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1. 

CORONA DSCHARGE APPARATUS 

This is a continuation, of application Ser. No. 
287,330, filed Sept. 8, 1972 now abandoned. 
The present invention relates to a corona-discharge 

apparatus and especially to such apparatus including a 
plurality of discharge elements. 

In xerographic copying machines, there is provided 
an intermediate-image carrier, in the form of a photo 
conductive cylinder, which is electrically charged by 
means of a corona-discharge apparatus. 

In the case of high-capacity copying machines, such 
corona-discharge apparatus usually comprises a plural 
ity of discharge wires which are disposed parallel to 
each other and to the surface of the photoconductive 
cylinder. Such apparatus suffers from the disadvantage 
that the inner discharge wires produce fewer ions than 
the outer wires. Efforts have been made to remedy this 
by bringing the inner wires closer to the photoconduc 
tive surface than the outer wires, or to apply a some 
what higher voltage to the inner wires than to the outer 
ones. Both of these possible solutions, however, suffer 
from the disadvantage that the variations in the se 
lected compensation parameters are critical, so that 
over-compensation can easily occur. 
An object of the present invention is to provide a 

corona-discharge apparatus having a plurality of dis 
charge wires in which a substantially uniform current 
density is achieved in all the discharge wires. 
Accoding to the invention there is provided a corona 

discharge apparatus having a plurality of discharge ele 
ments in which a plurality of resistors is provided for 
connecting respective discharge elements or groups of 
discharge elements to a voltage source. In such appara 
tus in which the discharge elements are arranged sym 
metrically, the elements can be connected in symmetri 
cal groups and each group connected by way of a sepa 
rate resistor to the voltage source. In the case in which 
the apparatus consists of a plurality of discharge wires 
arranged equidistantly and parallel to one another, the 
first wire may be connected to the last, the second to 
the next-to-last, and so forth, and in each case to apply 
voltage to these pairs of wires by way of resistors re 
spective to the pairs. 
The resistors may be chosen so that the voltage 

across the resistances are of the same order of magni 
tude as the voltages on the discharge wires to which 
they are connected, with the additional advantage of a 
considerably reduced effect on the discharge of 
changes in moisture content in the air and air pressure, 
as compared with a system not using such resistors. 
The apparatus of the invention offers the particular 

advantage that the alteration of the electrical field of 
the wire by the neighboring wires has only a small ef 
fect on the strength of the emission current. A higher 
voltage is automatically established at the inner wires 
of the discharge apparatus than at the outer wires, this 
higher voltage on the inner wires resulting from the 
change in the electric field in the vicinity of those wires 
compared with that near the outer wires and from the 
same impressed emission current on both wires. 
The invention will now be described in greater detail 

by reference to an embodiment illustrated in the draw 
ing, in which: 
FIG. 1 is a diagrammatic sectional view of a xero 

graphic reproduction machine, 
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FIG. 2 is a diagrammatic perspective view of a coro 

na-discharge apparatus, 
FIG. 3 shows the connection diagram for the corona 

wires in accordance with the invention, 
FIGS. 4, 4A and 4B show, further forms of the ar 

rangement for electrically connecting the corona wires, 
and 

FIG. 5 shows the current-voltage characteristic curve 
of a corona wire. 
For the purpose of explaining an important applica 

tion of the apparatus according to the invention, refer 
ence is first made to FIG. 1. In a xerographic reproduc 
tion machine, the curved surface of a photoconductive 
cylinder 1 is electrically charged by a corona-discharge 
apparatus 2, and is then exposed in an exposure station 
3 to produce an electrical charge image. This image is 
developed in a cascade developing station 4 by the ap 
plication of toner, and the developed toner image is 
transferred at a transfer station 5 to a copy-receiving 
material, which may be, for example, a web of paper 6. 

