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(571 - ABSTRACT

A cylindrical permanent magnet having an odd num-
ber of axially extending magnetic poles on the surface
thereof is disposed coaxially within a hollow rotary
cylinder of non-magnetic material. The cylindrical
permanent magnet is fixed in such a position that one
of the magnetic poles of one polarity adjacent to a
pair of the magnetic poles of the other and same po-
larity is disposed opposite to the image carrying sur-
face of an electrostatic recording sheet, and a pow-
dery developer attracted to the surface of the hollow
rotary cylinder under rotation passes beneath the
image carrying surface of the recording sheet and then
over the magnetic poles of the other and same polar-
ity. The powdery developer attracted to the surface of
the hollow rotary cylinder forms a magnetic brush on
such surface for developing a latent electrostatic
image recorded on the image carrying surface of the
recording sheet.

4 Claims, 3 Drawing Figures
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ELECTROSTATIC RECORD DEVELOPING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an electrostatic record de-
veloping apparatus which is adapted for developing by
a magnetic brush method a latent electrostatic image
formed on an electrostatic recording sheet by electro-
photography such as xerography or facsimile.

2. Description of the Prior Art

In prior art apparatus of this kind, a method has been
most commonly employed according to which a mass
of a powdery developer, which is'a mixture of fine par-
ticles of a developing pigment called a toner and fine
particles of iron called a carrier, is contained in a con-
tainer incorporated in the apparatus, and a magnet rol-
ler partly buried in the mass of the powdery developer
is rotated for forming a so-called magnetic brush on the
surface of the magnet roller and is brought into rolling
contact with an electrostatic recording sheet disposed
opposite thereto for developing a latent electrostatic
image formed on the electrostatic recording sheet. In
order to form the magnetic brush on the magnet roller,
a plurality of elongated strip-like magnetic poles are
provided on the cylindrical outer peripheral surface of
the magnet roller in the axial direction thereof. How-
ever, this method has been defective in that the distri-
bution of the powdery developer on the surface of the
magnet roller is non-uniform, that is, the amount of the
powdery developer attracted to the surface portion im-
mediately above the magnetic pole differs from that at-
tracted to the surface portion intermediate between the
magnetic poles. After the developing operation, the
powdery developer attaching to the surface of the mag-
net roller is scraped off by a doctor plate. However, the
powdery developer attaching to the roller surface
would not be easily scraped off by the doctor plate and
the developer still remaining on the roller surface is re-
peatedly used for developing. Thus, this method has
been further defective in that the amount of the toner
in the developer is gradually decreased resulting in the
reproduction of a blurred image on the electrostatic re-
cording sheet or appearance of developing marks on
the reproduced image.

Various apparatus have been proposed for the pur-
pose of obviating these prior art defects. For example,
U.S. Pat. Nos. 3,040,704, 3,152,924, 3,176,562 and
3,455,276 disclose improvements over the prior art ap-
paratus of the kind above described. U.S. Pat. No.
3,040,704 discloses an apparatus which comprises a
stationary permanent magnet of scmicircular sectional
shape having a pair of N and S poles or a stationary per-
manent magnet of circular sectional shape shielded at
one of the semicircles and having pair of N and S poles,
and a hollow cylinder of non-magnetic materia! rotat-
ably disposed around the permanent magnet, said hol-
low cylinder having an inner diameter slightly larger
than the outer diameter of said permanent magnet. The
hollow cylinder is rotated with a portion thereof buried
in a mass of a powdery developer. The powdery devel-
oper is attracted to the outer peripheral surface of the
hollow cylinder by the lines of magnetic force emanat-
ing from the permanent magnet fixed in position within
the hollow cylinder, and a magnetic brush is formed on
the surface of the hollow cylinder and carried to a posi-
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tion opposite to an overlying electrostatic recording
sheet thereby developing a latent electrostatic image
recorded on the recording sheet. However, the ability
of conveying the powdery developer upward through
the medium of the surface of the hollow cylinder is very
poor due to the fact that the magnetic poles of the per-
manent magnet are fairly spaced apart from each other.
Further, the density of the magnetic flux acting upon
the powdery developer through the surface of the hol-
low cylinder is quite low due to the fact that the num-
ber of the magnetic poles is small. Thus, this patent is
defective in that the magnetic brush to be brought into
contact with the image carrying surface of an clectro-
static recording sheet has an insufficient amount of de-
veloper particles.

