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Description

This invention relates to a discharging and dust re-
moving method and a discharging and dust removing
apparatus for removing electric charge and dust from a
working object in the form of an electric insulating mem-
ber such as a plastic film, a plastic plate, a plastic card
or a paper sheet or web while it is travelling.

Various methods of discharging (removing electro-
static charge from) such a processing or working object
as mentioned above are already known. One of meth-
ods of discharging a plastic film is disclosed in Japanese
Patent Laid-Open Application No. Showa 63-301495. In
order to allow discharging of a working object which is
travelling at a high speed and eliminate reverse charg-
ing by over-discharging, the method involves two stages
of discharging operations including high frequency dis-
charging and DC discharging and also involves feed-
back control of the DC discharger. In particular, a trav-
elling object in a somewhat charged condition is first dis-
charged by high frequency corona discharging by a high
frequency discharger. Then, a potential and a polarity of
residual electrostatic charge of the travelling object after
completion of such high speed discharging processing
are detected by means of a potential detector, and the
DC discharger is automatically controlled in response to
the thus detected potential and polarity so that it may
cause DC corona discharging, which has the opposite
polarity to that of the residual charge and is to cancel
the residual potential, to occur from the DC discharger
to remove the residual charge by neutralization.

However, with the discharging method, since an ex-
pensive high frequency discharger must be used and a
potential and a polarity of residual charge of a travelling
object after high frequency discharging processing must
be detected to automatically control the magnitude and
the polarity of the voltage to be applied to the DC dis-
charger by feedback control, the control system is com-
plicated and a high cost is required for the entire dis-
charging apparatus.

By the way, when a plastic film is fed under the guid-
ance of aroller in a process of manufacture and working
of the plastic film, since the plastic film repeats its friction
with and exfoliation from the roller, charging (frictional
charging) and electrostatic discharging (exfoliation dis-
charging) are repeated.

Further, where the plastic film is a film to undergo print-
ing, the surface of the film is treated by corona discharg-
ing in order to change the quality of the same to assure
a high printing performance. As a result of such frictional
charging and exfoliation discharging as well as corona
discharging processing, an invisible charge pattern
wherein a very large number of small positive and neg-
ative charged portions having very complicated shapes
are formed closely to each other at random in a mixed
condition is formed on each of the opposite front and
back faces of the plastic film in accordance with man-
ners of charging and manners of discharging. FIG. 8 il-
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lustrates an example of such invisible charge pattern
which was made visible by scattering toner powder
(black fine particles) of the negative polarity, which is
normally used with a copying machine or the like, on a
surface of a plastic film immediately after exfoliated from
a roller so as to cause the toner powder to directly stick
tothe surface of the plastic film electrostatically and then
transferring the sticking toner powder image, using a
copying machine, to a paper sheet to obtain the figure
shown in FIG. 8. Black portions to which toner powder
stuck were positively charged portions while bright por-
tions to which no toner powder stuck were negatively
charged portions, and the intensity of the black color
represents the magnitude of the electrostatic potential
there.

Evenif itis tried to measure, using a potential meas-
uring instrument, a charge potential of a plastic film
which exhibits such a charge pattern in which small ar-
eas of positive and negative potentials are present in a
complicated mixed condition, only it is possible to meas-
ure an average polarity and potential over a wide area,
which depends upon the performance of the potential
measuring instrument. In particular, since a small posi-
tively charged portion and a small negatively charged
portion positioned in the proximity of each other exhibit
a closed electric field and exhibit an electrostatically
neutralized condition with each other on the surface of
the film, such small portions have little influence on the
measurement of the potential measuring instrument,
and it cannot be avoided that the potential measuring
instrument provides only a macroscopic result of meas-
urement over a wide area.

Further, when a face of a film is discharged using a
conventional discharger, ions produced by the discharg-
er flow by a greater amount as the charge potential of
the face of the film increases, but where the charge po-
tential is low, such ions flow little. Accordingly, when
small positive and negative charged portions exhibit an
electrostatically neutral condition, no ions from the dis-
charger will flow there, resulting in failure of discharging
there.

However, according to conventional discharging
methods including the discharging method disclosed in
Japanese Patent Laid-Open Application No. Showa
63-301495 mentioned hereinabove, a polarity and a po-
tential of charge are estimated from a result of such
macroscopic measurement as described above, and
charging conditions are decided uniformly in accord-
ance with the thus estimated polarity and potential of
charge (a voltage to be applied to a discharging elec-
trode and so forth are set), and then positive and nega-
tive ions from a discharger positioned in a spaced rela-
tionship from a film are merely irradiated one-sidedly to-
ward one face of the film. However, the opposite face of
the film is left as an open face free from a grounding
member or the like. Consequently, if the face of the film
has such a charge pattern as described above thereon,
then it has a large number of portions which have not



3 EP 0 766 501 B1 4

been discharged microscopically. Consequently, even if
a discharging step is performed repetitively, small une-
ven not-discharged portions remain to the last, resulting
in deterioration of the quality of a product in which the
plastic film is used as a material. For example, in the
case of a product in the form of a film such as a magnetic
tape wherein a magnetic material, a coating agent and
so forth are to be applied to the surface of a plastic film
employed as a base, it is impossible to apply such mag-
netic material or coating agent uniformly to the surface
of the plastic film due to a discharge pattern. Or, in order
to eliminate uneven not-discharged portions, a very high
voltage must be used. In this instance, a discharging ac-
tion of one of the positive and negative polarities is liable
to become excessively strong, which may give rise to
reverse charging (charging of the opposite polarity).
Thus, an additional discharging step is required to re-
move the charge of the opposite polarity, which deteri-
orates the efficiency.

Such situations are not unique to those products
wherein a plastic material is employed, but similarly ap-
ply to those products wherein a glass plate is employed
(for example, a glass base plate for a liquid crystal dis-
play or the like).

Further, in order to remove dust or the like sticking
to a face of a film in addition to discharging, also it is a
common practice to jet air or irradiate an ultrasonic wave
to the face of the film. However, where the film has such
a complicated charge pattern as described hereinabove
formed on the face thereof, dust or the like which sticks
to the face of the film by a Coulomb force by charge can-
not be removed uniformly.

The nearest prior art document FR-A-1 547 907 dis-
closes a discharging apparatus which comprises an ion
attracting electrode apparatus having a face extending
in a travelling direction of a working piece and a perpen-
dicular direction. The ion attracting electrode apparatus
is a specialised form of an ion attracting apparatus be-
cause the apparatus itself generates ions. If positive
ions are generated, the negative ions on the opposite
side are attracted and vice versa. The discharging ap-
paratus further comprises a positive and negative ion
producing discharging electrode apparatus which is ar-
ranged opposite to the ion attracting apparatus with a
distance allowing the free passage of the working ob-
ject. A high voltage AC power source is connected to
the ion producing apparatus and another high AC volt-
age is applied to the ion attracting device. The two AC
voltages are synchronised with each other having op-
posite polarities.

Document US-A-2 483 542 discloses the possibility
of jetting air to a working object to remove dust there-
from.

It is an object of the present invention to provide a
discharging and dust removing method by which charge
and dust can be removed readily and uniformly with a
high efficiency form a surface of a working object even
where the surface has a complicated charge pattern
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wherein a large number of small positive and negative
charged portions are present closely to each other at
random in a mixed condition.

It is another object of the present invention to pro-
vide a discharging and dust removing apparatus by
which such discharging and dust removing method as
described just above can be performed economically.

It is a further object of the present invention to pro-
vide a discharging and dust removing method and a dis-
charging and dust removing apparatus by which reverse
charging by over-discharging can be minimized.

The objects described above are solved by a meth-
od according to claim 1 and by an apparatus according
to claim 10. Further preferred embodiments are outlined
in the subclaims 2 to 9 and 11 to 16, respectively.

There is provided a discharging method wherein
positive and negative ions are irradiated upon a travel-
ling working object to discharge the working object,
comprising the steps of passing the working object be-
tween a positive and negative ion producingdischarging
electrode apparatus and an ion attracting electrode ap-
paratus disposed in an opposing relationship to the pos-
itive and negative ion producing discharging electrode
apparatus and having a face which extends in a travel-
ling direction of the working object and a perpendicular
direction, applying, while the working object passes be-
tween the positive and negative ion producing discharg-
ing electrode apparatus and the ion attracting electrode
apparatus, high positive and negative voltages alter-
nately to the positive and negative ion producing dis-
charging electrode apparatus to alternately produce
positive and negative ions, and simultaneously applying
another high AC voltage having a higher frequency than
the above-mentioned voltage to the ion attracting elec-
trode apparatus to induce positive and negative poten-
tials in the working object so as to attract the positive
and negative ions produced by the positive and negative
ion producing discharging electrode apparatus by the
induced potentials of the working object.

