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[57] ABSTRACT

A magnetic brush for use in applying to a latent elec-
trophotographic image on a carrier sheet a developer
powder constituted by a mixture of particles of mag-
netizable material and a powdered toner and compris-
ing a rotatable hollow cylinder of non-magnetic mate-
rial and a stationary permanent magnet disposed
within the cylinder, in which the cylinder also contains
a screen of magnetizable material, the magnet and the
screen being so disposed in relation to the cylinder as
to produce at the surface thereof successive magnetic
field zones of medium intensity sufficient to take up
developer powder, of higher intensity for causing fila-
ments to project radially from the cylinder for applica-
tion of toner powder to the image and of intensity low
enough to shed developer powder from the cylinder.

6 Claims, 4 Drawing Figures
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1
MAGNETIC BRUSH FOR USE IN DEVELOPING
ELECTROPHOTOGRAPHIC IMAGES

It is known in electrophotography to develop a latent
electrophotographic image on a carrier sheet by appli-
cation to the image, by means of a so-called magnetic
brush, of a developer powder consisting of a mixture of
particles of iron or other magnetisable material and a
powdered toner. The developer powder is disposed in
a container, in which it is subjected to agitation to
cause the particles of toner to adhere to the iron parti-
cles due to the triboelectric effect. The magnetic brush
is constituted by a rotating hollow cylinder containing
an internal magnetic excitation system and the cylinder
operates to transfer toner from the container to the im-
age. It is termed a magnetic brush because the particles
of magnetisable material project as filaments from the
surface of the cylinder, like the bristles of a brush, to
assist in transfer of the toner to the image. As the cylin-
der continues to revolve it returns to the container de-
veloper powder which is depleted in toner.

In one of the simplest and most effective of the mag-
netic brushes hitherto available the cylinder is of non-
magnetic material and the magnetic excitation system
consists of a stationary bar magnet which is axially
magnetised and so disposed in the rotating cylinder as
to produce at its surface two diametrically opposed
zones of maximum magnetic field intensity, one of
which is used to pick up the developer powder from the
container and the other to apply it to the image to be
developed. While such a magnetic brush is of simple
construction it has the disadvantage that a large
amount of developer powder is picked up by the cylin-
der, a laveller must be provided to produce projecting
magnetized filaments of equal length and a wiper is re-
quired to scrape used developer powder from the cylin-
der and return it to the container. The wiper tends to
crush the particles of toner, thereby adversely modify-
ing its effectiveness in developing the image and tend-
ing to smear toner on to the surface of the cylinder.

It is the object of the invention to provide an im-
proved magnetic brush, which is also of simple and in-
expensive construction and which requires no wiper to
remove used developer powder from its surface.

The invention accordingly provides a magnetic brush
for use in applying to a latent electrophotographic
image on a carrier sheet a developer powder consti-
tuted by a mixture of particles of magnetizable material
and a powered toner and comprising a rotatable hollow
cylinder of non-magnetic material and a stationary per-
manent magnet disposed within the cylinder, in which
the cylinder also contains a screen of magnetizable ma-
terial, the magnet and the screen being so disposed in
relation to the cylinder as to produce at the surface
thereof successive magnetic field zones of medium in-
tensity sufficient to make up developer powder, of
higher intensity for causing filaments to project radially
from the cylinder for application of toner powder to the
image and of intensity low enough to shed developer
powder from the cylinder. ]

In use the magnetic brush according to the invention
is disposed horizontally in a container containing agi-
tated developer powder. As the brush rotates the exter-
nal surface of the cylinder picks up developer powder
at the zone of medium magnetic field intensity, trans-
fers toner powder to image-bearing sheets, or to a web
bearing successive latent electrophotographic images,

0

20

25

30

40

45

50

60

2

fed past the brush at the zone of high magnetic field in-
tensity and sheds developer powder, as the result of
gravity and centrifugal force, at the zone of low mag-
netic field intensity which is disposed at the side of the
screen remote from the magnet.

The positions of the zones of different magnetic field
intensity with respect to the horizontal median plane of
the cylinder and their extent depend on the positions of
the image carriers to be developed and the reserve of
developer powder in the particular developing appara-
tus and can be adjusted by change of position of the
magnet and the screen to suit the particular conditions
in such a way that, for taking up developer powder the
zone of medium field intensity is directed towards the
reserve of developer powder and the zone of highest
field intensity, which causes the formation of brush fila-
ments, faces the images to be developed, while the zone
of lowest field intensity extends from the top of the cyl-
inder to the area where the powder is taken up, so that
the developer powder can fall off the cylinder surface
and back into the container and in the remaining zones
the field intensity is sufficient for transportation of the
developer powder from the reception area to the top of
the cylinder.

