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(57) ABSTRACT 
The magnetic brush arrangement provides for the for 
mation of a brush-like mass made up of a pulverulent 
mix of carrier particles and toner particles supplied in 
measured amounts. Measured amounts of developer 
particles are picked up in the flutes provided on the 
surface of a rotating drum which is partially immersed 
in the granular mass. The flutes are axially parallel to 
the axis of rotation of the drum and it is the volume 
capacity of the flutes that determines the quantity of 
developer mix picked up and conveyed to a developing 
station. At the developing station there is provided a 
series of cylinders having disposed within magnetic flux 
generating means so as to attract the granular mass of 
particles from the flutes and pass it along the series of 
cylinders in the form of a moving carpet of developer 
mix. The attracted granular mass, which is held to the 
surface of these cylinders by virtue of the flux generat 
ing means, forms an upstanding brush whose size is 
controlled by the quantity of developer mix initially 
delivered. The brush formation occurs in the path of 
the copy material to be developed and at the end of the 
developing station unused powder is returned to the 
supply. 

7 Claims, 2 Drawing Figures 
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MAGNETIC BRUSH DEVELOPER EQUIPPED 
WITH SELF-METERING CONTROLS 

GENERAL BACKGROUND 
This invention deals generally with magnetic brush 

developing structures and in particular with a devel 
oper in which measured quantities of the mix are 
brought to the developing station. 
The technology dealing with design and construction 

of magnetic brushes is well known. The use of magnetic 
flux generating means positioned inside rotating cylin 
ders for the purpose of attracting a quantity of granular 
mass to its surface to form an upstanding brush and 
applying toner to the image-bearing medium is a well 
known developing technique in this art. 

It is well understood in this technology that the mag 
netically attractable developer mixes, which are made 
up of magnetically attractable materials plus an elec 
troscopic resin particle, suffer fatigue due to the degra 
dation of the developer mix. Fatigue is caused by the 
severe forces present in the conventional developer 
brush systems. One of the major areas in the magnetic 
brush construction concerns the use of metering blades 
and doctoring devices to control the height of the brush 
at the developing site. This is a critical and important 
aspect of the known construction since the success of 
proper magnetic brush development depends on the 
quality of the brush. The size of the brush, which is 
brought against the surface of the area to be developed, 
must be controlled within strict limits to produce qual 
ity reproductions. If the brush is too small, develop 
ment will be inadequate and give poor or low density 
images. If the brush is too large or too thick, it will 
disrupt the paper from its assigned path and dislodge 
any toner that is applied. Hence, it is critical to control 
the size of the brush 
The prior art systems, as stated earlier, used mechan 

ical means in the path of the developer mix to doctor 
the height of the mass to a predetermined level, and 
otherwise compress it in order to achieve the desired 
height. The use of such doctoring blades and compres 
sion devices in the presence of magnetic fields, while 
they control the height of the brush formation, were 
detrimental in terms of compacting the resinous mate 
rials interfering with its free-flowing quality and ulti 
mately to press the toner particles onto the carrier so as 
to defeat the triboelectric charges necessary to be gen 
erated by the rubbing action between the two dissimilar 
materials comprising the mix. 
These disadvantages have been obviated in the pre 

sent invention by eliminating the need for doctoring or 
shearing or compressing the developer mix in order to 
form a brush of a predetermined height or thickness or 
otherwise scrape or remove the toner under conditions 
where it is being held by a high magnetic flux field. The 
need for any such metering devices has been eliminated 
by providing a measured mass and controlled amount 
of developer mix from the supply when it is first deliv 
ered to the brush forming developing cylinders. The 
controlled mass forms into an upstanding brush-like 
formation under the influence of the magnetic flux 
generating means within the developer cylinders. It will 
be appreciated that by limiting and controlling the mass 
of developer mix delivered to the developer cylinders 
limits the size of the brush formation that occurs at the 
developer station under the influence of the high mag 
netic flux field. 
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2 
SUMMARY OF THE INVENTION 

The magnetic brush developer construction of this 
invention provides for a series of developer cylinders 
which are aligned in axial parallel relationship with one 
another and lying in a horizontal plane, each having 
magnetic flux generating means within the cylinders to 
produce the magnetic flux necessary to cause the gran 
ular mass delivered to form into an upstanding brush. It 
is desirable to have a plurality of cylinders. In the in 
stant construction three such cylinders are used in 
which the polarities of the magnetic flux generating 
means within the rolls are disposed so as to distribute 
the developer mix uniformly amongst the three cylin 
ders. This arrangement provides a brush-like carpet 
formation of pulverulent mass made up of carrier and 
toner particles over which the latent image-bearing 
copy must pass and be brushed by the developer mix to 
develop a material image thereon. 

