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@ Magnetic brush development apparatus.

@ A magnetic brush development apparatus (10)
for applying developer material to a latent image on
a moving image carrying member (12) includes a
housing (14) having a portion defining a sump (S)
adapted to contain a supply of developer material,
and a magnetic brush (36) located within the housing
(14) in spaced relation to the sump portion (S) for
applying developer material to the latent image. A
feed mechanism (60) including a metering assembly
(50) located within the housing (14) between the
sump portion (S) and the magnetic brush (36) trans-
ports developer material from the sump fo the mag-
netic brush, and a mechanism (26) located in the
sump portion (S) agitates developer material and
transports developer material to the feed mechanism
(60). A take-off skive (74) for stripping development
material from the magnetic brush (36) after applica-

tion to a latent image and directing such material fo
the sump portion is mounted so that the skive is
self-adjustably supported between the metering as-
sembly and the magnetic brush. Further, developer
material in the sump portion (S) is replenished by a
device which includes a reservoir (72) for replenish-
ment material adjacent to the sump portion (S), a
flow communication path (18a) between the reservoir
(72) and the sump portion (S) and a selectively
rotatable roller (90) 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 (90) such that the set up latitude
between the roller (90) and path is increased. Mea-
suring the level of replenishment material in the
reservoir is facilitated by a material monitor (94)
located in the bottom of the reservoir (72) imme-
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diately upstream of the flow communication path
(18a). Still further, a shield (44) is located upstream
of the development zone between the housing (14)
and the image carrying member (12) for containing

developer material within the development zone to
substantially prevent escape of airborne particulate
material from the apparatus.
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FIELD OF THE INVENTION

The invention relates in general to elec-
trostatographic reproduction apparatus, and more
particularly to an improved magnetic brush devel-
opment apparatus for an electrostatographic re-
production apparatus.

DESCRIPTION OF THE PRIOR ART

Magnetic brush development apparatus for ap-
plying developer material to a latent image in an
electrostatographic reproduction apparatus are well
known in the art. Such apparatus may include a
housing having a sump portion which contains a
supply of developer material. When the developer
material comprises a mixture of magnetic carrier
particles and smaller pigmented marking particles,
the material in the sump is agitated to triboelec-
trically charge the material prior to delivering it to a
magnetic brush where it can be brought into asso-
ciation with, and transferred to, an electrostatic
latent image to develop such image.

U.S.-A-4,671,207 discloses a magnetic brush
development apparatus particularly suitable for use
with developer material having pigmented marking
particles and permanent magnetic carrier particles.
More particularly, the disclosed apparatus include a
ribbon blender that is used for agitating (mixing),
feeding and triboelectrically charging such material
in the sump portion of a magnetic brush develop-
ment apparatus, and a feed mechanism that deliv-
ers material from the sump portion to a magnetic
brush. The material delivered to the magnetic
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 distribution of developer material across the
length of the apparatus 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 develop-
ment zone, strips excess developer material 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 developer material must be periodically effec-
ted. Typical replenishment devices include a reser-
voir for replenishment material with a flow commu-
nication 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
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can result in inconsistent replenishment or marking
particle level sensor inconsistencies. Further, under
certain conditions measurement of level of replen-
ishment material in the reservoir is inconsistent,
which can result in running out of replenishment
material without knowing it.

It has also been found that under certain con-
ditions the mounting of the take-off skive imposes a
force on the magnetic brush which causes exces-
sive 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 ma-
terial 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 con-
ditions the mixing of replenished pigmented mark-
ing particles and developer material does not com-
pletely occur. That is, the marking particles do not
charge sufficiently to disperse and adhere to the
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 con-
ditions particulate material in an uncharged, or low
charged state, becomes airborne. Such airborne
material can cause undesirable artifacts in the de-
veloped images and/or exit from the development
apparatus to contaminate the interior of the elec-
trostatographic reproduction machine.

