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The present invention relates to electrostatic printing 
and more particularly, although not necessarily exclusive 
ly to novel means for applying electroscopic developer 
material onto a surface bearing an electrostatic image. 

In accordance with the present invention, a developer 
mix comprising a developer powder and a ferro-magnetic 
carrier material is applied to a surface bearing a charge 
image in the presence of a magnetic field. A succession 
of magnetic fields arranged about the periphery of the 
drum is applied to a continuous member such as a paper 
sheet bearing a charge image. Means are provided for 
rotating the drum about its axis for sequentially present 
ing the aforesaid magnetic fields to said sheet member 
while the sheet member is being advanced. A quantity 
of developer mix comprising developer powder and a 
ferro-magnetic material is introduced in the field so that 
streamers are formed which constitute a brush like mass 
which brush over the Surface of the charged image bear 
ing member depositing the electroscopic developer 
powder upon that member in accordance with the charge 
pattern thereon. 
An object of the present invention is to provide a 

novel means for applying eelctroscopic developer powder 
to a continuous charge-image bearing member. 

It is another object of this invention to provide de 
positing means as set forth wherein the developer powder 
is applied by magnetically maintained brushes. 
A further object is to provide depositing means as set 

forth wherein a supply of developer powder to the apply 
ing brushes may be continuously replenished and a new 
brush is formed following each application. 

Other objects and advantages of the present invention 
will become apparent to those skilled in the art from a 
reading of the following detailed description in connec 
tion with the accompanying drawing in which: 

Fig. 1 is a plan view partly in section illustrating ap 
paratus constructed in accordance with the present inven 
tion, and 

Fig. 2 is a side elevation, partly schematic and partly 
in section, taken along the line 2-2 of Fig. 1 and look 
ing in the direction of the appended arrows. 
The apparatus to be described, embodying the inven 

tion in illustrative form, may be operated with a de 
veloper mix comprising a developer powder and a carrier 
material consisting of "alcoholized iron,” that is, iron 
particles free from grease and other impurities soluble 
in alcohol. These iron particles are preferably of rela 
tively small size, being in their greatest dimension about 
.002' to .008'. Generally, any of the large number of 
developer powders known in the art is suitable for mixing 
with iron particles to form a developer mix to be em 
ployed in operating the present invention. A developer 
powder above iron in the triboelectric series is gener 
ally suitable for developing a direct image upon a nega 
tively charged surface or a reversed image upon a posi 
tively charged surface, and conversely a developer 
powder below iron in the triboelectric series is suitable 
for developing a reversed image upon a like negatively 

5 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

2 
charged surface or a direct image upon a positively 
charged Surface. Example of the developer powders of 
the first named class are powdered shellac and rosin, each 
pigmented with a suitable coloring material such as car 
bon black. An example of the second class is Vinsol 
resin (an extract from long leave yellow pine stumps 
composed principally of an oxidized form of abietic acid 
and manufactured by Hercules Powder Company, 908 
Market Street, Wilmington, Delaware) colored with a 
Suitable dye such as azo oil black. 

Developer mixes of the type described above for the 
sake of completeness of illustration and methods for 
employing such mixes are described and claimed in co 
pending application of Harold G. Greig, Serial No. 
344,123, filed March 23, 1953, and entitled “Electro 
static Printing.' An example of a suitable record receiv 
ing member of the kind referred to in the following de 
scription in a form of a sheet or web which is fully dis 
closed and claimed in a copending application of Harold 
G. Greig, Serial No. 248,937, filed September 9, 1951, 
now abandoned, and entitled "Electrostatic Printing.” 

Referring, now, to the drawings in more detail, there 
is shown a first drum member 2 about which a con 
tinuous strip of charge image bearing paper 4 is par 
tially wrapped. The paper is supplied from a supply 
roll 6 and, after treatment to be hereinafter described, 
may be wound up on a storage roll 8. This first drum 
comprises a relatively thin shell of non-magnetic ma 
terial. 

