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United States Patent Office 3,132,050 
Patented May 5, 1964 

3,132,050 
XEROGRAPHECTRANSFERAPPARATUS 

Charles L. Huber, Marion, N.Y., assignor to Xerox Cor 
poration, Rochester, N.Y., a corporation of New York 

Original application Apr. 4, 1960, Ser. No. 9,913. Dir 
vided and this application June 29, 1962, Ser. No. 
206,437 

2 Claims. (C. 118-637) 

This invention relates to xerography and, in particu 
lar, to an improved transfer apparatus for use in trans 
ferring Xerographic images from a xerographic plate 
onto a transfer material. This application is a division 
of copending application Serial No. 19,913, filed April 4, 
1960, in the name of Charles L. Huber and Harvey H. 
Hunter. 

In the process of xerography, for example, as disclosed 
in Carlson Patent 2,297,691, issued October 6, 1942, a 
Xerographic plate, comprising a layer of photoconductive 
insulating material on a conductive backing, is given a 
uniform electric charge over its surface and is then ex 
posed to the subject matter to be reproduced, usually by 
conventional projection techniques. This exposure dis 
charges the plate areas in accordance with the light in 
tensity which reaches them and thereby creates an electro 
static latent image on or in the plate coating. 

Development of the electrostatic latent image is effected 
with developing material, usually including suitable pig 
mented powder, hereinafter referred to as toner powder. 
In the development of the electrostatic latent image, the 
toner powder is brought into surface contact with the 
Xerographic plate and is attracted thereto electrostatically 
in a pattern coresponding to the electrostatic latent image. 
Thereafter, the developed xerographic image is usually 
transfered to a support material, such as paper or like 
materials, to which it may be permanently fixed by any 
suitable means. 
A satisfactory image transfer process must be capable 

of consistently producing high-quality prints, must not 
damage the plate as the result of heat, pressure, chemical 
reaction or electrical breakdown, and must remove all or 
substantially all of the developed image on the plate. 

Electrostatic image transfer has been used successfully 
for some time in the transfer of images from a Xero 
graphic plate onto transfer material. In this technique, 
the powder image is subjected to an electric field between 
the back of the xerographic plate and the paper on which 
?the image is to be transferred. The electric field causes 
the charged powder particles to adhere to the paper 
forming a visible image. 

Present commercial Xerographic line-copy processors 
utilize electrostatic transfer of the powder image; the elec 
tric field necessary for powder transfer is formed by the 
deposition of electric charge on the paper sheet which is 
in contact with the powder. The charge deposited on 
the paper may be generated by a high-voltage discharge 
in proximity to the surface of the paper or it may be 
applied by means of a conductive cylinder in contact 
with the paper as disclosed by Fitch Patent 2,807,233, 
issued September 24, 1957. As disclosed in the Fitch 
patent, to effect a positive-to-positive image reproduction 
a positive potential is applied to the conductive cylinder, 
whereas to effect a negative-to-positive image reproduc 
tion a negative potential is applied to the conductive 
cylinder. It is apparent then that in known methods of 
electrostatic transfer of images from a xerographic plate 
to a transfer material a unidirectional charge is applied 
to the back of the transfer material. 
of the apparatus disclosed in the Fitch patent, referred to 
herein, a direct current supply is required to operate the 
transfer mechanism. 

It is, therefore, an object of this invention to improve 
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image transfer apparatus for transfer of xerographic pow 
der images, the apparatus being simple and compact in 
use and structure and being efficient in operation. 
Another object of the invention is to improve image 

transfer apparatus to effect transfer of images from a 
Xerographic plate to a support material by the use of 
alternating current. 

It is a further object of the invention to provide ap 
paratus for bringing a support material into uniform pres 
Surized contact with a surface bearing a transferable - 
Xerographic powder image for transferring the xero 
graphic powder image from said surface to the support 
material by electrostatic transfer. 

It is a still further object of the invention to provide 
an image transfer pressure roller apparatus for use in 
the transfer station of a xerographic machine. 
For a better understanding of the invention as well as 

other objects and further features thereof, reference is 
had to the following detailed description of the invention 
to be read in connection with the accompanying draw 
ings, wherein: 

FIG. 1 is a schematic view of an automatic xerographic 
reproducing apparatus employing a transfer mechanism 
constructed and operated in accordance with the invention; 

FIG. 2 is a right-hand view of a xerographic reproduc 
ing apparatus; 

FIG. 3 is an enlarged view partially in section taken 
along the line 3-3 of FIG. 2; 

FIG. 4 is an enlarged view of a paper take-up assembly 
taken along line 4-4 of FIG. 2; 

FIG. 5 is an enlarged view taken along line 5-5 of 
FIG. 2; 

F.G. 6 is an enlarged side view of the transfer mech 
anism of the invention with parts broken away to show 
details of construction; 

FIG. 7 is an enlarged sectional view taken along line 
7-7 of FIG. 6; and 

FIG. 8 is a schematic wiring diagram of the electrical 
circuit of the apparatus. 