Preferably the magnet extends axially of the cylinder
and is offset with respect to the axis of the cylinder, the
axis of magnetization of the magnet extends radially
with respect to the cylinder, one pole of the magnet is
in close proximity to the inner wall of the cylinder to
define the zone of high field intensity and the screen ex-
tends transversely to the magnet and is disposed adja-
cent its other pole. The pole of the magnet adjacent the
wall of the cylinder then determines the zone of great-
est field activity. The screen is preferably fixed to the
magnet in tight contact with the pole remote from the
wall of the cylinder and may have fanlike ends, extend-
ing nearly to the wall of the cylinder, which produces
the zone of sufficient field intensity for picking up the
developer powder: Between the ends of the screen and
the pole of the magnet adjoining the wall of the cylin-
der are zones of sufficient field intensity for holding the
developer. The zone of low field intensity, insufficient
for holding the developer powder, is situated at the side
of the screen remote from the magnet, the screen hav-
ing a thickness sufficient to provide the necessary
weakening of the magnetic field.

Certain embodiments of the invention are illustrated,
by way of example, in the accompanying diagrammatic
drawings, in which:

FIGS. 1, 2 and 3 are cross sectional views of three al-
ternative constructions of magnetic brush and

FIG. 4 is a sectional view of a developing apparatus
embodying a magnetic brush as shown in any of the
preceding Figures.

The magnetic brush shown in FIG. 1 consists of a ro-
tatable hollow cylinder 2, which contains a stationary
magnetic excitation system 1 constituted by a perma-
nent magnet 3 and a magnetic screen 4. The magnet 3
is a cylindrical bar magnet which extends axially in the
cylinder and is offset from the axis of the cylinder. Its
axis of magnetization is diametrical and extends radi-
ally with respect to the cylinder 2, one pole, for exam-
ple the N pole, being closely adjacent to the inner wall
of the cylinder, while being out of contact with it. The
screen 4 is of magnetizable material and is disposed ad-
jacent the other. or S pole, of the magnet 3 and has out-
wardly fanned or thickened ends 7 positioned near the
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inner wall of the cylinder 2. It is preferably fixed to the
magnet 3.

The magnet 3, the screen 4 and the cylinder 2 are all
of the same or substantially the same length and the di-
ameter of the magnet 3 is preferably not less than the
radius of the cylinder 2. The cylinder is of non-
magnetic material, e.g. brass. The screen 4 serves to
guide muagnetic lines of force to certain zones of the
cylinder and to screen a further zone. It is therefore
made of material of high magnetic permeability, c.g.
Mumetal.

In the zone vy of the cylinder 2 near the N pole of the
magnet 3 the intensity of the magnetic field is a maxi-
mum and the lines of magnetic force 14 extend radially
with respect to the surface of the cylinder. In the zones
a and a' opposite the ends 7 of the screen 4 the mag-
netic lines of force tend to fan out from the surface of
the cylinder 2 and the intensity of the magnetic field is
lower than in the zone 7. In the zones 8 and 8’ between
the zone -y and the zones « and «' the magnetic lines
of force extend almost parallel to the surface of the cyl-
inder and the intensity of the magnetic field is at a value
intermediate between that in the zone y and in the zone
aor ¢, and the zone & behind the screen 4 the intensity
of the magnetic field is only a small fraction of that in
the zone +y. Since the presence of the screen 4 shortens
the path through air of the liens of force between the
N and S poles of the magnet 3 the intensity of the mag-
netic field in the range defined by the zones 8, y. B is
greater than it would be in the absence of the screen.

In usc for development of latent electrophotographic
images the magnetic brush 12 is placed, as shown in
FIG. 4, with the axis of the cylinder 2 horizontal in a de-
veloping apparatus, including a container 10 for devel-

oper powder 5 which is agitated by contra-rotating stir- -

rers 11. The cylinder 2 is rotated counterclockwise as
indicated by the arrow by any conventional means not
shown. At the zone « it picks up developer powder. In
the zone B the powder picked up lies more or less flat
on the surface of the cylinder. After passage past a
scraper 13, which controls the thickness of the layer of
powder picked up by the cylinder, the powder reaches
the zone y at which the intense magnetic field causes
the iron particles in the developer powder to project as
filaments or bristles 6 from the surface of the cylinder.
In this zone a sheet 15 carrying an image to be devel-
oped is traversed past the bristles 6 which apply the
toner powder to it. At zone & the developer powder is
shed from the cylinder 2 and falls back into the con-
tainer 5.

In the embodiment shown in FIG. 2, the screen 4’
consists of laminations of soft iron having outwardly
fanned ends 7' and attached to the magnet 3 in the re-
gion of its S pole, for example by epoxy resin or other

adhesive or by a clamp disposed behind the screen and ~

attached to the ends of the magnet. Trunnions can be
attached to the ends of the clamp to permit of mount-
ing of the magnetic brush for rotation in roller bearings.
The screen 7 in FIG. 1 can be attached to the magnet
3 in similar fashion.