U.S. Pat. No. 3,152,924 discloses a structure which
comprises a plurality of permanent magnet pieces em-
bedded in the outer peripheral surface of a shaft of
non-magnetic material, a hollow rotary ¢ylinder of non-
magnetic material disposed around the shaft, and
means for causing differential rotation of the shaft and
the hollow rotary cylinder relative to each other. How-
ever, due to the fact that the permanent magnet pieces
to be embedded in the outer peripheral surface of the
shaft of non-magnetic material are connected to each
other in the axial direction by the non-magnetic mate-
rial after magnetization, demagnetization occurs in
these permanent magnet pieces during assembling and
the degree of demagnetization is not uniform for all
these pieces. This leads to variations in the magnetic
force of the axially joined permanent magnet pieces,
and therefore, a magnetic brush formed on the hollow
rotary cylinder has a non-uniform distribution of devel-
oper particles. Thus, this patent is defective in that de-
veloping marks appear on the developed, image on the
surface of an electrostatic recording sheet, resulting in
impossibility of obtaining an image of good quality.

U.S. Pat. No. 3,455,276 discloses a structure which
comprises even anisotropic rubber or synthetic resin
bonded permanent magnets of sectoral cross-sectional
shape securely fixed to the outer periphery of a shaft of
ferromagnetic material, a sleeve of non-magnetic and
electrically conductive material disposed around the
shaft, and means for causing rotation of the shaft and
sleeve at different speeds or causing rotation of the
sleeve relative to the shaft. According to this patent, a
mass of a powdery developer is contained in a tray and
is supplied onto the surface of the rotary sleeve to be
attracted to the sleeve surface for developing a latent
electrostatic image recorded on an electrostatic re-
cording shect disposed opposite to the rotary sleeve.
However, this structure is disadvantageous in that con-
siderable amounts of labor and cost are required for the
manufacture due to the fact that the permanent mag-
nets must be worked to have a sectoral cross-sectional
shape. Further, due to the fact that the powdery devel-
oper is not sufficiently agitated and is only unsatisfac-
torily removed from the surface of the sleeve, this pa-
tent is defective in that the powdery developer remain-
ing on the surface of the rotary sleeve is repeatedly
used for developing, resulting in reproduction of an
image of bad quality on the image carrying surface of
the recording sheet,

U.S. Pat. No. 3,176,652 discloses a structure which
comprises a permanent magnet of salient cross section
carried by a stationary shaft, a hollow rotary cylinder
disposed around the shaft, and means such as a trough
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for supplying a powdery developer onto the surface of
the hollow rotary cylinder so that the powdery devel-
oper attracted to the surface of the cylinder, by the
magnetic force of the permanent magnet develops a la-
tent clectrostatic image recorded-on an electrostatic
recording sheet disposed opposite to the hollow rotary
cylinder. In this patent, the permanent magnet has even
magnetic poles as in the patents above described and
is commonly made by means of casting. Further, the
magnetic poles must be fixed to protrude from the
outer peripheral surface of the shaft. Therefore, the
work involves very troublesome steps resulting in large
amounts of labor and cost for the manufacture of the
permanent magnet. Further, due to the fact that a large
radial distance is required between the permanent mag-
net and the hollow rotary cylinder disposed around the
permanent magnet, this patent is defective in that a
small magnetic force is only available resulting in a
poor ability of attracting and conveying the powdery
developer.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an electrostatic record developing apparatus in
which a powdery developer can be uniformly distrib-
uted on the surface of a magnet roller irrespective of
the position directly above the magnetic pole or the po-
sition intermediate between the magnetic poles so as to
cnsure reproduction of an image of good quality on the
image carrying surface of an electrostatic recording
sheet.