Positioned adjacent to the first drum 2 is a second 
drum it. This second drum comprises a plurality of 
permanent magnets 2 arranged radially about the axis 
of the drum with all of the magnets having their corre 
sponding poles directed toward the axis. In the illustra 
tive embodiment of the invention, four such permanent 
magnets are positioned at each end of the drum. A 
pole cap member 4 connects the outer extremities of cor 
responding magnet members 12 at opposite ends of the 
drum. The peripheral spaces between the pole cap 
members are closed by arcuate, non-magnetic filler mem 
bers 16. The two ends of the drum are closed by end 
plate members 18. The inner ends of the permanent 
magnets 2 are supported on soft iron hub members 20. 
Suitable axle members 22 are secured to the hub members 
and are journaled in bearing members 24. Driving means 
such as an electric motor 25 is coupled to the drum 10 
through the axle 22 to cause the drum to rotate about 
its axis. 
The bearing members are carried by frame members 

26 which alsc carry soft iron magnetic path defining 
means 28. The magnetic path defining means are mag 
netically coupled to the hub members 20 and are, accord 
ingly, magnetically polarized by the permanent magnets 
2. The magnetic path defining means 28 extends in two 

directions from the hub members 26. One leg 38 ex 
tends in a direction toward the first or paper carrying 
drum 2 and extends substantially beyond the periphery 
of the second drum. A flux concentrating backing bar 
32 is magnetically coupled to the leg 30 and extends with 
ing the first drum to provide a return path for magnetic 
return flux passing between the pole cap members 14 
and the permanent magnets i2. Thus, a well defined 
magnetic flux path is established between one of the pole 
cap members 14 and the backing bar 32 in the deposit 
ing area, substantially normal to the axes of the two 
drums. The other leg 34 of the soft iron path defining 
means 28 extends in a direction substantially diametrical 
ly opposite from the first mentioned leg 30. This second 
leg extends only to the peripheral edge of the drum (s 
and is magnetically coupled to the extremities of the pole 
cap member 14 which falls directly opposite the pole cap 
member which is adjacent the first drum in the deposit 
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ing position. This arrangement effects a magnetic shunt 
substantially neutralizing the polarization of the pole cap 
coming under its influence. 
About the periphery of the second drum and spaced 

therefrom, there is positioned a brass shell 36. Suitable 
openings are provided in this shell for purposes herei 
after set forth. On the outside of the brass shell is a 
similar shell 38 of magnetic material such as iron or 
magnetic steel. The shell 36 is supported by mounting 
panels 40 positioned adjacent the ends of the drum. These 
mounting panels 40 are also made of ic -inagnetizable 
material such as brass. The iron shei 33 is supported by 
the main frame members 26 which are of magnetizable 
material such as soft iron and are magnetically coupled 
to the permanent magnets 2 whereby the outer shell 
38 is magnetized with a polarity that is cpposite fronn 
the pole cap members i4. Such polarization of the outer 
shell establishes a magnetic flux, between the pole cap 
members and the outer shell, which is radial with respect 
to the drum. When magnetic particles are admitted to 
the system, the brush-like masses become attached to the 
pole cap members. The brass shell members assist in con 
fining these brush-like masses. 
A port 42 is provided through the two shell members. 

Through this port additional electroscopic powder or mag 
netic carrier or both may be added without interrupting 
the operation of the device. A second gap in the brass 
shell is provided in the lower side of the drum 10 remote 
from the first drum 2. In this gap, there is mounted a 
non-magnetic blade 44 with a non-magnetic shield mem 
ber 46 attached thereto. On the outside of the blade and 
shield member, there is positioned a vibrator plate 48 
which is pivoted about mounting screws 56 secured to the 
frame means 26. Suitable means S2, Such as a solenoid, 
is provided to impart a vibratory motion to the vibrator 
plate 48. 