SUMMARY OF THE INVENTION

It is an object of the present invention to pro-
vide a magnetic brush development apparatus for
applying developer material to a latent image on a
moving image carrying member fo overcome the
above-described deficiencies. According to the
present invention a magnetic brush development
apparatus is provided as defined in Claim 1. Es-
sentially, the development apparatus includes a
housing having a portion defining a sump adapted
to contain a supply of developer material, and a
magnetic brush located substantially within the
housing in spaced relation to the sump portion for
applying developer material to the latent image. A
feed mechanism including a metering assembly
located within the housing between the sump por-
tion 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 transporis developer ma-
terial to the feed mechanism. A take-off skive for
stripping development material from the magnetic
brush after application to a latent image and direct-
ing such material to the sump portion is mounted
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so that the skive is self-adjustably supported be-
tween the metering assembly and the magnetic
brush. In order to enhance the mixing of developer
material, flow of developer material is directed from
the wall of the housing adjacent to the sump por-
tion back into the agitating and transport mecha-
nism. Further, developer material in the sump por-
tion is replenished by a device which includes a
reservoir for replenishment material adjacent to the
sump portion, a flow communication path between
the reservoir and the sump portion and a selec-
tively rotatable 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 increased. Measur-
ing the level of replenishment material in the reser-
voir is facilitated by the material monitor located in
the bottom of the reservoir immediately upstream
of the flow communication path, the surface of the
monitor being periodically swept to assure accurate
measurement of replenishment material level. Still
further, a shield is located upstream of the develop-
ment zone between the housing and the image
carrying member for containing developer material
within the development zone to substantially pre-
vent escape of airborne particulate material from
the apparatus.

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

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description of the preferred em-
bodiment of the invention presented below, refer-
ence is made to the accompanying drawings, in
which:

Figure 1 is an end elevational view, partly in

cross-section, of the improved magnetic brush
development apparatus according to the present
invention;

Figure 2 is a side elevational view, on an en-

larged scale, of a portion of the replenishment
skive wall of the magnetic brush development
appara- tus shown in Fig. 1;

Figure 3 is an end elevational view, on an en-
larged scale, of the take-off skive mounting de-
vice for the magnetic brush development ap-
paratus 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 development apparatus shown in Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the accompanying drawings,
Fig. 1 shows an improved magnetic brush develop-
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ment apparatus according to this invention, gen-
erally designated by the numeral 10. The appara-
tus 10 is adapted to provide a supply of developer
material, including pigmented marking particles and
carrier particles, to an electrostatic latent image
carried by a member 12 in order to develop the
latent image on the member with the marking par-
ticles. 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 image on the member.

Apparatus 10 comprises a housing 14 having
spaced, generally parallel, substantially vertical
side walls 16, 18; a generally semi-cylindrical bot-
tom wall 20 that joins the side walls; and end walls
(not shown). The lower portion of the housing de-
fines a sump S for containing a supply of devel-
oper material. The developer material can be of
any known type, for example including two-compo-
nent developer material comprising hard, perma-
nent 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 par-
ticles, provide triboelectric charging of the devel-
oper material, move the material along the length
of the sump, and deliver developer material to a
feed mechanism 60. Such agitation is effected by a
ribbon blender generally designated by the nu-
meral 26, such as disclosed in the aforementioned
U.S.-A- 4,671,207. The ribbon blender 26 com-
prises an outer helical ribbon 28 and an inner
helical ribbon 30. Both ribbons are coiled concen-
trically about a shaft 32. Shaft 32 is, in turn, con-
centrically located with respect to the semi-cylin-
drical bottom wall 20 of the housing 14, and runs
for substantially the full length thereof. The ribbons
28, 30 rotate with the shaft 32. Ribbon 28 may
have the same pitch throughout its length, or may
have one pitch over half its length and the opposite
pitch over the other half of its length. The pitch
orientation of ribbon 30 is selected to be opposite
to the pitch orientation of ribbon 28. When the shaft
32 is rotated in a counterclockwise direction as
viewed in Fig. 1, the ribbons move developer ma-
terial in sump S in a counterclockwise direction, as
well as a direction from the front of the housing 14
toward the rear, and then from the 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
marking particles are added to the developer ma-
terial in the sump S in the manner described be-
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low, the marking particles 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 uncharged or may
only be charged to a low level insufficient to func-
tion in the desired manner during development of
the latent electrostatic image on the member 12.
This may result in formation of airborne marking
particles which can escape from the development
station, and artifacts in a finished reproduction due
to incomplete development. In order to enhance
mixing, a protuberance 16a is formed on the wall
16 of the development station housing 14 adjacent
to the ribbon blender 26 upstream of the feed
mechanism 60. The protuberance 16a, which runs
substantially the full length of the housing 14,
directs flow of developer material (particularly any
replenished marking particles) from the wall of the
housing adjacent to the sump portion back into the
ribbon blender thereby creating turbulence in the
developer material being agitated by the ribbon
blender to effectively 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 uncharged (or low
charged) marking particles is substantially reduced
thereby concomitantly reducing undesirable air-
borne marking particles.