Another object of the present invention is to provide
an electrostatic record developing apparatus in which
the used powdery developer can be reliably removed
from the surface of the magnet roller so that the pow-
dery developer having an undesirably low toner con-
tent may not be supplied to the image carrying surface
of an electrostatic recording sheet again.

A further object of the present invention is to elimi-
nate reproduction of a blurred image of non-uniform
density on the image carrying surface of an clectro-
static recording sheet so as to obtain a clear and dis-
tinct image.

Another object of the present invention is to ensure
the formation of a magnetic brush having a uniform dis-
tribution and a sufficient amount of developer particles
on the surface of the magnet roller opposite to the
image carrying surface of an electrostatic recording
shect.

Still another object of the present invention is to pro-
vide an electrostatic record reproducing apparatus in
which a pcrmanent magnet constituting a part of the
magnet roller is simple in construction and can be man-
ufactured at low cost.

Yet another object of the present invention is to pro-
vide an electrostatic record developing apparatus hav-
ing a powdery developer container in which means is
provided for sufficiently and uniformly mixing the
toner and the carrier with cach other so that the pow-
dery developer consisting of a uniform mixture of the
toner and the carrier can be always supplied to the
image carrying surface of an clectrostatic recording
sheet.

In one form of the electrostatic record developing ap-
paratus according to the present invention, a cylindri-
cal permanent magnet having odd axially extending
magnetic poles on the surface thereof is disposed coaxi-
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ally within a hollow rotary cylinder of non-magnetic
material so that the hollow rotary cylinder is rotatable
relative to the cylindrical permanent magnet. The cy-
lindrical permanent magnet is fixed in such a position
that one of the magnetic poles of one polarity adjacent
to a pair of the magnetic poles of the other and same
polarity is disposed opposite to the image cuarrying sur-
face of an electrostatic recording sheet, and a powdery
developer attracted to the surface of the hollow rotary
cylinder under rotation passes beneath the image carry-
ing surface of the recording sheet and then over the
magnetic poles of the other and same polarity. The
powdery developer attracted to the surface of the hol-
low cylinder forms a magnetic brush on such surface
for developing a latent electrostatic image recorded on
the image carrying surface of the recording sheet.

In the present invention, a cylindrical permanent
magnet having an odd number of magnetic poles is ad-
justably secured in place so that one of the odd mag-
netic poles thereof can always take the optimum posi-
tion opposite to the image carrying surface of an elec-
trostatic recording sheet, and a fresh, stable and uni-
form magnetic brush can be continuously formed on
the surface of a rotary cylinder without being in any
way adversely affected by the difference in the mag-
netic force between the portion directly above the mag-
netic pole and the portion intermediate between the
magnetic poles. This arrangement provides the advan-
tage in that an image of good quality can be reproduced
on the recording sheet.

The provision of the odd magnetic poles on the cylin-
drical permanent magnet provides another advantage
in that any excess powdery developer remaining even
after the developing operation is easily removed from
the surface of the rotary cylinder by the repulsion act-
ing between the magnetic poles of the same polarity so
that a fresh powdery developer can be always supplied
to the surface of the rotary cylinder.

In the present invention, the powdery developer at-
tracted to the surface of the rotary cylinder from a con-
tainer passes over a plurality of magnetic poles before
reaching the image carrying surface of an clectrostatic
recording sheet and the toner and carrier particles in
the powdery developer are subject to continuous mo-
tion. This provides a further advantage in that the toner
and the carrier are thoroughly and uniformly mixed to-
gether thereby eliminating non-uniform deposition, de-
veloping marks and non-uniform image density and en-
suring reproduction of a clear and distinct image.