Referring now to the drawings there is disclosed a 
preferred. embodiment of a variable speed xerographic 
processor for producing continuous tone images. Spe 
cifically, the apparatus shown is a close-access xerographic 
recorder for use in an aircraft to produce permanent con 
tinuous tone images on a transfer material from suitable 
infrared or radar images of the objects to be reproduced 
while at the same time permitting members of the aircraft 
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to view these images within a relative short period of 
time. 
As shown in the figures the variable speed xerographic 

apparatus comprises a Xerographic plate including a photo 
conductive layer or radiation-receiving surface on a con 
ductive backing and formed in the shape of a drum, gen 
erally designated 10, which is mounted on a shaft jour 
maled in a frame to rotate in the direction indicated by 
the arrow to cause the drum surface sequentially to pass 
a plurality of Xerographic processing stations. 

For the purpose of the present disclosure, the several 
xerographic processing stations in the path of movement 
of the drum surface may be described functionally, as 
follows: 
A charging station, at which a uniform electrostatic 

charge is deposited on the photoconductive layer of the 
Xerographic drum; 
An exposure station, at which a light or radiation pat 

tern of copy to be reproduced is projected onto the drum 
surface to dissipate the drum charge in the exposed areas 
thereof and thereby form a latent electrostatic image of 
the copy to be reproduced; 
A developing station, at which a xerographic develop 

ing material including toner particles having an electro 
static charge opposite to that of the electrostatic latent 
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image are directed over the drum surface, whereby the 
toner particles adhere to the electrostatic latent image to form a xerographic powder image in the configuration of 
the copy to be reproduced; - - 
A transfer station, at which the xerographic powder 

image is electrostatically transferred from the drum Sur 
face to a transfer material or support surface; and 
A drum cleaning and discharge station, at which the 

drum surface is brushed to remove residual toner particles 
remaining thereon after image transfer, and at which the 
drum surface is exposed to a relatively bright light source 
to effect substantially complete discharge of any residual 
electrostatic charge remaining thereon. 
The charging station is preferably located as indicated 

by reference character A. In general, the charging appa 
ratus includes a corona discharge device 11 which con 
sists of an array of one or more corona discharge elec 
trodes that extend transversely across the drum surface 
and are energized from a high potential source and are 
substantially enclosed within a shielding member. 

Next subsequent thereto in the path of motion of the 

rigidly maintained in spaced relation to each other by 
suitable tie plates, such as plate 34. 
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xerographic drum is an exposure station B. This ex 
posure station may be one of a number of types of mecha 
nisms or members to expose the charged xerographic 
drum to a radiation image, which then causes a release 
of the charge on the drum in proportion to the radiation 
from the copy onto the surface of the drum. As shown, 
the exposure mechanism includes a cathode ray tube 12 
connected to a suitable electronic circuit, not shown or 
described since it forms no part of the instant invention. 

- Images projected by the cathode ray tube onto the image 
mirror 13 are reflected onto object mirror 4 for projec 
tion onto the xerographic drum, the entire projection sys 
tem being enclosed in a suitable exposure housing 15 to 
exclude extraneous light. . . . . . . . 
Adjacent to the exposure station is a developing sta 

tion C in which there is positioned a development elec 
trode 16 which is mounted to maintain a uniform close 
Spacing between its upper surface of the xerographic plate 
to form a development zone therebetween. The develop 
ment electrode 16 is supplied with a powder cloud by 
powder cloud generator 17. - 

Positioned next and adjacent to the developing station 
is the image transfer station D which includes a web feed 
ing mechainsm to feed a web of paper or other suitable 
transfer material to the drum and a transfer mechanism 
to effect transfer of a developed xerographic powder 
image from the drum onto the transfer material. The 
Web feeding mechanism includes a supply roll 21 for a 
Web of transfer material 22 which is fed up and over 
transfer mechanism 24 into transfer contact with the 
drum and then down under a viewing platen 25 across a 
fusing apparatus, such as heat fuser 26 having a resistance 
heating element R-1 therein, whereby the developed and 
transferred. Xerographic powder image on the transfer 
material is permanently fixed thereto from whence it is 

- wound onto take-up roll 23. - 
The next and final station in the device is a drum clean 

ing station E, having positioned therein a plate cleaner 
27 adapted to remove any powder remaining on the xero 
graphic plate after transfer by means of motor-MOT-3 
driven brushes and a light source 28, having a lamp LMP 
2 therein, adapted to flood the xerographic plate with 
light to cause dissipation of any residual electrical charge 
remaining on the xerographic plate. . . 

