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[57] ABSTRACT 

Seal structure for xerographic developer apparatus. The 
development apparatus contemplated is of the type commonly 
referred to as a cascade development system wherein ?ne 
developer particles are moved in an upwardly direction and al 
lowed to fall or be cascaded onto a xerographic surface and 
subsequently returned to the developer sump. The seal is 
characterized by being in?atable in order to block the space 
between the housing structure and the recording surface, after 
movement of the recording surface has commenced. 

4 Claims, 5 Drawing Figures 
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PNEUMATICALLY CONTROLLED SEAL 

BACKGROUND OF THE INVENTION 

This invention relates, in general, to xerographic developing 
apparatus and, more particularly, to a seal structure for the 
developer section thereof. 

In the process of xerography, an electrostatic charge in 
image con?guration of original copy is produced on the sur 
face of a photoconductive drum or web. This electrostatic 
image on the photoconductive surface is developed with a 
powder material comprising electroscopic marking particles 
commonly known as toner. Toner normally consists of a ?nely 
divided pigmented resin attractable by the electrostatic forces 
to the photoconductive surface. The electrostatic charge on 
the photoconductive surface holds the toner on the photocon 
'ductive surface in image areas, thus, producing a developed 
powder image of the copy being reproduced. 
One form of development system for developing the latent 

electrostatic image with toner or powder is commonly 
referred to as cascade developing. Cascade development is a 
two-component system wherein small glass beads are mixed 
with the toner to act as a carrier for the toner material. The 
glass beads provide mechanical control of the toner and, when 
agitated with the toner, provide a triboelectric charge which 
holds the toner on the surface of the glass bead. The combina 
tion of glass beads or carrier and toner is referred to as 
developer or developer material. When the developer material 
is cascaded over the surface of a xerographic plate containing 
an electrostatic latent image thereon, the toner, which is ad 
hering to the carrier by triboelectric forces, is attracted away 
from the carrier by the strong electrostatic charges and is held 
on the surface of the xerographic plate. In conventional 
cascade development systems, the carrier continues to 
cascade over the surface of the xerographic plate back into a 
hopper or supply bin wherein it is again agitated with toner 
material and recascaded over the surface of the xerographic 
plate. 

It is necessary in cascade and other types of development 
systems, for example, paddle wheel type of development 
system, to provide a quantity of material adjacent to the xero 
graphic drum and to cause a developer material to ?ow over 
the drum surface. The container or housing structure which 
holds the developer material and which prevents the 
developer material from escaping from the housing to the rest 
of the machine must necessarily be open to a portion of the 
xerographic drum. In many instances the developer housing 
structure cannot contact the surface of the xerographic drum, 
and conventional sealing techniques employed in other arts 
cannot be used since the drum contains a latent electrostatic 
image and is also extremely susceptible to scratching or mar 
ring. The latent electrostaticimage cannot be disturbed prior 
to being developed, and, therefore, any seal which would con 
duct, drain off or disturb in any manner the electrostatic 
image is unsatisfactory for use as a sealing material or struc 
ture. Any material which is abrasive and would damage the 
surface of the xerographic drum likewise cannot be used in 
contact with the surface of the drum in those cases where the 
drum material is susceptible to marring. 

In certain areas of reproduction, for example, the reproduc 
tion of semimicroimages, such as for example, images which 
are reduced in size from 2% to 3 times original size prior to 
reproduction it is necessary to use a carrier bead which is con 
siderably smaller than the carrier bead normally used in 
cascade developing. The carrier beads used in such systems 
are so small that they find their way out of the developer hous 
ing past conventional seals. ' 

Prior attempts at solving the aforementioned problem have 
resulted in the intolerable situation of having to overcome the 
force of friction between the seal and the recording member. 
Motors powerful enough to overcome such friction forces 
usually utilize starting capacitors which generate undesirable 
radiofrequency interference, when switching out, of the start 
ing capacitors is effected. 
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2 
Accordingly, the primary object of this invention is to pro 

vide a new and improved xerographic apparatus. 
A more particular object of this invention is to provide a 

new and improved seal structure for the developer section of a 
xerographic apparatus. 
Another object of this invention is to provide a new and im 

proved seal structure for the developing section of a xero 
graphic apparatus which is actuable after the recording 
member associated therewith has started to move. 

