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(54) Developer roll and process for making it

(57) A drawn stainless steel magnetic development
roll (78) having a coating-free developer-receptive sur-
face. A process for making such a development mag-
netic roll draws it from stainless steel, by a cold drawing

process through die (90). The stainless steel rolls (78)
are drawn to have a desired grooved surface (92) finish,
diameter, straightness, runout, and other mechanical
tolerance requirements.
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Description

[0001] This invention relates generally to a develop-
ment apparatus for ionographic or electrophotographic
imaging and printing apparatuses and machines, and
more particularly is directed to a magnetic developer roll
having a stainless steel sleeve.
[0002] Generally, the process of electrophotographic
printing includes charging a photoconductive member
to a substantially uniform potential to sensitize the sur-
face thereof. The charged portion of the photoconduc-
tive surface is exposed to a light image from either a
scanning laser beam, an LED source, or an original doc-
ument being reproduced. This records an electrostatic
latent image on the photoconductive surface. After the
electrostatic latent image is recorded on the photocon-
ductive surface, the latent image is developed. Two-
component and single-component developer materials
are commonly used for development. A typical two-com-
ponent developer comprises magnetic carrier granules
having toner particles adhering triboelectrically thereto.
A single-component developer material typically com-
prises toner particles. Toner particles are attracted to the
latent image, forming a toner powder image on the pho-
toconductive surface. The toner powder image is sub-
sequently transferred to a copy sheet. Finally, the toner
powder image is heated to permanently fuse it to the
copy sheet in image configuration.
[0003] A non-interactive magnetic brush develop-
ment method employs permanently magnetized carrier
beads operating with a rotating multipole magnet within
a conductive and nonmagnetic sleeve, such as of alu-
minum or stainless steel. Magnetic field lines form arch-
es in the space above the sleeve surface and form
chains of carrier beads. The developer mass is held in
contact with the sleeve and out of direct contact with the
photoreceptor by gradients provided by the multipole
magnet. As the core rotates in one direction relative to
the sleeve, the magnetic field lines beyond the sleeve
surface rotate in the opposite sense, moving carrier in
a tumbling action which transports developer material
along the sleeve surface. The strong mechanical agita-
tion very effectively dislodges toner particles generating
a rich powder cloud which can be developed to the ad-
jacent photoreceptor surface under the influence of de-
velopment fields between the sleeve and the electro-
static image.
[0004] In magnetic brush developing, a hollow tube or
roll containing fixed magnets is used to move the devel-
oper to the photoreceptor. As the tube, such as of stain-
less steel, rotates around the magnets and through a
sump of developer, the magnets attract the metallic car-
rier beads in the developer. The carrier beads closest to
the magnetic roll become magnetized, enabling more
carrier beads to stick. As a result, the developer builds
up to form bristles like a brush. This attraction of devel-
oper to the magnetic roll is called a magnetic brush. The
magnetic force on the magnetic roll is just enough to al-

low the developer to build up on the roll. As the magnetic
roll or tube continues to rotate, it moves the developer
brush past a trim bar. The trim bar limits the length of
the brush by shearing off the portions of the developer
bristles that extend beyond a certain length. The trim
bar ensures that a desired bead height is obtained.
[0005] Conventional stainless steel developer rolls,
sleeves or tubes, generally extruded or drawn, have
smooth surfaces which are not sufficiently receptive to
electrophotographic developer materials. Therefore
their manufacture requires the subsequent step of over-
spraying the surface with a developer-receptive layer
such as of tungsten carbide. This substantially increas-
es the material cost and manufacturing cost of such
rolls. In addition such coatings are not wear/scratch re-
sistant over extended time periods. Thus, these coat-
ings permit wear/scratching to form on the toner trans-
porting means, which in turn adversely affects image
copy quality. Also, toner particles can permanently ad-
here to the surface of such coatings which can result in
undesirable high background deposits on the resulting
developed images.
[0006] The present invention provides a process for
making a drawn stainless steel development magnetic
roll having a coating-free developer-receptive surface.
The present invention provides a process for making a
development magnetic roll drawn from stainless steel
and having a developer-receptive, non-abrasive integral
surface.
[0007] The present invention further provides a proc-
ess of making a magnetic roll having improved stability,
durability, toner tribo charging characteristics and toner
loading characteristics. The invention provides an elec-
trophotographic printing system having a developer
sump with an uncoated magnetic roll that is of lower cost
and ease to manufacture.
[0008] The present invention also provides a magnet-
ic roll and a process for making a magnetic roll by cold
drawing stainless steel rolls having a desired grooved
surface finish, diameter, straightness, runout, and other
mechanical tolerance requirements.
[0009] A particular embodiment in accordance with
this invention will now be described with reference to the
accompanying drawings; in which:-