Further, there is provided a discharging apparatus,
comprising an ion attracting electrode apparatus having
a face extending in a travelling direction of a travelling
working object and a perpendicular direction, a positive
and negative ion producing discharging electrode appa-
ratus opposed to the ion attracting electrode apparatus
with a distance left therebetween sufficient to allow the
working object to pass therebetween, and a power
source apparatus for applving high pcsitive and nega-
tive voltages alternately to the positive and negative ion
producing discharging electrode apparatus to produce
positive and negative ions alternately and simultane-
ously applying to the ion attracting electrode apparatus
another high AC voltage having a higher frequency than
the above-mentioned voltages applied to the positive
and negative ion producing discharging electrode appa-
ratus.

Preferably, positive and negative ions are produced
from a plurality of positive and negative ion producing
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discharging electrodes of the positive and negative ion
producing discharging electrode apparatus disposed
parallelly in the travelling direction of the working object
and are irradiated upon the working object so as to re-
petitively perform discharging of the working object. In
this instance, the ion attracting electrode apparatus may
include a single ion attracting electrode provided com-
monly to all of the positive and negative ion producing
discharging electrodes or a plurality of ion attracting
electrodes individually provided corresponding to the
positive and negative on producing discharging elec-
trodes.

In the discharging method and apparatus, when the
positive and negative ion producing discharging elec-
trode apparatus produces positive and negative ions, a
high AC voltage is applied to the ion attracting electrode
apparatus opposed to the positive and negative ion pro-
ducing discharging electrode apparatus. Consequently,
in the working object which travels between the positive
and negative ion producing discharging electrode appa-
ratus and the ion attracting electrode apparatus, positive
and negative potentials are induced alternately by elec-
trostatic capacitors formed between the working object
and the ion attracting electrode apparatus. The positive
and negative ions produced by the positive and negative
ion producing discharging electrode apparatus are not
attracted to the working object when the polarities there-
of are same as those of the potentials induced in the
working object, but when the polarities are opposite to
each other, the positive and negative ions are attracted
to the working object by a Coulomb force. Since the po-
larities of the potentials induced in the working object
vary in accordance with the period of the high ac voltage
applied to the ion attracting electrode apparatus, the
ions from the positive and negative ion producing dis-
charging electrode apparatus are, whether they are pos-
itive ions or negative ions, acted upon directly by a Cou-
lomb force from the working object and positively attract-
ed to and irradiated upon the surface of the working ob-
ject. As aresult, even if the surface of the working object
has a microscopically neutral condition wherein a large
number of small positive and negative charged portions
are present at random in a mixed condition in such a
manner as to exhibit a complicated charge pattern as
seen in FIG. 8, since potentials which attract positive
and negative ions are induced in the working object, the
negative ions react with the positive charged portions of
the working object while the positive ions react with the
negative charged portions with certainty so that the pos-
itive and negative charged portions are discharged
strongly and separately from each other. In this in-
stance, since the ion attracting electrode apparatus has
the face which extends in the travelling direction of the
working object and the perpendicular direction, even if
the working object travels, local unevenness little occurs
with the ion attracting force of the working object. Fur-
ther, since the voltage applied to the ion attracting elec-
trode apparatus is a high ac voltage which exhibits a
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periodical variation between positive and negative val-
ues, such a situation that the ion attracting electrode ap-
paratus attracts the working object itself to obstruct the
travelling of the working object does not occur.

Since the voltages applied to the positive and neg-
ative ion producing discharging electrode apparatus
and the ion attracting electrode apparatus exhibit vary-
ing polarities and the working object moves relative to
the two electrode apparatus, when the charged face of
the working object is viewed in the travelling direction,
areas which are acted upon strongly by discharging op-
eration of positive ions and areas which are acted upon
strongly by discharging operation of negative ions ap-
pear alternately. Thus, where positive and negative ions
from the positive and negative ion producing discharg-
ing electrode apparatus which includes a plurality of
positive and negative ion producing discharging elec-
trodes are positively irradiated upon the working object
at different locations, then not only a discharging effi-
ciency can be raised, but also the positive and negative
discharging actions can be averaged in the travelling di-
rection of the working object to reduce such discharge
unevenness. Further, such discharge unevenness
which appears macroscopically can be eliminated more
effectively by constructing the positive and negative ion
producing discharging electrode apparatus such that
the discharging actions by the plurality of positive and
negative ion producing discharging electrodes gradually
decrease toward the travelling direction of the working
object or by constructing, where the ion attracting elec-
trode apparatus includes a plurality of ion attracting
electrodes individually provided corresponding to the
positive and negative ion producing discharging elec-
trodes, the ion attracting electrode apparatus such that
the voltages to be appliedto the ion attracting electrodes
gradually decrease toward the travelling direction of the
working object. Such elimination of macroscopic dis-
charge unevenness can be promoted by employing, as
a next auxiliary step, weak DC discharging by a DC dis-
chargerand/or weak AC discharging by an AC discharg-
er.

The ion attracting electrode apparatus may be in the
form of a plate or a roller which rotates to guide the work-
ing object. Where a metal roller is employed, a dielectric
layer is formed on the surface of the metal roller in order
to produce an electrostatic capacitor between the metal
roller and the working object and in order to prevent
spark discharge. Preferably, one of the positive and neg-
ative ion producing discharging electrode apparatus
and the ion attracting electrode apparatus is disposed
for movement toward and away from the working object
so that the distance between the positive and negative
ion producing discharging electrode apparatus and the
ion attracting electrode apparatus may be varied.

Where air is jetted to the working object while the
working object continuously travels after it has been dis-
charged in such a manner as described above, removal
of dust from the working object can be performed uni-
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formly. Such removal of dust is preferably performed by
an air shower dust removing unit which includes an air
jetting section for jetting air to the working object and an
air sucking section for sucking the air jetted from the air
jetting section.

The above and other objects, features and advan-
tages of the present invention will become apparent
from the following description and the appended claims,
taken in conjunction with the accompanying drawings in
which like parts or elements are denoted by like refer-
ence characters.

FIG. 1 is a schematic illustrative view showing an
outline of an entire discharging and dust removing
apparatus to which the present invention is applied;
FIG. 2 is an illustrative waveform diagram illustrat-
ing a prior art relationship in phase between AC volt-
ages applied to a positive and negative ion produc-
ing discharging electrode apparatus and an ion at-
tracting electrode apparatus shown in FIG. 1;

FIG. 8 is a circuit diagram of an equivalent circuit
when an AC voltage is applied to the positive and
negative ion producing discharging electrode appa-
ratus;

FIG. 4 is a circuit diagram of another equivalent cir-
cuit when positive and negative high voltages are
applied to a positive ion production electrode and a
negative ion production electrode of the positive
and negative ion producing discharging electrode
apparatus;

FIG. 5 is a bottom plan view showing an example
of a positive and negative ion producing discharging
electrode of the positive and negative ion producing
discharging electrode apparatus;

FIG. 6 is an enlarged cross sectional view of the
positive and negative ion producing discharging
electrode shown in FIG. 5;

FIG. 7 is a schematic diagrammatic view showing
a construction of an example of a dust removing sta-
tion;

FIG. 8 is a photographic view showing a charge
condition of a surface of a plastic film before dis-
charging processing by means of the discharging
and dust removing apparatus according to the
present invention is performed;

FIG. 9 is a similar view but showing a charge con-
dition of the surface of the plastic film immediately
after it undergoes discharging processing by means
of the positive and negative ion producing discharg-
ing electrode apparatus and the ion attracting elec-
trode apparatus;

FIG. 10 is a similar view but showing a charge con-
dition of the surface of the plastic film after discharg-
ing processing by means of a DC discharger, which
produces negative ions, after the discharging
processing of FIG. 9;

FIG. 11 is a similar view but showing a charge con-
dition of the surface of the plastic film after further
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discharging processing by means of a dc discharg-
er, which produces positive ions, after the discharg-
ing processing of FIG. 10;

FIG. 12 is a similar view but showing a charge con-
dition of the surface of the plastic film after further
discharging processing by means of an ac dis-
charger after the discharging processing of FIG. 11;
FIG. 13 is a partial cross sectional view of the pos-
itive and negative ion producing discharging elec-
trode apparatus when it is formed so as to have a
multiple AC electrode structure;

FIG. 14 is a bottom plan view of the positive and
negative ion producing discharging electrode appa-
ratus of FIG. 13;

FIG. 15 is a partial cross sectional view of the pos-
itive and negative ion producing discharging elec-
trode apparatus when it is formed so as to have an-
other multiple DC electrode structure;

FIG. 16 is a bottom plan view of the positive and
negative ion producing discharging electrode appa-
ratus of FIG. 15;

FIG. 17 is an electric wiring diagram principally
showing an example of a power source for a dis-
charging station of the discharging and dust remov-
ing apparatus of FIG. 1 producing a known wave-
form as shown in figure 2;

FIGS. 1810 22 are electric wiring diagrams showing
different modifications to the discharging station;
FIG. 23 is a schematic view showing a general con-
struction of an example of the positive and negative
ion producing discharging electrode apparatus
where a roller for guiding a film is employed for the
ion attracting electrode apparatus; and

FIG. 24 is an enlarged schematic cross sectional
view of the roller shown in FIG. 23.

