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Description

FIELD OF THE INVENTION

The invention relates in general to electrostato-
graphic reproduction apparatus, and more particular-
ly to an improved magnetic brush development appa-
ratus for an electrostatographic reproduction appara-
tus.

DESCRIPTION OF THE PRIOR ART

Magnetic brush development apparatus for ap-
plying developer material to a latent image in an elec-
trostatographic reproduction apparatus are well
known in the art. Such apparatus may include a hous-
ing 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 triboelectrically charge the
material prior to delivering it to a magnetic brush
where it can be brought into association with, and
transferred to, an electrostatic latent image to devel-
op such image.

U.S.-A- No. 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 aribbon blender that is used for agitating (mix-
ing), feeding and triboelectrically charging such ma-
terial in the sump portion of a magnetic brush devel-
opment 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 devel-
opment zone to develop the image. The ribbon blen-
der is constructed to provide uniform flow distribution
of developer material across the length of the appa-
ratus so that a sufficient supply of material is deliv-
ered to the magnetic brush over its full extent to uni-
formly develop the entire latent electrostatic image. A
take-off skive, in contact with the magne- tic brush
downstream of the development zone, strips excess
developer material from the magnetic brush and re-
turns such material to the sump portion.

Since the pigmented marking particles are used
during image development, replenishment of the de-
veloper material must be periodically effected. Typical
replenishment devices include a reservoir for replen-
ishment material with a flow communication path be-
tween the reservoir and the sump 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 condi-
tions the set up latitude between the replenishment
roller and the flow communication path is unduly lim-
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ited which can result in inconsistent replenishment or
marking particle level sensor inconsistencies. Fur-
ther, under certain conditions measurement of level of
replenishment material in the reservoir is inconsis-
tent, which can result in running out of replenishment
material without knowing it.

JP-A-1-4778 discloses a toner container com-
prising a sensor in the side wall for detecting the
amount of toner and a planar cleaning member fixed
onto a rigid agitating member which is freely rotatably
mounted with a horizontal revolving shaft. The flex-
ible planar cleaning member is mounted onto said agi-
tating member in such manner that its front end can
come into contact with the surface of the sensor so
that the adhesion of the toner to the sensor is safely
prevented.

It has also been found that under certain condi-
tions 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 ex-
cessive torque causes heat build up and accelerated
wear of the skive and the magnetic brush, and induc-
es production of development material flakes be-
tween 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 condi-
tions the mixing of replenished pigmented marking
particles and developer material does not completely
occur. That is, the marking particles do not charge
sufficiently to disperse and adhere to the carrier par-
ticles in the developer material in the sump of the de-
velopment apparatus. This may result in the genera-
tion of unacceptable artifacts in the developed im-
age.

It has also been found that under certain condi-
tions particulate material in an uncharged, or low
charged state, becomes airborne. Such airborne ma-
terial can cause undesirable artifacts in the devel-
oped images and/or exit from the development appa-
ratus to contaminate the interior of the electrostato-
graphic reproduction machine.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
a magnetic brush development apparatus for apply-
ing developer material to a latent image on a moving
image carrying member to overcome the above-
described deficiencies. According to the present in-
vention a magnetic brush development apparatus is
provided as defined in Claim 1. Essentially, the devel-
opment apparatus includes a housing having a por-
tion 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 me-
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tering 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 magnetic
brush after application to a latent image and directing
such material to the sump portion is mounted so that
the skive is self-adjustably supported between 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 portion back into the
agitating and transport mechanism. Further, develop-
er material in the sump portion is replenished by a de-
vice which includes a reservoir for replenishment ma-
terial adjacent to the sump portion, a flow communi-
cation path between the reservoir and the sump por-
tion and a selectively rotatable roller located relative
to the path to control flow of replenishment material
through the path. The entrance to the path is config-
ured to engage the roller such that the set up latitude
between the roller and path is increased. Measuring
the level of replenishment material in the reservoir is
facilitated by the material monitor located in the bot-
tom 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 development zone be-
tween the housing and the image carrying member
for containing developer material within the develop-
ment 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 em-
bodiment 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

