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@ Apparatus for developing an electrostatic latent image.

@ An apparatus for developing an electrostatic latent image
recorded on an image bearing member (10) is developed by
transporting an electrically conductive developer material
into contact therewith in a development zone (78). The
developer material is transported by a magnetic transporting
means (38), and the pressure applied on the developer mater-
ial inthe development zone (78) is controlled so as to maintain
the conductivity thereof at a selected level. The applied pres-

sure may be varied by controlling the mass flow rate of 6
developer material through the development zone (78) or by c -
controlling the magnetic field strength. Mass flow rate may be =

controlled by a blade (74) which defines a gap through which
< developer material flows, the blade position being adjustable
by a positioning means (76). Alternatively, the main flow rate
may be controlied by varying the rate of rotation of the rotat-

@\ 2blepart(66 or 70) of the transporting means (38). phepliae
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APPARATUS FOR DEVELOPING AN ELECTROSTATIC LATENT IMAGE

This invention relates to an apparatus for
developing an electrostatic latent image recorded on an
image bearing member. The apparatus includes means for
transporting an electrically conductive developer material
into contact with the image bearing member in a development
zone to develop the latent image recorded thereon.

Frequently, the developer material wused to
develop the latent image comprises toner particles adhering
triboelectrically to carrier granules. In many cases, the
carrier granules are electrically conductive. This two
component mixture is brought into contact with the latent
image. The toner particles are attracted from the carrier
granules to the latent image forming a powder image there-
of. Alternatively, single component developer materials
may be employed. Single component developer materials com-
prise electrically conductive particles. Generally, the
carrier granules of the two component mixture and the
particles of the single component developer material are
magnetic. This permits the use of magnetic brush develop-
ment in the priniing machine.

Hereinbefore, it has been difficult to control
the conductivity of the developer material. It has been
found that conductivity directly affects the capability of
the system in developing differing types of images recorded
on the photoconductive surface. For example, large solid
areas are difficult to develop with a low conductivity
developer material. .Contrariwise, it has been found that a
high conductivity developer material optimizes solid area de-
velopment. However, highly conductive materials frequently
develop lines poorly, whereas developer materials having a
lower conductivity optimize line development. Ideally, it
is desirable to be capable of controlling the conductivity
of the developer material so as to optimize development of
both solid areas and lines.
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Various approaches have been dev1sed to 1mprove
development '

Paxton in an artlcle in the Research Dlsclosure
Journal of April, 1978, page 4, No. 16823, describes a mag-
netic brush system in which  the condUCtivityt,of the
developer material is adjusted by varying the amount or
density of the developer material in the nip. - To prov1de
improved copy contrast and frlnglness between solld arearr
and line development, the amount of developer in" the nlp'
and/or the electr1calrb1as appl1ed to the. magnetlc brush
developer roller is selectlvely adjusted ',7 7

" Co-pending European Patent Application No
80301341.6, filed 24 Aprll 1980, describes a magnetlchEh
development system in which “the :developer' ‘material
conductivity is controlled by regulating the intensity:of'
the magnetic field and/or the sp301ng between the developer
roll and photoconduct1Ve surface. o

The present 1nvent1on is.intended to prov1de an
alternative way of controlllng the conduct1v1ty of the
developer material.  There 1is accordlngly prov1ded an
apparatus for developlng an electrostatlc ‘latent image
which 1is characterised - byrzmeans, for oontrolllng Vthe
pressure applied on the 'developer 'materialf in the
development zone so as to maintain the. conduct1v1ty thereofr
at a selected level. o : E

One way of carrying outjthe'invention'is des-
cribed in detail below with reference the accompanylng
drawings which illustrate spec1f1c embodlments thereof in.
which: ' 7 ) |

Figure 1 is a schematic elevatiOnalrview showing
an electrophotographlc ‘printing machine 1ncorporat1ng the
features of the present invention thereln,

Figure 2 is a schematic elevatlonal view depict-
ing one embodiment of the development system employed in
the Figure 1 prlntlng machlne-

Figure 3 1s ‘a schematlc elevatlonal view illus-
trating the drive system for _the developer roller of the
Figure 2 development system, o 7
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Figure 4 is a schematic elevational view showing
another embodiment of the development system used in the
Figure 1 printing machine;

Figure 5 is a schematic elevational view depict-
ing the drive system and magnet indexing system for the
developer roller of the Figure 4 development system; and

Figure 6 is a graph showing developer material
conductivity as a function of the pressure applied thereon
in the development zone. '