Referring first to FIG. 1, there is shown a general
construction of an entire discharging and dust removing
apparatus to which the present invention is applied. A
plastic film (hereinafter referred to merely as film) 1
which is an object of working is fed in the rightward di-
rection in FIG. 1 under the guidance of a guide roller 8.
During such rightward travel, the film 1 is first discharged
at a discharging station A, and then dust is removed
from the film 1 at a dust removing station B. In the dis-
charging station A, a plurality of positive and negative
ion producing discharging electrodes 3 are disposed in
an opposing relationship to a common ion attracting
electrode 2 to construct a discharging gate section 9.
Thus, the film 1 is discharged at a plurality of stages
between the positive and negative ion producing dis-
charging electrodes 3 and the ion attracting electrode 2
in such a manner as hereinafter described while it pass-
es the discharging gate section 9.

Each of the discharging electrodes 3 extends in a
widthwise direction of the film 1 and has a length greater
than the widthwise dimension of the film 1. While dis-
charging electrodes of various structures can be em-
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ployed for the discharging electrodes 3, a discharging
electrode which includes a large number of discharging
needles is economically employed for the discharging
electrodes 3. An exemplary one of existing discharging
electrodes of the type just mentioned is shown in FIG.
5 (bottom plan view) and FIG. 6.

Referring to FIGS. 5 and 6, the positive discharging
electrode 3 shown includes a large number of discharg-
ing needles 10 individually planted separately from each
other on a large number of cores 11 each formed from
a ceramic dielectric member or a ceramic resistor mem-
ber so as to establish capacitive couplings or resistive
couplings which are separate from each other. In partic-
ular, the cores 11 are fitted one by one in a large number
of holes of a printed circuit board 12, and the cores 11
and the printed circuit board 12 are embedded in an in-
sulating molded member 14 in a resin casing 13 such
that the discharging needles 10 are partially projected
from the surface of the insulating molded member 14 in
a spaced relationship from each other at fixed distances
in a longitudinal direction of the resin casing 13 (in the
widthwise direction of the film 1). Further, a pair of
grounding electrode plates 7 are disposed in an oppos-
ing parallel relationship to each other on the opposite
sides of the arrangement of the discharging needles 10.
Thus, when a high voltage is applied to a conductive
pattern of the printed circuit board 12, corona discharge
occurs at a time between all of the discharging needles
10 and the grounding electrode plates 7 to produce ions.
Consequently, each of the discharging electrodes 3 can
be used also as a single independent discharger. The
discharging electrodes 3 have a length greater than the
width of the film 1.

In the apparatus shown in FIG. 1, a plurality of such
discharging electrodes 3 are employed and arranged
parallelly in a spaced relationship from each other in the
travelling direction (longitudinal direction) of the film 1
and in a spaced relationship by a small distance from a
face (upper face) of the film 1. Thus, a high AC voltage
HV1 is applied from a high AC voltage power source AC
at a time to the discharging electrodes 3. The distance
between the discharging electrodes 3 is adjusted in ac-
cordance with the travelling speed of the film 1. The dis-
charging electrodes 3 are held on a common holder 15
and can be moved (adjusted in position) toward and
away from the film 1 by a pair of linear motion actuators
16 such as air cylinders.

Meanwhile, the ion attracting electrode 2 is formed
from a single plate such as a conductive metal plate hav-
ing a flat face opposing commonly to all of the discharg-
ing electrodes 3 with regard to both of the travelling di-
rection and the widthwise direction of the film 1, and is
disposed such that it does not contact with the film 1. As
it is known from FR-A-1 547 907 another high AC volt-
age HV2 having a phase opposite to that of the high AC
voltage HV1 to be applied to the discharging electrodes
3is applied tothe ion attracting electrode 2 from the high
AC voltage power source AC. Also the ion attracting
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electrode 2 is supported on a pair of linear motion actu-
ators 22 such as air cylinders by way of respective in-
sulators 21 such that it can be moved (adjusted in posi-
tion) toward and away from the film 1.

When the high AC voltages HV1 and HV2 of the
opposite phases to each other as seen in FIG. 2 are ap-
plied to the positive and negative ion producing dis-
charging electrodes 3 and the ion attracting electrode 2,
respectively, positive and negative ions can be pro-
duced alternately by the positive and negative ion pro-
ducing discharging electrodes 3 and attracted equally
to the working object or film 1 itself. An equivalent circuit
in this instance is shown in FIG. 3. Referring to FIG. 3,
reference character 7 denotes a grounding electrode for
the positive and negative ion producing discharging
electrodes 3, and C denotes an electrostatic capacitor
formed between the ion attracting electrode 2 and the
film 1. Alternatively, however, positive ion producing
electrodes 3a for producing positive ions and negative
ion producing electrodes 3b for producing negative ions
may be provided as (or in place of) the positive and neg-
ative ion producing discharging electrodes 3 such that
high positive and negative DC voltages DHV1 and
DHV2 are applied to the positive ion producing elec-
trodes 3a and the negative ion producing electrodes 3b,
respectively, to produce positive and negative ions. An
equivalent circuit in this instance is shown in FIG. 4.

Referring to FIGS. 1 to 3, when a positive high volt-
age is applied tothe discharging electrodes 3 to produce
positive ions, a negative high voltage is applied to the
ion attracting electrode 2, whereupon a negative poten-
tial is induced in the face of the film 1 by the electrostatic
capacitor C. On the other hand, when a negative high
voltage is applied to the discharging electrodes 3, a pos-
itive high voltage is applied to the ion attracting elec-
trode 2, whereupon a positive potential is induced in the
face of the film 1. Consequently, positive and negative
ions produced alternately by the discharging electrodes
3 are positively attracted to and irradiated upon the face
of the film 1 each by a Coulomb force. As a result, even
if the film 1 before it enters the discharging gate section
9 (position @D in FIG. 1) has a microscopically neutral
condition wherein a large number of small positive and
negative charged portions are present at random in a
mixed condition in such a manner as to exhibit a com-
plicated charge pattern as seen in FIG. 8, since, in the
discharging gate section 9, negative ions react with the
positive charged portions and positive ions react with
the negative charged portions with certainty, the positive
and negative charged portions can be discharged
strongly and separately from each other. Besides, such
action is performed repetitively by the plurality of dis-
charging electrodes 3 juxtaposed in the travelling direc-
tion of the film 1. In this instance, since the ion attracting
electrode 2 has the face which extends in the travelling
direction and the widthwise direction of the film 1, local
unevenness does not occur with the ion attracting force
of the ion attracting electrode 2 and the ion attracting
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electrode 2 can attract positive and negative ions equal-
ly. Consequently, the ion attracting electrode 2 micro-
scopically presents minimized discharge unevenness.

FIG. 9 shows a condition wherein toner powder is
scattered in a similar manner as in the case of FIG. 8
on the face of the film 1 immediately after it passes the
discharging gate section 9 (at the position@in FIG. 1).
An area N adjacent one side edge of the face of the film
1 shown in FIG. 9 is a non-discharged area which has
been masked so as not to undergo discharging process-
ing, and the travelling direction of the film 1 is indicated
by an arrow mark in FIG. 9. As can be seen from FIG.
9, the area of the face of the film 1 which has been dis-
charged by the discharging gate section 9 does not ex-
hibit such a complicated charge pattern as is exhibited
onthe non-discharged area N, but instead exhibits a plu-
rality of thin white and black lateral stripes appearing
alternately like waves in the travelling direction of the
film 1 such that they extend in the widthwise direction of
the film 1. This is because, due to the fact that the po-
larities of the voltages to be applied to the discharging
electrodes 3 and the ion attracting electrode 2 are op-
posite to each other between the positive and the neg-
ative and besides the film 1 moves relative to those elec-
trodes, when the charged face of the film 1 is viewed in
the travelling direction, areas which are acted upon
strongly by discharging operation of positive ions and
areas which are acted upon strongly by discharging op-
eration of negative ions appear alternately. Those une-
ven discharged areas which appear macroscopically in
this manner can be averaged and thus minimized by
means of a plurality of discharging electrodes 3 juxta-
posed parallelly in the travelling direction of the film 1
such that positive and negative ions from them may be
irradiated positively at different locations upon the face
of the film 1.

Further, the amounts of positive and negative ions
to be produced by the positive and negative ion produc-
ing discharging electrodes 3 vary in accordance with the
frequency of the high AC voltage HV1 to be applied to
the positive and negative ion producing discharging
electrodes 3. Therefore, where the frequency is approx-
imately equal to or around a frequency of a commercial
AC power supply (50 Hz or 60 Hz in Japan), the period
of the variation of the amount of ions to be produced is
so long that, if the travelling speed of the film 1 is low,
the film 1 is discharged unevenly. Thus, accordingtothe
invention, the frequency of the high AC voltage HV2 to
be applied to the ion attracting electrode 2 is set higher
than the frequency of the high AC voltage HV1 to be
applied to the discharging electrodes 3 so that such dis-
charge unevenness caused by the variation of ions to
be produced with respect to time can be reduced.