Another advantage resides in the fact that the pow-
dery developer being conveyed by the rotary cylinder
is firmly attracted to the surface of the rotary cylinder
by the action of the cylindrical permanent magnet until

it reaches the image carrying surface of an electro-
static recording sheet so that undesirable non-
uniformity of the image density can be completely
eliminated.

In the present invention, the magnetic poles extend
continuously in strip form in the axial direction of the
cylindrical permanent magnet and are uniformly mag-
netized. This provides another advantage in that the
powdery developer can be attracted free from any dis-
continuity and non-uniform deposition of the devel-
oper on the image carrying surface of an electrostatic
recording sheet can be avoided.
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Another advantage resides in the fact that the appa-
ratus according to the present invention is simple in
construction and can be manufactured at low cost.

In another form of the present invention, the mag-
netic brush is transferred from one magnet roller to an-
other in a powdery developer container, and during this
transfer movement, the toner and carrier are mixed to-
gether. This provides another advantage in that the
powdery developer can be transferred to the surface of
the upper rotary cylinder in a uniformly and thoroughly
mixed state. '

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a partly sectional front elevation showing
schematically the structure of a magnet roller and asso-
ciated parts in an embodiment of the present invention.

FIG. 2 is a schematic transverse section of the mag-
net roller shown in FIG. 1. FIG. 3 is a schematic verti-
. cal section of another embodiment of the present in-
vention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 1 and 2, the structure of a magnet
roller constituting an essential part of an clectrostatic
record developing apparatus according to the present
invention will be described. In FIGS. 1 and 2, a hollow
rotary cylinder 1 is made of a non-magnetic material
such as brass, aluminum or stainless steel and is closed
at opposite ends by a pair of side plates 2 and 3. A stub
shaft 4 extends outwardly from the side plate 3. A cy-
lindrical permanent magnet 5 is disposed coaxially
within the hollow rotary cylinder 1 and has an outer di-
ameter smaller than the inner diameter of the hollow
rotary cylinder 1. A central shaft 6 extends through the
cylindrical permanent magnet 5 and is securely fixed to
the magnet 5. One end of the shaft 6 is journaled in a
bearing 7 fitted in the side plate 3, while the other end
portion of the shaft 6 is journaled in a bearing 8 fitted
in the side plate 2 and extends outwardly through a por-
tion of a frame 10 of the apparatus to be secured to that
portion of the frame 10 by a set screw 11. The stub
shaft 4 is journaled at a portion thereof in a bearing 9
fitted in another portion of the frame 10, and a pulley
12 is mounted on the outer or left-hand end of the stub
shaft 4 to be driven from drive means (not shown)
through a belt 13. An adjusting knob 14 is mounted on
the right-hand end of the shaft 6. The cylindrical per-
manent magnet 5 is provided on the outer peripheral
surface thereof with odd magnetic poles N and S. As
seen in FIG. 1, the magnetic poles N and S are in the
form of a strip having the same width and extend axially
along the outer peripheral surface of the magnet 5. The
present embodiment is shown as having seven magnetic
poles consisting of three N poles and four S poles. An
electrostatic recording sheet 15 is arranged to run in a
direction as shown by the arrow B above the rotary cyl-

“inder 1 in close proximity thereto. A mass of a powdery
developer 16 is a mixture of fine particles of a develop-
ing pigment called a toner and fine particles of iron
called a carrier.

