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PRESSURE ADJUSTABLE 

ELECTROPHOTOGRAPHIC PRINTING MACHINE 
TRANSFER APPARATUS ' 

BACKGROUND OF THE INVENTION 

This invention relates generally to an electrophoto 
graphic printing machine and more particularly con 
cerns an apparatus for transferring electrostatically 
charged particles from an image bearing member to a 
sheet of support material. 
The process of electrophotographic printing involves 

the creation of an electrostatic latent image corre 
sponding to an original document and the reproduction 
thereof in viewable form. In the process of electropho 
tographic printing, as disclosed in US. Pat. No. 
2,297,691 issued to Carlson in 1942, a light image of 
an original document is projected onto the charged 
photoconductive surface. The light image selectively 
dissipates the charge on the photoconductive surface to 
create an electrostatic latent image of the original doc 
ument thereon. A developer mix comprising electro 
statically charged toner particles and coarser carrier 
granules is brought into contact with the electrostatic 
latent image. The toner particles are attracted electro 
statically from the carrier granules to the latent image. 
Thereafter, the toner powder image developed on the 
photoconductive surface is transferred to a sheet of 
support material, such as plain paper, amongst others. 

One method of transferring the toner powder image 
is disclosed in US. Pat. No. 2,807,233 issued to Fitch 
in 1957. As described therein, a sheet of support mate 
rial is interposed between a conductive roller and a 
photoconductive surface having the toner powder 
image thereon. A charge of opposite polarity from the 
toner powder image is depositedon the back side of the 
sheet of support material. This charge attracts the toner 
powder image from the photoconductive surface to the 
support material. 

In multi-color electrophotographic printing, it is nec 
essary to convey a single sheet of support material re 
peatedly through a transfer station. This enables a plu 
rality of toner powder images to be transferred, in su 

V perimposed registration with one another, to the sheet 
of support material. Thus, a multi-color image may be 
created on the support material. In order to effect 
transfer, the sheet of support material on the transfer 
roll must be brought into contact with the toner powder 
image to electrostatically attract the toner powder 
image thereto. Both the potential applied to the trans 
fer roll and the contact force between the photocon 
ductive drum and transfer roll is critical to ‘the efficient 
transfer of the developed toner powder image. Thus, 
various techniques are utilized for adjusting the pres 
sure between the photoconductive drum and the trans 
fer roll. By way of example, IBM Technical Disclosure 
Bulletin Volume 15, No. 12, page 3644, of May 1973, 
describes one such approach. As illustrated therein, a 
pressure roll is supported by a pair of movable yokes. 
The yokes move the pressure roll against an operating 
roll having a thin resilient layer. The yokes are sup 
ported by springs and a cam follower arrangement. Ad 
justment of the springs regulates the pressure applied 
between the operating roll and pressure roll. The fore 
going technique is a trial and error approach requiring 
extensive mechanical adjustments until the requisite 
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contact force between the photoconductive drum and 
transfer roll is obtained. Moreover, the cam assembly 
utilized to move the transfer roll from an operative po 
sition in contact with the photoconductive drum to an 
inoperative position spaced therefrom is periodic and 
‘is not sequenced to the machine timing. 

Accordingly, it is the primary object of the present 
invention to improve the control mechanism utilized to 
regulate the pressure between the transfer roll and pho 
toconductive drum employed in an electrophoto 
graphic printing machine. 

SUMMARY OF THE INVENTION 

Brie?y stated, and in accordance with the present in 
vention, there is provided an apparatus for transferring 
a developed image of electrostatically charged particles 
from an image bearing member to a sheet of support 
material. 
Pursuant to the present invention, there is provided 

means for supporting the sheet of support material. 
Means are also provided for generating a substantially 
constant potential difference between the supporting 
means and the image bearing member. Solenoid means 
move the supporting means from an inoperative posi 
tion spaced from the image bearing member to an oper 
ative position in contact therewith. At contact, the po 
tential difference between the supporting means and 
the image bearing member attracts the developed 
image of charged particles from the image bearing 
member to the sheet of support material secured to the 
supporting means. Controlling means adjust the 
contact force between the supporting means and image 
bearing member to obtain efficient transfer of the de 
veloped image of electrostatically charged particles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present inven 
tion will become apparent upon reading the following 
detailed description and upon reference to the draw 
ings, in which: 
FIG. 1 is a schematic perspective view of an electro 

photographic printing machine incorporating the fea 
tures of the present invention therein; and 