Referring back to FIG. 1, in order to perform auxil-
iary discharging after such discharging by the discharg-
ing gate section 9 as described above, the discharging
and dust removing apparatus further includes a nega-
tive ion producing DC discharger 4, a positive ion pro-
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ducing DC discharger 5 and an AC discharger 6 ar-
ranged in this order subsequently to the discharging
gate section 9 in the travelling direction of the film 1. A
high negative DC voltage is applied from a high Dc volt-
age power source DC1 to the negative ion producing
DC discharger 4 which a high positive DC voltage is ap-
plied from another high DC voltage power source DC2
tothe positive ion producing DC discharger 5, and a high
AC voltage is applied from a high AC voltage power
source ACS3 to the AC discharger 6. Such an AC dis-
charger as shown in FIGS. 5 and 6 may be used for the
AC discharger 6. Meanwhile, a known DC discharger
which employs a large number of discharging needles
can be employed for the DC dischargers 4 and 5, and
no special discharger need not be employed.

The DC dischargers 4 and 5 and the AC discharger
6 are disposed such that the distances thereof to the
film 1 are generally set greater than that of the discharg-
ing electrodes 3 of the discharging gate section 9 in or-
der to make the discharging capacity to the film 1 lower
than that of the discharging electrodes 3 and besides
the distances thereof to the film 1 increase stepwise in
the travelling direction of the film 1 in order to gradually
decrease the discharging force to act upon the film 1.

The film 1 which has been discharged in such a
manner as described above by the discharging gate
section 9 subsequently undergoes irradiation of nega-
tive ions from the negative ion producing DC discharger
4 sothat, from among the positive and negative charged
portions of the film 1 which appear alternately like waves
as seen in FIG. 9, principally the positive charged por-
tions are discharged. FIG. 10 shows a condition wherein
toner powder is scattered in a similar manner as de-
scribed hereinabove on the face of the film 1 after it has
undergone the discharging processing just described
(atthe position@in FIG. 1). In FIG. 10, the film 1 exhibits
no such wave-like charged portions as appear in FIG.
9, but U-shaped thin charged portions remain around
the portions corresponding to the discharging needles
of the DC discharger 4 and successively connect to
each other in the widthwise direction of the film 1 to form
a light continuous pattern. In the non-discharged area
N which has been masked so as not to undergo the dis-
charging processing, the complicated charge pattern
still remains.

Thereafter, the film 1 undergoes discharging
processing with positive ions from the positive ion pro-
ducing DC discharger 5. FIG. 11 shows a condition
wherein toner powder is scattered on the face of the film
1 after it has undergone the discharging processing with
positive ions (at the position@in FIG.1). InFIG. 11, only
a little thin white-black thick-thin uneven pattern remains
on the face of FIG. 1. In the non-discharged area N, the
complicated charge pattern still remains.

Finally, the film 1 undergoes weak discharging
processing with positive and negative ions from the AC
discharger 6. FIG. 12 shows a condition wherein toner
powder is scattered on the face of the film 1 after it has
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undergone the discharging processing with positive and
negative ions (at the position®in FIG. 1). In FIG. 12,
no white-black thick-thin uneven pattern can be seen on
the face of the film 1. In the meantime, the complicated
charge pattern remains to the last in the non-discharged
area N.

Referring back to FIG. 1, the film 1 which has been
discharged in the discharging station Ain such a manner
as described above is subsequently transported to the
dust removing station B. The dust removing station B
includes an air shower dust removing unit 50 located
above the guide roller 8. The air shower dust removing
unit 50 includes a casing 51 in which an air jetting sec-
tion 50a and a pair of air sucking sections 50b are de-
fined by a pair of partitions. Air jetted from the air jetting
section 50a hits upon and is reflected from the film 1 on
the guide roller 8 and is then sucked into the two air
sucking sections 50b. Consequently, dust or some other
foreign particles sticking to the film 1 are compulsorily
removed from the face of the film 1 and collected by the
air shower dust removing unit 50. In this instance, dust
or the like is removed thoroughly from the film 1 since it
has been discharged thoroughly to such a degree that
it exhibits no charge pattern.

The dust removing station B is particularly shown in
FIG. 7. Referring to FIG. 7, air from a blower 52 is for-
warded into the air jetting section 50a of the air shower
dust removing unit 50 by way of a forwarding side filter
53 and a forwarding side damper 54, and air sucked into
the air sucking sections 50b is circulated back into the
blower 52 by way of a sucking side damper 55 and a
sucking side filter 56 by a sucking action of the blower
52. Anozzle 57 is provided for the air jetting section 50a
such that it jets air obliquely toward the film 1 which trav-
els on the surface of the guide roller 8. Meanwhile, a
small sucking opening 58 is provided at an air sucking
portion of one of the air sucking sections 50b which is
located adjacent the air jetting section 50a while a large
sucking opening 59 is provided at an air sucking portion
of the other air sucking sections 50b.

Accordingly, air jetted from the nozzle 57 first hits
upon and is reflected from the film 1 on the guide roller
8 and then is sucked into the two air sucking sections
50b. It is to be noted that discharging and dust removal
may otherwise be performed at a time at a same loca-
tion. In FIG. 7, reference character D denotes an auxil-
iary discharging station for discharging the film 1 after
exfoliated from the guide roller 8. Also the auxiliary dis-
charging station D may have a partially or entirely same
construction as the discharging station A described
hereinabove.

In place of a plurality of such independent discharg-
ing electrodes as shown in FIGS. 5 and 6, such a mul-
tiple AC discharger 3A as shown in FIG. 13and FIG. 14
(bottom plan view) may be employed. Referring to FIGS.
13 and 14, the multiple AC discharger 3A includes a plu-
rality of rows of discharging needles 10 disposed paral-
lelly in a spaced relationship from each other in the trav-

10

15

20

25

30

35

40

45

50

55

elling direction of the film 1 on an insulating holder 17 in
the form of a plate such that they project from the insu-
lating holder 17. Each of the rows of the discharging
needles 10 includes a large number of discharging nee-
dles 10 disposed in a predetermined spaced relation-
ship from each other in the widthwise direction of the
film 1. The multiple AC discharger 3A further includes a
plurality of grounding electrode bars 7A mounted on the
insulating holder 17 such that they extend in parallel to
each other and are positioned on the opposite sides of
the individual rows of the discharging needles 10. A high
tension cable 18 is led out from the insulating holder 17
so that a high AC voltage can be applied at a time to all
of the discharging needles 10 by way of the high tension
cable 18. Further, all of the grounding electrode bars 7A
can be grounded by way of a conductor plate 19 provid-
ed on the insulating holder 17 and a grounding cable 20
connected to the conductor plate 19. It is to be noted
that, where the multiple AC discharger 3A shown in
FIGS. 13 and 14 is employed, the ion attracting elec-
trode 2 is formed such that it has a face opposed com-
monly to all of the rows of the discharging needles 10.

FIGS. 15 and 16 show another multiple DC dis-
charger 3B of the positive and negative ion simultane-
ous production type which can be employed in place of
the discharging electrodes 3 of the discharging gate
section 9. Referring to FIGS. 15 and 16, the multiple DC
discharger 3B includes a large number of discharging
needles 37 disposed in a plurality of parallel rows in a
spaced relationship from each other in the travelling di-
rection of the film 1 on an insulating holder 38 in the form
of a plate and disposed, in each of the rows, in a prede-
termined spaced relationship from each other in the
widthwise direction of the film 1. In this instance, the dis-
charging needles 37 are disposed such that a positive
discharging needle and a negative discharging needle
appear alternately in each row and between each adja-
cent rows as seen in FIG. 16. Or else, the discharging
needles 37 may be disposed such that a row in which
only positive discharging needles are arranged and an-
other row in which only negative discharging needles
are arranged appear alternately in the travelling direc-
tion of the film 1. It is to be noted that reference numerals
39and40in FIGS. 15 and 16 denote high voltage cables
for supplying high positive and negative dc voltages, re-
spectively.

A detailed example of a construction of a power
source for the discharging station A is shown in FIG. 17.
Referringto FIG. 17, the high AC voltage power source
AC shown includes a transformer 23 for stepping up an
AC voltage from a commercial AC power supply. One of
a pair of positive and negative taps of the secondary
winding of the transformer 23 is connected to all of the
discharging electrodes 3 arranged in such a manner as
described hereinabove while the other tap is connected
to the ion attracting electrode 2. Accordingly, the high
AC voltages HV1 and HV2 are applied at a time to the
discharging electrodes 3 and the ion attracting electrode
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2, respectively. The common ion attracting electrode 2
in the form of a plate is inclined, in the arrangement
shown in FIG. 17, downwardly toward the travelling di-
rection of the film 1 so that the ion attracting force to the
discharging electrodes 3 may gradually decrease as the
film 1 travels. Such downwardly inclined arrangement
allows efficient elimination of macroscopic discharging
unevenness.

