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@ Apparatus for developing latent images.

@ In apparatus (38) which develops a latent image
recorded on a flexible member (10), developer material is
transported into contact with the flexible member (10} in the
development zone (72}, so as to develop the latent image.
The flexible member (10) is maintained at a pre-seiected ten-
sion. As the developer material contacts the flexible member
(10} in the deveiopment zone (72) the flexible member (10)
deforms so as to conform, at least partiaily, to the developer
material.

Croydon Printing Company L1d.
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Apparatus for developing latent images

This invention relates gecnerally to electro-
photographic printing, and more particularly concerns
an apparatus for developing a latent image.

Frequently, the developer material is made
from a mixture of carrier granules and toner particles.
The toner particles adhere triboelectrically to the
carrier granules. This two-component mixture is brought
into contact with the latent image. Toner particles
are attracted from the carrier granules to the latent
image forming the powder image thereof. Hereinbefore,
it has been difficult to develop both the large solid
areas of the latent image and the fine lines thereof.
Different techniques have been utilized to improve dev-
elopment of the latent image. For example, cascade
.systems, fur brush systems, magnetic brush systems and
combinations of these systems have heretofore been used
in electrophotographic printing machines. However, in
all of the foregoing types of systems there continued
to exist the problem of achieving uniform development
for both the fine lines and large solid areas of the
electrostatic latent image. It has been extremely diffi-
cult to completely develop both the fine line image areas
as” well as the larger solid areas while maintaining a
minimum background density. Development can be improved
by reducing the spacing between the photoconductor and
the development system. However, in the case of rigid
photoconductors this is limited by the expense of re-
ducing the tolerance accumulation between the rigid
photoreceptor and development system.

With the increased usage of flexible photo-

conductor belts and magnetic brush developer rollers,

it became more feasible to reduce the spacing there-
between. When the photoconductor belt is maintained

at the proper tension, it now became practical to permit
the developer material to maintain the spacing between
the belt and developer roller. The flexible nature of
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the belt permitted greater developer roll runout at
narrow spacings. This narrow spacing increased the
development fields improving development. A smaller
quantity of developer material is now used in the dev-
elopment zone extending developer material life.

Various approaches have been devised to improve
development.

U. S. Patent No. 4,013,041 discloses an elec-
trophotographic printing machine having a magnetic brush
developer roller contacting one side of a flexible photo-
conductive belt. As shown in Figure 3, guide rollers
maintain a portion of the belt in a slackened condition
so that the belt is capable of moving freely toward and
away from the developer roller in response to the varying
contours thereof.

The .July, 1979 Research Disclosure Journal,
Page 352, No. 18318, describes an electrophotographic
pri..ting machine including a gimballed back-up roller
engaging the backside of & photoconductive belt. The
guide roller is opposed from the developer roller to
compénsate for relative changes in the thickness of the
developer material on the developer roller, as well as
maintaining constant pressure in the nip between the
developer rtoller and photoconductive belt.

The present invention is characterized by an
apparatus for developing a latent image - recorded on a
flexible member. Means, positioned closely adjacent
to the flexible member defining a development zone there-
between, transport a developer material into contact
with the flexible member in the development zone so as
to develop the latent image. Means are provided for
maintaining the flexible member at a pre-selected
tension of sufficient magnitude so that the developer
material being transported into contact therewith deforms
the flexible member in the development zone. In this
way, the flexible member conforms, at least partially,
to the developer material being transported into contact
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therewith.

One way of carrying out the invention is des-
cribed in detail below with reference to the accompany-
ing drawings which illustrate only one specific embodi-
ment, in which:

Figure 1 is a schematic elevational view de-
picting an electrophotographic printing machine incor-
porating the features of the present invention therein;

Figure 2 is a fragmentary, perspective view
showing the belt-tensioning arrangement for the Figure
1 printing machine;

Figure 3 is an elevational view illustrating
the development system used in the Figure.l printing
machine; and K

~Figure 4 is an elevational view depicting the
developer roller of the Figure 2 development system.

As shown in Figure 1, the electrophotographic
printing machine employs a belt 10 having a photocon-

"ductive surface deposited on a conductive substrate.