A magnetic brush, generally designated by the
numeral 36, is located at the top of housing 14.
The magnetic 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 counterclock-
wise as indicated by arrow 40 about a core 42.
Core 42 comprises a plurality of permanent mag-
nets rotatable in a clockwise direction as shown by
arrow 46. The axis of rofation of the core, co-
incident 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 fop
of the housing 14 and lies directly 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 assembly 50 having a plate defining an
elongated feed slot 54 that extends substantially
the full length of the magnetic brush and lies adja-
cent to the outer surface of the magnetic brush
shell 38. Developer material received from the low-
er 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 assem-
bly 60a for the feed mechanism 60 is located
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between metering assembly 50 and the ribbon
blender 26. The transport assembly 60a receives
developer material from the sump S and the ribbon
blender 26, and transporis such material 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
counter-clockwise from a position generally directly
above the ribbon blender 26 to a position just
ahead of the feed slot 54 (approximately 160 de-
grees). Developer material from the sump is at-
fracted to the shell and held to the shell in the area
under the influence of the magnets. Thus the ma-
terial can be transported from the sump fo 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
operative contact with the latent image carrying
member 12 for developing an electrostatic latent
image on the image bearing member with pigmen-
ted marking particles in a development zone be-
tween the brush and the member. Even with the
improved developer material mixing described
above, some percentage of the marking particles
are not charged (or have low charge) and become
airborne. As noted, these particles can cause im-
age artifacts or may exit the development appara-
tus 10 to cause contamination within the reproduc-
tion apparatus or its environment. In order to sub-
stantially prevent escape of the airborne marking
particles from the development 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
image carrying member 12, and is oriented at an
angle with respect to the member to effect engage-
ment of the flap with the member under a minimal
engagement force. In this manner damage to the
member 12 or undue wear of the flap 44 is mini-
mized. The flap 44 then serves as a seal between
the development apparatus 10 and the member 12.
Accordingly, any airborne marking particles are
trapped and forced into the developer nap of the
development zone. In such zone, the marking par-
ticles are charged and become part of the devel-
oped image, or are returned with the excess devel-
oper material exiting the development zone. In this
manner, escape 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, contin-
ued rotation of the shell 38 of the magnetic brush
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brings the developer 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 36 sump S where it is remixed by the
ribbon blender 26 with developer material remain-
ing in the sump. The take-off skive 74 includes an
elongated blade 76 for removing developer material
passing through the development zone, from the
shell 38. The blade 76 is attached to mounting
members 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 sup-
porting 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 particu-
lar development apparatus, automatically defines a
position for the skive determined by the plate of
the metering assembly 50 (engaged by the mem-
bers 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 position
the skive blade 76 against the shell 38, a lower
forque is established for the magnetic brush 36
than with prior take-off skive 90 mounting arrange-
ments employing positive forces for blade/shell en-
gagement. The lower torque is particularly signifi-
cant in that it serves several purposes. It reduces
heat generated by the development apparatus,
wear o 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 par-
ticles (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 replenish-
ment system 70 is located at one side of the
housing 14 adjacent to the side wall 18. The re-
plenishment system 70 includes a reservoir 72 for
storing a supply of marking particle replenishment
material. The common wall 18 defines an opening
18a which provides a flow communication path
between the marking particle reservoir 72 and the
sump S. A fibrous replenishment brush 90 is
rotatably mounted in the bottom of the reservoir 72
adjacent to the opening 18a, the fibers of the brush
extending through the opening. The replenishment
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 con-
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centration 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 development, the replen-
ishment brush 90 is selectively rotated to feed a
quantity of fresh marking particles from the reser-
voir 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 replenish-
ment brush. When compared to straight walls
found in replenishment systems of prior develop-
ment apparatus, the saw-toothed configuration re-
duces 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 re-
plenishment brush 90 relative to the opening 18a is
significantly expanded. This, in turn, broadens the
set up latitude for the replenishment brush under
which acceptable replenishment rates can be ac-
complished without producing unacceptably high
torque levels.

