can cause image ar-
tifacts or may exit the development apparatus 10 to
cause contamination within the reproduction apparatus
or its environment. In order to substantially prevent es-
cape of the airborne marking particles from the devel-
opment apparatus 10, a contamination control flap 44 is
provided. The flap 44 is a thin flexible member fixed to
the housing 14 upstream of the development zone. The
connection of the flap 44 to the housing 14 is effected
such that the flap extends into the path of the latent im-
age carrying member 12, and is oriented at an angle
with respect to the member to effect engagement of the
flap with the member under a minimal engagement
force. In this manner damage to the member 12 or un-
due wear of the flap 44 is minimized. The flap 44 then
serves as a seal between the development apparatus
10 and the member 12. Accordingly, any airborne mark-
ing particles are trapped and forced into the developer
nap of the development zone. In such zone, the marking
particles are charged and become part of the developed
image, or are returned with the excess developer mate-
rial exiting the development zone. In this manner, es-
cape of the airborne marking particles is substantially
prevented and build up of uncharged marking particle
within the development apparatus 10 is greatly reduced.

After development of the latent image with marking
particles by the magnetic brush 36, continued rotation
of the shell 38 of the magnetic brush brings the devel-
oper material remaining on the shell to a take-off skive
74 for scraping the material from the shell. The removed
material returns by gravity to the sump S where it is
remixed by the ribbon blender 26 with developer mate-
rial remaining in the sump. The take-off skive 74 in-
cludes an elongated blade 76 for removing developer
material passing through the development zone, from
the shell 38. The blade 76 is attached to mounting mem-
bers 78 (one shown in the drawings). As best shown in
Figs. 3 and 4, the mounting members 78 define slots
78a which are adapted to receive pins 80 respectively
extending from end blocks 82 supporting the magnetic
brush 36 whereby the take-off skive is capable of limited
self-adjusting movement. The slots 78a are oriented so
that the limited movement of the take-off skive 74, for
any particular development apparatus, automatically
defines a position for the skive determined by the plate
of the metering assembly 50 (engaged by the members
78) and the contour of the shell 38 (engaged by the
blade 76). In operation, the blade 76 is held in contact
with the shell 38 by developer material scraped off of
the shell. That is, the field of the magnets of the core 42
act to attract the developer material on the blade pulling
the blade into intimate contact with the shell. By utilizing
the magnetic properties of the developer material and
the slotted mounting of the take-off skive to properly po-
sition the skive blade 76 against the shell 38, a lower
torque is established for the magnetic brush 36 than with
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prior take-off skive mounting arrangements employing
positive forces for blade/ shell engagement. The lower
torque is particularly significant in that it serves several
purposes. It reduces heat generated by the develop-
ment apparatus, wear to the blade of the skive, and the
amount of flakes produced between the blade and the
shell.

Since material returned from the magnetic brush 36
will be partially depleted of marking particles (used up
in the development of electrostatic latent images), fresh
marking particles must be periodically provided to the
sump S to replenish the developer material. To this end,
a replenishment system 70 is located at one side of the
housing 14 adjacent to the side wall 18. The replenish-
ment system 70 includes a reservoir 72 for storing a sup-
ply of marking particle replenishment material. The com-
mon wall 18 defines an opening 18a which provides a
flow communication path between the marking particle
reservoir 72 and the sump S. A fibrous reple- nishment
brush 90 is rotatably mounted in the bottom of the res-
ervoir 72 adjacent to the opening 18a, the fibers of the
brush extending through the opening. The replenish-
ment brush 90, when not rotating acts to seal the open-
ing to prevent marking particles from flowing from the
reservoir to the sump. However, when the concentration
of marking particles in the developer material in the
sump (as determined by any well known concentration
monitor for example shown in Fig. 1 as mechanism 92)
falls below a desired level for adequate latent image de-
velopment, the replenishment brush 90 is selectively ro-
tated to feed a quantity of fresh marking particles from
the reservoir to the sump. The portion of the wall 18
forming the marginal edge 18b of the opening 18a has
a saw-toothed configuration (see Fig. 2). When the
brush 90 is rotated in a counterclockwise direction, the
saw-toothed configuration acts to readily comb marking
particles out of the fibers of the replenishment brush.
When compared to straight walls found in replenishment
systems of prior development apparatus, the saw-
toothed configuration reduces the area in heavy contact
with the the brush fiber, concomitantly reducing the
torque required to rotate the replenishment brush. As a
result of this torque reduction, the tolerance for locating
the replenishment brush 90 relative to the opening 18a
is significantly expanded. This, in turn, broadens the set
up latitude for the replenishment brush under which ac-
ceptable replenishment rates can be accomplished
without producing unacceptably high torque levels.