Turning now to Figure 1, the electrophotographic
printing machine depicted thereat employs a belt 10 having
a photoconductive surface 12 deposited on a conductive sub-
strate 14. Preferably, photoconductive surface 12 com-
prises a transport layer having small molecules of m-TBD
dispersed in a polycarbonate and a generation layer of
trigonal selenium. Conductive substrate 14 is made prefer-
ably from aluminized Mylar which is electrically grounded.
Belt 10 moves in the direction of arrow 16 to advance
successive portions of photoconductive surface 12 through
the various processing stations disposed about the path of
movement thereof. In order to facilitate the movement of
belt 10 in a pre-determined path, support is provided by
stripping roller 18, tension roller 20 and drive roller 22.
As illustrated in Figure 1, belt 10 is entrained about
stripping roller 18, tension roller 20 and drive roller 22.
Drive roller 22 is mounted rotatably and in engagement with
belt 10. Roller 22 is coupled to motor 24 by suitable means
such as a belt drive. Motor 24 rotates roller 22 to advance
belt 10 in the direction of arrow 16. Drive roller 22
includes a pair of opposed, spaced edge guides. The edge
guides define a space therebetween which determines the de-
sired path of movement for belt 10. Belt 10 is maintained
in tension by a pair of springs (not shown) resiliently
urging tension roller 20 against belt 10 with the desired
spring force. Both stripping roller 18 and tension roller
20 are mounted rotatably. These rollers act as idlers

which rotate freely as belt 10 moves in the direction of
arrow 16.
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With continued reference to Figure 1, initially a
portion of belt 10 passes through charging station A. At
charging station A, a corona generating aevice, indicated
generally by the reference numeral 26, charges photoconduc-
tive surface 12 of belt 10 to a relatlvely hlgh, substan-
tially uniform potential.

Next, the charged portion of photoconductive sur-
face 12 is advanced through exposure station B. At expo-
sure station B, an original document 28 is positioned face-
down upon transparent platen 30. Lamps 32 flash light rays
onto original document 28. The light rays reflected from
original document 28 are transmitted through 1lens 34
forming a light image thereof. Lens 34 focuses the light
image onto charged portion of photoconductive surface 12 to
selectively dissipate the charge thereon. This records an
electrostatic latent image on photoconductive surface 12
which corresponds to the informatibnélr areas contained
within the original document.

Thereafter, belt 10 advances the electrostatic
latent image recorded on photoConductivé surface 12 to
development station C. At developmént Station C, a mag—
netic brush development system, indicated geherally by the
reference numeral 36, transports a developer material into
contact with photoconductive surface 12. More specifi-
cally, roller 38 advances the developer material into con-
tact with photoconductive surface 12 sd'as to form a powder
image on photoconductivé surface 12 of belt 10. One
skilled in the art will appreciate that either a two com-
ponent developer material or a single component developer
material may be employed in development system 36. The
detailed structure of magnetic brush developmént system 36
will be described hereinafter with reference'to,Figuresrz
through 5, inclusive. 7

Belt 10,6 then - advances the powder image to
transfer station D. At transfer station D, a sheet of

support material 40 is moved into contact with the powder
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image. The sheet of support material 1is advanced to
transfer station D by a sheet feeding apparatus 42. Pre-
ferably, sheet feeding apparatus 42 includes a feed roll 44
contacting the uppermost sheet of stack 46. Feed roll 44
rotates so as to advance the uppermost sheet from stack 46
into chute 48. Chute 48 directs the ad&ancing sheet of
support material into contact with photoconductive surface
12 of belt 10 in a timed sequence so that the powder image
developed thereon contacts the advancing sheet of support
material at transfer station D.

Transfer station D includes a corona generating
device 50 which sprays ions onto the backside of sheet 40.
This attracts the powder image from photoconductive surface
12 to sheet 40. After transfer, the sheet continues to
move in the direction of arrow 52 onto a conveyor (not
shown) which advances the sheet to fusing station E.

Fusing station E includes a fuser assembly, indi-
cated generally by the reference numeral 54, which per-
manently affixes the transferred powder image to sheet 40.
Preferably, fuse assembly 54 includes a heated fuser
roller 56 and a back-up roller 58. Sheet 40 passes between
fuser roller 56 and back-up roller 58 with the powder image
contacting fuser roller 56. In this manner, the powder
image is permanently affixed to sheet 40. Although a
heated pressure system has been described for fixing the
particles to sheet 40, a cold pressure system may be uti-
lized in lieu thereof. After fusing, chute 60 guides the
advancing sheet 40 to catch tray 62 for subsequent removal
from the printing machine by the operator.