Pairs of in-feed and out-feed rollers are provided to 
bring the copy sheet into rubbing contact with the 
moving developer brush and to direct it out from the 
developer. 
The brush-like arrangement together with the in-feed 

and out-feed rollers are received in a supply enclosure 
which contains a supply of developer mix deposited in 
the bottom portion. 
The point of novelty of the present invention resides 

in the means for bringing the developer mix deposited 
in the bottom of the developer enclosure to the series 
of developer cylinders adjacent the paper feed path. In 
one embodiment of this invention, the feed means com 
prises a cylindrical or drum-like structure having a 
series of flutes extending over its surface in parallel 
alignment with the axis of rotation. Each of the flutes 
picks up annd carries a measured mass of developer 
mix which is then brought to the developer station. The 
mass of granular material that is delivered to the devel 
oper brush is controlled by the volume size of the 
flutes. 

In another embodiment, the novel feature of control 
ling the mass of developer particles is achieved by cov 
ering the drum surface with a blanket capable of gener 
ating a magnetic flux field which can pick up a con 
trolled mass of particles as a function of the strength of 
the flux field. 
Within the reservoir portion of the housing adjacent 

the developer mix metering drum is a device for mixing 
the powder mass in order to avoid any cavitation that 
may occur in the large mass of developer material in 
the vicinity of the rotating drum. 
Any unused developer mix coming off of the devel 

oper cylinders is collected by a suitable scraper and 
baffle-distributer system which returns the unused mix 
to the mixing section. 

It is a general object of this invention to provide an 
improved magnetic brush which minimizes the shear 
ing, compression, and impact forces which tend to have 
a deliterious effect on the toner and thereby prolong its 
functional life. 

It is another object of this invention to provide an 
improved magnetic brush developer system in which 
measured amounts of developer mix are fed to the 
developer brush obviating the need for any doctoring 
or compaction devices to control the height or size of 
developer mix formed on the brush to give optimum 
contact with the latent image on the copy sheet and 
thereby prolong the useful like of the developer mix. 
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It is a specific object of this invention to provide an 

improved magnetic brush developer construction in 
which measured amounts of developer mix are fed 
from a supply to the developer brush forming zone by 
means of a feeder unit which is equipped with a series 
of carriers on its surface of picking up and holding 
measured amounts of toner necessary to form a devel 
oper brush of the appropriate dimensions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section of a magnetic brush devel 
oper construction showing one embodiment of the 
developer feeder; 
FIG. 2 is a cross-section of another embodiment of a 

metering drum of this invention. 
DETAILED DESCRIPTION 

Referring now to FIG. 1 of the drawing, there is 
shown a developer assembly bearing the general char 
acter reference 10 which is formed of an outside casing 
or housing 12 which encloses the various operating 
elements that give rise to a self-metering magnetic 
brush developer. At the bottom of the housing there is 
formed a reservoir 14 into which is deposited a supply 
of the pulverulent developer mix 16 from which me 
tered amounts of powder are withdrawn. The reservoir 
14 is formed into two principal sections, the first being 
the mixing section 18 which contains a mixing device 
20 equipped with perforated blades 21 which extend 
the full lateral width of the reservoir so as to urge and 
move the developer mix in the direction of the other 
part of the reservoir which is the feeder section 22. 
That portion of the casing which forms the feeder 

section 22 of the reservoir 14 is generally of an arcuate 
configuration in order to accommodate the metering 
drum 24 which is housed in this section of the reservoir. 
The drum 24 is generally fittingly mounted into the 
feeder section of the reservoir having a diameter which 
approximates the contour radius of the feeder section 
22 but leaving a sufficient space between the inside 
wall 26 of the feeder section and the outer reaches of 
the drum 24, so as to provide enough clearance for any 
excess material to flow between the drum and the in 
side surface and return to the mixing section 18. In 
practice, the drum 24 has a diameter of 3.5 inches. 
The outside surface of the drum 24 is of fluted con 

struction 28 which extends the longitudinal dimension 
of the drum with each fluted portion 30 having a prede 
termined size dimension so that it picks up and carries 
a predetermined mass of developer 16. 