development 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 en-

larged scale, of the take-off skive mounting de-

vice for the magnetic brush development appara-
tus 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
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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-
ment apparatus according to this invention, generally
designated by the numeral 10. The apparatus 10 is
adapted to provide a supply of developer material, in-
cluding pigmented marking particles and carrier par-
ticles, to an electrostatic latent image carried by a
member 12 in order to develop the latentimage on the
member with the marking particles. The member 12,
which is for example part of an electrostatographic re-
production 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 mem-
ber.

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
containing a supply of developer material. The devel-
oper material can be of any known type, for example
including two-component developer material com-
prising 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, pro-
vide 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 agitation is effected by a ribbon blender gener-
ally designated by the numeral 26, such as disclosed
in the aforementioned 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. 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 rib-
bon 30 is selected to be opposite to the pitch orienta-
tion of ribbon 28. When the shaft 32 is rotated in a
counterclockwise direction as viewed in Fig. 1, the rib-
bons move developer material in sump S in a coun-
terclockwise 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 mate-



5 EP 0 456 800 B1 6

rial.

Under certain conditions, such as when fresh
marking particles are added to the developer material
in the sump S in the manner described below, the
marking particles may not adequately mix with the
carrier particles before delivery to the feed mecha-
nism 60. As a result of inadequate mixing, marking
particles may be left uncharged or may only be
charged to a low level insufficient to function in the
desired manner during development of the latent elec-
trostatic image on the member 12. This may result in
formation of airborne marking particles which can es-
cape from the development station, and artifacts in a
finished reproduction due to incomplete develop-
ment. 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 up-
stream of the feed mechanism 60. The protuberance
16a, which runs substantially the full length of the
housing 14, directs flow of developer material (partic-
ularly 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 ade-
quately 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 concomi-
tantly reducing undesirable airborne marking partic-
les.

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 construc-
tion, such as illustrated for example in Fig. 1, where
the magnetic brush includes a shell 38 of a non-mag-
netic material that rotates counterclockwise as indi-
cated by arrow 40 about a core 42. Core 42 comprises
a plurality of permanent magnets rotatable in a clock-
wise direction as shown by arrow 46. The axis of ro-
tation 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 directly un-
derneath 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 as-
sembly 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 magnetic brush shell 38. Developer material re-
ceived from the lower portion of the housing 14 pass-
es through slot 54 to the brush 36, such material being
attracted to the outer surface of shell 38 by the mag-
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nets in the core 42 of the magnetic brush. A transport
assembly 60a for the feed mechanism 60 is located
between metering assembly 50 and the ribbon blen-
der 26. The transport assembly 60a receives devel-
oper material from the sump S and the ribbon blender
26, and transports such material to the metering as-
sembly 50 and through the slot 54 to the magnetic
brush 36. The transport assembly 60a comprises, for
example, a shell rotatable in a counterclockwise di-
rection shown by the arrow with a plurality of station-
ary magnets that extend counterclockwise from a
position generally directly above the ribbon blender
26 to a position just ahead of the feed slot 54 (approx-
imately 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 op-
erative contact with the latent image carrying mem-
ber 12 for developing an electrostatic latent image on
the image bearing member with pigmented marking
particles in a development zone between 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 partic-
les can cause image artifacts or may exit the devel-
opment apparatus 10 to cause contamination within
the reproduction apparatus or its environment. In or-
der to substantially 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 connec-
tion 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 engagement of the
flap with the member under a minimal engagement
force. In this manner damage to the member 12 orun-
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
marking particles are trapped and forced into the de-
veloper 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 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 mark-
ing particles by the magnetic brush 36, continued ro-
tation of the shell 38 of the magnetic brush brings the
developer material remaining on the shell to a take-
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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 de-
veloper material remaining 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 mem-
bers 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 move-
ment. The slots 78a are oriented so that the limited
movement of the take-off skive 74, for any particular
development apparatus, automatically defines a pos-
ition for the skive determined by the plate of the me-
tering 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
position the skive blade 76 against the shell 38, a low-
er torque is established for the magnetic brush 36
than with prior take-off skive mounting arrangements
employing positive forces for blade/ shell engage-
ment. The lower torque is particularly significant in
that it serves several purposes. It reduces heat gen-
erated by the development 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 replenishment 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 open-
ing 18a, the fibers of the brush extending through the
opening. The replenishment brush 90, when not rotat-
ing acts to seal the opening to prevent marking par-
ticles from flowing from the reservoir to the sump.
However, when the concentration of marking partic-
les in the developer material in the sump (as deter-
mined by any well known concentration monitor for
example shown in Fig. 1 as mechanism 92) falls below
a desired level for adequate latent image develop-
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ment, the replenishment brush 90 is selectively rotat-
ed 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 sawtoothed 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 development appa-
ratus, the saw-toothed configuration reduces the
area in heavy contact with the the brush fiber, conco-
mitantly reducing the torque required to rotate the re-
plenishment brush. As a result of this torque reduc-
tion, 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 acceptable
replenishment rates can be accomplished without
producing unacceptably high torque levels.