In operation, the rotary cylinder 1 is rotated in a di-
rection as shown by the arrow A in FIG. 2 by the drive
means (not shown) through the belt 13, pulley 12 and
stub shaft 4, The cylindrical permanent magnet 5 is
suitably turned by the adjusting knob 14 and is secured
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by the set screw 11 in such a position that one of the
magnetic poles of one polarity among the odd magnetic
poles formed on the outer peripheral surface thereof is
brought opposite to the image carrying surface of the
electrostatic recording sheet 15 and that the surface
portion having the two magnetic poles of the other and
same polarity is disposed on the trailing side of the elec-
trostatic recording sheet 15 in regard to the advancing
direction B of the recording sheet 15. When the cylin-
drical permanent magnet 5 is fixed in such a position
and the rotary cylinder 1 is rotated in the direction of
the arrow A in FIG. 2 with a portion of the lower half
thereof buried in the mass of the powdery developer 16
which is the mixture of the toner and carrier particles,
the powdery developer 16 is attracted to the surtace of
the rotary cylinder 1 by the magnetic force of the cylin-
drical permanent magnet 5 and is carried upward as the
rotary cylinder 1 rotates. Motion of the particles of the -
powdery developer 16 thus attracted to the surface of
the rotary cylinder 1 occurs on the rotary cylinder 1 de-
pending on variations in the lines of magnetic force
since the powdery developer 16 passes directly above
more than one magnetic pole until it reaches the image
carrying surface of the recording sheet 18. Even if the
powdery developer 16 may be non-uniformly distrib-
uted at the time it is attracted to the rotary cylinder 1,
such non-uniform distribution is eliminated by the
above motion and the toner and the carrier are thor-
oughly mixed together. Thus, the powdery developer
16 forms a magnetic brush 17 consisting of a uniform
and thorough mixture of the toner and the carrier when
it is carried to the position directly bencath the image
carrying surface of the recording sheet 18, and a clear
and distinct image can be reproduced as the recording
sheet 15 carrying a latent clectrostatic image posses
over the magnetic brush 17 in the direction of the
arrow B in FIG. 2. Any cxcess of the powdery devel-
oper 16 remaining even after the developing operation
is further carried in the direction of the arrow A by the
rotary cylinder 1 to move into the zone including the
magnetic poles S of the same polarity as seen in FIG.
2. In this zone, the powdery developer 16 is easily de-
tached from the surface of the rotary cylinder 1 by the
repulsion acting between these magnetic poles so that
the remaining powdery developer can be completely
removed.

While the embodiment shown in FIGS. 1 and 2 has
referred to an arrangement in which the two magnetic
poles.S of the same polarity are disposed in substan-
tially widely spaced apart relation, it will be understood
that the same effect can be attained when these two
magnetic poles S have a substantial width such that
they are closely adjacent to each other,

In another embodiment of the present invention
schematically shown in vertical section in FIG. 3, a
doctor plate 18 is in contact at one end thereof with the
surface of a hollow rotary cylinder 1 of the kind shown
in FIGS. 1 and 2. A mass of a powdery developer 16 is
contained in a container 19 and is continuously agi-
tated by an agitator 20 rotating in a direction of the
arrow C, and a fresh toner is supplied into the container
19 from a supply port 21, A cylindrical permanent
magnet 5 is provided with odd magnetic poles S and N
and is fixed in a position as shown in FIG. 3 so that one
end of the doctor plate 18 engages the surface of the
rotary cylinder 1 at a position intermediate between the
two contiguous magnetic poles of the same polarity (N



3,828,730

7

poles in FIG. 3) and adjacent to one of these magnetic
poles provided on the cylindrical permanent magnet 5.
A rotary drum 22 is disposed in close proximity to the
rotary cylinder 1 and rotates in a direction of the arrow
B while holding an electrostatic recording sheet 15 on
the surface thereof.