Preferably, the photoconductive surface comprises a
transport layer containing small molecules of m-TDB
dispersed in a polycarbonate, and a generation layer of
trigonal selenium. The conductive substrate is made
preferably from aluminized Mylar (trademark) which is electrically
grounded. Belt 10 moves in the direction of arrow 12
to advance successive portions of the photoconductive
surface sequentially through the various processing
stations disposed about the path of movement thereof.
The path of movement of belt 10 is defined by stripping
roller 14, tensioning system 16, and drive roller 18.

As shown in Figure 1, tension system 16 includes a roller
20 over which belt 10 moves. Roller 20 is mounted rota-
tably in yoke 22. Spring 24, which is initially com-
pressed, resiliently urges yoke 22 in a direction such
that roller 20 presses against belt 10. 1In this way,
belt 10 is placed under the desired tension. The level
of tension is relatively low, permitting belt 10 to be
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relatively easily deformed. The detailed structure of
the tensioning system will be described hereinafter with
reference to Figure 2. With continued reference to
Figure 1, drive roller 18 is mounted rotatably and in
engagement with belt 10. Motor 26 rotates roller 18
to advance belt 10 in the direction of arrow 12. Roller
18 is coupled to motor 26 by suitable means such as a
belt drive. Stripping roller 14 is freely rotatable
so as to readily permit belt 10 to move in the direction
of arrow 12 with a minimum of friction.

Initially, a portion of belt 10 passes through
charging station A. At charging station A, a corona-

“generating device, indicated generally by the reference

numeral 28, charges the photoconductive surface of belt
10 to a relatively-high, substantially-uniform potential.
Next, the charged portion of the photoconduc-
tive surface is advanced through exposure station B.
At exposure station B, an original document 30 is posi-
tioned face-down upon transparent platen 32. Lamps 34
flash light rays onto original document 30. The light
Tays reflected from original document 30 are transmitted
through lens 36 forming a light image therecf. Lens

. 36 focuses the light image onto the charged portion of

the photoconductive surface to selectively dissipate
the charge thereon. This records an electrostatic latent
image on the photoconductive surface which corresponds
to the informational areas on original
document 30.

Thereafter, belt 10 advances the electrostatic
latent image recorded on the photoconductive surface
to development station C. At development station C,
a magnetic brush development system, indicated generally
by the reference numeral 38, advances a conductive dev-
eloper material into contact with the electrostatic
latent image. Preferably, magnetic brush development
system 38 includes a developer roller 40 and a transport
roller 42. Developer roller 40 transports a brush of
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developer material comprising magnetic carrier granules
and toner particles into contact with belt 10. As shown
in Figure 1, developer roller 40 is positioned such that
the brush of developer material deforms belt 10 in an
arc such that belt 10 conforms;at least partially, to
the configuration of the developer material. The elec-
trostatic latent image attracts the toner particles from
the carrier granuleﬁ)forming a toner powder image on

the photoconductive surface of belt 10. Transport roller
42 returns the unused developer material to the sump

of development system 38 for subsequent re-use. The
detailed structure of magnetic brush development system
38 will be described hereinafter with reference to Fig-
ures 3 and 4. '

Belt 10 then advances the toner powdér image
to trancfer station D. At transfer station D, a sheet
of support material 44 is moved into contact with the
toner powder image. The sheet of support material 44
is advanced to transfer station D by a sheet-feeding
apparatus (not shown). Preferably, the sheet-feeding
apparatus includes a feed roll contacting the uppermost
sheet of a stack of sheets. The feed roll rotates so
as to advance the uppermost sheet from the stack into
a chute. The chute directs the advancing sheet of sup-
port material into contact with the photoconductive
surface of belt 10 in a timed sequence so that the tomer
powder image developed thereon contacts the advancing
sheet of support material at transfer station D.

Transfer station D includes a corona-generat-
ing device 46 which sprays ions onto the backside of
sheet 44. This attracts the toner powder image from
the photoconductive surface to sheet 44. After transfer,
sheet 44 moves in the direction of arrow 48 onto a con-
veyor (not shown) which advances sheet 44 to fusing
station E.