Invariably, after the sheet 40 is separated from
photoconductive surface 12 of belt 10, some residual parti-
cles remain adhering thereto. These residual particles are
removed from photoconductive surface 12 at cleaning station
F. Cleaning station F includes a pre-clean cOrona gene-
rating device (not shown) and a rotatably mounted fibrous

brush 64 in contact with photoconductive surface 12. The
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pre-clean corona generator neutralizes the charge at-
tracting the particles to the photoconductive Surface. The
particles are then cleaned from photoconductive surface 12
by the rotation of brush 64 in contact therewith. Subse-
quent to cleaning, a discharge lamp (not shown) floods
photoconductive surface 12 with 1light to dissipate any
residual electrostatic charge remaining'thereoh prior to
the charging thereof for the next successive imaging cycle.

Although the illustrative electrophotographic
printing machine heretofore described employs a photocon-
ductive belt, one skilled in the art will appreciate that
any suitable photoconductive member may be uséd, e.g. a
drum. 7 o

Referring now to Figure 2, one embodiment of
development system 36 is shown thereat in greater detail.
As depicted, developer roller 38 includes a non-magnetic
tubular member 66 Jjournaled for rotation. Preferably,
tubular member 66 is made from aluminum having the exterior
circumferential surface thereof roughened. Tubular member
66 rotates in the airection of arrow 68. An elongated
magnetic rod 70 is positioned concentrically within tubular
member 66 being spaced from the interior circumferential
surface thereof. Magnetic rod 70 has a plurality of mag-
netic poles impressed thereon. The magnetic £field gene-
rated by magnetic rod 70 attracts the developer material to
the exterior circumferential surface of tubular member 66.
As tubular member 66 rotates in the direction of arrow 68,
the developer material is transported into contact with
photoconductive surface 12 to form a powdet image on photo-
conductive surface 12. Tubular member 66 is electrically
biased by voltage source 72. Voltage sourée;72 generates a
potential having a suitable polarity and magnitude to -elec-
trically bias tubular member 66 to'the desired level. Pre-
ferably, voltage source 72 eléctrically biases tubular
member 66 to a level intermediate to that of the background

or non-image area voltage levels and that of the
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electrostatic latent image, e.g. between 50 and 350 volts.
Blade 74 has the leading edge thereof closely adjacent to
tubular member 66 so as to meter or control the quantity of
developer material being transported thereby. Blade 74 is
mounted on the armature of solenoid 76. By energizing
solenoid 76 to the appropriate level, the.gap between the
leading edge of blade 74 and tubular member 66 may be regu-
lated. 1In this manner, the quantity of developer material
being transported into development zone 78 may be regqu-
lated. Thus, the mass flow rate of the developer material
in development zone 78 is controlled inasmuch as tubular
member 66 is rotating at a substantially constant angular
velocity. It is clear that one skilled in the art will
appreciate that many different types of techniques may be
employed to control the gquantity of developer material
entering the development zone. However, the significant
feature described herein with reference to the embodiment
depicted in Figure 2 is that the mass flow rate of the
developer material in the development zone is regulated by
controlling the qguantity of developer material entering the
development zone. This, in turn, controls the pressure
being applied to the developer material. Inasmuch as the
pressure being applied on the developer material is being
controlled, the conductivity of the developer material is
being maintained at a selected level. As the gap is
varied, i.e. by moving the leading edge of blade 74
through energizing solenoid 76 appropriately, the mass flow
rate and, in turn, the pressure applied on the developer
material is regulated. 1In this manner, the conductivity of
the developer material may be varied to achieve the desired
level so as to optimize development of either lines or
solid areas in the electrostatic latent image.

Referring now to Figure 3, there is shown the
drive system for magnetic brush developer roller 38. As
depicted thereat, the drive system includes a constant

speed motor 80 coupled to tubular member 66. Tubular
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member 66 is mounted on suitable bearings so as to be rota-
table. Magnetic rod 70 is mounted substantially fixed
interiorly of tubular member 66. EXcitatioﬁrof motor 80
rotates tubular member 66 in the direction of arrow 68
(Figure 2). In this way, the developer mixfure moves in
the direction of arrow 68 into dévelopment.zone 78. Alter-
natively, particularly when a single component developer
material is employed, motor 80 rotates magnetic rod 70
while tubular member 66 remains stationary. It is apparent
to one skilled in the art that a variable speed,motor'may be
used in lieu of the constant Speed motor described herein-
before. When a variable speed motor is used, the gap
remains constant and the velocity of the developer material
entering the development zone is controlled by regqulating
the angular velocity of tubular member 66 or magnetic rod
70. The speed of the motor is regulated by adjustlng the
output of the power supply coupled theréto.