FIG. 2 is a schematic perspective view of the transfer 
apparatus employed in the FIG. 1 printing machine. 
While the present invention will be described in con 

nection with a preferred embodiment thereof, it will be 
understood that it is not intended to limit the invention 
to that embodiment. On the contrary, it is intended to 
cover all alternatives, modifications and equivalents as 
may be included within the spirit and scope of the in 
vention as de?ned by the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 
For a general understanding of the disclosed multi 

color electrophotographic printing machine in which 
the present invention may be incorporated, continued 
reference is had to the drawings. In the drawings, like 
reference numerals have been used throughout to des 
ignate like elements. FIG. 1 schematically illustrates 
the various components of the printing machine em 
ployed to produce multi-color copies from a colored 
original document. Although the transfer apparatus of 
the present invention is particularly well adapted for 
use in a multi-color electrophotographic printing ma 
chine, it should become evident from the following de 
scription that it is equally well suited for use in a wide 
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variety of printing machines and is not necessarily lim 
ited to the particular embodiment shown therein. 
As depicted in FIG. 1, the electrophotographic print 

.ing machine includes an image bearing. member com 
prising a drum 10 having a photoconductive surface 12 
entrained about ‘and secured to the exterior circumfer 
ential surface thereof. Drum 10 is mounted rotatably 
on the machine frame and driven at a substantially con 
stant angular velocity, in the direction of arrow 14, by 
a drive motor (not shown). As drum 10 rotates, photo 
conductive surface 12 passes sequentially through a se 
ries of processing stations. The drive motor rotates 
drum 10 at a predetermined speed relative to the other 
operating mechanisms of the printing machine. A tim 
ing disc (not shown) mounted in the region of one end 
of the shaft of drum 10 coordinates the timing of the 
various operations with the rotation of drum 10 to pro 
duce the proper sequence of events at the respective 
processing stations. ' 

Initially, drum 10 rotates photoconductive surface 12 
through charging station A. At charging station A, a co 
rona generating device, indicated generally at 16, ex 
tends longitudinally in a transverse direction across 
photoconductive surface 12. This readily enables co 
rona generating device 16 to spray ions onto photocon 
ductive surface 12, thereby producing a relatively high, 
substantially uniform charge thereon. Preferably, co 
rona generating device 16 is of the type described in 
U.S. Pat. No. 2,778,946 issued to Mayo in 1957. 
After photoconductive surface 12 is charged to a 

substantially uniform potential, drum 10 rotates to ex 
posure stationB. At exposure station B, a color ?ltered 
light image of original document 18 is projected onto 
charged photoconductive surface 12. Exposure station 
B includes a moving lens system, generally designated 
by the reference numeral 20, and a color ?lter mecha 
nism shown generally at 22. A suitable moving lens sys 
tem is disclosed in US. Pat. No. 3,062,108 issued to 
Mayo in 1962. Original document 18 such as a sheet of 
paper, book, or the like is placed face down upon trans 
parent viewing platen 24. As depicted in FIG. 1, lamps 
26- are adapted to move in a timed relationship with 
lens 20 and filter mechanism 22 to thereby scan succes 
sive incremental areas of original document 18 dis 
posed upon platen 24. This produces a ?owing light 
image of original document 18 which is projected onto 
charged photoconductive ‘surface 12. During the expo 
sure process, ?lter mechanism 22 interposes selected 
color ?lters into the optic light path of lens 20. The ?l 
ter, interposed into the light path, operates on the light 
rays transmitted through lens 20 to record an electro 
static latent image on photoconductive surface 12 cor 
responding to a pre-selected spectral region of the elec 
tromagnetic wave spectrum, hereinafter referred to as 
a single color electrostatic latent image. 
Thereafter, drum 10 rotates to development station 

C. At development station C, three individual devel 
oper units, generally indicated by the reference numer- - 
als 28, 30 and 32, respectively, are arranged to render 
visible the electrostatic latent image recorded on pho 
toconductive surface 12. Preferably, the developer 
units are all of a type generally referred to in the art as 
“magnetic brush developer units.” A typical magnetic 
brush developer unit employs a magnetizable devel 

_ oper mix having carrier granules and toner particles 
therein. In amagnetic brush developer unit, the magne 