In the case of a xerographic machine, the corona 
discharge apparatus 2, of FIG. 1, may consist of the ar 
rangement illustrated in FIG. 2, which has thin wires 7 
clamped in a frame 8 in such a way that all the wires 
7 are positioned at equal intervals above the surface of 
the photoconductive cylinder 1. If a high voltage is ap 
plied to the very thin wires 7, a corona-discharge takes 
place as a result of the high electric field-strength 
which develops at the surfaces of the wires, and the sur 
face of the photoconductive cylinder 1 is thus charged. 
In the case of high-capacity copying machines, such 
corona-discharge apparatus use a current density of a 
magnitude that is just capable of meeting requirements 
based on the characteristics of the apparatus and the 
properties of the photoconductive material to be 
charged. To achieve the optimum charging of the sur 
face, it is desirable to have uniform emission over the 
available area of the corona-discharge apparatus. 

In a first form of the discharge apparatus according 
to the invention, each of the thin corona wires 7 is con 
nected by way of a high-resistance resistor R to a volt 
age source V as shown in FIG. 3. A second form of ap 
paratus according to the invention is illustrated in FIG. 
4, in which each pair of symmetrically arranged wires 
7 are connected together and by way of a resistor R, 
common to the pair, to the voltage source V. As illus 
trated in FIG. 4A, the two inner pairs of wires may be 
connected together and voltage applied to them by way 
of a single resistor, and the outer pair of wires may be 
connected together and to the voltage source by way of 
a further resistor; in this case the resistor to which the 
outer pair of wires is connected is about twice the value 
of that to which the two inner pairs of wires are con 
nected. Similarly, as illustrated in FIG. 4B, the arrange 
ment may comprise a group of wires and a single wire 
and where the group of wires comprises two wires the 
resistor to which this group is connected has a value 
about one-half of the resistor to which the single wire 
is connected. In the case of other symmetrical arrange 
ments of discharge wires, the values of the resistors 
should generally be as if the discharge wires were con 
nected by respective equal resistors to the voltage 
source V, and then when the wires are connected in 
groups the parallel connected resistors are replaced by 
single resistors of the same value as the parallel combi 
nation they replace. Thus, if in the case of six wires of 
which each is connected to a 4 megaohm resistor, when 
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joined in groups the outer pair of wires can be con 
nected together and to a 2 megaohm resistor, and the 
two inner pairs of wires can be connected together and 
to a 1 megaohm resistor. More generally, when there 
are x wires joined together in each group, the value of 
the single resistor for each group should be equal to 
lf when R is the value of the resistor that would be 

employed if the discharge wires were individually con 
nected via a resistor, to the voltage source, rather than 
being grouped. When the total number of discharge 
wires is odd, the central wire may be provided with an 
individual resistor, surrounding symmetrical pairs of 
wires being grouped and led to appropriately lower re 
sistors, depending on how many pairs are led to the 
voltage source via a single resistor (see FIG. 4B). 
While applicants do not rely on any particular theory 

underlying the success of their invention, the following 
explanation is provided, without the invention in any 
way being intended to be limited thereto. lt will be as 
sumed that the discharge wires 7 each have a current 
voltage characteristic curve that is very much depen 
dent upon the geometrical arrangement and upon the 
particular neighboring wire and its current, and that the 
curve varies from wire to wire. Symmetrically arranged 
wires are assumed to have the same characteristic 
curve. The effect of the resistors R1 connected in the 
leads to the voltage supply is that the changes in field 
strength caused by the neighboring wires can be ig 
nored. It has been found that this is achieved when the 
compensating resistor R has a considerably higher 
value than the differential resistance du/d of the indi 
vidual discharge wire, and that it is of no importance 
that the working resistance of the wire RA = UA | IA 
can be regarded as being very low compared with R1. 
Reference is made to the graph of FIG. 5 for the pur 