A high DC voltage power source apparatus DC con-
verts the AC voltage from the commercial AC power
supply into a dropped DC voltage by means of an AC to
DC conversion section 26 which includes a transformer
24, a diode 25 and so forth. The DC voltage is supplied
to a constant voltage IC circuit 27, and an AC voltage
adjusted arbitrarily by a variable resistor 28 is output
from an output terminal of the constant voltage IC circuit
27. Then, the thus adjusted DC voltage is smoothed by
a pair of capacitors 29 and 30 and then applied to a high
frequency oscillating circuit 31.

The high frequency oscillating circuit 31 is connect-
ed to the primary winding of a high frequency transform-
er 32. Thus, when the DC voltage is applied to the high
frequency oscillating circuit 31, a starting transistor 33
is turned on, and consequently, the high frequency os-
cillating circuit 31 oscillates a high frequency wave by
its self-excited oscillation. As a result of such oscillation,
a high AC voltage is obtained from the secondary wind-
ing of the high frequency oscillating circuit 31, and a light
emitting diode 34 is lit.

A positive side voltage multiplying rectifier 35 and
a negative side voltage multiplying rectifier 36 are con-
nected in parallel to each otherto the secondary winding
of the high frequency transformer 32. The voltage mul-
tiplying rectifiers 35 and 36 are each formed from a
number of diodes and capacitors connected in series
such that they are piled up one on another so that a high
DC voltage which is a multiple of the secondary voltage
of the high frequency transformer 32 is obtained as well
known in the art. The output terminal of the negative side
voltage multiplying rectifier 36 is connected to the neg-
ative ion producing DC discharger 4 by way of a high
tension cable to apply a high negative DC voltage to the
negative ion producing DC discharger 4. Meanwhile, the
output terminal of the voltage multiplying rectifier 35 is
similarly connected to the positive ion producing DC dis-
charger 5 by way of another high tension cable to apply
a high positive DC voltage to the positive ion producing
DC discharger 5.

It is to be noted that the constant voltage IC circuit
27, variable resistor 28, high frequency oscillating circuit
31, high frequency transformer 32 and light emitting di-
ode 34 may be prepared for each of the voltage multi-
plying rectifiers 35 and 36.

Further, while, in the high AC voltage power source
AC shown in FIG. 17, voltages of the opposite phases
are extracted from the two taps of the single secondary
winding of the transformer 23, two different secondary
windings may otherwise be provided for the transformer
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23 s0 as to extract voltages of the opposite phases sep-
arately from each other. Furthermore, the connections
between the secondary winding of the transformer 23
and the discharging electrodes 3 and between the sec-
ondary winding of the transformer 23 and the ion attract-
ing electrode 2 may each have any one of a resistive
coupling and a capacitive coupling.

Further, in place of the inclined arrangement of the
ion attracting electrode 2 shown in FIG. 17, a plurality
of taps may be provided, for example, for the secondary
winding of the transformer 23 of the high AC voltage
power source AC as shown in FIG. 18 such that the volt-
ages to be applied to the discharging elements 3 may
exhibit a successive decrease in the travelling direction
of the film 1.

Subsequently, other modifications to the discharg-
ing stations than those described above will be de-
scribed briefly.

FIG. 19 shows a modified discharging station
wherein a DC discharger of the positive and negative
ion simultaneous production type is used for each of the
discharging electrodes 3 of the discharging gate section
9 and a high positive DC voltage and a high negative
DC voltage from the high DC voltage power source ap-
paratus DC are applied at a time to the DC dischargers.
In this instance, each of the DC dischargers applies the
high positive and negative DC voltages to those dis-
charging needles arranged in a row in the widthwise di-
rection of the film 1 such that they appear alternately in
the direction of the arrangement of the discharging nee-
dles. In other words, a positive discharging needle and
a negative discharging needle appear alternately in
each row. Or else, the discharging needles may be di-
vided alternately into rows of positive discharging nee-
dles and rows negative discharging needles to which
high positive and negative DC voltages are applied sep-
arately from each other.

FIG. 20 shows another modified discharging station
wherein also the two DC dischargers 4 and 5 disposed
between the discharging gate section 9 and the AC dis-
charger 6 are formed from such DC dischargers of the
positive and negative ion simultaneous production type
as described above. Meanwhile, FIG. 21 shows afurther
modified discharging station wherein the discharging
electrodes 3 of the discharging gate section 9 are
formed as discharging electrodes of the AC type while
the two DC dischargers 4 and 5 are formed as DC dis-
chargers of the positive and negative ion simultaneous
production type. In the arrangements of FIGS. 20 and
21, one of the two DC dischargers 4 and 5 can be omit-
ted.

FIG. 22 shows a still further modified discharging
station wherein an ion attracting electrode 2 is opposed
to each of a plurality of positive and negative ion pro-
ducing discharging electrodes 3 arranged parallelly in
the travelling direction of the film 1 so that positive and
negative ions from each of the positive and negative ion
producing discharging electrodes 3 are attracted to the
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corresponding ion attracting electrode 2. In this in-
stance, the high voltages to be applied to the parallel
ion attracting electrode 2 are set so as to gradually de-
crease toward the travelling direction of the film 1.

Where the travelling speed of a working object is
low such as in working of a plastic base plate for a liquid
crystal display as the working object, a required dis-
charging effect can be achieved even if a single ion at-
tracting electrode 2 is opposed to a single positive and
negative ion producing discharging electrode 3.

FIG. 23 is a yet further modified discharging station
wherein the ion attracting electrode 2 is formed from a
roller for guiding the film 1 and the discharging elec-
trodes 3 are disposed along an arc of the roller. Prefer-
ably, the roller is formed from a metal cylindrical member
and has a dielectric layer 60 formed on the surface
thereof as seen in FIG. 24. Such a structure as shown
in FIG. 23 achieves a higher discharging efficiency than
that which is achieved where the ion attracting electrode
2 is spaced away from the film 1 as in the other examples
described hereinabove. Further, also the size of the ap-
paratus can be reduced.

Itis to be noted that an AC discharging electrode or
electrodes and a DC discharging electrode or elec-
trodes may be disposed in an opposing relationship to
the same ion attracting electrode 2.

Having now fully described the invention, it will be
apparent to one of ordinary skill in the art that many
changes and modifications can be made thereto without
departing from the scope of the invention as set forth in
the claims.

Claims

1. A discharging method wherein positive and nega-
tive ions are irradiated upon a travelling working ob-
ject to discharge the working object, comprising the
steps of:

passing the working object (1) between a pos-
itive and negative ion producing discharging
electrode apparatus (3) and an ion attracting
electrode apparatus (2) disposed in an oppos-
ing relationship to said positive and negative
ion producing discharging electrode apparatus
(3) and having a face which extends in a trav-
elling direction of the working object (1) and a
widthwise direction;

applying, while the working object (1) passes
between said positive and negative ion produc-
ing discharging electrode apparatus (3) and
said ion attracting electrode apparatus (2), high
positive and negative voltages alternately to
said positive and negative ion producing dis-
charging electrode apparatus (3) to alternately
produce positive and negative ions; and
simultaneously applying a high AC voltage to
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said ion attracting electrode apparatus (2) to in-
duce positive and negative potentials in the
working object so as to attract the positive and
negative ions produced by said positive and
negative ion producing discharging electrode
apparatus (3) by the induced potentials of the
working object (1),

characterized in that a high AC voltage is ap-
plied to said positive and negative ion produc-
ing discharging electrode apparatus (3) to pro-
duce positive and negative ions while another
high AC voltage having a higher frequency than
that of the high AC voltage to said positive and
negative ion producing discharging apparatus
(8) is applied to said ion attracting apparatus

@).

A discharging method as set forth in claim 1, char-
acterized in that, said positive and negative ion
producing discharging electrode apparatus (3) in-
cludes a positive ion producing electrode and a neg-
ative ion producing electrode, wherein a high posi-
tive voltage is applied to said positive ion producing
electrode to produce positive ions and a high neg-
ative voltage is applied to said negative ion produc-
ing electrode to produce negative ions, and simul-
taneously a high AC voltage is applied to said ion
attracting electrode apparatus (2).

A discharging method as set forth in any preceding
claim, characterized in that, said positive and neg-
ative ion producing discharging electrode appara-
tus (3) includes a plurality of positive and negative
ion producing discharging electrodes (3) juxia-
posed in the travelling direction of the working ob-
ject (1) while said ion attracting electrode apparatus
(2) includes a single attracting electrode (2) provid-
ed commonly to said positive and negative ion pro-
ducing discharging electrodes (3), wherein high
positive and negative voltages are applied to said
positive and negative ion producing discharging
electrodes (3) to produce positive and negative ions
at a time while a high AC voltage is applied to said
ion attracting electrode (2) to induce positive and
negative potentials in the working object (1).