Figure 1 is a schematic elevational view of an illus-
trative electrophotographic printing or imaging ma-
chine or apparatus incorporating a development roll
having the features of the present invention therein;
Figure 2 is a developer station of Figure 1;
Figure 3 is a schematic illustration of the cold-draw-
ing of a stainless steel developer roll, tube or sleeve
by pulling it through a die having surface-scoring
members;
Figure 4 is a plan view, in partial cross-section, of a
non-magnetic stainless steel developer roll, tube or
sleeve according to the present invention;
Figure 5 is a cross-sectional view taken along the
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line 5-5 of Fig. 4; and,
Figure 6 is a cross-sectional view of the section 6
of the roll, tube or sleeve of Fig. 5.

[0010] Referring to FIG. 1 of the drawings, there is
shown a xerographic type reproduction machine 8 in-
corporating the magnetic grooved stainless steel roll of
the present invention, designated generally by the nu-
meral 80. Machine 8 has a suitable frame (not shown)
on which the machine xerographic components are op-
eratively supported. Briefly, and as will be familiar to
those skilled in the art, the machine xerographic com-
ponents include a recording member, shown here in the
form of a rotatable photoreceptor 14. In the exemplary
arrangement shown, photoreceptor 14 comprises a
drum having a photoconductive surface 16. Operatively
disposed about the periphery of photoreceptor 14 are a
charge corotron 18 for placing a uniform charge on the
photoconductive surface 16 of photoreceptor 14; an ex-
posure station 22 where the previously charged photo-
conductive surface 16 is exposed to image rays of a doc-
ument 9 being copied or reproduced; development sta-
tion 24 where the latent electrostatic image created on
photoconductive surface 16 is developed by toner; and
transfer detack corotrons 28 and 30 for assisting trans-
fer of the developed image to a suitable recording sub-
strate material such as a recording sheet 32 brought for-
ward in timed relation with the developed image on pho-
toconductive surface 16. Residual toner is removed
from the photoconductive surface at cleaning station 34.
[0011] Recording sheets 32a are brought forward to
the transfer area by feed roll pair 40, sheet guides 42,43
serving to guide the sheet through an approximately
1800 turn prior to the transfer area. Following transfer,
the sheet 32 is carried forward to a fusing station 48
where the toner image is fixed by fusing roll 49. After
fusing, the recording sheet 32 is discharged to an output
tray.
[0012] Further details of the construction and opera-
tion of development station 22 of the present invention
are provided below referring to FIG.2. Development sta-
tion 24 includes a developer housing 65 in which a toner
dispensing cartridge 66 is rotatably mounted so as to
dispense tone particles downward into a sump area as-
sisted by the augers 67 and 68.
[0013] Continuing with the description of operation of
developing station 24, a developing member 80 is dis-
posed in predetermined operative relation to the photo-
conductive surface 16 of photoreceptor 14, the length
of developing member 80 being equal to or slightly
greater than the width of photoconductive surface 16,
with the functional axis of developing member 80 paral-
lel to the photoconductive surface and oriented at a right
angle with respect to the path of photoreceptor 14. Ad-
vancement of developing member 80 carries the devel-
oper blanket into the development zone in proximal re-
lation with the photoconductive surface 16 of photore-
ceptor 14 to develop the electrostatic image therein.

