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@ A magnetic brush developing apparatus.

@ A magnetic brush developing apparatus, comprising: a development container for containing a developer (4);
a magnet (1b) stationarily located in the development container (7) and having magnetic poles radially provided
on a plurality of points; a rotational sleeve (1a) arranged to cover the outer circumference of the magnet (1b) and
rotatably driven to carry the developer (4) in the development container (7); and a blade (2) arranged opposite to
the rotational sleeve (1a) to restrict the amount of the developer (4) which is carried by the rotational sleeve (1a).
To obtain a uniform image quality without unevenness among different developing apparatus and a wider range
of assembling precision to thus facilitate the installment of the apparatus, at the position (6a) facing the
developer restriction member (2), and in its vicinity (6), there is formed a uniform magnetic flux density section
(Z) having a magnetic flux density whose component normal to the sleeve (1a) is substantially uniform on the
periphery of the rotational sleeve (1a). Two magnetic poles having different polarity have a third magnetic pole
placed between them. This third pole faces the blade. The uniform magnetic flux density section is formed by
these three magnetic poles.
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The present invention relates to a magnetic brush developing apparatus for developing an electrostatic
latent image, which is used in an electrophotographic recording apparatus or the like.

Widely known as a developing method applicable to a developing apparatus is a two-component
magnetic brush developing method using a toner or a colored powder, and a carrier or a magnetic powder
as a developer.

The carrier used therein imparts an electrostatic charge to the toner through a friboelectrification or the
like thereof, and the toner is held by the electrostatic force for conveyance.

Also, the developing roller functions to convey the developer to the developing section and holds the
carrier by the magnetic force for conveyance, and thus the magnetic properties of the developing roller
have a great influence on the image quality.

The principle of the two-component magnetic brush developing method relevant to the present
invention, will now be described with reference to Fig. 18.

A developing roller 1 is constituted of a magnet 1b having a plurality of magnetic poles, and a rotational
sleeve 1a which rotatably covers the surface of the magnet 1b.

The magnet 1b is usually fixed, and a developer 4 is caught on the surface of the rotational sleeve 1a,
through the magnetic force exerted by the magnet 1b, and carried to a developing section 9 in which a
photosensitive drum 3 confronts the developing roller 1a, through the rotation of the rotational sleeve 1a.

The developer restriction member 2, i.e., a blade is arranged opposite to the developing roller 1
(rotational sleeve 1a) to restrict the amount of the developer 4 to be carried to the developing section 9.

The amount of the developer 4 passing through the developer restriction member 2 is determined by
the interval (a blade gap) between the developing roller 1 and the developer restriction member 2, and the
amount by which the developer head has been raised. Accordingly, the amount of the developer 4 which
has passed through the developer restriction member 2 is determined by the height of the developer head.
The developer head is the height of the developer brush carried on the surface of the sleeve 1a.

The image quality is also influenced by the height of the developer head. Namely if the height of the
developer is comparatively low and the amount of the developer to be carried to the developing section 9 is
thus reduced, sufficient toner for a development is not supplied, which results in a deterioration of the
image density. Conversely, if an excessive amount of toner is supplied, the image is unstable.

Namely, a variation in the height of the developer head may cause an instability of the image and a
deterioration of the image quality. Accordingly, to eliminate any unevenness of the image quality, it is
necessary to maintain the quantity of developer 4 passing through the blade gap of a constant value.

Moreover, even though the blade gap is constant, the quantity of the developer 4 passing through the
blade gap is determined by the amount by which the developer resting on the developing roller 1 is raised
in the developer restriction member facing section 6.

Therefore, to obtain a firm image quality without unevenness, that condition of the raising of developer
head on the developing roller 1 in the developer restriction member facing section 6 should be always the
same.

The condition of the raising of the developer is determined by the vertical magnetic flux density at a
position opposite to the developer restriction member 2 on the developing roller 1, and as a result, the
vertical magnetic flux density at the opposing position must be constant.

Figure 19 shows the distribution of the vertical component (normal to the sleeve surface) of the
magnetic flux density of the conventional developing roller 1. Note, in this specification, the "vertical
component of the magnetic flux density" will be hereinafter referred to as "magnetic flux density". The peak
portion of the magnetic flux density in the magnetic flux density distribution will be designated as a
magnetic pole. This embodiment has five magnetic poles as shown in Fig. 19. The magnetic pole A
confronts the photosensitive drum 3, the magnetic poles B, C, and E are mainly used for conveying the
developer 4b, and a magnetic pole D is mainly used for applying the developer 4 to the developing roller 1.
Also, the developer restriction member facing section 6 is positioned between the magnetic poles B and C.

Figure 20 shows, on an enlarged scale, the distribution of the magnetic flux density of the conventional
developer restriction member facing section 6. As clearly shown by the drawing, the conventional
developing apparatus suffered from a large change in the vertical component of the magnetic flux density
on the developing roller 1 in the developer restriction member facing section 6.

