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(57] ABSTRACT

An image transfer recording apparatus in which a re-
cording drum on which an information signal 1s re-
corded by electrostatic recording means is provided
with a surface layer of electrically insulating resin so
that a powdery developer attaching to the electrostatic
latent image formed on the surface of the recording
drum can be completely transferred onto a recording
sheet thereby to obtain a recorded image of good

resolution.

9 Claims, 17 Drawing Figures
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1

IMAGE TRANSFER RECORDING APPARATUS
WITH RESIN COATED DRUM

Matter enclosed in heavy brackets £ 1 appears in the

original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions

made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to recording apparatus such as
copying apparatus and facsimiles, and more particu-
larly to an inexpensive and simple recording and appa-
ratus capabale of recording an image on a sheet of plain
paper without using a special recording sheet such as,
for example, a copying sheet treated with a photocon-
ductive material such as zinc oxide.

2. Description of the Prior Art

Prior art recording apparatus of this kind employed a
wide variety of methods which had their respective
merits and demerits.

In one type of such facsimile apparatus, a recording
method of this kind utilizing the breakdown due to an
electric discharge has been in use for quite a long time,
which method includes providing a white surface coat-
ing on a carbon black layer and electrically destroying
the white surface layer to obtain a record. This electric
discharge recording method has been defective in that
it requires a special recording sheet which is quite ex-
pensive, gives off fumes that are accompanied by bad
odors which are produced from the recording sheet
during recording and products of the breakdown due to
the discharge tend to become attached to the recording
stylus.

Another type of facsimile apparatus employs a
method of the kind in which a color is produced by
electrolysis. According to this electrolytic recording
method, a material which develops a color when sub-
jected to electrolysis is coated on a recording sheet and
a signal voltage is applied to the recording sheet
through a recording stylus so that a colored record can
be obtained by the electrolytic reaction which takes
place at the portions applied with the voltage. The
electrolytic recording method has been defective in
that a special expensive material must be coated on a
recording sheet and, since it includes a wet process, a
record of high density and resolution cannot be ob-
tained owing to the blurring of the recorded image. The
electrolytic recording method has further been defec-
tive in that a special expensive material must be coated
on a recording sheet and, since it includes a wet pro-
cess, a record of high density and resolution cannot be
obtained owing to the blurring of the recorded image.
The electrolytic recording method has further been
defective in that the record obtained tends to undergo
a change due to aging since the color is produced by a
chemical change, and the recording sheet tends to be
chemically affected by other sheets during the storage
thereof with the result that the recorded image 1s also
subject to a change.

An electrostatic recording method has been advanta-
geous over these methods in that a record can be repro-
duced on a recording shect by relatively simple means
and an improvement in the picture quality can be ex-
pected. However, the electrostatic recording method

10

£S5

20

25

30

35

40

435

50

53

60

65

2

has been disadvantageous in that not only a special
expensive recording sheet called an electrostatic re-
cording sheet is required, but also an extra process of
developing and fixing after making the recording is
required compared with the above-mentioned record-
ing method which utilizes the breakdown of an electric
discharge, or color production by electrolysis, and the
requirement for these extra process leads to complex
apparatuses.

Other methods employed heretofore include con-
verting a signal into mechanical vibrations and striking
a recording sheet through carbon paper by means actu-
ated by mechanical vibrations thereby to obtain a re-
cord, or using a special recording sheet (a pressure-sen-
sitive sheet) which produces a color in responsc 1o
pressure. These methods have however been defective
in their poor frequency response and in the trouble of
requiring such a special sheet.

Silver salt photography is another recording method
employed heretofore in the art. This method has how-
ever been unfit for practical use except for applications
to very special purposes where a high recording pertor-
mance is required, because the recording material itself
is very expensive. Materials employed in copying appa-
ratus and the like will now be discussed. Electrofax s
an optical recording method which employs a record-
ing sheet prepared by coating a mixture of a photocon-
ductor such as zinc oxide and a special resin binder on
a sheet of paper. Thus, this method also requires a
specially processed recording sheet. Further, there 1s a
recording method employing a heat-sensitive recording
sheet which is expensive and specially processed. Thus,
the problem of expensiveness of the recording sheet 18
still left unsolved in these methods.