The replenishment system 70 also includes an
improved mechanism for sensing the level of mark-
ing particles in the reservoir 72. The level sensing
mechanism includes a sensor 94 mounted at the
bottom of the replenishment system housing in a
substan- tially horizontal orientation. Such orienta-
tion is necessary to properly provide an "out of
marking particles" signal where the marking par-
ticles 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
attached 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 sensor. When there is not enough marking
particles to fill in after passage of the agitator, the
sensor will detect that the "out of marking par-
ticles" condition exists and produce the appropriate
warning signal. In this manner, marking particle
level sensing is consistently assured.

Claims
1. A magnetic brush development apparatus (10)

for applying developer material to a latent im-
age on a moving image carrying member (12),
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said apparatus including

a housing (14) having a wall portion (20)
defining a sump (S) adapted to contain a sup-
ply of developer material;

a magnetic brush (36) located within said
housing for applying developer material to the
latent image;

a feed mechanism (26, 60) including a
metering assembly (50) located within said
housing between said sump portion and said
magnetic brush (36);

a take-off skive (74) for stripping develop-
ment material from said magnetic brush (36)
after application to a latent image and directing
such material to said sump portion;

means (16a) for directing a flow of devel-
oper material into the agitating (26) and frans-
porting (60) means of said feed mechanism;

means (44) located upsteam of the devel-
opment zone for forming a shield between said
housing and said image carrying member (12)
to prevent escape of airborne particulate ma-
terial from the apparatus;

a developer material replenishment device
(70) including a reservoir (72) for replenish-
ment material adjacent to said sump portion;

a flow communication path between said
reservoir and said sump portion, means in
such path located for controlling flow of replen-
ishment material; and

means for measuring the level of replen-
ishment material in said reservoir (72), char-
acterized in that

said replenishment material flow control
means (90) includes a rotatable replenishment
roller in the flow communication path between
said reservoir and said sump portion.

The magnetic brush development apparatus of
Claim 1 characterized by said replenishment
roller (90) being a fibrous brush with the fibers
of said brush extending into said path, and
said configuration of said path entrance being
of saw-tooth so as to readily comb replenish-
ment material from said brush fibers.

The magnetic brush development apparatus of
Claim 2 characterized by said path being de-
scribed by an opening (18a) in a common wall
(18) forming at one surface thereof a side of
said sump portion and at the opposite surface
a side of said reservoir.

The magnetic brush development apparatus of
Claim 3 characterized by said saw-tooth con-
figuration being formed on the marginal edge
(18b) of said wall opening (18a) contacting said
roller after said roller traverses said opening.
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