Note, the parts to be mounted in the developing apparatus have respective mounting precision errors
which must be allowed for in the fabrication. Namely, if the mounting precision for the developer restriction
member 2 is 0.5 degrees, if the precision in the magnetized position for the magnet 1b is =3 degrees, if
the fixing precision for the magnet 1b +0.5 degrees, and if the processing precision of the other parts is 1
degree, the position of the developer restriction member 2 relative to the magnetic flux density distribution
has a precision as shown by the positional precision range Q. The positional precision range Q is generally
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within the range of 5 degrees of the above-mentioned precision, and becomes 10 degrees in total.

In the conventional developing roller 1, the magnetic flux density in the developer restriction member
facing section 6 differs depending on the developing apparatus used, due to the large variation in the
magnetic flux density within the positional precision range Q.

An example is US Patent No. 4 851 872. A developing device is disclosed therein which includes a
developing sleeve provided rotatably at a side of an electrostatic latent image support member, a supply
member for supplying developer to the developing sleeve, a bristle height regulating member which
confronts an upper portion of the developing sleeve so as to adjust an amount of the developer transported
fo a developing region and a plurality of magnets provided in the developing sleeve. The magnetic poles of
the magnets not only extend in an axial direction of the developing sleeve but are arranged in a
circumferential direction of the developing sleeve. The magnetic poles include a weak magnetic pole
disposed adjacent to the upper portion of the developing sleeve and two strong magnetic poles between
which the weak magnetic pole is interposed. The strong magnetic poles have a polarity different from that
of the weak magnetic pole.

In connection with this, US Patent No. 4,825,241 discloses an electrostatic latent image developing
apparatus including a rotatable developing sleeve, multiple fixed magnets in the developing sleeve and a
brush height regulating member positioned opposite one of the multiple magnets is magnetised so that the
region corresponding to 80% plus of the peak value of magnetic force has a spread which subtends an
angle of 20° or more at the exterior surface of the developing sleeve.

As described hereinbefore, the difference in the magnetic flux density causes a variation in the amount
of the developer 4 to be carried to the developing section, which has a large affect on the image quality.
Accordingly, many different problems arise such as a remarkable difference in the image density depending
on the developing apparatus used, a solid, a thin line, missing out of half foning dots, and the adherence of
the carrier to the photosensitive body.

An object of the invention is to overcome the conventional disadvantages and to provide a magnetic
brush developing apparatus which prevents unevenness in the image quality resulting from a substitution of
different developing apparatus, thus leading to an improvement in the image quality, and which has a wider
assembly precision range enabling an easy installment of the apparatus.

In accordance with the invention there is thus provided a magnetic brush developing apparatus,
comprising: a development container for containing a developer; a developing roller including a shaft and a
magnet stationarily located in said development container and having a plurality of magnetic poles at points
on its circumference; a rotational sleeve arranged so as to cover the outer circumference of said magnet
and rotatably driven to carry the developer of said development container; and a developer restriction
member arranged opposite to said rotational sleeve to restrict the amount of the developer carried by said
rotational sleeve; wherein at the position facing said developer restriction member, and in its vicinity, there
is formed a uniform magnetic flux density section having a magnetic flux density whose radial component is
uniform to a predetermined tolerance on the periphery of the said rotational sleeve; and characterised in
that two of said magnetic poles are positioned so that a distance between said two magnetic poles is such
that magnetic flux flows from one magnetic pole toward the other magnetic pole and past a third magnetic
pole which is placed between the said two magnetic poles at a position substantially opposite the blade
restriction member, such that a uniform magnetic flux density section is formed between said two poles,
and wherein said two of said magnetic poles are different from each other.

Further, in an embodiment said uniform magnetic density section may include a distribution of a
magnetic flux density having a vertical component which is substantially uniform in a wider range than that
of any of a precision in a magnetized position for said magnet, a precision in a mounting of said magnet to
said developing apparatus, and a precision in a mounting of said developer restriction member to said
developing apparatus. Further, said uniform magnetic flux density section may include a distribution of a
magnetic flux density having a vertical component which is substantially uniform in a wider range than that
of a precision of a relative mounting position of said uniform magnetic flux density section and of said
developer restriction member.

Moreover, said uniform magnetic flux density sections may be provided on both sides of said developer
restriction member facing position, to thus extend by an angle of at least 3 degrees, preferably at least 5
degrees, more preferably at least 10 degrees, in terms of the rotational angle of said rotational sleeve.

Furthermore, said uniform magnetic flux density section may have a vertical magnetic flux density
within the range of +20%, preferably +15%, more preferably £10% with respect to the preset value for said
developer restriction member facing position.

To illustrate the functions of the present invention, Figure 17 shows the variation in the developer head
based on the magnetic flux density distribution of the developer restriction member facing section 6.
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Fig. 17(a) shows the state of the developer head in the developer restriction member facing section 6.

In the embodiment, the magnetic flux density has a substantially uniform vertical component in the
developer restriction facing section 6, so that the condition of raising of the head in this section is
substantially uniform.