The replenishment system 70 also includes an
improved mechanism for sensing the level of marking
particles in the reservoir 72. The level sensing mech-
anism includes a sensor 94 mounted at the bottom of
the replenishment system housing in a substantially
horizontal orientation. Such orientation is necessary
to properly provide an "out of marking particles" sig-
nal where the marking particles are fed from the re-
servoir near one side at the bottom as shown in Fig.
1 of the drawings. For the sensor 94 to function prop-
erly, 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 agi-
tator 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 particles" condition exists and
produce the appropriate warning signal. In this man-
ner, marking particle level sensing is consistently as-
sured.

Claims

1. A magnetic brush development apparatus (10)
for applying developer material to a latent image
on a moving image carrying member (12), said
apparatus including

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

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

afeed mechanism (26, 60) including a me-
tering 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;

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

a means (44) located upstream of the de-
velopment zone for forming a shield between said
housing and said image carrying member (12) to
prevent escape of airborne particulate material
from the apparatus;

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

a flow communication path between said
reservoir and said sump portion, in which path is
located a means to control flow of replenishment
material; and

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

said measuring means includes a
material sensor (94) located in the bottom of said
reservoir (72) immediately upstream of said flow
communication path, means (96) for periodically
sweeping the surface of said sensor to facilitate
accurate measurement of replenishment material
level and an agitator (98) for stirring material in
said reservoir, said sweeping means including a
brush (96) attached to the end of said agitator.

2. The magnetic brush development apparatus of
claim 1 characterized by said sensor (94) being
oriented substantially horizontal.

Patentanspriiche

1. Magnetbiirstenentwicklungsgerat (10) zum Auf-

tragen von Entwicklermaterial auf ein latentes
Bild auf einem sich bewegenden Bildtrager (12),
mit

einem Gehause (14), das eine einen zum
Aufnehmen eines Vorrats an Entwicklermaterial
dienenden Behalter (S) bildende Wand (20) auf-
weist,

einer innerhalb des Gehauses angeordne-
ten Magnetbiirste (36), um Entwicklermaterial
auf das latente Bild aufzutragen,

einer Férdereinrichtung (26, 60) ein-
schlieBlich einer MeReinheit (50), die innerhalb
des Gehauses zwischen dem Behélter und der
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10