[0014] With continued reference to Figure 2, augers
67 and 68, are mounted rotatably to mix and transport
developer material. The augers have blades extending
spirally outwardly from a shaft. The blades are designed
to advance the developer material in the axial direction
substantially parallel to the longitudinal axis of the shaft.
As successive electrostatic latent images are devel-
oped, the toner particles within the developer material
are depleted. Fresh toner particles are furnished to the
developer material in the chamber from the toner dis-
penser. The augers in the chamber of the housing mix
the fresh toner particles with the remaining developer
material so that the resultant developer material therein
is substantially uniform with the concentration of toner
particles being optimized. In this manner, a substantially
constant amount of toner particles are maintained in the
chamber of the developer housing.
[0015] The present magnetic member 80 includes a
hollow drawn stainless steel tube or sleeve 78 enclosing
a magnetic assembly 81 containing fixed magnets
which are used to move the developer to the photore-
ceptor. As the tube rotates about the magnets and
through a sump of developer, the magnets attract the
metallic carrier beads in the developer. The carrier
beads closest to the magnetic roll become magnetized,
enabling more carrier beads to stick. As a result, the de-
veloper builds up to from bristles like a brush. This at-
traction of developer to the magnetic roll is called a mag-
netic brush. The magnetic force on the magnetic roll is
just enough to allow the developer to build up on the roll.
The magnetic force has little effect on the charge either
on the toner or on the photoreceptor. As the magnetic
roll or tube continues to rotate, it moves the developer
brush past a trim bar 90. The trim bar limits the length
of the brush by knocking off the portions of the developer
bristles that extend beyond a certain length. The trim
bar ensures that a desired bead height is obtained.
[0016] According to the present invention, and as il-
lustrated by Fig. 3, a non-magnetic 300 series stainless
steel sleeve having the desired inner and outer diame-
ters is formed by a conventional cold-drawing method
and drawbench apparatus used for producing hollow, tu-
bular stainless steel pipes and conduits. In such process
a seamed or seamless stainless steel sleeve is first cold-
drawn by pulling it on a mandrel or table through a cir-
cular draw die 90 of the desired diameter to simultane-
ously or subsequently form a plurality of axial depres-
sions or straight grooves 92 having the desired depth
and uniform spacing around the outer circumference of
the formed sleeve. The grooves 92 are formed by dis-
placing material on the outer surface of the sleeve 78
by a corresponding plurality of metal displacement
members 91 projecting from the inner surface of the die
90, to form the grooves 92 as the sleeve 78 is cold-
drawn to the desired diameter.
[0017] The depth and radius of the grooves 92 gen-
erally is between about 0.01mm and 0.5mm, preferably
between about 0.1mm and 0.45mm, and most prefera-
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bly about 0.4mm, but deeper grooves can be formed to
allow for any secondary surface-machining operation
necessary to meet specifications.
[0018] As illustrated by Figs. 4, 5 and 6, the present
non-magnetic stainless steel developer rolls 78 as illus-
trated have a length "L" of about 412mm, an outer di-
ameter "O.D." of about 63.4mm, an inner diameter of
about 60.4mm, and a wall thickness of about 3mm in
areas between the longitudinal grooves 92.
[0019] In the illustrated embodiment, the grooves 92
are hemispherical in cross-section is shown in Fig. 6,
have a depth "d" of about 0.4mm and are uniformly
spaced from one-another, center-to-center, by a space
"s" of about 1.5mm to 2.5mm around the circumference
of the roll 78. Thus, with the dimensions given, there are
about 105 straight grooves 92 evenly spaced by about
1.9mm and substantially parallel along the length of the
roll.
[0020] The grooves 92 illustrated by Fig. 6 are formed
as illustrated by Fig. 3, using hemi-cylindrical metal dis-
placement members 91 which displace the cold drawn
aluminum from the surface of the roll to increase the wall
thickness in areas underlying the grooves. For this rea-
son counterbores 93 are made inwardly from each end
of the drum, tube or sleeve 92 and extending a distance
of about llmm to provide uniform inner diameter portions
of about 60.6mm for mounting purposes. Generally the
wall thickness is between about 2.5mm and 3.5mm,
most preferably about 3mm.
[0021] The present process is quicker and less ex-
pensive than the prior conventional method of machin-
ing the outer surface of stainless steel sleeves or tubes,
and then spraying with a tungsten carbide layer in order
to produce enough surface geometry or roughness to
help transport developer material. The present process
produces this desired result in an integral, un-coated
drawn and grooved stainless steel sleeve or tube, while
avoiding the need for abrasive coatings which can de-
teriorate, wear away and shed over prolonged periods
of use.
[0022] Also, the present cold-drawing process ena-
bles the reduction of the thickness of the wall of the
present stainless steel sleeves or tubes, while meeting
the requirements of high mechanical strength.
[0023] Maximum Electrical Conductivity Require-
ments: The developer roll has a requirement to be con-
ductive, as cited below, but not too conductive. The eddy
current heating of the shell imposes this limit. Eddy cur-
rents are the result of moving a conductor through a
magnetic field, similar to operation of an electrical gen-
erator.
[0024] Eddy current heating scales with a) the square
of the relative speed between the magnet and the shell,
b) with the square of the radial component magnitude
of the magnetic field, c) approximately linear with the
shell wall thickness, and d) inversely linear with the elec-
trical resistivity (linear with the conductivity).
[0025] Higher speed machines, i.e., 100+PPM proc-