Suitable drive means and circuit means described here 
inafter are used to actuate the drum, development elec 
trode, powder cloud generator, web feed mechanism and 
the plate cleaning device. . 

Referring now to the figures for detail structural fea-. 
tures of the device, there is provided a frame for support 
ing the components of the apparatus formed by base 
plate 31 and side plates 32 and 33. These plates are con 
nected together by suitable means and the side plates are 
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The xerographic drum 10 is mounted on horizontally 
driven drumshaft 36 journaled in the side plates and the 
housing of gear unit 47 with the drum positioned between 
the side plates and the major xerographic components of 
the machine mounted around the drum. 

For driving the drum a variable speed there is secured 
to plate 34 a motor MOT-2 connected by shaft coupling 
41 to the input shaft of a conventional variable speed 
drive 37, the output speed of which can be controlled by 
control shaft 33 which may be either manually or auto 
matically manipulated to vary the speed of the drum in 
relation to changes, for example, in the ground Speed of 
the aircraft. - 

The output shaft of the variable speed drive 37 is con 
nected by a second shaft coupling 41 to the horizontal 
or drive shaft 43 of a conventional right angle gear unit 
42 secured to side plate 32. Drive shaft 43 has worm 44 
thereon to drive the worm gear 45 on one end of shaft 
46, which as shown, is the driven shaft of gear unit 42 
and the drive shaft of a second right angle gear unit 47 
also secured to the side plate 32. Worm 48 on shaft 46 
drives worm gear 51 secured to the driven shaft or drunn 
shaft 36 of this gear unit. 
* Shaft 46 also effects operation of the powder cloud 
generator 17, the shaft 46 being connected by a mag 
netic clutch 52, designated in the electrical circuit as sole 
noid SOL-4, to shaft 53 having bevel gear 54 thereon 
which engages another bevel gear or shaft 53a to drive 
gear 55. Gear 55 drives gear 56 on one end of shaft 57, 
the other end of the shaft being coupled by gears 58 and 
59 to the drive shaft of the powder cloud generator. 

Charging Apparatus 
In general, the electrostatic charging of the xerographic 

plate in preparation for the exposure step is accomplished 
by means of a corona generating device whereby an elec 
trostatic charge is applied to the plate surface as it moves 
relative to the charging device. 
Although any one of a number of types of corona gen 

erating devices may be used to charge a xerographic plate, 
a Scorotron and its control circuit of the type disclosed 
in copending application Serial No. 19,846, now patent 
3,062,956, filed concurrently herewith in the name of 
Joseph J. Codichini on April 4, 1960, is used to uniformly 
charge the xerographic plate at various plate speeds, 

Development System 
In order to effect development of the electrostatic latent 

image on the cylindrical xerographic plate, the develop 
ing System shown includes a developer apparatus which 
coacts with the xerographic plate to form a development 
Zone wherein the charged and exposed surface of the 
xerographic plate is developed to form a visible image 
of the copy. 

Although any suitable developer apparatus may be 
used, a moving screen development electrode 16, of the 
type disclosed in copending application Serial No.19,952, 
filed concurrently herewith in the names of John T. Bick 
more, Harold Bogdonoff, and William J. Burris on April 
4, 1960, now Patent No. 3,105,777, is used in the xero graphic reproducing mechanism. . 
The moving screen development electrode is positioned 

adjacent to the Xerographic plate, with the movable screen 
element of the development electrode in closely spaced 
relation to the xerographic plate for movement in a path 
normal to the direction of travel of the xerographic plate, 
the development electrode coacting with the portion of 
the Xerographic plate immediately adjacent thereto to 
form a development Zone wherein the charged and ex 
posed Xerographic plate is developed by a development 
material, usually in the form of a powder referred to as 
toner. For reasons described hereinafter, the toner used 

  



3,132,050 
5 

in the subject apparatus is a toner such as carbon black, 
which is electrically conductive. . 
Compressed aeriform fluid from a suitable source suc 

as a commercial compressor (not shown) is delivered 
through suitable valved conduits to a powder cloud gen 
erator 17 of the type disclosed in copending application 
Serial No. 19,845, filed concurrently herewith in the 
name of Charles L. Huber on April 4, 1960 now Patent 
No. 3,094,248. Within the powder cloud generator 
metered quantities of developer material are dispersed in 
the compressed aeriform fluid to be delivered through 
conduit 99 to the development electrode for discharge into 
the development zone through the movable screen ele 
ment. 
For moving the screen element of the developmnt 

electrode a motor MOT-4 is connected through a suitable 
drive mechanism to the screen element, 
To permit the screen to be moved first in one direction 

and then in the opposite direction, motor MOT-4 is 
adapted to rotate either clockwise or counterclockwise by 
merely reversing the polarity of the incoming power. As 
shown in FIG. 8 which illustrates diagrammatically the 
electrical circuit of the machine, a mechanically actuated 
switch ILS is used to energize a control relay 2CR for 
reversing the polarity of the power to the motor MOT-4. 