Magnetbirste (36) angeordnet ist,

einer Abziehklinge (74) um Entfernen von
Entwicklermaterial von der Magnetbiirste (36),
nachdem das Entwicklermaterial auf ein latentes
Bild aufgebracht wurde, und zum Verbringen des
Entwicklermaterials in den Behalter,

einer Einrichtung (16a) zum Lenken des
Entwicklermaterialflusses in das Rihr- (26) und
Férderelement (60) der Férdereinrichtung,

einer iiber dem Entwicklungsbereich an-
geordneten Einrichtung (44) zum Bilden einer Ab-
schirmung zwischen dem Gehduse und dem
Bildtrager (12), um zu verhindern, daR durch Luft
tibertragene Partikel aus dem Gerét entweichen,

einer Entwicklermaterial-Nachfullvorrich-
tung (70) mit einem dem Behélter (S) benachbar-
ten Vorratsbehalter (72) zum Nachfillen des Ma-
terials,

einer MaterialfluBbahn zwischen dem Vor-
ratsbehélter (72) und dem Behélter (S) mit einer
darin vorgesehenen Vorrichtung zum Steuern
des Flusses an Nachfiillmaterial und

Mitteln zum Messen des Pegels des Nach-
fillmaterials im Vorratsbehalter (72),

dadurch gekennzeichnet, daB

die MeRmittel einen Materialsensor (94)
aufweisen, der im Boden des Vorratsbehalters
(72) unmittelbar in der MaterialfluRbahn ange-
ordnet ist, eine Vorrichtung (96) umfassen zum
periodischen Abstreifen der Sensoroberflache,
um die genaue Messung des Pegels des Nach-
fillmaterials zu erleichtern, und mit einer Lenk-
vorrichtung (98) versehen sind, um im Vorratsbe-
hélter befindliches Material zu beférdern, wobei
die Abstreifvorrichtung eine am Ende der Lenk-
vorrichtung vorgesehene Birste (96) aufweist.

Magnetbirstenentwicklungsgerat nach An-
spruch 1, dadurch gekennzeichnet, dall der Sen-
sor (94) im wesentlichen horizontal ausgerichtet
ist.

Revendications

Dispositif de développement a brosse magnéti-
que (10) pour appliquer du matériau développa-
teur a une image latente sur un élément mobile
porteur d’image (12), ledit dispositif comprenant

un boitier (14) ayant une partie de paroi
(20) définissant un bac (S) adapté pour contenir
une réserve de matériau développateur,

une brosse magnétique (36) située a I'in-
térieur dudit boitier pour appliquer du matériau
développateur a I'image latente,

un dispositif d’alimentation (26, 60)
comprenant un ensemble de dosage (50) situé a
I'intérieur dudit boitier entre ladite partie de bac
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et ladite brosse magnétique (36),

une raclette (74) pour enlever le matériau
de développement de ladite brosse magnétique
(36) aprés application a une image latente et di-
riger ce matériau vers ladite partie de bac,

un moyen (16a) pour diriger un flux de ma-
tériau développateur dans les moyens d’agitation
(26) et de transport (60) dudit mécanisme d’ali-
mentation,

un moyen (44) situé en amont de la zone
de développement pour former un écran entre le-
dit boitier et ledit élément porteur d’image (12)
pour empécher que du matériau particulaire por-
té par I'air ne s’échappe du dispositif,

un dispositif de renouvellement du maté-
riau développateur (70) comprenant un réservoir
(72) pour renouveler le matériau a proximité im-
médiate de ladite partie de bac,

un trajet de communication de flux entre
ledit réservoir et ladite partie de bac, trajet dans
lequel est situé un moyen destiné a commander
le flux de matériau de renouvellement, et

des moyens pour mesurer le niveau de
matériau de renouvellement dans ledit réservoir
(72), caractérisé en ce que

lesdits moyens de mesure comprennent
un détecteur de matériau (94) situé dans le fond
dudit réservoir (72), immédiatement en amont
dudit trajet de communication de flux, des
moyens (96) pour balayer périodiguement la sur-
face dudit détecteur afin de faciliter la mesure
exacte du niveau de matériau de renouvellement
et un agitateur (98) pour agiter le matériau dans
ledit réservoir, lesdits moyens de balayage
comprenant une brosse (96) fixée a I'extrémité
dudit agitateur.

Dispositif de développement a brosse magnéti-
que selon la revendication 1, caractérisé en ce
que ledit détecteur (94) est orienté sensiblement
a I’horizontale.
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