pose of explaining the term "differential resistance 
dU/d'. In this graph the corresponding values are illus 
trated by reference to a non-linear current-voltage rela 
tionship. Here, UA and l are intended to indicate re 
spectively the working voltage applied to an individual 
discharge wire 7, and the working current flowing to 
the particular wire. The differential changes in voltage 
and current at the working point (UA, la) are desig 
nated by du and dl respectively. 
The following is an example of apparatus according 

to the invention: The apparatus comprises six discharge 
wires having a diameter of 50 u, the corona gap being 
12 mm. between the wires and the photosensitive sur 
face. The voltage provided by the voltage source is 
10,000 Volts. The voltage at the individual wire is ap 
proximately 6000 Volts. In a first arrangement, a sepa 
rate 4 megaohm resistor is connected upstream of each 
corona wire 7, in the manner illustrated in FIG. 3. In a 
second arrangement, the first and sixth, the second and 
fifth, and the third and fourth of wires are connected 
to each other and to the voltage source by way of 2 me 
gaohm resistors respective to the pairs of wires, as in 
FIG. 4. Both arrangements gave an equally good result. 
The emission from the discharge wires was uniform, 
and only a slight, tolerable amount of ozone which 
caused no difficulties was generated. 

It will be understood that the specification and exam 
ples are illustrative but not limitative of the present in 
wention and that other embodiments within the spirit 
and scope of the invention will suggest themselves to 
those skilled in the art. The voltage drop across each 
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4. 
resistor may be from about 5000 to 10,000 volts and 
may be advantageously approximately 6000 volts. 
The precise value of the resistor used in the invention 

will, of course, be determined by the worker skilled in 
the art to suit a particular purpose. However, it has 
been found that it is desirable to provide such a resis 
tance that the voltage drop across the resistor is from 
0.5 to 10 of the voltage drop across the corona dis 
charge element, i.e. the discharge voltage; it has been 
found that the higher resistor voltage drops generally 
result in better performance, i.e. in a more uniform co 
rona discharge field strength. However, it may of 
course be practically undesirable to provide that large 
a resistor and it is usually preferred to operate from 0.5 
to 2 times the corona discharge voltage drop. More 
preferably, it is desirable to work with a voltage drop 
which is 1 to 1.5 of the discharge voltage and, as ex 
plained above, this ratio may be optimally about 1:1. 
What is claimed is: 
1. A corona-discharge apparatus for applying a sub 

stantially uniform electrostatic charge to a grounded 
photoconductive surface, comprising frame means, a 
plurality of at least three thin corona discharge wires 
clamped in said frame means and disposed above and 
substantially parallel to said photoconductive surface, 
and a plurality of resistors, each resistor being con 
nected at one end to one single high voltage and at the 
other end to a group of said wires, wherein said dis 
charge wires are in sufficiently close proximity to one 
another to provide a substantially uniform electrostatic 
discharge over said photoconductive surface. 

2. Apparatus as claimed in claim 1 in which said thin 
wires are arranged in a plurality of symmetrical groups, 
the wires of each group being electrically connected to 
each other, and wherein each of said groups of inter 
connected wires is connected, via its respective resis 
tor, to the voltage. 

3. Apparatus as claimed in claim 2, comprising n par 
allel wires, of which the first and the nth wires are inter 
connected to form a first symmetrical group of wires, 
the second and (n-1)th wires are interconnected to 
form a second symmetrical group of wires, and so forth 
each pair of wires being connected to its respective re 
sistor. 

4. Apparatus as claimed in claim 3, in which n is an 
odd number, and the central wire is connected to a sep 
arate resistor. 

5. Apparatus as claimed in claim 3, wherein said volt 
age drop is from 0.5 to 2 of the value of the discharge 
voltage. 

6. Apparatus as claimed in claim 5, wherein said volt 
age drop is from 1 to 1.5 of the value of the discharge 
voltage. 

7. Apparatus as claimed in claim 2, wherein the wires 
are substantially parallel to each other, in which the 
two outermost wires are connected together to form a 
pair and wherein all the other discharge wires are con 
nected together to form a group of wires, and the pair 
of wires and the group of wires are connected via re 
spective resistors to the voltage. 