TRANSFER STATION 
, Sheet Feeding. Mechanism 

Since a xerographic plate, unlike photographic film, is 
reusable, it is desirable to transfer the developed Xero 
graphic powder image from the xerographic plate to a 
suitable support material to form a permanent reproduc 
tion of the image copied. The support material may be 
any suitable material, usually paper, either in Web or 
cut-sheet form. In the embodiment shown the Support 
material is in web form for reasons described hereinafter. 
As shown, a supply of support material Such as a 

plastic-coated paper, hereinafter referred to as a paper 
web 22, is supported by a supply roll 21 from which it is 
fed upwardly to and over a transfer mechanism 24 into 
transfer contact with the xerographic plate, then down 
and around an idler roller 202, around heat fuser 26 
having a resistance heating element R-1 therein, to the 
take-up roll 23. A continuous web of support material 
is used in the subject machine so that an operator sta 
tioned at the front of the apparatus may view the trans 
ferred images on the paper web as it is fed from the 
transfer mechanism under the viewing plate 25 across the 
idler roller to the heat fuser. Referring now to FIG. 1, 
it can be seen that by using a development electrode of 
the type disclosed herein, and a transfer mechanism of 
the type described hereinafter, the operator can view 
the developed and transferred images on the paper Web 
within a matter of seconds after the Xerographic plate 
has been exposed. 
The supply roll 21 and take-up roll 23, both of con 

ventional design, are journaled in frame plates 32, 33 and 
in bearing brackets 203 secured to frame plate 32, each 
roll being provided with a gear 204 outboard of frame 
plate 32. 

Gear 204 on the supply roll is part of a gear train con 
sisting of compound gear 205 and gear 206 connected to 
a hysteresis brake 207. Gear 204 on the take-up rollis 
part of a similar gear train consisting of compound gear 
285 and gear 26 connected to the output shaft of hyster 
esis clutch 208. The output shaft of hysteresis clutch 
208 is journaled in frame plate 32 and the input shaft 
of this clutch is journaled in pillow block 211 and con 
nected to speed reducer 212 driven by paper take-up 
motor MOT-1. The hysteresis brake 297 is secured in 
frame plate 32 by brackets 213. 
As shown in FIG. 8 the paper take-up motor MOT-1, 

the field of the hysteresis clutch 298 and the field of the 
hysteresis brake 207 are suitably connected to a source 
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6 
of power. The hysteresis clutch 208 and the hysteresis 
brake 207 are represented schematically in the electrical 
circuit as solenoids SOL-1 and SOL-2, respectively. 
These units are used to apply the proper tension to the 
paper web, the web being driven by the drum and a roll 
of the transfer device which grips the paper web with 
sufficient tension to draw it from the supply roll. In 
order to tension the paper web there must be a resisting 
force as well as a pulling force. The resisting force in 
the paper feed system is applied by brake 207 and the 
pulling force is applied through clutch 208. 
To compensate for the changes in the pulling force on 

the Webs as the paper web is transferred from the supply 
roll to the take-up roll, each roll is provided with a dancer 
roll 214 riding on the paper web to sense the amount of 
support material on the rolls. Each dancer roll is con 
nected through gears 215 and 216 to the rotatable ele 
ment of a variac designated T-A for use in controlling the 
voltage to the clutch 208 and T-2 for use in controlling 
the voltage to brake 207. Using the clutch 208 as an 
example, when the dancer roll is resting on the core of 
take-up roll 23, minimum voltage should be applied to the 
clutch and when it is resting on a completed roll maxi 
mum voltage should be applied to the clutch. 

TRANSFER MECHANISM 
Referring now to the subject matter of the invention 

there is provided in the transfer station of the xerographic 
reproducing apparatus a preferred embodiment of a trans 
fer apparatus constructed and operated in accordance 
with the invention. - 

in the formation of a visible xerographic image, a pre 
viously formed electrostatic latent innage on a xerographic 
plate is developed by means of a developer material, or 
toner as it is referred to in the art. Although various 
materials having been used as a toner, they can be classi 
fied as either insulating toners or conductive toners as 
determined by their electrical properties. Thus toners, 
such as the pigmented resin type are classified as insulat 
ing toners whereas toners such as carbon black are classi 
fied as conductive toners. 
To date electrostatic transfer of images, developed by 

either type of toner, from a xerographic plate to a support 
material has been accomplished by applying a charge (to 
the back of the support material) of opposite polarity 
to the charge applied to the toner to effect development. 
Now in accordance with the invention, method and 

apparatus has been devised that will permit electrostatic 
transfer of xerographic images developed with conductive 
toners through the application of an alternating current 
potential to a support material. 