' tizable developer mix vis continually brought through a 
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4 
directional flux ?eld to form a brush of developer mate~ 
rial. The developer mix is continually moving to pro 
vide fresh developer mix to the brush. The brush, in the 
magnetic brush developer unit, has a magnetic member 
with a mass of developer mix adhering thereto by mag 
netic attraction. The developer mix includes carrier 
granules having toner particles clinging thereto by tri 
boelectric attraction. This chain-like arrangement of 
developer mix simulates the ?bers of a brush. Develop 
ment is achieved by bringing the brush of developer 
mix into contact with photoconductive surface 12. 
Each of the developer units 28, 30 and 32, respectively, 
apply toner particles to photoconductive surface 12. 
The toner particles are adapted to absorb light within 
a pre-selected spectral region of the electromagnetic 
wave spectrum corresponding to the wave length of 
light transmitted through ?lter 22. For example, a la 
tent image formed by passing the light image through 
a green ?lter will record the red and blue portions of 
the spectrum as areas of relatively high charged density 
on photoconductive surface 12, while the green light 
rays will pass through the ?lter and cause the charge 
density on photoconductive surface 12 to be reduced 
to a voltage level ineffective for development. The 
charged areas are then made visible by applying green 
absorbing (magenta) toner particles to the latent image 
recorded on photoconductive surface 12. Similarly, a 
blue separation is developed with blue absorbing (yel~ 
low) toner particles, while a red separation is devel 
oped with red absorbing (cyan) toner particles. A typi~ 
cal development station employing a plurality of devel 
oper units, as illustrated in FIG. 1, is described in co 
pending application Ser. No. 255,259, ?led in 1972. 
After development, the now visible toner powder 

image is advanced to transfer station D. The toner pow 
der image adhering electrostatically to photoconduc 
tive station 12 is transferred to a sheet of support mate 
rial 34. Support material 34 may be, amongst others, 
plain paper or a sheet of polysulfone thermoplastic ma 
terial. Supporting means or a transfer drum, shown 
generally at 36, secures support material 34 releasably 
thereto for movement in a recirculating path therewith. 
Transfer drum 36 is adapted to rotate in the direction 
of arrow 38 in synchronism with drum 10 (in this case 
at substantially the same angular velocity therewith). 
Hence, a plurality of toner powder images may be 
transferred from photoconductive surface 12 to sup 
port material 34, each toner powder image being super-v 
imposed in registration with the prior one. Image trans 
fer is achieved by electrically biasing transfer roll 36 to 
a potential having a suf?cient magnitude and the 
proper polarity to attract electrostatically toner parti 
cles from the latent image recorded on photoconduc 
tive surface 12 to support material 34. Transfer drum 
36 comprises an aluminum tube, preferably, having a 
layer of urethane cast thereabout. A polyurethane 
coating is sprayed over the layer of cast urethane. Volt 
age generating means or power supply 40 applies a di 
rect current voltage to the aluminum tube via suitable 
means such as a carbon brush and brass ring assembly 
(not shown). The transfer voltage may range from 
about 1500 to about 4500 volts. Transfer drum 36 is 
substantially the same diameter as drum 1!) and is 
driven at substantially the same speed thereat. Contact 
between photoconductive surface 12 of drum l0 and 
transfer roll 36 with support material 34 interposed 
therebetween is regulated by the controlling means of 
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the present invention. Preferably, the contact force 
ranges from about 0.5 pounds to about 1.0 pound lin 
ear force. The controlling means will be described 
hereinafter with reference to FIG. 2. 
Referring now to the sheet feeding arrangement, a 

stack 42 of support material is disposed upon tray 44. 
.A feed roll 46, in operative communication with retard 
roll 48 advances and separates the uppermost sheet 
from stack 42 disposed'on tray 44. The advancing sheet 
moves into chute 50 which directs it into the nip of reg 
ister rolls 52. Thereafter, gripper mechanism 54 
mounted on transfer drum 36 secures releasably sup 
port material 34 thereto. In this manner, support mate 
rial 34 rotates in a recirculating path on transfer drum 
36. After a plurality of toner powder images have been 
transferred to support material 34, in superimposed 
registration with one another, gripper 54 separates sup 
port material 34 from transfer drum 36. As transfer 