The developing operation on the electrostatic re-
cording sheet 15 by the apparatus shown in FIG. 3 is
similar to that described with reference to FIGS. 1 and
2. In operation, the rotary drum 22 holding thereon an
clectrostatic recording sheet 15 having a latent image
thereon is rotated in the direction of the arrow B. At
the nip between the rotary drum 22 and the rotary cyl-
inder 1, the electrostatic recording sheet 15 is brought
into contact with a magnetic brush 17 formed by the
powdery developer 16 by the action of the lines of mag-
netic force so that the latent electrostatic image formed
on the electrostatic recording sheet 15 can be devel-
oped by the powdery developer 16. Any excess of the
powdery developer 16 remaining on the surface of the
rotary cylinder 1 even after the developing operation is
scraped off the surface by the doctor plate 18 engaging
the surface of the rotary cylinder 1. Due to the fact that
the end of the doctor plate 18 is disposed adjacent to
the N pole of the two contiguous N poles as described
above, that is, adjacent to the leading edge of a mag-
netic brush 17a formed by the excess powdery devel-
oper 16, this excess powdery developer 16 is smoothly
transferred from the surface of the rotary cylinder 1
onto the doctor plate 18 to be completely removed
from the surface of the rotary cylinder L. It will thus be
understood that the excess powdery developer 16 can
be completely removed by the cooperation between
the doctor plate 18 disposed at such an optimum posi-
tion and the repulsive force acting between the mag-
netic poles of the same polarity. The excess powdery
developer 16 thus removed falls down into the con-
tainer 19 and is mixed with a fresh toner supplied from
the toner supply port 21, the mixture being thoroughly
agitated by the agitator 20 rotating within the container
19,

The gap between the rotary drum 22 and the rotary
cylinder 1, the position of the specific magnetic pole of
the cylindrical permanent magnet 5 opposite to the ro-
tary drum 22, and the engaging position and angle of
the doctor plate 18 may be suitably adjusted depending
on the relative rotating speeds of the rotary drum 22
and rotary cylinder 1 and the property of the powdery
developer 16.

Though the magnetic poles start with the S pole in
the embodiment of FIG. 2 while the magnetic poles
start with the N pole in the embodiment of FIG. 3, with
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which pole the poles start is immaterial and cither will
do.

We claim:

1. An clectrostatic record developing apparatus com-
prising a hollow cylindrical rotary member of nonmag-
netic material, means for causing rotation of said hol-
low cylindrical rotary member, a cylindrical permancnt
magnet disposed coaxially within said hollow cylindri-
cal rotary member so as to be rotatable relative to said
hollow cylindrical rotary member, said cylindrical per-
manent magnet being formed in a body having an odd
number of magnetic poles and more than three mag-
netic poles extending in strip form in the axial dircction
thereof, said strip-like magnetic poles being arranged
with alternating north poles and south poles except for
one portion of the cylindrical body at which two adja-
cent magnetic poles of the same polarity are arranged
for producing a repulsive force which effectuates the
removal of developer from the surface of said cylindri-
cal rotary member, means for feeding an electrostatic
recording sheet relative to said hollow cylindrical ro-
tary member, means for adjustably fixing said cylindri-
cal permanent magnet in such a position that one of the
magnetic poles is disposed opposite to the image carry-
ing surface of the eclectrostatic recording sheet and the
adjacent magnetic poles of the same polarity are dis-
posed on the trailing side of the electrostatic recording
sheet, and means for supplying a powdery developer to
the surface of said hollow cylindrical rotary member so
that the powdery developer is attracted to and forms a
magnetic brush on the surface of said hollow rotary cy-
lindrical member thereby developing a latent electro-
static image recorded on the image carrying surface of
the clectrostatic recording shect.

2. An clectrostatic record developing apparatus as
claimed in claim 1, in which a doctor means is provided
to engage at one end thereof with the surface of said
hollow cylindrical rotary member at a position interme-
diate between said magnetic poles of the same polarity
and adjacent to the trailing one of said magnetic poles
of the same polarity.

3. An clectrostatic record developing apparatus as
claimed in claim 1, wherein said one magnctic pole dis-
posed opposite to the image carrying surface of the
clectrostatic recording sheet is arranged adjacent 1o
one of said magnetic poles of the same polarity.

4. An clectrostatic record developing apparatus as
claimed in claim 1, wherein said strip-like magnetic
poles are formed in the surface of the cylindrical per-

manent magnet body.
* ok ok ok ok