As a result, even if the mounting position of the developer restriction member with respect to the
magnetic flux density distribution is diverged, the condition of raising of the developer is uniform in the
developer restriction member facing section 6, so that the amount of the developer 4 to be carried to the
developing section 9 passing through the developer restriction member 2 remains unchanged.

Fig. 17(b) shows the state of the developer head in the developer restriction facing section 6 of the prior
art. In the conventional techniques, the vertical component of the magnetic flux density is changed in the
developer restriction member facing section 6, which causes the variation in the state of the head raising in
this section.

Consequently, if the mounting position of the developer restriction member 2 with respect to the
magnetic flux density distribution is diverged from the design center value 6a due to the processing
precision of the parts and the like, the head raising of the developer 4 is different in the developer
restriction member facing section 6, and thus the amount of the developer 4 to be carried to the developing
section passing through the developer restriction member 2 differs depending on the developing apparatus
used.

Then, as described earlier, the variation in the amount of the developer 4 influences the image quality,
resulting in a different image quality depending on the developing apparatus used.

As described above, a constant uniform image quality can be obtained in an individual developing
apparatus, effectively resulting in an improvement in the image quality and a reduction of the processing
precision of the parts.

According to the embodiments described the magnetic flux density in the developer restriction member
facing section may thus be almost unchanged even though the relative mounting position diverges between
the magnetic flux density distribution and the developer restriction member, thereby rendering the supply of
the developer uniform among different developing devices. As a result, despite the substitution of the
developing apparatus, a uniform image quality may be obtained without unevenness, leading fo an
improvement in the image quality, and a developing apparatus having a wider processing and assembly
precision range can be obtained.

For a better understanding of the invention and to show how the same may be carried into effect,
reference will now be made, purely by way of example, to the accompanying drawings in which:-

Fig. 1 is a schematic side sectional view of the printer of the principle embodiment;

Fig. 2 shows a side sectional view of the developing apparatus of one embodiment;

Fig. 3 is a perspective view of the developing roller of the embodiment;

Fig. 4 shows a distribution of the magnetic flux density of the developing roller of the embodiment;

Fig. 5 is a partially enlarged view showing the distribution of the magnetic flux density of the developing
roller of the embodiment;

Fig. 6 is a graph showing a relationship between the position of the developer restriction member and
the printing density;

Fig. 7 is a graph showing a relative position of the developer restriction member with regard to the
magnetic flux density distribution;

Fig. 8 is a chart showing results of the image evaluation;

Fig. 9 is an explanatory drawing showing the magnetization principle;

Fig. 10 is a lateral view of the developing roller of another embodiment;

Fig. 11 shows the relationship between the blade and the magnetic poles B and C;

Fig. 12 shows a developing roller and the distribution of the magnetic flux density;

Fig. 13 illustrates a method of forming a uniform magnetic flux density section by a balance control
between the two magnetic poles B and C. This method is not covered by the present claims.

Fig. 14 illustrates another method of forming uniform magnetic flux density section by providing a new
magnetic pole C';

Fig. 15 shows a distribution of the magnetic flux density in the embodiment of Fig. 13;

Fig. 16 shows a distribution of the magnetic flux density in the embodiment of Fig. 14;

Fig. 17 is a partially enlarged view showing the state of the developer head;

Fig. 18 is an explanatory drawing of the principle of the developing apparatus;

Fig. 19 shows a distribution of the magnetic flux density of the developing roller of the conventional
example; and
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Fig. 20 is a partially enlarged view of the magnetic flux density distribution of the developing roller of the
conventional example.

Embodiments of the present invention will now be described with reference to the drawings.

Figure 1 shows an electrophotographic printer. The present invention is widely applicable to not only
printers but also copying machines and the like.

In Fig. 1, reference numeral 3 denotes a photosensitive drum rotatable around a shaft thereof, 11
denotes a preelectrostatic charger for electrifying the photosensitive drum 3, 12 represents a light exposure
device for exposing the photosensitive drum 3 by a scanned laser beam, to form an electrostatic latent
image on the surface of the photosensitive drum 3.

Also, reference numeral 10 represents a magnetic brush developing apparatus for developing the
electrostatic latent image formed on the photosensitive drum 3, to form a toner image, 13 designates a
transfer device for transferring the toner image onto a printing sheet, 14 designates a cleaner for removing
residual toner on the surface of the photosensitive drum 3, and 15 shows a fixing roller for thermally fixing
the toner image onto the sheet.

Figure 2 shows the developing apparatus 10.

Contained within a development container 7 is a two component developer 4 composed of a toner 4a, a
colored powder, and a carrier 4b, i.e., a magnetic powder. The foner 4a is supplied into the development
container 7 from a toner hopper 21 provided on the upper portion through a toner supply roller 22.

The toner used in this embodiment is made of styrene acrylic series or polyester series resin and has
an average particle diameter of 11 to 12 um. The carrier, which is a resin-coated magnetic material such as
magnetite or ferrite has an average particle diameter of about 100 um. A saturation magnetization of the
carrier is 80 emu/g.