Fusing station E includes a fuser assembly,
indicated generally by the reference numeral 50, which
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permanently affixes the transferred toner powder image
to sheet 44, Preferably, fuser assembly 50 includes

a ‘heated fuser roller 52 and a back-up roller 54. Sheet
44 passes between fuser roller 52 and back-up roller

54 with the toner powder image contacting fuser roller
52. In this manner, the toner powder image is perman-
ently affixed to sheet 44. After fusing, a chute guides
the advancing sheet 44 to a catch tray for subsequent
removal from the printing machine by the operator.

' Invariably, after the sheet of support material
is separated from the photoconductive surface of belt
10, some residual particles remain adhering thereto.
These residual particles are removed from the photocon-
ductive surface at cleaning station F. Cleaning sta-
tion F includes a rotatably-mounted fibrous brush 56
in contact with the photoconductive surface. The par-
ticles are cleaned from the photoconductive surface by
the rotation of brush 56 in contact therewith. Subse-
quent to cleaning, a discharge lamp (not shown) floods
photoconductive surface 12 with light to dissipate any
residual electrostatic charge remaining thereon prior
to the charging thereof for the next successive imaging
cycle.

It is believed that the foregoing description
is sufficient for purposes of the present application
to illustrate the general operation of an electrophoto-
graphic printing machine incorporéting the features of
the present invention therein.

Referring now to the specific subject matter
of the present invention, Figure 2 depicts tensioning
system 16 in greater detail. As shown thereat, tension-
ing system 16 includes roller 20 having belt 10 passing
thereover. Roller 20 is mounted in suitable bearings
in a yoke, indicated generally by the reference numeral
22. Preferably, yoke 22 includes a U-shaped member 58
supporting roller 20 and a rod 60 secured to the mid-
point of cross member 62 of U-shaped member 58. A coil
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spring 64 is wrapped around rod 60. Rod 60 is mounted
slidably in the printing machine frame 66. Spring 64
is compressed between cross member 62 and frame 66.
Compressed spring 64 resiliently urges yoke 22 and, in
turn, roller 20 against belt 10. Spring 64 is designed
to have the appropriate spring constant such that when
placed under the desired compression, belt 10 is ten-
sioned to about 0.1 kilograms per linear centimeter.
Belt 10 is maintained under a sufficiently-low tension
to enable the developer material on developer roller
40 to deform belt 10 through an arc ranging from about
10° to about 40°.

Referring now to Figure 3, the detailed struc-
ture of development system 38 will be described. Dev-
elopment system 38 includes a housing 66 defining a

- chamber for storing a supply of developer material there-

in. A cylindrical member 68, mounted rotatably in the
chamber of housing 66, includes a plurality of vanes ex-
tending outwardly therefrom so as to act as a paddle
wheel when rotating in the direction of arrow 70. In
this way, cylindrical member 68 advances the developer
material in an upward direction to developer roller
40. A metering blade 71 is positioned closely adjacent
to developer roller 40 defining a gap therebetween
through which the developer material passes. This gap
regulates the quantity of developer material being adv-
anced into development zone 72 by developer roller 40.
Preferably, one end portion of metering blade 71 extends
in a longitudinal direction sdbétantially across the
width of developer roller 40 so as to provide a uniform
gap controlling the quantity of material being moved
into development zone 72Z. The other end portion of
metering blade 71 is secured to housing 66. Developer
roller 40 includes a non-magnetic tubular member 74
journaled for rotation. By way of example, tubular
member 74 is made from aluminum having the exterior

circumferential surface thereof roughened. An elongated
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magnet 76 is positioned concentrically within tubular

member 74 being spaced from the interior circumferential
surface thereof. Magnet 76 has a plurality of magnetic
poles impressed thereon. Preferably, magnet 74 comprises
a keeper having a layer of magnetic rubber secured there-

“to. The layer of magnetic rubber is omitted in the

region of development zone 72. Thus, no magnetic poles
are positioned in development zone 72, i.e. in the nip
opposed from belt 10. In this way, the magnetic poles
generate a strong magnetic field in the development zone
entrance and a weak magnefic field in development zone
itself. The radial magnetic field in the development
zone is preferably about 100 gauss.