In tracing the movement of the developer mix within 
the reservoir, it should be observed that as the mixer 20 
rotates in a clockwise direction, the curved tines 21 
pick up a quantity of the material and move it in the 
direction of the counterclockwise rotating drum 24. 
The quantity of the developer mix picked up as it 
passes through the supply reservoir is retained within 
the flute with the aid of a magnetic flux generating 
means 42 as the drum moves in a counterclockwise 
direction and brought up to the depositing station 32. 
Because the linear velocity of the drum is such that it 
may tend to throw out powder from the flutes by cen 
trifugal force, the magnet 42 is employed to retain the 
mass within the flutes. 
The series of three hollow drum constructions 36, 38 

and 40 are aligned within the housing 12 at a position 
above the metering drum 24 to form the developing 
station 34. The drum 24 is partially immersed in the 
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4 
supply of powder 16 so that as each of the flutes 30 pass 
through the supply of developer mix 16, a quantity is 
trapped within and carried to a transfer station where 
the developer mix is removed from each of the flutes 
and deposited on one of the surfaces of a train of devel 
oper cylinders 36, 38 and 40 from whence it becomes 
a stream of developer particles that are conveyed by 
magnetic flux means to the developing station. The 
axes of rotation of each of the cylinders 36, 38 and 40 
are axially parallel to one another and generally lie on 
the same horizontal plane and are also in parallel align 
ment with the axis of rotation of the drum 24. 
Within each of the hollow cylinders 36, 38 and 40 

there is disposed magnetic flux generating means 44, 
46 and 48 respectively. In each case the flux generating 
means comprises a series of bar magnets arranged and 
selected so that the strength and pattern of the flux 
field is designed to attract the developer mix from the 
flutes and to transmit the developer mix in a stream 
path which ultimately forms a magnetic brush at the 
developer station 34. 
The following chart shows the effective gauss values 

for controlling a typical developer mix as it moves 
through the system: 

Flux Generator Cylinder Position Gauss Units 

42 3 o'clock 20-240 
44 6 o'clock 400-700 
44 12 o'clock 600-700 
46 6 o'clock S()0-600 
46 12 o'clock 500-600 
46 9 o'clock 200-250 
48 12 o'clock 450-500 
48 4:30 o'clock 50-55 

As shown in FIG. 1, the flux generating means 44 is 
of sufficient strength to attract and remove the devel 
oper mix from within the flute 30 at the depositing 
station 32 so that it clings to the outside surface of the 
cylinder 36 as it rotates through the station 32. The 
developer mix is attracted to and held onto the surface 
of the cylinder 36 at the 6 o'clock position. As the 
cylinder 36 rotates in a clockwise direction, the mass of 
developer particles are brought within the flux field 
generated by the flux generator 46. The developer mass 
is transferred from the six o'clock position of the cylin 
der 36 to the 6 o'clock position of the cylinder 38 and 
is conveyed around and to the top of the cylinder 38. 
Continued rotation of the cylinder 38 causes the devel 
oper mix to be transferred to the 12 o'clock position of 
the cylinder 36 where it is captured by the flux field 
emanating from the flux generator 44. The presence of 
the cylinder 40 and its flux generating means 48 causes 
the stream of developer mix to bridge the rollers 36 and 
40 so that the moving stream across the top surface of 
each of the cylinders 36,38 and 40 presents a continu 
ous moving carpet 50 of developer mix, upstanding at 
the respective 12 o'clock positions. 
The stream of developer mix is carried from the sur 

face of the cylinder 40 by the flux generating means 48 
to a point where it is thereafter directed along a return 
path into the reservoir. The flux generating means is so 
arranged so that the flux pattern can attract the devel 
oper mix to its surface for a limited distance and there 
after the toner is freed from the influence of such flux 
where it returns to the reservoir 14 by force of gravity. 
At the upper portion of the housing 12 are positioned 