In accordance with the method of the invention, the 
electrostatic latent image on a xerographic plate is first 
developed with a conductive toner by any suitable process. 
To effect transfer of the image, a support material having 
greater resistivity than the xerographic plate is placed in 
contact with the image surface of the xerographic plate 
and then a high voltage alternating current potential is 
applied to the support material to effect actual transfer 
of the toner image from the xerographic plate to the sup 
port material. 

Although the method of electrostatic transfer using an 
alternating potential to effect transfer can be done by 
hand, as, for example, by using a conductive-covered rub 
ber roller connected to a 60-cycle alternating potential of 
at least 1,000 volts hand-held and rolled over a sheet of 
support material Superimposed over a conductive toner 
developed electrostatic latent image on a flat xerographic 
plate, it is apparent that a suitable transfer mechanism 
must be used to effect electrostatic transfer automatically 
and continuously in a Xerographic reproducing machine 
of the type disclosed herein. 
The transfer of the xerographic powder image from 

the surface of the xerographic plate to the support material 
in the Xerographic reproducing apparatus illustrated herein 
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is effected by means of transfer mechanism 24 that is lo 
cated immediately after the development electrode 6 in 
the direction of movement of the plate, the transfer mecha 
nism 24 being adapted to lightly force the support mate 
rial into contact with the xerographic plate, the actual 
transfer being effected by the application of an alternat 
ing current to the back of the support material, the charge 
being applied to the support material by means of a con 
ductive roller. 
The preferred embodiment of the transfer mechanism 

24, as shown, includes a transfer roller 30 around which 
the paper web is transported into contact with the xero 
graphic plate. Transfer roller 391 is desirably made of 
conductive rubber on a conductive metal core. The outer 
shell of the transfer roller is made of conductive rubber 
or other conductive resilient materialso as to compensate 
for any surface irregularities in the plate surface or paper 

10 

S. 
end of the solenoid plunger of normally open solenoid 
SOL-7 secured to frame plate 32. The opposite end or 
bifurcated end of crank arm 3:5 is pivotally secured to 
the actuator arm 317 by means of actuator pin 325 extend 
ing through a slot 322 in the actuator arm and a suitable 
aperture in the crank arm. Spring 323 secured at one end. 
to bolt 324 in frame plate 32 and at its opposite end to 
actuator arm 317 will bias the solenoid plunger to its ex 
tended position when the circuit to solenoid SOL-7 is open 
to thereby actuate the lever system to permit the transfer 
roller to fall by gravity or by tension of the paper web 
away from the xerographic plate when the machine is not 

5 

Web, thus preventing damage to the plate surface as it 
forces the paper web into contact therewith and permit 
ting a charge to be applied through the conductive mate 
rial to the back of the support material. As shown in 
FIG. 8 the transfer roller is suitably connected to a source 
of alternating current potential. During the transfer 
process an alternating current potential of at least 1,000 
volts is applied to the transfer roller to effect electrostatic 
transfer of the xerographic powder image from the plate 
surface to the paper web. - 
As shown, especially in FIGS. 3, 6 and 7, the transfer 

roller 301, which is of a length at least equal to the width 
of the the image-producing area of the xerographic plate, 
is journaled atopopsite ends in lever arms 304 pivotally se 
cured by shoulder bolts 365 to the inner faces of frame 
plates 32 and 33. . . . . . 

Because of the charge placed on the transfer roller, 
powder images on the plate in the immediate vicinity of 
the transfer roller tend to jump off of the plate at random. 
If this occurs while the paper web is near the drum but 
not yet in contact therewith, a powder image will be partly. 
transferred to the paper web before it is in contact with 
the drum 10 and the remainder of the powder image will 
be transferred to the paper web as it passes between the 
transfer roller and the plate in contact therewith. 

Because of the curvature of the plate and because the 
charge radiates from the transfer roller in various direc 
tions this pre-transfer of a powder image results in an 
image on the supoprt material which is out of registration 
with the final powder image transferred onto the paper 
web. To prevent this from occurring there is provided 
a guide 302, herein shown as a roller journaled in the lever 
arms, positioned in advance of the transfer roller to force 
the paper web into intimate contact with the drum sur 
face as it rotates toward the transfer roller 301. 