Reference numeral 23 stands for a stirring device for stirring the developer within the development
container 7, to produce an electrostatic charge therein. 24 signifies a flow restriction member for returning
the developer 4 held back by a developer restriction member 2, to the stirring device 23, and 25 signifies a
foner density sensor for detecting a toner density in the developer 4 through a measurement of a
permeability of the developer 4, to thereby determine the toner replenishment timing.

The development container 7 has at its left end portion an opening which defines a developing section
9 for developing the surface of the photosensitive drum 3, in which there is provided a developing roller 1
constituted of a cylindrical magnet 1b made of a magnetized magnetic material, and a tubular rotational
sleeve 1a rotatably driven and arranged so as to cover the surface of the magnet 1b.

In this embodiment, the magnet 1b is made of ferrite and has a shaft made of a non-magnetic material
such as aluminum alloy, for example. Also, the rotational sleeve 1a is made of the non-magnetic material
such as aluminum alloy, for example.

Figure 3 is a perspective view showing the partially cut-away developing roller 1. The magnet 1b shown
in Fig. 3 includes a plurality of radially alternately magnetized lines (five lines).

The developer 4 held on the surface of the rotational sleeve 1a through a magnetic force exerted by the
magnet 1b, is carried to the developing section 9 by the rotation of the rotational sleeve 1a.

As shown in Fig. 2, a developer restriction member or blade 2 made of a non-magnetized material is
rigidly fixed to the development container 7 so as to be parallel to the axial direction of the rotational sleeve
1a. Provided between the developer restriction member 2 and the rotational sleeve 1a is a predetermined
small gap (1.0 mm in this embodiment), and as a result, the height of the developer 4 (the height of the
head) carried by the rotation of the rotational sleeve 1a is restricted to a predetermined value by the
developer restriction member 2.

Then, only the toner which develops the electrostatic latent image formed on the surface of the
photosensitive drum 3 is fransmitted to the photosensitive drum 3, and the remaining developer 4 is
returned to the development container 7 by the developing roller 1.

Figure 4 shows a distribution of the magnetic flux density, in which reference numeral 6 denotes a
developer restriction member facing section arranged opposite o the developer restriction member 2.

A magnetic pole A is an N pole confronting the photosensitive drum 3. Magnetic poles B, C, and E are
mainly utilized to carry the developer 4, and a magnetic pole D is mainly used to apply the developer 4 fo
the developing roller 1. Further, the magnetic poles E and D have the same polarity, and therebetween the
developer is removed from the developing roller 1. Further, the developer 4 that has been removed is
stirred by the stirring device 23 for re-use.

As shown in the enlarged view of Fig. 5, between the magnetic poles B and C the developer restriction
member facing section 6 has a substantially uniform magnetic flux density of, for example, 80 to 90 gauss,
due to the magnetic pole C. (10* gauss = 1 Tesla).
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That magnetic flux density lying between 80 to 90 gauss is suitable to obtain a satisfactory image in the
apparatus of this embodiment, the magnitude of which may be appropriately selected depending on the
properties of the apparatus.

The uniform magnetic flux density section Z is made to extend across 10 degrees or more and is 20
degrees in fotal at both sides of the developer restriction member facing the position 6a therebetween.

Methods of forming the thus widely spread uniform magnetic flux density section Z will be described
later in detail.

As described earlier, the parts mounted in the apparatus have respective mounting precisions (errors
permissible in the manufacture) and the like. Accordingly, when the mounting precision of the developer
restriction member 2 is +0.5 degrees, the magnetized positional precision of the magnet 1b is +3 degrees,
the fixing precision of the magnet 1b is 0.5 degrees, and the processing precision of the other parts is 1
degree, the position of the developer restriction member 2 relative to the magnetic flux density distribution
of the developing roller 1 includes a precision shown by a positional precision range Q.

Q is on the order of 10 degrees (x5 degrees), and the uniform magnetic flux density section Z is
formed so as to be substantially double the range Q in this embodiment.

As a resulf, the magnetic flux density of the developer restriction member facing section 6 is almost
unchanged, and accordingly, even if a different developing apparatus is used, the amount of developer 4
supplied to the developing section 9 is unchanged in each developing apparatus.

Figure 6 is a graph showing the relationship between the relative positional variation of the developer
restriction member 2 with respect to the magnetic flux density distribution of the developing roller 1, and the
printing density (developing density). Figure 7 shows the + or - direction of the graph. The variation in the
relative position of the developer restriction member with respect o the magnetic flux density distribution of
the magnet, toward the directions as shown in the drawing, are designated by + and -, respectively.

A solid line in Fig. 6 shows the apparatus of this embodiment, and a broken line shows the conventional
apparatus. As can be seen, this embodiment apparatus is subjected to very little change in the printing
density regardless of the position of the developer restriction member 2 within the positional precision range
Q.

Therefore, each developing apparatus can present a similar uniform image quality within a predeter-
mined range, with respect to the image density, fogging, skip, carrier adhesion and the like.