BRIEF SUMMARY OF THE INVENTION 

Brie?y, the above-cited objects are accomplished by the 
provision of in?atable seals disposed intermediate the 
developer housing and the recording web along the sides of 
the developer housing such that the seals cooperate with a baf 
fle structure to direct developer to the recording surface while 
preventing emission of developer from between the housing 
structure and the recording surface. The seal structures are in 
?ated only after the recording medium has started to move 
thereby eliminating the need for conventionally high-powered 
motors for overcoming the starting friction forces attendant 
prior art constructions. Once the recording medium has begun 
to move, the in?ated seal engages the side edges of the record 
ing medium, preferably beyond that portion'of the photocon 
ductor which is used in forming the image. 

Further objects and advantages of the present invention will 
become apparent when considered in view of the description 
of the preferred embodiment of the invention and drawings 
forming a part hereof. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic side view of a xerographic apparatus 
utilizing the present invention; and 

FIG. 2 is an enlarged fragmentary view of the developer 
housing and seal arrangement forming a part of the invention; 

FIG. 3 is a cross-sectional view taken on the line 3-3 of 
FIG. 2 representing an in?atable seal in its nonin?ated posi 
tion; 

FIG. 4 is a view similar to FIG. 3, but with the seal member 
in?ated; and 

FIG. 5 is a schematic illustration of a seal arrangement 
representing the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, especially FIG. 1, reference 
character 9 designates generally a xerographic apparatus com 
prising a rotatable xerographic drum 10 mounted for rotation 
on a shaft 12. The drum rotates about the shaft 12 in the 
direction indicated by the arrow and passes a charging station 
generally indicated as 14 wherein a corotron 16, connected to 
a suitable power source, not shown, places a uniform electro 
static charge on the surface of the xerographic drum. 
Although any one of a number of types of corona-generating 
devices may be used, a corona-charging device of the type dis 
closed in Vyverberg US. Pat. No. 2,836,725 is preferably em 
ployed for the corotron 16. The drum rotates past an exposure 
station 18 wherein light images of copy to be reproduced 
discharge the electrostatic charge on the drum surface and 
produces a latent electrostatic image of the copy being 
reproduced on the drum surface. The drum then rotates past a 
developer station, generally indicated as 20, wherein a 
developer mechanism, described in detail below, develops the 
latent electrostatic image into a powder image. After the elec 
trostatic image is developed, a pretransfer corotron 22 places 
an electrostatic charge on the drum surface to loosen the 
powder image for transfer purposes, The drum then rotates 
past a transfer station 24 wherein the powder image is trans 
ferred to a suitable support material surface by means of a 
transfer corotron 26 which places a suitable electrostatic 
charge on the‘back surface of the support material to attract 
the powder from the xerographic drum to the support materi 
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al. The support material is then transported past a fusing sta 
tion 28 wherein the support material and the powder image 
thereon are exposed to rays from a ?ash fuser 30 which heats 
the powder causing it to coalesce and to bond to the surface of 
the support material. The xerographic drum rotates past a 
cleaning station 32 wherein residual toner material remaining 
on the surface of the drum is cleaned therefrom by means ofa 
rotating brush 34. 

In the apparatus shown either images of original copy 
reduced to 2% to 3 times its size may be reproduced on data 
processing cards or previously reduced images on data 
processing cards may be reproduced onto other data 
processing cards. Documents which are to be reduced and 
copied on data processing cards are placed on a document 
tray 36. The tray is mounted on a pair of rollers 38 on a track 
40. With the document to be reproduced on the tray 36, the 
tray is moved forward towards a scanning station 42. With the 
tray 36 and in the forward position, the document is picked up 
by a belt conveyor 44 and a feed roller 46 in a manner 
described in detail in application Ser. No. 436,168, ?led Mar. 
1, 1965, in the names of Thomas H. Galster, Alan M. 
Hitchcock and Gordon P. Taillie. The document is held on 
conveyor 44 by means ofa vacuum produced in a manifold 48 
which produces suction through a series of openings in the 
manifold and corresponding perforations in the surface of the 
belt in conveyor 44. The conveyor 44 carries the documents 
past the scanning station 42 wherein a pair of lamps LMP-l il 
luminate incremental areas of the surface of the document. 
The illuminated areas of the document are reflected by a mir 
ror 50 through a reducing lens 52 to the surface of the xero 
graphic drum at exposure station 18. The movement of the 
conveyor 44 is synchronized with the movement of the drum 
10 so that the image is placed on the drum surface with the 
proper-sized reduction. The conveyor 44 then carries the 
document around a main drive roller 54 by means of a series 
of resilient rollers 56 rotatably mounted and in surface contact 
with the belt of the conveyor 44 as they extend around the 
roller 54. When the document emerges from the bands 56, it is 
again held on the belt of the conveyor 44 by means of a 
vacuum produced in manifold 48. The document is carried 
forward beyond the end of the manifold 48 where, with the 
suction released, it tends to drop away from the conveyor 44 
and is deflected downward by a plate 60 into a receiving tray 
62. 
When it is desirable to reproduce images from data 