Since in the embodiment of the xerographic apparatus 
disclosed it is desirable to view the xerographic powder . 
images as soon as possible after they are developed, both 
the transfer roller and guide 302 are made relatively small 
in diameter and, as such, these elements are mechanically 
weak and need to be supported from flexing away from the 
plate by back-up roll 363 also journaled in the lever arms. 
394. 
Cams 306 and 307 secured to cam spindle 308 jour 

naled in the frame plates 32 and 33 are positioned to con 
tact the lever arms 304 to move the transfer roller from 
a first position in which it is in cooperative relation to . 
the plate to be driven by frictional engagement with the 
plate or with a paper web interposed therebetween. The 
lower end of cam 386 is pivotally positioned in the bi 
furcated end of lever 31 by pin 312. The opposite end 
of lever 321 is pivotally secured to one end of stud pin 
313 which extends through an elongated slot 314 in frame 
plate 32 and has its opposite end journaled in and secured 
to one end of crank arm 35 pivotally secured by means 
of shoulderbolt 346 to frame plate 32. 
For actuating this lever system there is provided an 

actuator arm 317 secured by pin 318 to the bifurcated 
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in operation and to permit threading of the paper web 
around the transfer roller and guide. 
To permit adjustment of the contact pressure of the 

transfer roller with the xerographic plate to say, for ex 
ample, a pressure of approximately five pounds per inch 
of roller length, and to prevent sudden impact damage 
to the xerographic plate when the transfer roller is pressed 
into contact thereon, there is provided spring 325 en 
circling the actuator arm with one end of the spring abut 
ting spring washer 326 slidably positioned and biased 
against the crank arm and the other end of the spring but 
ting against washer 327 adjustably positioned by nuts 328 
on the threaded end of the actuator arm.: 

MACHINE OPERATION 
Continuing the general description of the xerographic 

reproducing apparatus, a clearer understanding of its op 
eration can best be obtained by reference to the schematic 
wiring diagram of FIG. 8 and the following description. 
The entire assembly of the apapratus is energized by 

closing a start button or switch SW-E, which is a single . 
throw two-pull switch, connecting the assembly to suitable 
sources of power. Because of the specific application for 
which the apparatus is intended, two power sources are 
used to energize the assembly, namely, a 28-volt direct 
current power source and a 115-volt 400 cycle alternating 
current power source. 
Upon the closure of switch SW-E the thermostat 

THS-1 is energized. This thermostat controls the actua 
tion of the control relay CR which has a contact ECRA 
in series with the resistance heating element R-1 of the 
fuser 26 connected across the lines of the incoming alter 
nating current source. When contact CRA is closed 
power is supplied to the resistance heating element R-1 
and indicator lamp LMP-2 which is in parallel with the 
resistance element R-1, the lamp serving as an indicator 
to the operator that the fuser is in operation. 
On the 115-volt line, closure of switch SW-1 permits 

the paper take-up motor MOT-1 to be energized along 
with the solenoids SCL-1 and SOL-2 of the hysteresis 
clutch 208 and hysteresis brake 207, respectively. Paper 
take-up motor MOT-1 is left continuously operated; how 
ever, the take-up roll 23 is only driven when the power 
supply to the hysteresis clutch is sufficient to overcome 
resistance to the take-up roll. The power applied to the 
solenoid SOL-1 of the hysteresis clutch is controlled by 
the variac T-1 so, that the torque applied to the take-up 
roll 23 is equivalent to the braking power applied to the 
supply roll 22. This latter force is applied by solenoid 
SOL-2 of the hysteresis brake which is controlled by 
variac T-2 as previously described. 

In this manner the paper web is maintained in proper 
tension to permit it to be advanced by reason of its con 
tact between the rollers of the transfer mechanism 24 and 
the drum 10 as the latter is driven. At the same time 
the electronic elements of the high voltage power supply 
PS-1 and the current stabilizer circuit CS-1 of the type 
disclosed in copending application Serial No. 19,846, filed 
concurrently herewith in the name of Joseph J. Codichini 
on April 4, 1960, are energized to permit these elements 
to warm up before the actual operation of the machine 
is started. 

Next a switch SW-2 is closed to energize the remaining 
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elements of the apparatus to effect continuous automatic 
operation of the machine. When this occurs the drum 
drive motor MOT-2 is energized to drive the drum 19 
and the powder cloud generator (previously loaded with 
toner and connected to a source of pressurized aeriform 
fluid) through the mechanical drive previously described, 
the powder cloud generator being driven through the gen 
erator drive clutch 52, which is energized at this time by 
the energization of the generator drive solenoid SOL-4 
on the 28-volt circuit, 