Figure 8 shows the angle range for the uniform magnetic flux density section Z of the developing roller
used in the developing apparatus, and the ratio of the developing apparatus by which a satisfactory printing
can be obtained when the variation range of the magnetic flux density is changed. The image density of a 4
mm square solid of an output image was judged to be satisfactory at 1.2 or over.

In the drawing, (© means that the ratio (good ratio of the apparatus) of the developing apparatus at
which a satisfactory printing can be obtained is approximately 100%, o means that the ratio (good ratio of
the apparatus) of the developing apparatus at which a satisfactory printing can be obtained is 80% or more,
A signifies that the ratio (good ratio of the apparatus) of the developing apparatus at which a satisfactory
printing can be obtained is 60% or more, and x signifies that the ratio (good ratio of the apparatus) of the
apparatus at which a satisfactory printing can be obtained is 50% or less. It will be appreciated from Fig. 8
that the developing apparatus using a developing roller having a uniform magnetic flux density section Z
with a wider angle range, and having a narrower variation angle of the magnetic flux density within the
foregoing angle range, is able to obtain a satisfactory printing with a 1.2 or more image density.

For example, for the developing apparatus using a developing roller (as used in the embodiment in Fig.
6) having an angle range of £10 degrees or more and having a variation range of the magnetic flux density
of 210 or less, the good ratio of the apparatus was almost 100%, which is an ideal result.

On the contrary, for the developing apparatus using a developing roller having an angle range of + 5
degrees or more, and the variation range of the magnetic flux density of 215% or less, the good ratio of the
apparatus was 80% or more, and for the developing apparatus using a developing roller having an angle
range of +3 degrees and the variation range of the magnetic flux density of +20%, the good ratio of the
apparatus was 60% or more.

For the developing apparatus using a developing roller having an angle range of 2 degree or less and
the variation range of the magnetic flux density of +25%, or more, the good ratio of the apparatus was 50%
or less, which is unusable in practice.

Also, in the case of the developing apparatus using a developing roller having an angle range of £2
degrees or less, and the variation range of the magnetic flux density of + 10 or less, as well as the
developing apparatus using a developing roller having an angle range of *10 degrees or more and an
variation range of the magnetic flux density of 25% or more, the good ratio of the apparatus was not less
than 60%.
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From the above experimental results, it is understood that the uniform magnetic flux density section Z
should be formed to extend by 3 degrees, preferably by 5 degrees, more preferably 10 degrees in terms of
angle range on both sides of the developer restriction member facing section 6 therebetween, more
preferably, a 5 degrees angle range or more, most preferably a 10 degrees angle range or more.

It is also understood that the vertical magnetic flux density of the uniform magnetic flux density section
Z should lie within a range of +20%, preferably £+15%, more preferably +10% with respect to the preset
value at the developer restriction member facing section 6.

In these experiments, 16 kinds of developing rollers were used to make 20 measurements each.

A description is now given of a method of fabricating a developing roller lying within the angle range
and the variation range of the magnetic flux density as described above.

First, the magnetizing of the magnet 1b will be described with reference to Fig. 9.

As shown in the drawing, an electromagnet 30 is arranged surrounding a magnet raw material 1¢. A coil
(not shown) of the electromagnet 30 is then energized to exert a magnetic force on the electromagnet 30, fo
thereby magnetize the magnet raw material 1¢ to form a magnet 1b. In this case, the range of the angular
position of each magnetic pole is determined by the angular positional arrangement of the electromagnet
30, and the magnitude of the magnetic flux density of each magnetic pole is determined by the current
supplied to the coil of the electromagnet 30.

Figure 10 shows a developing roller of another embodiment in accordance with the present invention. In
the drawing, the magnet 1b has a shaft having planes to which magnets are attached, and through an
appropriate magnetic flux density and the angle arrangement, a satisfactory distribution of the magnetic flux
density can be obtained.

Methods of forming a uniform magnetic flux density section Z will now be described with reference to
Figs. 11 to 16.

Figure 11 shows the relationship between the positions of the developer restriction member or blade 2
and the two magnetic poles B and C located on the circumference of the developing roller 1 and between
these magnetic poles B and C. There are two methods of forming the uniform magnetic flux density section
Z, one being attained by a balance control between the two magnetic poles B and C located between these
magnetic poles B and C, and the other being attained by providing a new magnetic pole C' in the vicinity of
the developer restriction member (blade) 2.

In Fig. 12(a) shows a structure of the developing roller and Fig. 12(b) shows the vertical component of
the magnetic flux density distribution on the rotational sleeve 1a of the developing roller 1. As mentioned
hereinbefore, the developing roller 1 comprises the rotational sleeve 1a and the magnet 1b. An isotropic
ferrite magnet is used as a material of the magnet 1b. As shown in Fig. 12(a), if an external magnetic field
is exerted on such a magnet material, the magnetic poles (A, B, C, ...) are formed. Figure 12(b) shows the
results of the measurements of the magnetic flux density distribution on the rotational sleeve 1a. The
positions of the magnetic poles B and C are shown at the bottom of the drawing. In Fig. 12(b), the abscissa
indicates an angle 6.