In the embodiment shown in FIG. 3, the permanent
magnet consists of a bar magnet 3’ of rectangular cross-
section and soft iron pole pieces 8 and 9 fixed to its
poles S, N. The pole piece 8 is of a semi-circular cross-
section and is disposed with its curved portion facing
the inner wall of the cylinder 2. The other pole piece
9 is of rectangular cross-section and carries a screen 4°
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constituted by a stack of soft iron laminations having
outwardly fanned ends 7'. The following field intensi-
ties were measured with a magnetic brush of this con-
struction including a cylinder 2 of 58 mm outside diam-
cter made of brass sheet having a thickness of 1.5 mm.
a bar magnet 3’ of “Ferroxdur FXD 33" having a rect-
angular cross sectional arca of 25 mm X J0 mm, an
outer soft iron pole piece 8 of semicircular cross sec-
tion of 10 mm radius, an inner soft iron pole piece 9
having 2 25 mm X 10 mm cross sectional area and a
shield 4’ of five soft iron sheets each having a thickness
of 0.5 mm:

Measuring Points Field Intensity in

gauss
A 250
B 400
C 600
D 810
E 3585
F 320
G 80
H 70

With these or similar values of field intensity the
magnetic brush fulfils all its necessary functions.
namely picking up of toner, transport of toner, forming
of brush filaments in the area of development and re-
turn of developer powder to the storage container for
re-mixing.

In all of the embodiments slippage of the developer
powder on the cylinder 2 can be minimised by provid-
ing the cylinder with a roughened or fluted external
surface.

The positions of the magnet and the screen in the cyl-
inder shown in FIGS. 1 and 3 are appropriate for a de-
veloping apparatus in which, as shown in FIG. 4, the
sheet carrying the image to receive the toner powder is
disposed vertically in a plane intersecting the horizon-
tal plane through the axis of the cylinder 2, If develop-
ment is required to take place at a higher or lower level,
the excitation system 1 will be appropriately rotated
with respect to the cylinder 2. It may be necessary to
deform the screen 3 to ensure that the zones a and a’
will be correctly positioned and in this case field inten-
sification, should it be necessary, can be provided by
including additional magnets in the cylinder. Singular
points in the field distribution and consequent deposit
of toner powder on undesired parts of the cylinder can
be avoided by the provision of such auxiliary magnets.
The field intensity can be increased in exceptional
cases in the range a to cause the developer powder
shed in the zone & to be re-attracted at once so that a
layer of developer powder is maintained on the whole
surface of the cylinder.

The magnetic brushes described above consist of but
few mechanical parts and permanent magnets of simple
design and small size, the surfaces of which do not need
to be specially treated. The brushes can therefore be
manufactured cheaply and rapidly.

What we claim as our invention and desire to secure
by Letters Patent is:

1. A magnetic brush for use in applying to a latent
electrophotographic image on a carrier sheet a devel-
oper powder composed of a mixture of particles of
magnetizable material and a powdered toner, compris-
ing a rotatable hollow cylinder of non-magnetic mate-
rial and a stationary magnetic excitation system dis-
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posed within the cylinder and producing at the surface
of the cylinder successive magnetic field zones of me-
dium intensity sufficient to take up the developer pow-
der zones, of higher intensity for causing filaments to
project radially from the cylinder for application of
toner powder to the image and zones of intensity low
enough to shed the developer powder from the cylin-
der, the magnetic excitation system comprising a per-
manent magnet extending axially of the cylinder in a
position offset from the axis of the cylinder with its axis
of magnetization extending radially with respect to the
cylinder and one pole in close proximity to the inner
wall of the cylinder, and a screen of magnetizable mate-
rial also extending axially of the cylinder and disposed
adjacent the other pole of the magnet.

2. A magnetic brush according to claim 1, in which
the screen has fan shaped ends extending to the vicinity
of the inner walls of the cylinder.
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3. A magnetic brush according to claim 2, in which
the screen consists of laminations attached to the mag-
net.

4. A magnetic brush as claimed in claim 1, in which
the magnet is a cylindrical bar magnet and has a diame-
ter not less than the radius of the cylinder.

5. A magnetic brush as claimed in claim 1, in which
the magnet is a rectangular bar magnet and has a
curved pole piece facing the inner wall of the cylinder.

6. Apparatus for developing latent electrophoto-
graphic images, comprising a container for developer
powder, means for agitating the developer powder, and
a magnetic brush as claimed in claim 1 rotatably
mounted in the container with its axis horizontal and in
position to pick up developer powder from the con-

tainer and transfer it to the images.
* ok ok k%