The replenishment system 70 also includes an im-
proved mechanism for sensing the level of marking par-
ticles in the reservoir 72. The level sensing mechanism
includes a sensor 94 mounted at the bottom of the re-
plenishment system housing in a substantially horizon-
tal orientation. Such orientation is necessary to properly
provide an "out of marking particles" signal where the
marking particles are fed from the reservoir near one
side at the bottom as shown in Fig. 1 of the drawings.
For the sensor 94 to function properly, a wiper 96 is at-
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tached to the the outboard end of a rotatable marking
particle agitator 98 within the reservoir. The length of the
agitator 98 and the size of the wiper 96 are selected such
that the wiper sweeps marking particles from the face
of the sensor 94 toward the replenishment brush 90 as
the agitator is rotated in a counterclockwise direction.
As the agitator 98 passes the sensor 94, the marking
particles back fill behind the wiper 96 to recover the sen-
sor. When there is not enough marking particles to fill in
after passage of the agitator, the sensor will detect that
the "out of marking particles" condition exists and pro-
duce the appropriate warning signal. In this manner,
marking particle level sensing is consistently assured.

Claims

1. A magnetic brush development apparatus for ap-
plying developer material to a latent image on a
moving image carrying member (12), said appara-
tus including

a housing (14) having a wall portion (20) defin-
ing a sump (S) adapted to contain a supply of
developer material;

amagnetic brush (36) located within said hous-
ing for applying developer material to the latent
image;

afeed mechanism (26, 60) including a metering
assembly (50) located within said housing be-
tween said sump portion and said magnetic
brush (36);

atake-off skive (74) for stripping developer ma-
terial from said magnetic brush (36) after appli-
cation to a latent image and directing such ma-
terial to said sump portion;

means (16a) for directing a flow of developer
material into an agitating (26) and transporting
(60) means of said feed mechanism;

means (44) located upsteam of the develop-
ment zone for forming a shield between said
housing and said image carrying member (12)
to prevent escape of airborne particulate mate-
rial from the apparatus;

adeveloper material replenishment device (70)
including a reservoir (72) for replenishment ma-
terial adjacent to said sump portion;

a flow communication path between said res-
ervoir and said sump portion, means in such
path located for controlling flow of replenish-
ment material; and

means for measuring the level of replenishment
material in said reservoir (72), wherein

said flow directing means (16a) includes a pro-
trusion attached to the internal wall of said
housing extending toward said agitating means
to enhance developer material mixing.



9 EP 0 628 889 B1 10

2. The magnetic brush development apparatus of
claim 1 characterized by said flow directing means
(16a) being located upstream of said transporting
means (60).