In operation, the paper or other record member 4 leaves 
the supply roll 6 and passes through a charging and ex 
posing station or position 54 where an electrostatic charge 
is imparted to the surface of the member, after which the 
charged member is exposed to a light image in accordance 
with a desired pattern to be recorded. As the paper leaves 
the charging and exposing station 54, it bears a charge 
image corresponding to the desired image to be recorded. 
As the paper is pulled about the first drum 2, the second 
drum is rotated in such a direction that the adjacent 
peripheries travel in opposite directions as indicated by 
the arrows. The pole cap herinters 4 pick up a mass 
of 1magnetic particles together with the intermixed elec 
troscopic powder in the vicinity of the vibrator plate 43. 
As the drum & rotates, each pole cap menber i4 carries 
its brush ipward and into a brushing relationship with the 
charged surface of the paper carried by the first drum 2, 
depositing the electroscopic powder on the paper in ac 
cordance with the charge-image thereon. 
i8 continues to rotate in a clockwise direction, each pole 
cap member passes the port 42 where additional electro 
Scopic powder may be added. Continuing the rotation of 
the druim 10, the pole cap members come successively 
under the influence of the leg 34 of the magnetic path 
defining means 28. As each pole cap member is shunted, 
its field strength is reduced accordingly, permitting a sub 
Stantial proportion of the magnetic particles constituting 
the brush-like mass to fall off. The remainder of the 
magnetic particles, which do not of themselves fall off, 
are removed by the passage of the pole cap member 
past the blade member 44. The removed magnetic par 
ticies, together with the added electroscopic powder, fall 
onto and are caught by the vibrator plate 43. The vibra 
tory inction imparted thereto by the vibrating means 52 
causes the magnetic particles and the electroscopic powder 
to be thcroighly mixed and fed to the lower end of the 
vibrator plate. The shield member 45, attached to the 
blade 44, prevents the magnetic particles from being re 
attracted to the proximate pole cap member 14 as soon 
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as that pole cap member passes from the Zone of influence 
of the neutralizing leg 34 and before the particles have 
been thoroughly mixed by the action of the vibrator 
plate 48. After that pole cap member has passed beyond 
the extremity of the shield 46, a new brush-like mass of 
the thoroughly mixed particles is formed thereon, the new 
brush carrying a fresh Supply of electroscopic powder. 
Thus, each time one of the pole cap members makes a 
revolution, there is a replenishing of the Supply of elec 
troscopic powder into the brush-like mass carried by the 
pole cap members. After the electroscopic powder has 
been brushed onto the charged surface of the image bear 
ing member or paper 4, the paper is then passed through 
a fixing station or position 56 of suitable type well known 
in the art for causing the electroscopic powder to be 
permanently "fixed.' The finished copy may then be 
rolled up on the storage reel 8 or other suitable collecting 
eaS. 

There has thus been provided an improved novel means 
for applying electroscopic developer powder to a continu 
ous charge image bearing member wherein the powder is 
deposited by means of magnetically formed and main 
tained brush-like masses and wherein the supply of elec 
troscopic powder to said applying brushes may be con 
tinuously replenished without interrupting the operation 
of the applying means. 
What is claimed is: 
1. Apparatus for depositing electroscopic developer 

powder onto a continuous member bearing an electro 
static charge image through the use of a developer mix 
including electroscopic developer powder and carrier par 
ticles of magnetic material, said apparatus comprising, 
in combination, means for moving the image bearing 
member past a depositing position, a plurality of magnetic 
field producing means, a rotatable drum, said field pro 
ducing means being arranged in spaced relation about the 
periphery of said drum for rotation therewith, and means 
for rotating said drum and thereby each of said field 
producing means sequentially past a quantity of the de 
veloper mix and then past said depositing position, said 
mix forming a brush-like mass adhering to each of said 
field producing means. 

2. Apparatus for depositing electroscopic developer 
powder onto the surface of a continuous member bearing 
an electrostatic charge image through the use of a de 
veloper mix including electroscopic developer powder and 
carrier particles of magnetic material, said apparatus com 
prising, in combination, means for moving said image 
bearing member past a depositing position, a plurality of 
magnetic field producing means, a rotatable drum, said 
field producing means being arranged in spaced relation 
about the periphery of said drum for rotation therewith, 
means for rotating said drum and thereby each of said 
field producing means sequentially past a quantity of 
said mix and then past said depositing position, said mix 
forming a brush-like mass adhering to each of said field 
producing means, and flux concentrating means magneti 
cally associated with said field producing means at said 
depositing position to define a flux path through said 
image bearing member. 