Referring now to Flgure 4, there is shown another
embodiment of development system 36. As depicted thereat,
developer roller 38 includes a non-magnetic tubular member
66 journaled for rotation. Once again, tubular member 66
is preferably made from aluminum having the exterior cir-
cumferential surface thereof foughenedQ Tubular member 66
rotates in the direction of arrow 68. Elongated magnetic
rod 70 is positioned concentrically within tubular member
66 being spaced from the intéripr circumferential surface
thereof. Magnetic rod 70 has a plurality of magnetic poles
impressed thereon. However, magnetic rod 70'is no longer
fixed, as was the case in the embodiment depicted'in Figure
2. In the embodiment depicted in Figure 4, magnetic rod 70
is capable of being indexed so as to orient the magnetic
poles relative to development zone 78. In this way, the
intensity of the magnetic field in development zone 78 may
be varied. By varying the intensity of the magnetic field,
the pressure applied on the developer material in develop-
ment zone 78 is adjusted to a suitable level so as to obtain
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the desired conductivity thereof. 1In operation, magnetic
rod 70 is indexed so as to orient the poles thereon rela-
tive to development zone 78. This adjusts the intensity of
the magnetic field in development zone 78 to the desired
level. This insures that the pressure applied on the
developer material in development zone 78 is at the
selected level. In this manner, the conductivity of the
developer material is maintained at the desired level. The
magnetic field generated by magnetic rod 70 attracts the
developer material to the exterior circumferential surface
of tubular member 66. As tubular member 66 rotates in the
direction of arrow 68, the developer material is moved into
contact with photoconductive surface 12 to form a powder
image. Once again, voltage source 72 electrically biases
tubular member 66 to a suitable magnitude and potential,
e.g. between 50 and 350 volts. Preferably, magnetic rod 70
is made from barium ferrite having magnetic poles impressed
about the circumferential surface thereof. The strength of
the magnetic poles may also be suitably selected. However,
once these poles are at a selected value, only by rotating
magnetic rod 70 relative to development zone 78 may the
intensity of the magnetic field in the development zone be
adjusted.

Referring now to Figure 5, there is shown the
indexing system for magnetic rod 70 and the drive system
for tubular member 66. As depicted thereat, a constant
speed motor 80 is coupled to tubular member 66. Tubular
member 66 is mounted on suitable bearings so as to be rota-
table. Magnetic rod 70 is also mounted on suitable
bearings being coupled to stepping or indexing motor 82.
Energization of stepping motor 82 rotates magnetic rod 70
through a discrete angle so as to orient the magnetic poles
impressed thereon relative to the development zone. In
this way, the intensity of the magnetic £field in the
development zone is controlled so as to maintain the pres-

sure applied on the developer material at the desired



0027729
-10-

level. This, in turn,'reghlates the conductivitj of the
developer material in the development zone. Excitation of
motor 80 rotates tubulrar member 66 in the direction of
arrow 68 (Figure 4) and transports the developer material
in the direction of arrow 70. 7

By way of example, a suitable two component
developer material comprises magnetic, electrically con-
ductive carrier grénules having toner particles adhering
thereto triboelectrically. The carrier granules include a
ferromagnetic core having a thin layer of magnetite over-
coated with a layer ofrresinous material. Suitable resins
include poly(vinylidene fluoride) ~and poly(vinylidene
fluoride-co-tetrafluoroethylene). The developer composi-
tion can be preparéd by mixing the cérrier granules with
the toner particles. Suitable toner particles are prepared
by finely grinding a resinous material and mixing it with a
coloring material. By way of example,=thé'resinous mate~
rial may be a vinyl polymerrsuch'as polyvinyl chloride,
polyvinylidene chloride, polyvinyl acetate, polyvinyl
acetals, polyvinyl ether, and polyacrylic. Suitable
coloring materials may be, amongst others,rchromogen black
and solvent black. The devélopér material comprises about
95 to about 99% by weight of carrier and from about 5 to
“about 1% by weight of toner, respectively. These and other
materials are disclosed in U. S. Patent No. 4,076,857
issued to EKasper et al. in 1978, 7