_ drum 36 rotates in the direction of arrow 38, a stripper 
bar 56 is interposed therebetween. This separates sup 
port material 34 from transfer drum 36. Thereafter, 
support material 34 advances on endless belt conveyor 

' 58 to ?xing station E. 
At ?xing station E, a fuser, indicated generally at 60, 

permanently af?xes the toner powder image to support 
material 34. One type of suitable fuser is described in 
US. Pat. No. 3,498,592 issued to Moser in 1970. Sup 
port material 34 with the powder image af?xed thereto, 
is, thereupon, advanced by conveyors62 and 64 to 
catch tray 66. Catch tray 66 is arranged to permit the 
machine operator to readily remove the completed 
multi-color copy from the printing machine. 
The last processing station in the direction of rotation 

of drum 10, as indicated by arrow 14, is cleaning sta 
tion F. As heretofore indicated, a preponderance of the 
toner particles are transferred to support material 34, 
however, some residual toner particles remain on pho 
toconductive surface 12. Cleaning station F removes 
the residial toner particles from photoconductive sur 
face 12. Initially, a cleaning corona generating device 
(not shown) neutralizes the remaining electrostatic 
charge on the residual toner particles and photocon 
ductive surface 12. Thereafter, the residual toner parti 
cles are cleaned from photoconductive surface by ro 
tating ?brous brush 66 in contact therewith. One type 
of suitable‘brush cleaning device is described in US. 
Pat. No. 3,590,412 issued to Gerbasi in l97l. 
Referring now to FIG. 2, the-transfer apparatus of the 

present invention is illustrated therein in greater detail. 
As shown in FIG. 2, transfer drum 36 is mounted rotat 
ably in yoke 70. Yoke 70 is mounted preferably on the 
machine frame, depicted fragmentarily by rod 72. As 
shown in FIG. 2, transfer drum 36 is in the operative 
position contacting photoconductive surface 12 of 
drum 10. Transfer drum 10 pivots from an inoperative 
position spaced from photoconductive surface 12 to 
the operative position in contact therewith. The forego 
ing movement of transfer drum 36 is achieved by sole 
noid 74. Solenoid 74 is mounted on the machine frame 
and has one end portion thereof connected to an elastic 
member or spring 76. The other end of spring 76 is con 
nected to an elongated threaded member 78 which is 
secured to yoke 70 by nut 80. Resilient means or spring 
82 is connected to yoke 70 and also to the machine 
frame. Spring 82 is extended to counterbalance the 
weight of transfer drum 36. Thus, transfer drum 36 is 
substantially free ?oating. The stroke of solenoid 74 
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6 
will extend spring 76 and pivot transfer drum 36 about 
bar 72 into engagement with photoconductive surface 
12. Solenoid 74 is adapted to have a stroke of about 1/2 
inch. It should be noted that FIG. 2 depicts only one 
side of transfer roll 36 the other side being substantially 
identical thereto. A stop (not shown) locates transfer 
drum 36 in the inoperative position spaced from photo 
conductive surface 12 of drum 10. As shown in FIG. 2, 
spring 82 is secured to yoke 70 by a threaded hook 84 
secured to yoke 70 by nut 86. The extension of spring 
82 is adjusted by rotating nut 86. In this manner, the 
moment applied by spring 82 about rod 72 is adjusted 
to substantially balance the moment applied there 
about by the weight of transfer drum 86. The contact 
force between photoconductive surface 12 and transfer 
drum 36 is adjusted by regulating the extension of 
spring 76. This is achieved by rotating nut 80 so as to 
move threaded member 78 in or out as required. Thus, 
the extension of spring 76 is adjusted so that when sole 
noid 74 energizes, transfer drum 36 pivots about bar 72 
into engagement with photoconductive surface 12 of 
drum 10 at the preselected force, i.e. a force preferably 
ranging from about 0.5 pounds to 1 pound. In this in 
stance, the controlling means 88 for adjusting the 
contact force is achieved by spring 76, threaded mem 
ber 78 and nut 80. As hereinbefore indicated, the ex 
tension of spring 76 is adjusted by movement of nut 80 
which regulates the protrusion of threaded member 78 
from yoke 70. 

In recapitulation, it is apparent that the transfer ap 
paratus of the present invention controls the force ap 
plied between the transfer drum and the photoconduc 
tive surface. In this manner, the potential applied to the 
transfer drum ef?ciently transfers the developed toner 
powder image from the photoconductive surface to the 
sheet of support material secured releasably therein. 