3. Apparatus for depositing electroscopic developer 
powder onto the surface of a continuous member bear 
ing an electrostatic charge-image through the use of a 
developer mix including electroscopic developer powder 
and carrier particles of magnetic material, said apparatus 
comprising, in combination, means for moving said image 
bearing member past a depositing position, a plurality of 
magnetic field producing means, a rotatable drum, said 
field producing means being arranged in spaced relation 
about the periphery of said drum for rotation therewith, 
means for rotating said drum and thereby each of said 
field producing means sequentially past a quantity of said 
mix and then past said depositing position, said mix ad 
hering to each of Said field producing means and forming 

75 a brush-like mass, and means for substantially removing 



2,786,440 
5 

said brush-like mass from said field producing means sub 
sequent to each passing of the depositing position. 

4. Apparatus for depositing electroscopic developer 
powder onto the surface of a continuous member bearing 
an electrostatic charge-image through the use of a de 
veloper mix including an electroscopic developer powder 
and carrier particles of magnetic material, said apparatus 
comprising, in combination, means for moving said image 
bearing member past a depositing position, a plurality of 
magnetic field producing means, a rotatable drum, said 
field producing means being arranged in spaced relation 
about the periphery of said drum for rotation therewith, 
means for rotating said drum and thereby each of said 
field producing means sequentially past a quantity of said 
mix and then past said depositing position, said mix ad 
hering to each of said field producing means and form 
ing a brush-like mass, means whereby additional electro 
scopic powder may be added without interrupting the 
operation, means for Substantially removing said brush 
like mass from said field producing means subsequent to 
each passing of the depositing position, and means for 
collecting said removed brush-like mass and mixing said 
mass with said added powder. 

5. The invention as set forth in claim 4 wherein said 
collecting and mixing means comprises a vibrator plate. 

6. Apparatus for applying electroscopic developer pow 
der to the surface of a continuous member bearing an 
electrostatic charge-image through the use of a developer 
mix including an electroscopic powder and carrier parti 
cles of magnetic material, said apparatus comprising, in 
combination, a first rotatable drum for moving said image 
bearing member past a depositing position, a second ro 
tatable drum including a plurality of magnetic field pro 
ducing means, said Second drum being positioned adjacent 
to said first drum, said field producing means including 
a plurality of permanent magnet members, said magnet 
members being arranged radially with respect to said 
drum and in pairs, the members of said pairs being posi 
tioned at opposite ends of said drum, pole cap members 
joining the members of said pairs whereby to define a plu 
rality of magnetic fields, a flux concentrating backing bar 
positioned within said first drum adjacent to said de 
positing position, said backing bar being magnetically 
coupled to said permanent magnet members to define a 
flux path through said image bearing member, magnetic 
shunt means associated with said field producing means at 
a neutralizing position remote from said depositing posi 
tion, means for rotating said second drum and thereby 
each of said field producing means sequentially past a 
quantity of said mix to produce a brush-like mass adher 
ing to said field producing means and then past said 
depositing position, and means including said shunt means 
at said neutralizing position for substantially removing 
said brush-like mass from said field producing means sub 
sequent to each passing of the depositing position. 

7. Apparatus for applying electroscopic developer pow 
der to a continuous Surface bearing an electrostatic 
charge-image, said apparatus comprising, in combination, 
means for moving the image bearing member past a de 
positing position, a plurality of magnetic field producing 
means, a rotatable drum, said field producing means be 
ing arranged in spaced relation about the periphery of 
said drum for rotation therewith, and means for rotating 
said drum and thereby each of said field producing means 
sequentially past said quantity of mix and then past said 
depositing position, said mix forming a brush-like mass 
adhering to said field producing means. 