8. Apparatus as claimed in claim 2, wherein the resis 
tors are all of the same value. 

9. Apparatus as claimed in claim 1 comprising at 
least one group of thin wires connected together, which 
group is connected through a single resistor to the volt 
age and wherein the resistance value of said single re 
sistor is equivalent to that of the parallel combination 
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it replaces if the wires in said group were not connected 
together. 

10. Apparatus as claimed in claim 1, wherein the 
value of the resistors is such that the voltage drop 
across the resistors is at least 0.5 of the discharge volt 
age from said discharge element. 

ll. Apparatus as claimed in claim 1, wherein the 
value of the resistors are such that in operation of the 
apparatus the voltage drop across the resistors are of 
the same order of magnitude as the discharge voltage 
from said discharge elements. 

12. Apparatus as claimed in claim 11, wherein said 
voltage drop across each resistor is from about 5,000 
to about 10,000 volts. 

13. Apparatus as claimed in claim 12, wherein said 
voltage drop is approximately 6,000 volts. 

14. In a xerographic copying machine the combina 
tion comprising: 
a grounded photoconductive element and, in opera 

tive relation there with, 
ii. a charging station for applying a substantially uni 
form electrostatic charge to the photoconductive 
element, said charging station comprising frame 
means and a plurality of at least three thin corona 
discharge wires clamped in said frame means, 
wherein said discharge wires are in sufficiently 
close proximity to one another to provide a sub 
stantially uniform electrostatic discharge over said 
photoconductive surface, 

iii. an imaging station generating a latent charge 
image on the photoconductive element, 

iv. a developing station producing an image, 
v. a transfer station for transferring the image to a re 
ceiving material, the improvement comprising, in 
said charging station (ii), a plurality of resistors, 
each resistor being connected at one end to one 
single high voltage and at the other end to a group 
of said wires. 

15. A corona-discharge apparatus for applying a sub 
stantially uniform electrostatic charge to a grounded 
photoconductive surface, comprising frame means, a 
plurality of at least three thin corona discharge wires 
clamped in said frame means and disposed above and 
substantially parallel to said photoconductive surface. 
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6 
and a plurality of resistors, each resistor being con 
nected at one end to one single high voltage and at the 
other end to one of said wires, wherein said discharge 
wires are in sufficiently close proximity to one another 
to provide a substantially uniform electrostatic dis 
charge over said photoconductive surface. 

16. Apparatus as claimed in claim 15, wherein the 
value of the resistors are such that in operation of the 
apparatus the voltage drop across the resistors are of 
the same order of magnitude as the discharge voltage 
from said discharge elements. 

17. Apparatus as claimed in claim 16, wherein said 
voltage drop across each resistor is from about 5,000 
to about 10,000 volts. 

18. Apparatus as claimed in claim 17, wherein said 
voltage drop is approximately 6,000 volts. 

19. Apparatus as claimed in claim 15, wherein the 
value of the resistors is such that the voltage drop 
across the resistors is at least O.5 of the discharge volt 
age from said discharge element. 
20. In a xerographic copying machine the combina 

tion comprising: 
i. a grounded photoconductive element and, in oper 

ative relation therewith, 
ii. a charging station for applying a substantially uni 
form electrostatic charge to the photoconductive 
element, said charging station comprising frame 
means and a plurality of at least three thin corona 
discharge wires clamped in said frame means, 
wherein said discharge wires are in sufficiently 
close proximity to one another to provide a sub 
stantially uniform electrostatic discharge over said 
photoconductive surface. 

iii. an imaging station generating a latent charge 
image on the photoconductive element, 

iv. a developing station producing an image, 
v. a transfer station for transferring the image to a re 
ceiving material, the improvement comprising, in 
said charging station (ii), a plurality of resistors, 
each resistor being connected at one end to one 
single high voltage and at the other end to one of 
said wires, 
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