a series of pinched roller sets 52,54 and 56, 58 and exit 
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rollers 60, 62. The first two sets of pinched rollers 52, 
54 and 56, 58 form an infeed station which directs the 
copy sheet into the assembly along the path repre 
sented by the dashed line 59 and in position to make 
rubbing contact with the continuous carpet 50 of devel- 5 
oper mix and thence between the roller set 60, 62 and 
into the exit conveyor system 64. Surprisingly, the car 
pet 50 in the general area of the 12 O'clock position at 
each of the hollow cylinders forms into an upstanding 
brush of the proper height, bristle formation and den- 10 
sity of bristles so as to optimize development of the 
copy sheet as it moves along the path 59. This optimum 
brush formation virtually completely engages the full 
extent of the copy paper as it moves along the path 59. 
This is achieved without the aid of any blades, scrapers, 15 
doctoring devices and the like in the stream path of the 
developer mix. 
The roller set 60 and 62 are not pinched rollers. They 

are maintained in spaced apart relation. The back side 
of the developed copy sheet is urged against roller 60 20 
while the powder image-carrying surface confronts, but 
does not touch, the roller 62. With the roller 62 is a 
conventional horseshoe magnet with its pole pieces 
facing in the direction of the powder carrying surface 
of the copy sheet. This particular construction of the 25 
roller 62 renders it useful to scavenge any spurious 
magnetic carrier particles that may have been attracted 
to the copy. Such a scavenging technique is important, 
particularly in the circumstance where the powder is to 
be fixed by pressure techniques. 30 
Associated with the drum 24 is scraping member 66 

which assists in the removal of any developer mix 
which overflows the confining walls of the flutes 30. In 
this manner a measured amount of developer mix is 
contained in the flutes and delivered to the depositing 35 
station 32. Similarly, a blade 68 is associated with the 
surface of the cylinder 40 at the point where the flux 
pattern is no longer effective in removing any devel 
oper powder that may be clinging to the surface of the 
drum 40 and also guiding the material that falls free 40 
from the surface along the return path into the reser 
voir 14. It should be pointed out that neither scraper 66 
or blade 68 introduce any significant stress to the toner 
which causes it to compact or agglomerate. 
In tracing the flow of the developer mix in the devel- 45 

oper assembly 10, it will be seen that the supply mate 
rial in the reservoir 14 moves from the feed section 18 
into the path of the fluted construction 28 on the sur 
face of the drum 24 and is delivered to the depositing 
station 32 where it is picked up by the central cylinder 50 
36 at the six o'clock position and transferred to the six 
o'clock position of the next adjacent cylinder 38 and 
then carried around to the top of the cylinder 38 where 
the developer mix bridges the three rolls 36,38 and 40 
to form the continuous carpet 50. It will be appreciated 55 
that at no point in the path of movement of the devel 
oper mix is it exposed to high compression forces. It 
will be remembered that the toner material, which is an 
important ingredient in the developer mix, is of a ther 
moplastic character and is very susceptible to compac- 60 
tion losing its granularity. Further, under highly com 
pressive forces it tends to accumulate and cling to the 
various surfaces on which it is carried. It is important to 
appreciate that the avoidance of any high degree of 
compaction is achieved by feeding measured and con- 65 
trolled amounts of developer mass to the developer 
brush. Under the influence of a certain flux generating 
means there will be formed a developing carpet of 

6 
particular size and dimensions and which will be main 
tained as long as measured amounts are fed to the train 
of cylinders. 
Referring to FIG. 2, there is shown another embodi 

ment whereby measured amounts of developer mix are 
delivered to the depositing station 32. As shown in FIG. 
2 there is provided a metering drum 70 formed of a 
cylindrical shell 72. The metering drum 70 is of the 
same overall diameter as the drum 24 and adapted to 
operate within the feedersection 22 of the reservoir 14. 
Disposed about the outer surface of the drum 72 is 
permanently affixed a flux generating magnetic blanket 
member 74 adapted to produce a magnetic flux field of 
a specific strength in order to attract a predetermined 
mass of developer mix to its surface. Such suitable 
magnetic blanket members are available from the 3M 
Company and sold under the trade name PLAS 
TIFORM, Catalog Nos. MGO-1016 and MGO-1012. 
These materials are completely flexible sheets impreg 
nated with magnetic flux generating means. In the fab 
rication of the metering drum 70 itself, non-magnetic 
materials are used such as brass and aluminum ex 
truded to the appropriate diameter of 3.44 inches and 
having a wall thickness in the range of from 0.12inches 
to 0.25 inches. The flexible member 74 is applied to the 
surface so it forms a continous sheath enveloping the 
outside surface of the drum and is applied by conven 
tional adhesive materials. The thickness of the mag 
netic blanket can range from 0.030 inches or 0.060 
inches, the preferred thickness being 0.060 inches. It 
will be appreciated that the construction of FIG.2 may 
be directly substituted for the metering drum 24 shown 
in FIG. 1 providing the full and equal advantages real 
ized from the fluted type surface metering drum. 
The foregoing description of the invention has been 