Referring now to Figure 6, there is shown a loga-
rithmic plot of conductivity as a function of pressure.
The graph of Figure 6 reflects a developer roll spacing
with respect to the photoconductive surfaée of about 4
millimeters. As shown thereat, the conductivity varies
from about 2 X 10_}0 1
about 45 newton/meter 2 to about 4 X 10—8 (ohm-centi-

lat a pressure of about 3000 newton/meter 2. The

(ohm-centimeter ) ~ at a pressure of

meter )
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radial magnetic field is about 290 gauss with the tangen-
tial magnetic field being about 320 gauss. The pressure on
the developer material varies by changing the magnetic
field strength and/or the mass flow rate. Massflow rate
may be regulated by controlling the quantity of material or
flow rate. Thus, if the metering gap is controlled, the
quantity of particles in the development zone is regulated.
Alternatively the angular velocity of the developer roller
may be regulated to control the flow of particles. In
either case it 1is clear that the conductivity of the
developer material varies as a function of the pressure
applied thereon in the development zone.

In recapitulation, it 1is evident that the
development apparatus of the present invention optimizes
development by regulating the pressure applied on the
developer material in the development zone so as to control
the conductivity of the developer material thereat. Pres-
sure may be controlled by regulating the mass rate flow or
by regulating the intensity of the magnetic field in the
development zone. In this manner, both the solid areas and
lines of an electrostatic latent image may be optimumly
developed.
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CLAIMS:
1. An apparatus for developlng an electrostatic
latent image recorded on an 1mage beaflng member (10)

including means (38) for transportlng an electrlcally con-
ductive developer mater1al 1nto contact ‘with the image
bearing member (10) in a development zone (78) to - develop
the latent 1mage,recorded;thereon, characterlsed by -

means for controlling the pressure applied on the
developer material in therdeVelopment_zonell78) so as to
‘maintain the conductivity thereof at a Selected'level,,

2. An apparatus accordlng 'tor Cla1m 1,
ineluding = -~ means- (72) for electrlcally b1a51ng said
transportinérmeans (38).

3. An apparatus accordlng to Claim 1 or Clauna
wherein said transporting means (38) includes: ,
' a rotatably ,mounted : non-magnetlc,, “tubular
member (66), and : S - s |
, means (70) for generatlng a magnetlc fleld ‘to at-
tract the developer mater1a1 to said tubular member {66) .

4. An apparatus Vacéording;to7 Claim 3,
Vherein said generating means (70Y‘includes an elongated
member .= = disposed interiorly of said tubular member (66)
and having a plurality,of magnetiC'polesrimpreSéedrtnereon.

5. An apparatusaccording'to‘any one oprlaims‘1
to 4, wherein said controliing means  includes means (T4
76, 80) for regulating,the mass'fIOW rate of the developer
material in thefdevelopment zone (?8) somas*to control the

pressure being applied on the;deVeloper'material thereat.



0027729
—-2-

6. An apparatus according to Claim 5,
wherein said regulating means includes:

a blade member (74) having an edge thereof
closely spaced from said transporting means (38) to define
'a gap through which the developer material flows; and

means (76) for positioning said blade member (74)
to adjust the size of the gap to regulate the mass flow rate
of the developer material.

7. An apparatus according to Claim 5,
wherein said regqulating means includes means (80)
for adjusting the velocity of said transporting means (38)

to control the mass flow rate of the developer material.

8. An apparatus according to Claim 3,
wherein:

said transporting means (38) includes means (80)
for rotating said tubular member (66); and

said controlling means includes means, opera-
tively associated with said rotating means (80), for
varying the angular velocity of said tubular member to con-
trol the mass flow rate of the developer material so as to
regulate the pressure applied on the developer material in
the development zone (78).

9. An apparatus according to Claim 3,
wherein said controlling means includes means(82)cperatively
associated with said generating means (70), for changing
the strength of the magnetic field in the development zone
(78) so as to regulate the pressure applied on the
developer material in the development zone (78).

-
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10. An apparatlis (36) ésr recited in Claim 4,
wherein said controlling means finclu'dés, means (82) for
orienting said elongated memk;er _'(70) to position'the mag-
netic poleé relative to rthe de,v,erlopmen{: zone (78) so as to
control the strength of 'thre'magrnetirc field “in the develop-
ment zone :'(78) to r-eéul"ate the ,presrrsure applied on the
developer matéfial thereat. I '
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