processing cards, a series of cards 64 containing xerographic 
images thereon are stacked in a conventional card-feeding 
hopper 67 and fed into a card conveyor system which is 
similar to the conveyor system 44. The card conveyor is not 
shown, but is a vacuum conveyor whiclcarries the cards past 
a scanning station similar to the scanning station 42 and 
deposits the cards into a card-receiving hopper. The illu 
minated portions of the card are deflected upwards into a mir 
ror 66 which directs the images through: lens 68 to a mirror 
70 which directs the image onto the surface of the xerographic 
drum at the exposure station 18. 

Images reproduced on the surface of the xerographic drum 
are transferred to blank data processing cards 72 which are 
fed from a conventional card-feeding hopper 74 to a roller 
type conveyor system 76. The conveyor 76 consists of a series 
of rollers 78 which feed the cards past a rotary card timing 
device into surface contact with the xerographic drum 10. 
The cards 72 are forced into surface contact with the drum 

10 by means of a series of bands 82 which are held in surface 
contact with the drum 10 by means of a pair of rollers 84 and 
are moved at the same speed as the periphery of the xero 
graphic drum 10. The bands 82 force the card 72 into surface 
contact with the xerographic drum at the point at whicl‘the 
corotron 26 places an electrostatic charge on the back of the 
card to transfer the powder image from the drum surface to 
the card surface. As the card emerges from the band 42, it is 
peeled off the surface of the drum by means of a blade struc 
ture, not shown, which extends into an undercut portion of the 
xerographic drum, also not shown. 
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When the card 72 containing a transfer powder image is 

de?ected from xerographic drum 10 by the blade structure, it 
is held on a conveyor 9%] by the suction produced in a vacuum 
manifold 102. The conveyor 98 carries the card past the fuser 
station 28 wherein the powder image is heated to a point 
where is coalesces and bonds to the card surface. The card 
containing the fused image is then transferred to a second con 
veyor 104 whzh is also a vacuum conveyor having a vacuum 
manifold 106. A third vacuum conveyor 108, having a vacuum 
manifold 110, receives the card from the conveyor 104 and 
transports it to a card-receiving hopper 112 where it is 
deposited until such time as the machine operator removes it. 
As seen in FIG. 2, there is provided a developer housing 

structure 114 which contains a supply of developer material 
116 consisting of toner material and small carrier beads, the 
latter being on the order of 250- to 450-micron size. The 
developer material 116 is located in the bottom of the housing 
structure 114 and provides a supply of fresh developer materi~ 
al for continuous bucket conveyor 118. As the xerographic 
drum 10 rotates, the conveyor rotates its buckets through the 
developer material 116 in the bottom of the housing and con 
veys the material to the top of the housing structure 114 
wlarein it discharges the developer material down on to a baf 
?e structure 119 comprising a top baffle 120 and a flow baffle 
121. The baffle structure 120 directs the developer material 
onto the surface of the xerographic drum where it is cascaded 
over the drum surface and directed back towards the bottom 
of the housing structure by a second baffle structure 122 
which may form a part of the housing structure 114, as shown, 
or a separate structure apart from the housing structure. A 
toner feed mechanism 123 including a motor therefore pro 
vides for addition of toner as it is depleted from the developer 
material 116. 
With high humidity, the positive charge on the developer 