(1) Balance Control of Magnetic Poles Although not covered by the present claims the method of forming
a uniform magnetic flux density section Z by a balance control between the two magnetic poles B and C,
between which the developer restriction member or blade 2 is arranged is now described. If the distance
between the two magnetic poles B and C is increased, as shown in Fig. 13(a), not only does the
magnetic flux flow from the magnetic pole C (N-pole) toward the magnetic pole B (S-pole), but also the
magnetic flux flows toward the inner magnetic poles located at the side of a shaft of the developing
roller, as shown by broken lines in Fig. 13(a), and thus, both magnetic fluxes are mutually balanced so
that a flat portion is formed. If the strength of magnetization and the width of these two magnetic poles B
and C are the same, the flat portion is located at a zero line of the magnetic flux density, but if the
strength of magnetization of one of the magnetic poles B and C is smaller than that of the other, or if the
width of one is narrower than that of the other, the flat portion is not located at the zero line. For
example, if the width of the magnetic pole C (N-pole) is narrower, the amount of the magnetic flux
around the magnetic pole B (S-pole) is increased, and therefore, the flat portion is moved to the side of
N-pole, and thus a uniform magnetic flux density section Z is formed at the side of N-pole, as shown in
Fig. 13(c).

Therefore, in a method of obtaining a balance control between the two magnetic poles B and C, a
uniform magnetic flux density section (flat portion) Z can be advantageously formed if the angle 6o (Fig.
12(a)) between the center lines of the two magnetic poles B and C is not less than three times the
average width of these magnetic poles B and C, and if the width of one of the magnetic poles B and C is
smaller (not more than 80%) than that of the other, or the magnetic flux density of one is smaller than
that of the other.
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(2) Provision of a New Magnetic Pole C’

A method of forming a uniform magnetic flux density section Z by providing a new magnetic pole C'
will now be described with reference to Fig. 14. As mentioned above (1), if the distance between the two
magnetic poles B and C is increased, the uniformity of the magnetic flux density will be lost as shown in
Fig. 14(a). Therefore, a new magnetic pole C' is arranged between the two magnetic poles B and C and
opposite the developer restriction member or blade 2. The distance between the magnetic poles B and
C' is a little bit shorter than the distance between the magnetic poles C' and C. The width of the
magnetic pole C' is about one half that of the magnetic pole B or C and the strength of magnetization of
the magnetic pole C' is about 5 to 50% that of the magnetic pole B or C. Figure 14(b) shows a
distribution of magnetic flux density of this magnetic pole C' on the rotational sleeve 1a. The distribution
of magnetic flux density between the magnetic poles B and C is represented as a combination of both,
and thus a uniform magnetic flux density section Z is formed, as shown in Fig. 14(c).

Therefore, a uniform magnetic flux density section (flat portion) Z can be advantageously formed by
providing a new magnetic pole C', the width of which is about a half that of the magnetic pole B or C and a
strength of magnetization thereof is about 5 to 50% of that of the magnetic pole B or C, at a position
between the developer restriction member or blade 2 and the two magnetic poles B and C. In this case, the
angle 6, (Fig. 12(a)) between the center lines of the two magnetic poles B and C is not less than twice the
average width of these magnetic poles B and C.

Figures 15 and 16 show a distribution of the magnetic flux density in the above-mentioned embodi-
ments (1) and (2), respectively. In Fig. 15, the strength of magnetization of the magnetic poles A, B, C, D
and E is the same, but the width thereof is changed as follows. Also the positions of these magnetic poles
A, B, C, D and E are set as follows.

Magnetic Pole Magnetization strength Width Position
pole
A N 1.8 (KG) 60° 0
B S same 30° 75°
C N same 25° 167.5°
D S same 35° 212.5°
E S same 40° 300.0°

In Fig. 16, the strength of magnetization and the width of the magnetic poles A, B, C, C', D and E are
set as follows. Also the positions of these magnetic poles are set as follows.

Magnetic pole Pole Magnetization strength Width Position
A N 1.8 (KG) 60° 0
B S 1.8 (KG) 30° 80°
C N 0.2 (KG) 15° 1175°
c N 1.8 (KG) 25° 157.5°
D S 1.8 (KG) 35° 2125°
E N 1.8 (KG) 40° 300.0°

It should be noted that the present invention is not confined to the above embodiments. With respect to
the uniform magnetic flux density section Z, providing there exists an appropriate magnetic flux density (for
example, 80 to 90 gauss) within the range of at least 5 degrees or more, and 10 degrees or more in total on
the both sides of the designed developer restriction member facing point 6a therebetween, the image
quality among the apparatuses can be made largely uniform compared to the conventional apparatuses.

Also, the above angle may be made at least 3 degrees or more on both sides thereof, and 6 degrees or
more in total, to obtain a better effect.