Power applied at this time to the charging grid of the 
Scorotron will cause a uniform electrostatic charge to be 
imposed upon the drum as it rotates therebeneath. 
An electrostatic latent image is formed on the drum as 

it rotates through the exposure station conforming to the 
light or radiation pattern projected on the drum. In the 
apparatus shown exposure is made by means of a cathode 
ray tube 2 controlled by a circuit independent of the 
machine control circuit and therefore not shown or de 
scribed herein since it forms no part of the instant inven 
tion. 
As the drum rotates through the developing station 

toner particles are directed between the drum and the 
biased development electrode, the toner being drawn to 
the electrostatic latent image on the drum to form a pow 
der image. Motor MOT-4, used to drive the drive mech 
anism of the development electrode first in one direction 
and then in the opposite direction, is energized through 
the normally closed contacts 2CR-B and 2CR-2B of 
control relay 2CR. When switch LS is actuated power 
is transmitted to control relay 2CR. As control relay 
2CR is energized, its contacts 2CR-1B and 2CR-2B will 
open and its contacts 2CR-1A and 2CR-2A will close to 
reverse the polarity of the incoming power to the motor 
thereby reversing the direction of rotation of the motor. 
As the drum continues to rotate it passes through the 

transfer station whereby transfer of the powder image 
from the drum to the paper web is effected by the alter 
nating current potential applied to the transfer rolls 30, 
power being supplied to the transfer roll upon the closure 
of switch SW-2, the contact 2LSB being normally closed 
to supply power to the primary of transformer T-3, the 
secondary of which is connected to the transfer roll. To 
permit variation of the bias applied to the transfer roll 
there is provided a variable resistor R-9 in series with the 
transformer T-3. 

Also when switch SW-2 is closed solenoid. SOE-7 is 
energized to activate the mechanical linkage of the trans 
fer mechanism to force the rolls 369 and 32 into contact 
with the drum with the paper web sandwiched therebe 
tWeen. 
As the drum rotates through the cleaning station the 

residual powder on the drum is removed by the brushes 
of the drum cleaner 27 driven by motor MOT-3, and the 
drum is flooded with light from lamp LMP-2 to cause 
dissipation of any residual electrical charge remaining 
thereon, each of these elements having been energized 
upon closure of switch SW-2. 

Normally closed limit switch 2LS is positioned for 
actuation by the dancer roll riding on the paper Supply 
roil. When the supply of support material on the paper 
supply roll 2 is nearly exhausted the limit switch will 
be actuated by the dancer roll to open its contact. 2LSB, 
thereby cutting off the potential applied to the transfer 
roll 30 to prevent damage to the Xerographic plate when 
there is no support material between it and the transfer 
roll and at the same time contact 2LSA is closed to ener 
gize an end-of-paper-supply indicator lamp LMP-3. 
When this occurs, switch SW-2 is opened by the opera 

tor, thus de-energizing the above-described elements con 
trolled by switch SW-2 and then the normally open 
switch SW-3 is closed to energize the drum drive motor 
MOT-2 and solenoid SOL-7 of the transfer mechanism 
to run out the paper web on the Supply roll Without effect 
ing a xerographic process on the apparatus. As previ 
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10 
ously described, contact 2LSB is now open at this time 
so that no potential is being applied to the transfer roll. 
It is noted that closure of switch SW-3 will also cause 
the brush motor MOT-3 and the discharge lamp LMP-2 
to be energized although these elements are not necessary 
in the operation of paper run out. 

Referring now again to the subject matter of the inven 
tion, the exact phenomena occurring during electrostatic 
transfer of a conductive toner from a xerographic plate 
to a support material by the application of an alternating 
potential thereon is not specifically known; however, a 
theory for the phenomena occurring during the process is 
advanced herein, as follows: 

Consider two conducting planes spaced parallel to each 
other at a very small distance so that about 1,000 volts 
can be applied between them without incurring air 
breakdown. If very finely divided conducting particles 
rest within the gap they will be supported on the sur 
faces of the conducting planes. If we were to observe 
a given particle, we would see it suddenly leave one sur 
face, jump the air gap and come to rest on the other sur 
face for a time, then repeat the process back to the first 
plane and continue the cycle over and over as long as 
the field exists across the gap. An explanation for this 
occurrence is that charges are induced into the particle by 
the applied field and at a rate inversely proportional to 
the contact resistance of the particle to the surface it con 
tacts. The growing charge experiences a force in the 
field that finally dislodges the particle and drives it across 
the gap where it loses its charge and acquires the oppo 
site polarity charge at a rate proportional to its contact 
resistance with the second surface. It will spend an 
equal time in contact with each surface if-and only if 
the contact resistances from the particle to each surface 
are equal. If the surfaces differ so that the contact re 
sistance to one is significantly greater than the other the 
contact times of the particle to each surface will differ 
by the same proportion. 

If this be true for thousands of particles of random 
phase relationship in their cycles back and forth, then 
it is likely that at any given time the total mass of parti 
cles on each surface is proportional to the average con 
tact resistance of the particles to that surface. 

In practice we must deal with surfaces of very low 
conductivity because the uniformly small air gap is im 
practical to maintain without an occasional contact that 
Would short circuit the applied voltage. 