Tubular member 74 is electrically biased by
a voltage source (not shown) to a suitable polarity and
magnitude, preferably to a level intermediate that of
the background voltage level and the image voltage level
recorded on the photoconductive surface of belt 10.
By way of example, the voltage source preferably electri-
cally biases tubular member 74 to a voltage ranging from
about 50 volts to about 350 volts. A motor 90 (Figure
4) rotates tubular member 74 at a constant angular velo-
city. A brush of develpper material is formed on the
peripheral surface of tubular member 74. As tubular
member 74 rotates in the direction of arrow 78, the brush
of developer material advances into contact with belt
10 in development zone 72. The compressed pile height
of the developer material in development zone 70 ranges
from about 0.04 centimeters to about 0.15 centimeters.
As previously indicated, the brush of developer material
in development zone 72 deforms belt 10. Preferably,
belt 10 is deformed in development zone 72 so as to form
an arc about tubular member 74. The deformation arc
ranges from about 10° to about 40°. Magnet 76 1is
preferably mounted stationarily being arranged to attract
the developer material thereto due to the magnetic pro-
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perties of the carrier granules which have the toner
particles adhering triboelectrically thereto. These
toner particles are attracted from the carrier granules
to the latent image in the development zone so as to
form a toner powder image on the photoconductive surface
of belt 10. ‘

After the electrostatic latent image has been
developed, the unused developer material-and denuded

_carrier granules are received by transport roller 42.

Transport roller 42 includes a non-magnetic tubular
member 80 journaled for rotation. Preferably, tubular
member 80 is made from aluminum having the exterior
circumferential surface thereof roughened. As shown

in Figure‘S, tubular member 80 is spaced from belt 10.
An elongated magnet 82 is disposed interiorly of tubu-
lar member 80 and spaced therefrom. Preferably, magnet
82 comprises a keeper having a layer of magnetic rubber
secured thereto. Magnetic poles are impressed about

the magnet, with the exit region being devoid of magnetic
poles. In this way, the developer material and denuded
carrier granules are advanced, as tubular member 80 rota-
tes in the direction of arrow 84, to the exit region.

In this region, the magnetic attractive force is less
than the gravitational force, and the unused developer
material and denuded carrier granules fall into cross-
mixer 86. Cross-mixer 86 includes a plurality of spaced,
transversely-extending baffles arranged to cause the
unused developer material and denuded’ carrier granules
to mix with new toner particles being furnished to the
development system. Toner dispenser 88 is positioned
above cross-mixer 86 so as to furnish a supply of new
toner particles to the development system. In this way,
the concentration of toner particles within the developer
material is maintained substantially constant. Prefer-
ably, toner dispenser 88 includes a helical auger posi-
tioned in a flexible, elongated tube having a plurality
of apertures therein. The tube extends across housing
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66 above cross-mixer 86. This tube is also connected
to a remotely.-located supply of toner particles. The
helical auger advances the toner particles along the
tube to be dispensed through the apertures therein into
cross-mixer 86. In cross-mixer 86, the new toner parti-
cles mix with the denuded . carrier granules andunused ~
developer material. Thus, a new supply of developer
material is continually returned to the sump of housing

66 in the region of cylindrical member 68 for subsequent.

re-use in developing the electrostatic latent image
recorded on belt 10.

Preferably, the developer material includes
carrier granules having a ferromagnetic core with a thin
léyer of magnetite overcoated with a non-continuous layer
of resinous material. Suitable resins include polyvinyl-
idene fluoride and polyvinylidene . fluorideco-tetra-

fluoroethylene,. The developer materials can be prepared by

mixing the carrier granules with the tomer particles.
Generally, any of the toner particles known in the art
are suitable for mixing with the carrier granules.
Suitable toner particles are prepared by finely grinding
a resinous material and mixing it with a coloring mater-
ial. By way,of example, the resinous material may be

a vinyl polymer such as polyvinyl chloride, poiyvinyl-
idene chloride, polyvinyl acetate, polyvinylacetals,