Claims
1. A magnetic brush developing apparatus, comprising:

a development container for containing a developer (4);
a developing roller including a shaft and a magnet (1b) stationarily located therein in said
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development container (7) and having a plurality of magnetic poles at points on its circumference;

a rotational sleeve (1a) arranged so as fo cover the outer circumference of said magnet (1b) and
rotatably driven to carry the developer (4) of said development container (7); and

a developer restriction member (2) arranged opposite to said rotational sleeve (1a) to restrict the
amount of the developer (4) carried by said rotational sleeve (1a);

wherein at the position (6a) facing said developer restriction member (2), and in its vicinity (6),
there is formed a uniform magnetic flux density section (Z) having a magnetic flux density whose radial
component is uniform to a predetermined tolerance on the periphery of the said rotational sleeve (1a);
and characterised in that two of said magnetic poles are positioned so that a distance between said two
magnetic poles is such that magnetic flux flows from one magnetic pole toward the other magnetic pole
past a third magnetic pole (c') which is placed between the said two magnetic poles at a position
substantially opposite the blade restriction member (2), such that a uniform magnetic flux density
section is formed between said two poles, and wherein said two of said magnetic poles are different
from each other.

A magnetic brush developing apparatus according to claim 1, wherein said uniform magnetic flux
density section (Z) includes a distribution of magnetic flux density whose component normal to the
sleeve (1a) is substantially uniform in a wider range than that of any of a magnetized positional
precision for said magnet (1b), a mounting precision of said magnet (1b) to said development container
(7), and a mounting precision of said developer restriction member (2) to said development container

@).

A magnetic brush developing apparatus according to claim 1, wherein said uniform magnetic flux
density section (Z) includes a distribution of magnetic flux density whose component normal to the
sleeve (1a) is substantially uniform in a wider range than that of a relative mounting positional precision
between said uniform magnetic flux density section (Z) and said developer restriction member (2).

A magnetic brush developing apparatus according to any of claims 1 to 3, wherein said uniform
magnetic flux density sections (Z) are provided on both sides of said developer restriction member
facing point (6a) therebetween so as to extend by an angle of at least 10 degrees each in terms of a
rotational angle of said rotational sleeve (1a).

A magnetic brush developing apparatus according to any preceeding claim, wherein said uniform
magnetic flux density section (Z) has a magnetic flux density normal to the sleeve (1a) lying within the
range of £10% with respect to a preset value for said developer restriction member facing point (6a).

A magnetic brush developing apparatus according to any one of claims 1 to 4, wherein said uniform
magnetic flux density section (Z) is provided on both sides of said developer restriction member facing
point (6a) therebetween so as to extend by an angle of at least 3 degrees in terms of a rotational angle
of said rotational sleeve (1a), and said uniform magnetic flux density sections (Z) has a magnetic flux
density normal to the sleeve (1a) lying within the range of +20% with respect o a preset value for said
developer restriction member facing point (6a).

A magnetic brush developing apparatus according to any one of claims 1 to 3, wherein said uniform
magnetic flux density section (Z) is provided on both sides of said developer restriction member facing
point (6a) therebetween so as to extend by an angle of at least 3 degrees in terms of a rotational angle
of said rotational sleeve (1a), and said uniform magnetic flux density section (Z) has a magnetic flux
density normal to the sleeve (1a) lying within the range of +10% with respect o a preset value for said
developer restriction member facing point (6a).

A magnetic brush developing apparatus according to any one of claims 1 to 3, wherein said uniform
magnetic flux density section (Z) is provided on both sides of said developer restriction member facing
point (6a) therebetween so as to extend by an angle of at least 10 degrees in terms of a rotational
angle of said rotational sleeve (1a), and said uniform magnetic flux density section (Z) has a magnetic
flux density normal to the sleeve (1a) lying within the range of £20% with respect to a preset value for
said developer restriction member facing point (6a).

10
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A magnetic brush developing apparatus according to any one of claims 1 to 3, wherein said uniform
magnetic flux density section (Z) is provided on both sides of said developer restriction member facing
point (6a) therebetween so as to extend by an angle of at least 5 degrees in terms of a rotational angle
of said rotational sleeve (1a), and said uniform magnetic flux density section (Z) has a magnetic flux
density normal to the sleeve (1a) lying within the range of +10% with respect o a preset value for said
developer restriction member facing point (6a).

A magnetic brush developing apparatus according to any preceding claim, wherein said developer
restriction member (2) is arranged between two (B, C) of said plurality of magnetic poles, an angle (60)
between center lines of said two magnetic poles (B, C) is not less than three times an average width of
said two magnetic poles (B, C), and a width of one of said two magnetic poles (B, C) is smaller than
that of the other.

A magnetic brush developing apparatus according to any preceding claim, wherein said developer
restriction member (2) is arranged between two (B, C) of said plurality of magnetic poles, an angle (60)
between center lines of said two magnetic poles (B, C) is not less than three times an average width of
said two magnetic poles (B, C), and a magnetic flux density of one is smaller than that of the other.