Consider two low conductivity surfaces forming the 
uniformly small air gap. Assume one surface (the xero 
graphic plate) initially carries a toner image consisting 
of Small conductive particles. Assume further that the 
average contact resistance between the toner and this 
Surface is only one-tenth that of the other surface (sup 
port material). Each particle (except the very small ones 
trapped by van der Waals forces) will spend one unit 
of time at the more conductive surface for every ten units 
of time at the more resistive surface (neglecting the 
minute time spent traversing the air gap). After a very 
short time necessary to establish randomness between par 
ticles the total image will reside one-eleventh on the 
first surface and ten-elevenths on the second so that 
transfer will be 91% efficient to the support material. 

It is significant that nothing has been said about the 
polarity of the surfaces. Heretofore it has been the prac 
tice to use a positive potential to transfer images formed 
by previously charged negative toner and a negative po 
tential to transfer images formed by previously charged 
positive toner without regard to whether a conductive or 
nonconductive toner was used to develop the electrostatic 
latent image on the xerographic plate. However, as now 
understood, to effect transfer of a conductive toner image 
from a Xerographic plate to a support material, such 
as a plastic-coated paper, which is more resistant than 
the Xerographic plate, there can be applied to the sup 
port material a charge of either field or an alternating 
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field. Thus, it is now possible in accordance with the 
invention to use an alternating current potential to effect 
electrostatic transfer of conductive toner images from a 
xerographic plate. . . - 

Although in the apparatus shown a 400 cycle alter 
nating current potential is applied to the transfer roll of 
the apparatus to effect electrostatic transfer, transfer can 
be effected by various cycles of alternating current as, 
for example, a 60 cycle alternating potential. 

EXAMPLE 

A rubber-covered roller having a 2.85 centimeter out 
side diameter with a rubber coating about 0.47 centimeter 
thickness was used to effect transfer. The rubber used 
in the roller was electrically conductive; the resistance 
of the roller when in contact with a flat xerographic plate 
being measured at about two megohms. A 60 cycle 
alternating current potential of 1,000 volts was applied 
to the roller and the roller was handled and moved at 
a speed of about 10 centimeters per second over the 
back of a plastic-coated paper superimposed over the con 
ductive toner image on the xerographic plate. A weight 
of about nine pounds was applied to the roller to give 
moderate roller pressure on the paper. Although it could 
be expected that no transfer would occur at the time 

wide enough at a roller speed of about 10 centimeters 
er second to permit the transferring portions of the 

transfer cycle to overlap to produce a uniform trans 
ferred image. . 

While the invention has been described with reference 
to the structures disclosed herein, it is not confined to 
the details set forth since various modifications or changes 
will become apparent to those skilled in the art in view 
of applicant's disclosure. For example, although the 
transfer roller 30 and guide 382 have been shown as 
rollers to reduce friction on the web of support material, 
it is apparent that non-rotatable members could be used 
in place of the rollers. This application is therefore in 
tended to cover such modifications or changes as may 
come within the purposes of the improvements or the 
scope of the following claims. .. 
What is claimed is: - - - 
1. In a xerographic reproducing apparatus having a 

Xerographic plate carrying images thereon developed with 
a conductive development material which is to be trans 
ferred to a support material, - . . 

a transfer mechanism including support means posi 
tioned adjacent said Xerographic plate, 

40 

2 
a conductive roller connected to said support means 
and positioned in pressure contact with said Xero 
graphic plate with a support material positioned 
therebetween for movement wtih respect to said 

5. conductive roller, 
means connecting said conductive roller to a source of 

alternating current potential, 
and a guide positioned adjacent to said conductive 

roller and in front of said conductive roller with re 
10. spect to the relative direction of movement of a 

support material interposed between said conduc 
tive roiler and said Xerographic plate to position a 
support material in contact with said Xerographic 
plate before it comes under the electrical influence 
of said conductive roller. 

2. In a xerographic reproducing apparatus having a 
xerographic plate mounted for relative movement with 
respect to a transfer mechanism, 

said xerographic plate having images thereon developed 
-20 with a conductive development material which is to 

be transferred to a support material, - 
said transfer mechanism including support means posi 

tioned adjacent said Xerographic plate, 
a conductive roller connected to siad support means, 

4. - - - - 25 said support means including linkage means and a 
the alternating potential is zero, the rollier contact was . . . . pp. g in Kag power means for moving said conductive roller from 

a first position in which said conductive roller is out 
of contact with said Xerographic plate to permit a 
support material to be inserted therebetween and to 

30 a second position in which said conductive roller is 
forced into pressure contact with said xerographic 
plate with a support material intermediate said Xero 
graphic plate and said conductive roller, 

means connecting said conductive roller to a source of 
35 alternating potential, 

and a guide connected to said support means in front 
of said conductive roller with respect to the rela 
tive motion of said Xerographic plate with respect 
to said conductive roller to position a support ma 
terial in contact with said xerographic plate before 
it comes under the electrical influence of said con 
ductive roller. 
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