Patentanspriiche

1. Vorrichtung mit einer Magnetblrste zur Beaufschla-

gung eines auf einem bewegten Bildtrager (12) vor-
handenen latenten Bildes mit Entwicklermaterial,
wobei die Vorrichtung folgende Komponenten auf-
weist:

- ein Gehause (14) mit einem Wandungsteil (20),
das einen Sammelbehalter (S) bildet, der einen
Vorrat an Entwicklermaterial enthalt;

- eineindem Geh&ause angeordnete Magnetbir-
ste (36) zum Beaufschlagen des latenten Bil-
des mit Entwicklermaterial;

- einen Zuflhrmechanismus (26, 60) mit einer
Dosiereinrichtung (50), der innerhalb des Ge-
hauses zwischen dem Sammelbehalter und
der Magnetbirste (36) angeordnet ist;

- einen Abstreifer (74) zum Entfernen von Ent-
wicklermaterial von der Magnetbirste (36)
nach dem Beaufschlagen eines latenten Bildes
und Verbringen des Materials in den Sammel-
behalter;

- einMittel (16a) zum Leiten eines Entwicklerma-
terialstroms in eine Rihr-(26) und Transport-
einrichtung (60) des Zuflhrmechanismus;

- ein vor der Entwicklungszone angeordnetes
Mittel (44), das zwischen Gehause und Bildtra-
ger (12) eine Abschirmung bildet, um ein Ent-
weichen lufttransportierter Partikelteilchen aus
der Vorrichtung zu verhindern;

- eine Vorrichtung (70) zum Regenerieren des
Entwicklermaterials mit einem neben dem
Sammelbehalter (S) angeordneten Resevoir
(72) fur Regenerat;

- eine Strdmungsverbindung zwischen dem Re-
servoir und dem Sammelbehalter und darin an-
geordnete Mittel zum Dosieren des Regenerat-
stroms; und

- ein Mittel zum Messen des Regeneratpegels im
Reservoir (72);

wobei das Stromleitmittel (16a) einen an der Innen-
wand des Gehduses angeordneten Vorsprung auf-
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weist, der sich in Richtung der Rihreinrichtung zur
besseren Durchmischung des Entwicklermaterials
erstrecki.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daB das Stromleitmittel (16a) vor dem
Transportmittel (60) angeordnet ist.

Revendications

Appareil de développement & brosse magnétique
destiné a appliquer un matériau développateur a
une image latente sur un élément mobile (12) por-
teur d'image, ledit appareil comprenant :

un boitier (14) comportant une partie de paroi
(20) définissant un carter (S) adapté pour con-
tenir une réserve de matériau de développa-
teur,

une brosse magnétique (36) située a l'intérieur
dudit boitier destinée & appliquer du matériau
développateur a l'image latente,

un mécanisme d'alimentation (26, 60) compre-
nant un ensemble de mesure (50) situé a I'in-
térieur dudit boitier entre ladite partie de carter
et ladite brosse magnétique (36),

une lame de grattage (74) destinée a enlever
du matériau développateur de ladite brosse
magnétique (36) aprés application & une image
latente, et a orienter un tel matériau vers ladite
partie de carter,

un moyen (16a) destiné a orienter un flux de
matériau développateur jusque dans des
moyens d'agitation (26) et de transport (60) du-
dit mécanisme d'alimentation,

un moyen (44) situé en amont de la zone de
développement, destiné a former un écran en-
tre ledit boitier et ledit élément porteur d'image
(12) afin d'empécher I'échappement hors de
l'appareil d'un matériau de particules en sus-
pension dans l'air,

un dispositif de renouvellement de matériau dé-
veloppateur (70) comprenant un réservoir (72)
destiné au renouvellement du matériau, conti-
gu a ladite partie de carter,

un trajet de communication de flux entre ledit
réservoir et ladite partie de carter, un moyen
étant situé dans un tel trajet de facon a réguler
le flux du matériau de renouvellement, et

un moyen destiné a mesurer le niveau du ma-
tériau de renouvellement dans ledit réservoir
(72), dans lequel

ledit moyen d'orientation de flux (16a) com-
prend une protubérance fixée a la paroi interne
dudit boitier, saillant vers ledit moyen d'agita-
tion afin d'améliorer le mélange du matériau dé-
veloppateur.
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Appareil de développement a brosse magnétique
selon la revendication 1, caractérisé en ce que ledit
moyen d'orientation de flux (16a) est situé en amont
dudit moyen de transport (60).
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