A magnetic brush developing apparatus according to any preceding claim, wherein the third magnetic
pole (C"), has a width being about a half that of either of said magnetic poles (B or C), has a strength of
magnetization of about 5 to 50% of that of said magnetic pole (B or C) and is placed at a position
between said two magnetic poles (B, C).

11



Flg.1

EP 0 658 826 A1










EP 0 658 826 A1

900y 900c 90 90

XN1d4 JILINOVYIN
40 NOlLNgIdLSIa

DS

G b/

OOON. 900V

15



(OD)

PRINTING DENSITY

o

O

O

EP 0 658 826 A1

Flg. 6

-lo 5 0 5 10 15

L Q BLADE POSITION

16



EP 0 658 826 A1

O00p 9002 90 90 900¢ 900t

ALISN3d
XN14 JILINOVIN
40 NOILO3yId

NOILDIMIA — ) NOILDINIT +

H

D9

AZE

17



EP 0 658 826 A1

%00l ATILVYWIXOHddY 40

SLINS3Y NOILYNIVAT JOVWI
SNLVYVddY JO OILVY 4009

N ERRERNELC)

JUOW ¥O %08 40 SNLVYUVIAY H0 OILVY Q009 *++++++++ d009 O
JHYON YO %09 40 SNLYYYAAY 40 OILYY QOOD ++ v+ vr s+ YVI
SS37 YO %0S 40 SNLVYVddY H0 OILYY Q00D ««*+ -+ -+ - H¥00d X

ngo
JHOW ¥O | B
© O O \ 339930 Ol O0Z
Jyow wo 257
Z3
O O \ X $339930 G¥| og
OZ
JyoW ¥o | mE
O % \% X |s33¥930 eF G2
I._
SS37 40 | <¢
\% X X X $334934d 2+ M
o
SS37 ss3 ss3 JYONW >
¥O %OlF | YO %GlF | ¥O %02F | HO %S2F 4
ALISNIA XN JILINOVA 40 JONVYH NOILVIYYA

g bl

18



EP 0 658 826 A1

Flg. 9

30

0

3
L3

30

~30

19






EP 0 658 826 A1

Filg. 11

Bn

MAGNETIC FLUX
DENSITY

Fig. 12(b)

VERTICAL COMPONENT OF
OF MAGNETIC FLUX

ﬂENSlTY ON SLEEVE
-9

\/

{
)

21



EP 0 658 826 A1

Fig. 13(a)

Fig. 13(b)

an FLAT

\/ ]

° s ! Wﬁ
Fig. 13(c)
L BTN
N,

N

B g N

C

22



EP 0 658 826 A1

Flg. 14(a)

FFFF

Fig. 14(c)

FLAT
PORTION

23



EP 0 658 826 A1

Flg. 15

MAGNETIC  pq E STRENGTH OF WIDTH OF POSITION

POLE MAGNETIZATION POLE OF POLE
A N 1.8 (kG) 60° 0
B S 30° 75°
C N 25° 167.5°
D S 35° 212.5°
E S 40° 300°

24



EP 0 658 826 A1

MAGNETIC  po(E

POLE

moooOomr

20nh220n2

STRENGTH OF
MAGNETIZATION

buba S el
o 00 00 N 0 00

(kG)
(kG)
(kG)
(kG)
(kG)
(kG)

25

WIDTH OF POSITION

POLE

60°
30°
15°
25°
35°
40°

OF POLE

OO

80°
117.5°
157.5°
212.5°

300°



EP 0 658 826 A1

Fig. 17(a)

PRESENT INVENTION

~ 2

26



EP 0 658 826 A1

27



EP 0 658 826 A1

9200v 900 90

NolLNgid1sSId
ALISN3Ad XN71d JILINOVIN

S

09

oz 0/

90 900< 900v

28



D)

EPO FORM 1503 03.82 (PO4CO1)

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 95 10 2168

Catego Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim | APPLICATION (int.CLS)
X PATENT ABSTRACTS OF JAPAN 1 G03G15/09
vol. 013 no. 422 (P-933) ,20 September
1989
& JP-A-01 154182 (MINOLTA CAMERA CO LTD)
16 June 1989,
* abstract *
P,X |& US-A-4 959 692 (HAYASHI ET AL.) 25 1
September 1990
* column 2, line 41 - line 51; figures 1,2
*
A,D |US-A-4 825 241 (SAIJO HIROMITSU ET AL) 25|1,2,4
April 1989
* column 5, line 38 - column 6, line 33;
figures 1,2 *
A,D |US-A-4 851 872 (MURASAKI HIROSHI ET AL) |1
25 July 1989
* column 3, line 67 - column 4, Tine 35;
figure 2 *
- TECHNICAL ]-‘[ELDSCI 9
A |US-A-4 800 412 (UEDA MASAHIDE) 24 January |1 SEARCHED _ @mecl
1989 GO3G
* figures 3,5 *
The present search report has heen drawn up for all claims
Place of search Date of completion of the search Examiner
THE HAGUE 31 March 1995 Trepp, E
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X ¢ particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background
O : non-vwritten disclosure & : member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