ess capability, using two component development tech-
nologies, produce higher developer roll rotational veloc-
ities. This in turn requires stronger magnetic field pro-
files to maintain control over the developer material. And
both of these effects in turn result in potentially higher
eddy current losses or head loads with in the developer
housing.
[0026] For traditional aluminum developer rolls or
shells, experimental measurements indicated eddy cur-
rent losses on the order of 15 or more watts per devel-
oper roll. As a result, non-magnetic stainless steel shells
are preferred since they result in significant reduction of
the eddy current losses.
[0027] Recent modeling work indicates that for the de-
veloper housing as in Fig. 2, magnetic configuration run-
ning at a surface speed of 1270 mm/sec{50 ips}, the ed-
dy current losses should be about 16 watts for an alu-
minum shell and only about 4 watts for a stainless steel
shell.
[0028] Similar computations have been done for a
TurboMaze type of development system with eddy loss-
es of 12 watts for an aluminum shell and only 5 watts
for a non-magnetic stainless steel shell. This modeling
assumed a 30.8 mm ID tube, with 0.9 mm thick walls, a
0.25 mm clearance to the mag roll assembly, 16 key-
stones poles each 22.5 degrees wide and 7 mm deep
at a Br of 2.250 Koe, with the magnet rotating relative
to the shell at 1000 rpm.
[0029] Thin Wall Requirement: The thin wall require-
ment arises from several objectives. First, the thinner
the wall, the closer the magnet assembly can be located
relative to the developer material. Since magnetic fields
due to any magnetic assembly decrease at least as rap-
idly as the 3rd power of the distance from the magnetic,
small changes in wall thickness are significant. Second,
the thinner the wall thickness, the lighter the overall part
weight. This provides benefits in a) lower start up inertial
loads hence lower initial drive torque requirements and
b) in lower system weight and hence potentially easier
serviceability.
[0030] High Mechanical Strength: The mechanical
strength requirements arise from the need to maintain
dimensional tolerances over the entire length and cir-
cumference of the roll. The magnets and developer ma-
terial interact and effectively apply a significant and non-
uniform pressure on the exterior surface of the shell.
With the above cited desired thin walls, a high mechan-
ical strength is required to prevent deflection of the tube
and maintain the required xerographic tolerances.

Claims

1. Hollow magnetic developer roll for use in an elec-
trophotographic imaging machine, comprising a
drawn hollow non-magnetic stainless steel roll hav-
ing formed in the outer surface of the wall thereof a
plurality of narrow axial grooves, each having a
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maximum depth of between about 0.01mm and
0.5mm, uniformly-spaced around the outer periph-
ery of the roll.

2. A developer roll according to claim 1, in which said
axial grooves are hemispherical in cross-section.

3. A process for producing a hollow stainless steel
magnetic developer roll for use in an electrophoto-
graphic imaging machine and having improved re-
ceptivity for electrophotographic developer materi-
als, comprising cold-drawing a hollow non-magnet-
ic stainless steel roll to the desired wall thickness
and cold-drawing a plurality of narrow axial grooves
in the outer surface of the wall thereof, each having
a maximum depth of between about 0.01mm and
0.5mm, uniformly spaced around the outer periph-
ery of the roll.

4. A process according to claim 3, in which said axial
grooves are formed by the displacement of stain-
less steel from the outer surface of the roll during
the cold-drawing step.

5. A process according to claim 3 or 4, which compris-
es cold-drawing axial grooves which are hemi-
spherical in cross-section.

6. A developer roll according to claim 1 or 2 or a proc-
ess according to claim 3, 4, or 5, in which said axial
grooves have a maximum depth between about
0.lmm and 0.45mm and preferably have a maxi-
mum depth of about 0.4mm.

7. A developer roll or a process according to any one
of the preceding claims, in which said axial grooves
are uniformly spaced from each other by a distance
between about 1.5mm and 2.5mm, and preferably
by a distance of about 1.9mm.

8. A developer roll or process according to any one of
the preceding claims, in which the thickness of the
wall is between about 2.5mm and 3.5mm.

9. A developer roll or process according to any one of
the preceding claims, in which the opposed ends of
the hollow roll are counterbored inwardly a short
distance to provide them with an exact cylindrical
configuration.
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