" polyvinyl ether, and poly acrilic. Suitable Eoloring

materials may be, amongst others, chromogen black and
solvent black. The developer material comprises about
95% to about 99% by weight of carrier granules,and from
about 5% to about 1% by weight of toner particles. These
and other materials are disclosed in U. S. Patent No.
4,076,857, '

Turning now to Figure 4, there is shown a drive.
system for developer roller 40. As illustrated thereat,
magnet 76 is positioned concentrically and stationarily
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within tubular member 74. Tubular member 74 is coupled
to motor 90. Preferably, motor 90 rotates tubular member
74 at a substantially-constant angular velocity. Magnet
76 has the exterior circumferential surface thereof
spaced from the interior circumferential surface of
tubular member 74. In this way, the magnetic field
generated by magnet 76 attracts the developer material
to the exterior circumferential surface of tubular member
74. As motor 90 rotates tubular member 74 in the direc-
tion of arrow 78 (Figure 3), the developer material is
advanced into development zone 72. The advancing dev-
eloper material contacts belt 10, and deforms belt 10

in an arc. In this way, the spacing between belt 10

and tubular member 74 is controlled by the compressed
pile height of -the developer material in development

zone 72. Moreover, the effects of run-out are eliminated
inasmuch as there is continually an interference between
the developer material and belt 10 irrespective of the
non-concentricity of tubular member 74. This system
enables developer roller 40 to be closely spaced to the
photoconductive belt, with the magnetic fields in the
development zone being relatively low so as to'produce
high developability and low background. Moreover, the
quantity of developer -material required in development
zone is significantly reduced.

In récapitulation, the dev-
elopment apparatus of the present invention has a dev-
éloper roller positioned closely adjacent to the photo-
conductive surface of a belt so as to transport developer
material into contact with the latent image in the dev-
elopment zone. The belt is maintained at a pre-selected
tension of sufficient magnitude to enable the developer
material being transported into contact therewith by
the developer roller to deform the belt in the develop-
ment zone. In this way, the belt conforms, at least
partially, to the developer material being transported
into contact therewith so as to significantly improve

PRI AT e v —— e —
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Claims

1. Apparatus (38) for developing a latent image
carried by a flexible member (10), including means (40) for
transporting developer material into contact with the flexible
member so as to develop the latent image, chéracterised in
that a carrier (TU) for the developer material extends into
the path of the flexible member so that the latter is deflected
out of its path by contact with, and compresses, the developer
material carried by the carrier.

2. Apparatus according to claim 1, characterised
in that the flexible member (10) is a belt.

3. Apparatus according to claim 1 or 2, characterised
in that the transport means (40) includes: a tubular member
(74) journaled for rotary movement; means (76) for attracting
developer material to said tubular member (T4), and means
(90) for rotating said tubular member (74) to transport the
developer material attracted thereto into contact with the
flexible member. ’

4, Apparatus according to any preceding claim,
characterised in that the developer material deforms the
flexible member (10) through an arc ranging from about 10°
to about 40° . '

5. Apparatus according to any preceding claim,
characterised in that the flexible member is tensioned to
about 0.1 kilograms per linear centimeter of width.

6. Apparatus according to claim 3, or any claim
dependent therefrom, for developer materials having magnetic
granules, characterised in that said tubular member (74) is
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of non-magnetic material; and in that said attracting means

(76) includes an elongated magnetic member (76) disposed
interiorly of, and spaced from, said tubular member (74).

T. Apparatus'according to claim 6, characterised
in that said magnetic member (76) is oriented so that the
magnetic poles thereon generate a strong magnetic field adjacent
to where the developer material contacts the flexible member,

and a weak magnetic field where they are in contact with each
other.

8. Apparatus accobding to claim 7, characterised
in that the weak magnetic field is about 100 gauss.

N 9. Apparatus according to any preceding claim,
characterised by means (71) for regulating the quantity of

developer material being transported into contact with the
flexible member.

10. Apparatus according to any preceding claim,

characterised by means (66) for storing a supply of developer
material, and means (68) for advancing the developer material
from said storing means (66) to said carrier (78).
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