8. Apparatus for applying electroscopic developer pow 
der to a continuous surface bearing an electrostatic charge 
image thereon, said apparatus comprising, in combina 
tion, means for moving said image bearing member past 
a depositing position, a plurality of magnetic field pro 
ducing means, a rotatable drum, said field producing 
means being arranged in spaced relation about the periph 
ery of said drum for rotation therewith, flux concentrating 
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6 
means cooperatively associated with said field produc 
ing means at said depositing position to define a flux path 
through said image bearing member, field neutralizing 
means associated with said field producing means at a 
position remote from said depositing position, means to 
retain a quantity of developer mix including electroscopic 
developer powder and carrier particles of magnetic mate 
rial, means for rotating said drum and thereby each of 
said field producing means sequentially past said retained 
quantity of mix to produce a brush-like mass adhering to 
said field producing means and then past said depositing 
position, and means including said neutralizing means 
for substantially removing said brush-like mass from said 
field producing means subsequent to each passing of the 
depositing position. 

9. Apparatus for applying electroscopic developer 
powder to an electrostatic charge image bearing member, 
said apparatus comprising, in combination, a first ro 
tatable drum for moving said image bearing member 
past a depositing position, a second rotatable drum in 
cluding a plurality of magnetic field producing means, 
said second drum being positioned adjacent to said first 
drum, said field producing means including a plurality 
of permanent magnet members, said magnet members be 
ing arranged radially with respect to said drum and in 
pairs, the members of said pairs being positioned at 
opposite ends of said drum, the members of each of said 
pairs being joined by pole cap members whereby to 
define a plurality of magnetic fields, a flux concentrating 
backing bar positioned within said first drum adjacent to 
said depositing position, said backing bar being magnet 
ically coupled to said permanent magnet members to de 
fine a flux path through said image bearing member, mag 
netic shunt means associated with said field producing 
means at a neutralizing position remote from Said deposit 
ing position, a quantity of developer mix including electro 
scopic developer powder and carrier particles of mag 
netic material for mixing with developer powder to serve 
as a carrier therefor, means for rotating said second drum 
and thereby each of said field producing means sequen 
tially past said quantity of mix to produce a brush-like 
mass adhering to said field producing means and then 
past said depositing position, and means including said 
shunt means at said neutralizing position for Substantially 
removing said brush-like mass from said field producing 
means subsequent to each passing of the depositing posi 
tion. 

10. Apparatus for depositing electroscopic developer 
powder from a mixture of such powder and a quantity 
of magnetizable particles onto a member bearing an 
electrostatic charge image, said apparatus comprising 
means for supporting and advancing a member bearing 
an electrostatic charge image, magnetic field producing 
means for forming brush-like tufts of said mixture, means 
for moving said brush-like tufts into brushing contact 
with an image bearing member advanced by said first 
named means whereby to deposit said powder onto said 
member in the pattern of said image, and means for dis 
rupting and reforming said brush-like tufts. 

11. Apparatus for depositing electroscopic developer 
powder from a mixture of such powder and a quantity 
of magnetizable particles onto a member bearing a latent 
electrostatic charge image, said apparatus comprising 
means for supporting and advancing a member bearing 
an electrostatic charge image, magnetic field producing 
means for forming brush-like tufts of said mixture, means 
for moving said brush-like tufts into brushing contact 
with an image bearing member advanced by said first 
named means whereby to deposit said powder onto said 
member in the pattern of said image, and means for 
reducing the magnetic field produced by said field pro 
ducing means to cause said brush-like tufts to be dropped 
subsequent to their brushing contact with said image 
bearing member. 

12. Apparatus for depositing electroscopic developer 
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powder from a mixture of such powder and a quantity 
of magnetizable particles onto a member bearing a latent 
electrostatic charge image, said apparatus comprising 
means for supporting and advancing a member bearing 
an electrostatic charge image, magnetic field producing 
means for forming brush-like tufts of said mixture, means 
for moving said brush-like tufts into brushing contact 
with an image bearing member advanced by said first 
named means whereby to deposit said powder onto said 
member in the pattern of said image, means for tem 
porarily reducing the magnetic field produced by said 
field producing means to cause said particles to be 
dropped subsequent to their brushing contact with said 
image bearing member, and means for mixing said 
dropped particles with additional developer powder for 
formation into new brush-like tufts upon the reestab 
lishment of said magnetic field. 
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