beads decreases so much that the negatively charged toner is 
held very loosely to the beads. As a result, loose toner powder 
is mixed with the beads as they come out of the top and flow 
baf?es and cascade across the drum. Since the toner in this 
powder cloud is not held by the carrier heads, the powder is 
attracted strongly by the charge on the drum. As a result of 
this powder development, the toner deposited across the drum 
results in a dirty background on the copy under high-humidity 
conditions. 
To prevent development of this powder cloud, the top and 

flow baf?es are charged with approximately 800 volts, the 
drum being initially chrged with 1,000 volts on its surface, 
After exposure, the charge on the image areas has decreased 
to about 900 volts, but the background charge has dropped to 
about 350 volts. Although the static charge on the baffles is 
the same polarity as the drum charge, the baffle charge is 
weaker than the drum image charge and stronger than the 
drum background charge. The static charge of the baf?es ex 
tends around the baffles so that the powder cloud is attracted 
away from the drum background and towards the baf?es. Any 
toner that tends to collect on the baffles is wiped away by the 
cascading beads. Since a great deal of the image development 
occurs in the area near the top and flow baf?es, elimination of 
powder cloud development around this area is very effective 
in reducing background. 
To further reduce copy background, a developer electrode 

127 charged with a plus 2,000 volts is used. This electrode is 
located approximately 2 inches away from the bias baf?es at a 
point where most of the development has been completed. At 
this point, most of the image has been coated with toner and 
an electrical equilibrium has been established between the 
drum charge and the developer bead charge. Because of this 
equilibrium, additional toner is not strongly attracted to the 
image. Any toner removed by “empty" beads is immediately 
replaced by succeeding beads. The effect of the charged 
developer electrode at this point is to shift the electroequilibri 
um away from the drum and toward the beads. The static 
charge on the electrode extends around it so that effectively a 
greater positive charge exists in the area of the beads. This 
results in a greater ability of the beads to pull toner off the 
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drum in the background areas, where the toner is not held 
strongly. This action is called “scavenging," and has no effect 
on the toner held to the drum by the strong fringe ?eld at the 
edge of the image. . 
While the foregoing method of presenting developer materi 

al to the xerographic drum creates the type of problem to be 
overcome by the present invention, other systems inherently 
possess like de?ciencies. For example, a system comprising a 
paddle wheel having a rotatable shaft, and a plurality of pad 
dles extending outwardly from the periphery of the shaft 
would possess this de?ciency. The paddle wheel would be 
coextensive with the longitudinal axis of the drum and would 
be supported within the housing structure 114. Rotation of the 
paddle wheel in a direction and at a rate of speed so as to 
throw developer upwardly from the bottom of the developer 
housing structure would have the effect of presenting the 
developer material to the xerographic drum 10. 
As seen in FIG. 5, an in?atable seal structure 124 is pro 

vided in a groove 126 of the developer housing structure 114. 
There are two such structures 124, one each, adjacent op 
posite sides of the xerographic drum. The seals 124 serve to 
close the gaps 128 between the xerographic drum and the 
developer housing structure after the drum structure has 
started to rotate. 
A compressor 130 supplies positive air pressure to the seals 

124 through conduits 132. The seals which are made from any 
suitable material, for example, neoprene, are suitably in?ated 
at a pressure of approximately 1 to 2 p.s.i.g. through a sole 
noid-actuated valve 134 which is adapted to be actuated sub 
sequent to start of rotation of the xerographic drum through 
the machine program control, not shown. The compressor is 
of a conventional ‘type used in xerographic recording ap 
paratus and constitutes therefore existing hardware of the 
machine which is modi?ed by means of the solenoid valve and 
conduits to supply air to the in?atable seals. 
A third seal member 136, see P16. 5, is disposed in a groove 