A discharging method as set forth in any preceding
claim, characterized in that, said positive and neg-
ative ion producing discharging electrode appara-
tus (3) includes a plurality of positive and negative
ion producing discharging electrodes (3) juxia-
posed in the travelling direction of the working ob-
ject (1) while said ion attracting electrode apparatus
(2) includes a plurality of ion attracting electrodes
(2) individually corresponding to said positive and
negative ion producing discharging electrodes (3),
wherein high positive and negative voltages are ap-
plied to said positive and negative ion producing
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discharging electrodes (3) to produce positive and
negative ions at a time while a high AC voltage is
applied to said ion attracting electrodes (2) at a time
to induce positive and negative potentials in the
working object (1).

A discharging method as set forth in claim 3, char-
acterized in that different high voltages are applied
to said positive and negative ion producing dis-
charging electrodes (3) in such a manner as to suc-
cessively decrease toward the travelling direction
of the working object (1).

A discharging method as set forth in claim 4, char-
acterized in that different high voltages are applied
o said ion attracting electrodes (2) in such a man-
ner as to successively decrease toward the travel-
ling direction of the working object (1).

A discharging method as set forth in any preceding
claim, characterized in that positive or negative
ions produced by a DC discharger (4) are irradiated
upon the working object (1), upon which positive
and negative ions from said positive and negative
ion producing discharging electrode apparatus (3)
have been irradiated, in a weaker discharging con-
dition than that by said positive and negative ion
producing discharging electrode apparatus (3).

A discharging method as set forth in claim 7, char-
acterized in that, after positive or negative ions
from said DC discharger (4) are irradiated upon the
working object (1), positive and negative ions from
an AC discharger are irradiated upon the working
object (1) in a weaker discharging condition than
that by said DC discharger (4).

A discharging and dust removing method as set
forth in any preceding claim, characterized in that
air is jetted thereafter to the working object (1) while
the working object (1) is travelling to remove dust
or some other foreign articles from the working ob-
ject (1).

10. A discharging apparatus, comprising:

an ion attracting electrode apparatus (2) having
a face extending in a travelling direction of a
travelling working object (1) and a widthwise di-
rection;

a positive and negative ion producing discharg-
ing electrode apparatus (3) opposed to said ion
attracting apparatus (2) with a distance left
therebetween sufficient to allow the working ob-
ject (1) to pass therebetween; and

a power source apparatus (AC) for applying
high positive and negative voltages alternately
to said positive and negative ion producing dis-
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11.

12.

13.

14.

15.

20

charging electrode apparatus (3) to produce
positive and negative ions alternately and si-
multaneously applying a high AC voltage to
said ion attracting electrode apparatus (2) to in-
duce positive and negative potentials in the
working object so as to attract the positive and
negative ions produced by said positive and
negative ion producing discharging electrode
apparatus (3) by the induced potentials of the
working object (1),

characterized in that said power source appa-
ratus (AC) being adapted to apply a high AC
voltage to said positive and negative ion pro-
ducing discharging electrode apparatus (3) to
produce positive and negative ions while to ap-
ply another high AC voltage having a higher fre-
quency than that of the high AC voltage to said
positive and negative ion producing discharg-
ing electrode apparatus (3) to said ion attract-
ing electrode apparatus (2).

A discharging apparatus as set forth in claim 10,
characterized in that said positive and negative
ion producing discharging electrode apparatus (3)
includes a plurality of positive and negative ion pro-
ducing discharging electrodes (3) juxtaposed in the
travelling direction of the working object (1), and
said ion attracting electrode apparatus (2) includes
a single ion attracting electrode (2) in the form of a
plate disposed in an opposing relationship com-
monly to said positive and negative ion producing
discharging electrodes (3).

A discharging apparatus as set forth in claim 11,
characterized in that said ion discharging elec-
trode (2) is inclined in such a manner that a distance
thereof to said positive and negative ion producing
discharging electrode apparatus (3) successively
increases toward the ftravelling direction of the
working object (1).

A discharging apparatus as set forth in any of the
claims 10 to 12, characterized in that said positive
and negative ion producing discharging electrode
apparatus (3) includes a roller which rotates to
guide the travelling working object (1).

A discharging apparatus as set forth in claim 13,
characterized in that said ion attracting electrode
apparatus (2) includes a metal roller (2) having a
dielectric layer (60) formed on a surface thereof.

Adischarging apparatus as set forth in any of claims
10to 14, characterized in that it further comprises
a mechanism for varying a distance between said
positive and negative ion producing discharging
electrode apparatus (3) and said ion attracting elec-
trode apparatus (2).
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16. Adischarging apparatus as set forth in any of claims

10 to 15, characterized by

an air shower dust removing unit (50) including
an air jetting section (50a) for jetting air to the
working object (1) which has been discharged
by said positive and negative ion producing dis-
charging electrode apparatus (3) and said ion
attracting electrode apparatus (2) and an air
sucking section (50b, 50c¢) for sucking the air
jetted from said air jetting section (50a).

Patentanspriiche

1.

Entladungsverfahren, bei dem positive und negati-
ve lonen auf ein sich bewegendes Arbeitsobjekt ge-
strahlt werden, um das Arbeitsobjekt zu entladen,
wobei das Verfahren folgende Schritte aufweist:

Vorbeifuhren des Arbeitsobjekis (1) zwischen
einer Entladungselekirodenvorrichtung (3)
zum Erzeugen positiver und negativer lonen
und einer lonenanziehungselektrodenvor-
richtung (2), die in einer gegenlberliegenden
Beziehung zur Entladungselekirodenvorrich-
tung (3) zum Erzeugen positiver und negativer
lonen angeordnet ist und eine Flache hat, die
sich in einer Bewegungsrichtung des Arbeits-
objekts (1) und einer Breitenrichtung erstreckt;
wahrend das Arbeitsobjekt (1) zwischen der
Entladungselektrodenvorrichtung (3) zum Er-
Zeugen positiver und negativer lonen und der
lonenanziehungselektrodenvorrichtung (2)
durchlauft, abwechselndes Anlegen hoher po-
sitiver und negativer Spannungen an die Entla-
dungselektrodenvorrichtung (3) zum Erzeugen
positiver und negativer lonen, um abwechseind
positive und negative lonen zu erzeugen; und
gleichzeitiges Anlegen einer hohen Wechsel-
spannung an die lonenanziehungselektroden-
vorrichtung (2), um positive und negative Po-
tentiale im Arbeitsobjekt zu induzieren, um die
durch die Entladungselektrodenvorrichtung (3)
zum Erzeugen positiver und negativer lonen er-
zeugten positiven und negativen lonen durch
die induzierten Potentiale des Arbeitsobjekis
(1) anzuziehen,

dadurch gekennzeichnet, daB cine hohe
Wechselspannung an die Entladungselekiro-
denvorrichtung (3) zum Erzeugen positiver und
negativer lonen angelegt wird, um positive und
negative lonen zu erzeugen, wahrend eine wei-
tere hohe Wechselspannung mit einer héheren
Frequenz als jener der hohen Wechselspan-
nung an die Entladungselektrodenvorrichtung
(3) zum Erzeugen positiver und negativer lonen
an die lonenanziehungsvorrichtung (2) ange-
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legt wird.

Entladungsverfahren nach Anspruch 1, dadurch
gekennzeichnet, daB die Entladungselekiroden-
vorrichtung (8) zum Erzeugen positiver und negati-
ver lonen eine Elekirode zum Erzeugen positiver lo-
nen und eine Elekirode zum Erzeugen negativer lo-
nen enthélt, wobei eine hohe positive Spannung an
die Elekirode zum Erzeugen positiver lonen ange-
legt wird, um positive lonen zu erzeugen, und eine
hohe negative Spannung an die Elekirode zum Er-
zeugen negativer lonen angelegt wird, um negative
lonen zu erzeugen, und gleichzeitig eine hohe
Wechselspannung an die lonenanziehungselekiro-
denvorrichtung (2) angelegt wird.

Entladungsverfahren nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet, daB
die Entladungselektirodenvorrichtung (3) zum Er-
zeugen positiver und negativer lonen eine Vielzahl
von Entladungselektroden (3) zum Erzeugen posi-
tiver und negativer lonen enthélt, die in Gegenrich-
tung zur Bewegungsrichtung des Arbeitsobjekts (1)
angeordnet sind, wahrend die lonenanziehungs-
elekirodenvorrichtung (2) eine einzige Anziehungs-
elekirode (2) enthalt, die gemeinsam flr die Entla-
dungselekiroden (3) zum Erzeugen positiver und
negativer lonen vorgesehen ist, wobei hohe positi-
ve und negative Spannungen an die Entladungs-
elekiroden (3) zum Erzeugen positiver und negati-
ver lonen angelegt werden, um positive und nega-
tive lonen gleichzeitig zu erzeugen, wahrend eine
hohe Wechselspannung an die lonenanziehungs-
elekirode (2) angelegt wird, um positive und nega-
tive Potentiale im Arbeitsobjekt (1) zu induzieren.