It is, therefore evident that there has been provided 
in accordance with the present invention an apparatus 
for transferring a toner powder image developed on a 
photoconductive surface to a sheet of support material 
that fully satis?es the objects, aims and advantages set 
forth above. While this invention has been described in 
conjunction with speci?c embodiments thereof, it is ev 
ident that many alternatives, modi?cations and varia 
tions will be apparent to those skilled in the art. Ac 
cordingly, it is intended to embrace all alternatives, 
modi?cations and variations as fall within the spirit and 
broad scope of the appended claims. 
What is claimed is: 
1. An apparatus for transferring a developed image 

of electrostatically charged particles from an image 
bearing member to a sheet of support material, includ 
ing: 
a frame; 
a yoke mounted pivotably on said frame; 
a transfer drum mounted rotatably'in said yoke and 
arranged to have the sheet of support material se 
cured releasably thereon for movement in a recir 
culating path therewith; 

resilient means for applying a moment to said yoke 
arranged to balance the moment applied thereon 
by said transfer drum; 

means for generating a substantially constant poten 
tial difference between said transfer drum and the 
image bearing member; 

solenoid means operatively associated with said yoke 
and arranged to move said transfer drum from an 
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inoperative position spaced from the image bearing 
member to an operative position in contact there 
with, whereby the potential difference between 
said transfer drum and the image bearing member 
attracts the developed image of charged particles 
from the image bearing member to the sheet of 
support material secured to said transfer drum; and 

means for controlling the force applied at contact be 
tween said transfer drum and the image bearing 
member to effect efficient transfer of the devel 
oped image of electrostatically charged particles. 

2. An apparatus as recited in claim 1, wherein said 
controlling means includes: 
an elongated threaded member having one end por 

tion thereof secured movably to said frame; and 
an elastic member interconnecting said solenoid 
means with the other end portion of said elongated 
member. 

3. An'apparatus as recited in claim 2, wherein said 
controlling means further includes means threadly en 
gaging one end portion of said elongated member and 
securing movably said elongated member to said frame, 
said securing means being arranged to adjust the length 
of said elongated member protruding from said frame, 
thereby regulating the extension of said elastic member 
so that the transfer drum contacts the image bearing 
member with the preselected force. 

4. An electrophotographic printing machine, includ 
ing: 
a photoconductive member; 
means for charging said photoconductive member to 
a substantially uniform potential; 

means for exposing said charged photoconductive 
member to a light image of an original document 
disposed in the printing machine, thereby record 
ing an electrostatic latent image thereof on said 
photoconductive member; 

means for developing the electrostatic latent image 
recorded on said photoconductive member with 
electrostatically charged particles; 

a frame; 
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8 
a yoke mounted pivotably on said frame; 
a transfer drum mounted rotatably in said yoke and 
arranged to have a sheet of support material se 
cured releasably thereon for movement in a recir 
culating path therewith; 

resilient means for applying a moment to said yoke 
arranged to balance‘ the moment applied thereon 
by said transfer drum; 

' means for generating a substantially constant poten 
tial difference between said transfer drum and said 
photoconductive member; 

solenoid means operatively associated with said yoke 
and arranged to move said transfer drum from an 
inoperative position spaced from said photocon 
ductive member to an operative position in contact. 
therewith, whereby the potential difference be 
tween said transfer drum and said photoconductive 
member attracts the developed image of charged 
particles from said photoconductive member to the 
sheet of support material secured to said transfer 
drum; and 

means for controlling the force applied at contact be 
tween said transfer drum and said photoconductive 
member to effect efficient transfer of the devel 
oped image of electrostatically charged particles. 

5. A printing machine as recited in claim 4, wherein 
said controlling means includes: 
an elongated threaded member having one end por 

tion thereof secured movably to said frame; and 
an elastic member interconnecting said solenoid 
means with the other end portion of said elongated 
member. 

6. A printing machine as recited in claim 5, wherein 
said controlling means further includes means thread 
ably engaging one end portion of said elongated mem 
ber and secure movably said elongated member to said 
frame, said securing means being arranged to adjust the 
length of said elongated member protruding from said 
frame, thereby regulating the extension of said elastic 
member so that said transfer drum contacts said photo 
conductive member with the preselected force. 
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