138 in the developer housing. This groove is coextensive with 
the longitudinal axis of the drum 10 adjacent the top portion 
thereof where it extends into the developer housing structure. 
A conduit 140 operatively connecting the compressor 130 and 
the top seal 136 supplies air under pressure to the seal 136 for 
inflation thereof at the prescribed time. it will be appreciated 
that since the drum 10 rotates in the counterclockwise 
direction, the seal 136 which engages the surface of the drum 
will not interfere with a developed image since the developed 
image is formed after the drum passes the area of the seal 136. 
While it is not possible for the top seal 136 to disturb a 
developed image, it is quite possible that the latent electro 
static image can be affected by the seal, for example, if the 
seal were to deposit impurities on the drum surface. Further 
more, the seal can affect the surface finish of the more 
delicate types of xerographic drum materials, consequently, 
the seal material should be nonabrasive in those situations 
where the seal contacts that portion of the drum which is used 
in forming the image. 
A lower or bottom seal 142 is provided in a groove 144 

which extends along the longitudinal axis of the xerographic 
drum adjacent the bottom portion of the drum where it ex 
tends into the developer housing structure 114. The bottom 
seal is adapted to be supplied with air under pressure from the 
compressor 130 through a solenoid-actuated valve 146 a con 
duit 148 and a selector valve structure 150, the latter of which 
is adapted to provide communication between the compressor 
and the valves 134 and 146 either separately or simultane 
ously. The bottom seal 142, it will be appreciated, is adapted 
for sealing the lower edge of the developer housing structure 
in a machine where the developer housing structure 114, the 
charging device, the xerographic drum and cleaning device 
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6 
are arranged such that rotation of the drum relative to 
developer housing structure would be in the opposite 
direction to that shown. 

Additionally, with the provision of both the upper and lower 
seals 136 and 142 a seal system is available for’sealing 
between the housing structure 114 and the xerographic drum 
10 when the xerographic drum is not in use, for example, 
when the machine is being shipped. It will be appreciated that 
all of the seal structures 124, 136, and 142 could at this time 
be in?ated for such purposes. Each of the seals would be pro 
vided with a bleed valve which would be actuated at the same 
time the machine is put into operation. Consequently, only the 
appropriate seals would be in?ated subsequent to start of rota 
tion of the xerographic drum while one or the other of the top 
or bottom seals would be de?ated depending on the arrange 
ment of the components. The top seal is optional during nor 
mal operating conditions and the bottom seal is optional if the 
developer trough extends well beyond the point where the 
developer falls off the drum. 

It will be understood that various changes in the details, 
materials, steps and arrangement of parts which have been 
herein described and illustrated in order to explain the nature 
of the invention may be made by those skilled in the art within 
the principle and scope of the invention as expressed in the ap 
pended claims. However, while the invention has been 
described with reference to the structure disclosed herein, it is 
not intended that the invention be con?ned to the details as 
set forth, this application is intended to cover such modi?ca 
tions or changes as may come within the scope of the follow 
ing claims. For example, the in?atable seals may be replaced 
by conventional seal material for xerographic apparatus such 
as sponge rubber which is affixed to the free edge of the dis 
placeable member that is moved in and out of contact with the 
drum as by means of an air-actuated piston arrangement. 
Furthermore, the seals could be constructed in the fonn of a 
bellows or diaphragm in lieu of the tubular seal structures dis~ 
closed. 
What is claimed is: 
1. In a xerographic machine of the type utilizing a develop 

ment system wherein a powder image is developed on a xero 
graphic surface by presenting carrier particles and toner 
material to the surface and structure for effecting return of 
unused particles to a developer sump the improvement com 
prising, in combination: 

housing structure enclosing at least a portion of the xero 
graphic surface, said housing structure being spaced from 
said surface; 

seal means disposed intermediate said surface and said 
housing structure; and 

means for moving said seal means into engagement with 
said xerographic surface for impeding emission of parti 
cles and material from said housing structure and moving 
said seal means out of engagement with said surface to 
permit initial movement of said surface without the re 
tarding friction due to the seal means. 

2. Structure as speci?ed in claim 1 wherein said seal means 
comprises an extensible means. 

3. Structure according to claim 2 wherein said extensible 
means comprises in?atable seals extending at least along the 
sides of said housing structure and 

including means for selectively supplying air to said seals 
under pressure for effecting said engagement. 

4. Structure according to claim 2 wherein said extensible 
means comprises a ?rst pair of in?atable seals extending along 
the sides of said housing structure and a second pair of in?ata~ 
ble seals intermediate said first pair of in?atable seals at the 
ends thereof and 

including means for selectively supplying air to said seals. 
#8 * * * * 