Entladungsverfahren nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet, daB
die Entladungselektrodenvorrichtung (3) zum Er-
zeugen positiver und negativer lonen eine Vielzahl
von Entladungselektroden (3) zum Erzeugen posi-
tiver und negativer lonen enthalt, die entgegen der
Bewegungsrichtung des Arbeitsobjekts (1) ange-
ordnet sind, wahrend die lonenanziehungselekiro-
denvorrichtung (2) eine Vielzahl von lonenanzie-
hungselekiroden (2) enthalt, die einzeln den Entla-
dungselekiroden (3) zum Erzeugen positiver und
negativer lonen entsprechen, wobei hohe positive
und negative Spannungen an die Entladungselek-
troden (8) zum Erzeugen positiver und negativer lo-
nen angelegt werden, um gleichzeitig positive und
negative lonen zu erzeugen, wahrend gleichzeitig
eine hohe Wechselspannung an die lonenanzie-
hungselekiroden (2) angelegt wird, um positive und
negative Potentiale im Arbeitsobjekt (1) zu induzie-
ren.

Entladungsverfahren nach Anspruch 3, dadurch
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gekennzeichnet, daB unterschiedliche hohe
Spannungen an die Entladungselekiroden (3) zum
Erzeugen positiver und negativer lonen derart an-
gelegt werden, daB sie in Richtung zur Bewegungs-
richtung des Arbeitsobjekis (1) sukzessive kleiner
werden.

Entladungsverfahren nach Anspruch 4, dadurch
gekennzeichnet, daB unterschiedliche hohe
Spannungen an die lonenanziehungselekiroden (2)
in einer derartigen Weise angelegt werden, daf3 sie
in Richtung zur Bewegungsrichtung des Arbeitsob-
jekis (1) sukzessive kleiner werden.

Entladungsverfahren nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet, daB
durch einen Gleichstrom-Entlader (4) erzeugte po-
sitive oder negative lonen auf das Arbeitsobjekt (1)
gestrahlt werden, auf das positive und negative lo-
nen von der Entladungselekirodenvorrichtung (3)
zum Erzeugen positiver und negativer lonen ge-
strahlt worden sind, und zwar in einem schwéache-
ren Entladungszustand als jenem durch die Entla-
dungselektrodenvorrichtung (3) zum Erzeugen po-
sitiver und negativer lonen.

Entladungsverfahren nach Anspruch 7, dadurch
gekennzeichnet, daB nachdem positive oder ne-
gative lonen von dem Gleichstrom-Entlader (4) auf
das Arbeitsobjekt (1) gestrahlt worden sind, positive
und negative lonen von einem Wechselstrom-Ent-
lader auf das Arbeitsobjekt (1) in einem schwéache-
ren Entladungszustand als jenem durch den
Gleichstrom-Entlader (4) gestrahlt werden.

Entladungs- und Staubentfernungsverfahren nach
einem der vorangehenden Anspriche, dadurch
gekennzeichnet, daB danach Luft zu dem Arbeits-
objekt (1) gestrahlt wird, wahrend sich das Arbeits-
objekt (1) bewegt, um Staub oder irgendwelche an-
deren Fremdartikel vom Arbeitsobjekt (1) zu entfer-
nen.

10. Entladungsvorrichtung, die folgendes aufweist:

eine lonenanziehungselekirodenvorrichtung
(2) mit einer Flache, die sich in einer Bewe-
gungsrichtung eines sich bewegenden Arbeits-
objekts (1) und einer Breitenrichtung erstreckt;
eine Entladungselektrodenvorrichtung (3) zum
Erzeugen positiver und negativer lonen, die ge-
genlberliegend zur lonenanziehungsvorrich-
tung (2) mit einem dazwischen gelassenen Ab-
stand angeordnet ist, der ausreicht, um zuzu-
lassen, daf das Arbeitsobjekt (1) dazwischen
durchlauft; und

eine Leistungsversorgungsvorrichtung (AC)
zum abwechselnden Anlegen hoher positiver
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und negativer Spannungen an die Entladungs-
elektrodenvorrichtung (3) zum Erzeugen posi-
tiver und negativer lonen, um abwechselnd po-
sitive und negative lonen zu erzeugen, und
zum gleichzeitigen Anlegen einer hohen Wech-
selspannung an die lonenanziehungselekiro-
denvorrichtung (2), um positive und negative
Potentiale im Arbeitsobjekt zu induzieren, um
die durch die Entladungselektrodenvorrichtung
(8) zum Erzeugen positiver und negativer lonen
erzeugten positiven und negativen lonen durch
die induzierten Potentiale des Arbeitsobjekis
(1) anzuziehen,

dadurch gekennzeichnet, daB die Leistungs-
versorgungsvorrichtung (AC) dazu geeignet
ist, eine hohe Wechselspannung an die Entla-
dungselekirodenvorrichtung (3) zum Erzeugen
positiver und negativer lonen anzulegen, um
positive und negative lonen zu erzeugen, wah-
rend eine weitere hohe Wechselspannung mit
einer héheren Frequenz als jener der hohen
Wechselspannung flr die Entladungselekiro-
denvorrichtung (3) zum Erzeugen positiver und
negativer lonen an die lonenanziehungselek-
trodenvorrichtung (2) angelegt wird.

Entladungsvorrichtung nach Anspruch 10, da-
durch gekennzeichnet, daB die Entladungselek-
trodenvorrichtung (8) zum Erzeugen positiver und
negativer lonen eine Vielzahl von Entladungselek-
troden (8) zum Erzeugen positiver und negativer lo-
nen enthalt, die entgegen der Bewegungsrichtung
des Arbeitsobjekis (1) angeordnet sind, und die
lonenanziehungselektrodenvorrichtung (2) eine
einzige lonenanziehungselekirode (2) in der Form
einer Platte enthalt, die in einer gegenlberliegen-
den Beziehung gemeinsam fir die Entladungselek-
troden (8) zum Erzeugen positiver und negativer lo-
nen angeordnet ist.

Entladungsvorrichtung nach Anspruch 11, dadurch
gekennzeichnet, daB die lonenentladungselekiro-
de (2) auf eine derartige Weise geneigt ist, daf3 ihr
Abstand zur Entladungselekirodenvorrichtung (3)
zum Erzeugen positiver und negativer lonen in
Richtung zur Bewegungsrichtung des Arbeitsob-
jekts (1) sukzessive anwachst.

Entladungsvorrichtung nach einem der Anspriche
10 bis 12, dadurch gekennzeichnet, daB die Ent-
ladungselekirodenvorrichtung (3) zum Erzeugen
positiver und negativer lonen eine Walze enthélt,
die sich dreht, um das sich bewegende Arbeitsob-
jekt (1) zu fahren.

Entladungsvorrichtung nach Anspruch 13, da-
durch gekennzeichnet, daB die lonenanziehungs-
elekirodenvorrichtung (2) eine metallische Walze
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(2) enthalt, die eine dielektrische Schicht (60) auf-
weist, die auf ihrer Oberflache ausgebildet ist.

Entladungsvorrichtung nach einem der Anspriche
10 bis 14, dadurch gekennzeichnet, daB sie wei-
terhin einen Mechanismus zum Veréndern eines
Abstandes zwischen der Entladungselektrodenvor-
richtung (3) zum Erzeugen positiver und negativer
lonen und der lonenanziehungselekirodenvor-
richtung (2) aufweist.

Entladungsvorrichtung nach einem der Anspriche
10 bis 15, gekennzeichnet durch

eine Luftstrémungs-Staubentfernungseinheit
(50), die einen Luftausstrahlungsabschnitt
(50a) zum Strahlen von Luft zum Arbeitsobjekt
(1) enthalt, das durch die Entladungselekiro-
denvorrichtung (3) zum Erzeugen positiver und
negativer lonen und die lonenanziehungselek-
trodenvorrichtung (2) entladen worden ist, und
einen Luftansaugabschnitt (50b, 50c) zum An-
saugen der aus dem Luftausstrahlungsab-
schnitt (50a) gestrahlten Luft.

Revendications

Méthode de décharge dans laquelle on irradie des
ions négatifs et positifs sur un objet mobile a traiter
pour décharger I'objet & traiter, comprenant les pha-
ses de:

faire passer I'objet a traiter (1) entre un appareil
a électrode de décharge produisant des ions
positifs et négatifs (3) et un appareil & électrode
d'attraction d'ions (2) disposés opposé audit
appareil a électrodes de décharge produisant
des ions positifs et négatifs (3) et ayant une fa-
ce qui s'étend dans la direction de déplacement
de l'objet a traiter (1) et une direction perpendi-
culaire;

appliquer, pendant que l'objet a traiter (1) passe
entre ledit appareil & électrodes de décharge
produisant des ions positifs et négatifs (3) et le-
dit appareil a électrode d'attraction d'ions (2),
des tensions élevées positives et négatives al-
ternativement audit appareil a électrodes de
décharge produisant des ions positifs et néga-
tifs (83) pour produire alternativement des ions
positifs et négatifs; et

appliquer simultanément une haute tension en
courant alternatif audit appareil a électrode
d'attraction d'ions (2) pour induire des poten-
tiels positifs et négatifs dans I'objet a traiter de
fagon a attirer les ions positifs et négatifs pro-
duits par ledit appareil a électrodes de déchar-
ge produisant des ions positifs et négatifs (3)
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par les potentiels induits de I'objet a traiter (1),
caractérisée en ce qu'une haute tension en
courant alternatif est appliquée audit appareil a
électrodes de décharge produisant des ions
positifs et négatifs (3) pour produire des ions
positifs et négatifs tandis qu'une autre haute
tension en courant alternatif ayant une fréquen-
ce supérieure a celle de la haute tension en
courant alternatif appliquée audit appareil a
électrodes de décharge produisant des ions
positifs et négatifs (3) est appliquée audit ap-
pareil & électrode d'attraction d'ions (2).