presented in somewhat detailed form to fully illustrate 
a unique and novel way of handling the very sensitive 
developer mix. It is intended that the advantages of 
handling such developer mix by means of a metered 
system to be defined by the appended claims. 
What is claimed is: 
1. In a magnetic brush developing device adapted to 

have a controlled height of brush formation including a 
source supply of pulverulent developer mix made up of 
magnetically attractable carrier particles and toner 
particles, comprising: 
a rotatably mounted metering drum partially im 
mersed in said source supply, said metering drum 
having formed on its outer surface means for at 
tracting and holding thereon a predetermined ca 
pacity for carrying measured quantities of said 
developer mix; 

magnetic brush developer means comprising a plural 
ity of rotatably mounted tubular structures in par 
allel axial alignment with one another forming a 
lower reach and upper reach respectively along the 
underside and upper surface of said tubular struc 
tures, and said tubular structures having magnetic 
flux generating means disposed therein so as to 
form a flux field along said lower and upper 
reaches of said tubular structures establishing a 
fixed stream path for said developer mix having a 
starting point and a termination point, said meter 
ing drum being positioned adjacent said lower 
reach defining the starting point of said stream path 
and said magnetic flux means within said tubular 
structures effective to move the developer mix 
along said lower reach from said starting point and 
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along said upper reach and to form a terminating 
point for said stream path at the end of said upper 
reach so as to bring said measured quantities of 
developer mix within the flux field thereby estab 
lishing a developer brush of a predetermined 
height, said developer mix being returned to the 
source supply at said terminating point. 

2. The magnetic brush developing device as claimed 
in claimm 1 wherein said drum means for carrying 
measured quantities of developer mix comprises recep 
tacles having a predetermined carrying capacity. 
3. The magnetic brush developing device as claimed 

in claim 1 wherein said means for carrying measured 
quantities of developer mix comprises a surface capa 
ble of generating a predetermined level of magnetic 
flux so as to attract a predetermined quantity of devel 
oper mix. 
4. The magnetic brush developing device as claimed 

5 

10 

5 

in claim 2 wherein said receptacles consist of a series of 20 
fluted formations on the surface extending the axial 
length of the tubular structure. 

5. The magnetic brush developing device as claimed 
in claim 1 wherein said magnetic brush developing 
means comprises three tubular structures and the 
stream path for said developer mix originates at the 
lower reach of the middle one of the three tubular 
Structures. 
6. The magnetic brush developing device as claimed 

in claim 1 wherein said metering drum and said tubular 
structures are made of non-magnetic materials of con 
struction. 
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8 
7. In a magnetic brush developing device adapted to 

have a conrolled height of brush formation including a 
source supply of pulverulent developer mix made up of 
magnetically attractable carrier particles and toner 
particles and feed means for feeding a copy paper to be 
developed, comprising: 
a rotatably mounted metering drum partially im 
mersed in said source supply, said metering drum 
having formed on its outer surface a series of fluted 
formations extending the axial length of the drum 
for carrying measured quantities of said developer 
mix therein and having disposed within said drum 
magnetic flux generating means for releasably re 
taining said developer mix within said formations; 

magnetic brush developer means comprising an array 
of at least three rotatably mounted tubular struc 
tures in parallel axial alignment with one another 
forming a lower reach and upper reach respectively 
along the underside and upper surface of said tubu 
lar structures and said tubular structures having 
magnetic flux generating means disposed therein so 
as to form a flux field extending along said lower 
and upper reaches of said rotating tubular struc 
tures establishing a fixed stream path for said de 
veloper mix having a starting point and a termina 
tion point, said fixed stream path originating at the 
lower reach of the center one of the tubular struc 
tures and advancing to the upper reach spanning 
the three structures in a direction cocurrent with 
the movement of said copy paper and said termina 
tion point occurring at the location where said 
copy paper departs from said stream path. 

ck k 
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