Méthode de décharge suivant la revendication 1,
caractérisée en ce que ledit appareil a électrodes
de décharge produisant des ions positifs et négatifs
(8) comprend une électrode produisant des ions po-
sitifs et une électrode produisant des ions négatifs,
dans laquelle une haute tension positive est appli-
quée a ladite électrode produisant des ions positifs
pour produire des ions positifs et une haute tension
négative est appliquée a ladite électrode produisant
des ions négatifs pour produire des ions négatifs,
et en ce que simultanément une haute tension AC
est appliquée audit appareil a électrode d'attraction
d'ions (2).

Méthode de décharge suivant I'une quelconque des
revendications précédentes, caractérisée en ce
que ledit appareil & électrodes de décharge produi-
sant des ions positifs et négatifs (3) comprend une
pluralité d'électrodes de décharge produisant des
ions positifs et négatifs (3) juxtaposée dans la di-
rection de déplacement de I'objet & traiter (1) alors
que ledit appareil & électrode d'attraction d'ions (2)
comprend une seule électrode d'attraction (2) pré-
vue d'une maniére commune pour lesdites électro-
des produisant des ions positifs et négatifs (3), dans
lagquelle des hautes tensions positives et négatives
sont appliquées auxdites électrodes produisant des
ions positifs et négatifs (3) pour produire des ions
positifs et négatifs & un moment ol une haute ten-
sion en courant alternatif est appliquée a ladite élec-
trode d'attraction d'ions (2) pour induire des poten-
tiels positifs et négatifs dans I'objet a traiter (1).

Méthode de décharge suivant I'une quelconque des
revendications précédentes, caractérisée en ce
que ledit appareil & électrodes de décharge produi-
sant des ions positifs et négatifs (3) comprend une
pluralité d'électrodes de décharge produisant des
ions positifs et négatifs (3) juxtaposée dans la di-
rection de déplacement de I'objet & traiter (1) alors
que ledit appareil & électrode d'attraction d'ions (2)
comprend une pluralité d'électrodes d'attraction
d'ions (2) correspondant individuellement auxdites
électrodes produisant des ions positifs et négatifs
(8) pour produire des ions positifs et négatifs & un
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moment ou une haute tension en courant alternatif
est appliqguée auxdites électrodes d'attraction
d'ions (2) pour induire des potentiels positifs et né-
gatifs dans l'objet & traiter (1).

Méthode de décharge suivant la revendication 3,
caractérisée en ce que différentes hautes tensions
sont appliquées audit appareil & électrodes de dé-
charge produisant des ions positifs et négatifs (3)
de facon a décroitre successivement vers la direc-
tion de déplacement de I'objet a traiter (1).

Méthode de décharge suivant la revendication 4,
caractérisée en ce que différentes hautes tensions
sont appliquées auxdites électrodes d'attraction
d'ions (2) de fagon a décroitre successivement vers
la direction de déplacement de l'objet & traiter (1).

Méthode de décharge suivant 'une quelconque des
revendications précédentes, caractérisée en ce
que des ions positifs et négatifs produits par un dis-
positif de décharge a courant continu (4) sont irra-
diés sur l'objet a traiter (1), sur lequel des ions po-
sitifs et négatifs provenant dudit appareil & électro-
des de décharge produisant des ions positifs et né-
gatifs (3) ont été irradiés, dans un état de décharge
plus faible que ceux par ledit appareil & électrodes
de décharge produisant des ions positifs et négatifs

(3).

Méthode de décharge suivant la revendication 7,
caractérisée en ce que, aprés que des ions positifs
et négatifs provenant dudit dispositif de décharge a
courant continu (4) sont irradiés sur I'objet a traiter
(1), des ions positifs et négatifs provenant d'un dis-
positif de décharge & courant alternatif sont irradiés
sur l'objet a traiter (1) dans un état de décharge plus
faible que ceux par ledit dispositif de décharge a
courant continu (4).

Méthode de décharge et de dépoussiérage suivant
I'une quelconque des revendications précédentes,
caractérisée en ce qu'on fait ensuite jaillir de I'air
sur l'objet a traiter (1), pendant qu'il se déplace,
pour enlever de la poussiére ou d'autres produits
étrangers de l'objet a traiter (1).

10. Dispositif de décharge comprenant:

un appareil a électrode d'attraction d'ions (2)
ayant une face qui s'étend dans la direction de
déplacement de I'objet a traiter (1), qui se dé-
place, et une direction perpendiculaire;

une appareil & électrodes de décharge produi-
sant des ions positifs et négatifs (3) opposé
audit appareil a électrode d'attraction d'ions (2)
a une distance entre eux suffisante pour per-
mettre & I'objet & traiter (1) de passer entre eux;
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et

un dispositif d'alimentation en courant alternatif
pour appliquer alternativement des hautes ten-
sions positives et négatives audit appareil a
électrodes de décharge produisant des ions
positifs et négatifs (3) pour produire alternati-
vement des ions positifs et négatifs, et simulta-
nément appliquer une haute tension en courant
alternatif audit appareil a électrode d'attraction
d'ions (2) pour induire des potentiels positifs et
négatifs dans I'objet a traiter de fagon a attirer
les ions positifs et négatifs produits par ledit ap-
pareil & électrodes de décharge produisant des
ions positifs et négatifs (3) par les potentiels in-
duits de I'objet a traiter (1).

caractérisé en ce que ledit dispositif d'alimen-
tation en courant alternatif est adapté pour ap-
pliquer une haute tension en courant alternatif
audit appareil a électrodes de décharge produi-
sant des ions positifs et négatifs (3) afin de pro-
duire des ions positifs et négatifs, tout en appli-
quant audit appareil a électrode d'attraction
d'ions (2) une autre haute tension en courant
alternatif quia une fréquence supérieure a celle
de la haute tension en courant alternatif appli-
quée audit appareil & électrodes de décharge
produisant des ions positifs et négatifs (3).

Dispositif de décharge suivant la revendication 10,
caractérisé en ce que ledit appareil a électrodes
de décharge produisant des ions positifs et négatifs
(8) comprend une pluralité d'électrodes de déchar-
ge produisant des ions positifs et négatifs (3) juxta-
posée dans la direction de déplacement de l'objet
a traiter (1) et en ce que ledit appareil & électrode
d'attraction d'ions (2) comprend une seule électro-
de d'attraction (2) sous la forme d'une plaque pré-
vue communément, en face desdites électrodes
produisant des ions positifs et négatifs (3).

Dispositif de décharge suivant la revendication 11,
caractérisé en ce que ladite électrode de décharge
d'ions (2) estinclinée de fagon que sa distance audit
appareil a électrodes de décharge produisant des
ions positifs et négatifs (3) augmente successive-
ment dans la direction de déplacement de I'objet &
traiter (1).

Dispositif de décharge suivant l'une quelconque
des revendications 10 & 12, caractérisé en ce que
ledit appareil & électrodes de décharge produisant
des ions positifs et négatifs (3) comprend un rou-
leau qui tourne pour guider I'objet a traiter (1) qui
se déplace.

Dispositif de décharge suivant la revendication 13,
caractérisé en ce que ledit appareil a électrode
d'attraction d'ions (2) comprend un rouleau métalli-
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que (2) comportant une couche diélectrique (60)
formée a sa surface.

Dispositif de décharge suivant l'une quelconque
des revendications 10 & 14, caractérisé en ce qu'il
comprend encore un mécanisme pour faire varier
une distance entre ledit appareil & électrodes de dé-
charge produisant des ions positifs et négatifs (3)
et ledit appareil & électrode d'attraction d'ions (2).

Dispositif de décharge suivant l'une quelconque
des revendications 10 a 15, caractérisé par une
unité de dépoussiérage a jet d'air (50) prévue pour
faire jaillir de I'air sur l'objet a traiter (1) qui a été
déchargé par ledit appareil a électrodes de déchar-
ge produisant des ions positifs et négatifs (3) et ledit
appareil a électrode d'attraction d'ions (2), et une
partie d'aspiration d'air (50b, 50c) pour aspirer l'air
qui jaillit de ladite partie a jet d'air (50a).
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