Diazo-type copying apparatus is one typical example
of copying apparatus of simple construction using a
relatively inexpensive recording sheet. In spite of the
fact that this apparatus is very favorable for the repro-
duction of an original in sheet form by exposure 1o
transmitted light, it has been defective in that its appli-
cation is limited due to the inability to carry out the
reflection copying of articles, such as books and the
reproduced record cannot be preserved for an ex-
tended period of time due to discoloration or disap-
pearance of the image since a chemical material 1s
used.

Xerography is an inexpensive and favored method in
the point that a highly accurately reproduced record
can be obtained in spite of the use of a sheet of plain
paper. However, this method has had the disadvantgc
that the plate or drum of photoconductive sclenium
used therein is quite costly and mechanically brittle and
therefore extreme care must be taken in the handling
thereof. Further, for the successful electrostatic trans-
fer printing of a toner image onto a sheet of plain pa-
per, very complex handling and expensive means have
been required since the remaining toner image must be
swept off by means such as a soft brush or a vacuum
sweeper to prepare for the next copying cycle.

SUMMARY OF THE INVENTION

With the above defects in mind, it is an object of the
present invention to provide a novel and simple record-
ing apparatus.

Another object of the present invention is to provide
an apparatus including electrostatic recording means
responsive to an information signal for forming a latent
image in the form of an electrical charge on a recording
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Irum having on the surface thereof a layer of electri-
rally insulating resin of a highly non-wetting and non-
idhesive nature, developing means for transforming
he latent image into a toner tmage, and means for

ransfer printing the toner powder image formed on the 3 the present invention.
ecording drum onto a heated recording sheet and, at FIG. 5 is a partly cross-sectional plan view of the
he same time, heating the toner to fix the image. apparatus.
A further object of the presentinvention is to provide FIG. 6 is an enlarged sectional view taken on the line
in apparatus including developing means for trans- VIi—-VI' in FIG. 4.
orming a latent image formed on a recording drum 10 FIGS. 7a-7e and 8a-8e are explanatory views show-
nto a toner 1mage, and means for applying an electro- ing the successive steps of a cleaning-less method ac-
tatic force which is greater than the electrostatic force cording to the present invention.
xisting between the toner image and the recording FIG. 9 is a schematic view of a color copying appara-
lrum to the back face of a recording sheet engaging the tus utilizing the principle of image transfer recording
urface of the recording drum so as thercby 1o facilitate 17 according to the present invention.
ind improve the transfer printing of the toner image
)nto the recording sheet. DESCRIPTION OF THE PREFERRED
A still further object of the present invention is to EMBODIMENTS
ysrovide an apparatus including developing means for Referring to FIG. 1 showing the basic principle of a
ransforming a latent image formed on a resin layer on 20 gystem for the transfer printing of an image under heat,
he surface of a recording drum into a toner image, a recording drum 1 is arranged to be rotated by an
neans for transfer printing of the toner image formed external drive source. The recording drum 1 158 a drum
yn the surface of the recording drum onto a recording member of a conductive metal and is provided on 1ts
heet to obtain a recorded 1image, and means for sweep- surface with a layer 2 of electrically insulating resin of
ng off the electrical charge of the latent image on the 2° a heat-resistive nature having a low adhesion. Informa-
ecording drum and of the toner remaining on the sur- tion in the form of a recording signal such as a facsimile
ace of the recording drum without being transferred signal is supplied to an electrical circuit system 4, and
ifter the step of transfer printing s0o as to thereby pre- a recording stylus 3 disposed in close proximity to or
ent any undesirable disturbance to a succeeding re- engaging the surface of the recording drum 1 is actu-
:ord and to ensure a good picture quality for an ex- 30U ated in response to an output from the electrical circuit
ended period of ime. system 4 to form a latent image of an electrical charge
A yet further object of the present invention 1s to on the insulating resin layer 2 depending on the infor-
yrovide an apparatus including a magnet drum dis- mation. A powdery developer § attracted onto a mag-
yosed within a developing umit for supplying a toner to netic drum 6 in a developing unit 7 is transferred to the
. recording drum, a sweeping plate disposed to engage 3° recording drum 1 to develop the charge image (latent
he magnet drum with a portion thereof for controlling tmage) thereby to provide an image (visible image) 8
he amount of the toner supplied to the recording formed of powders. The powder image 8 is transfer
irum, and means for rotating the magnet drum in nor- printed onto a recording sheet 9 which is moved in
nal and reverse directions for selectively supplying the contact with the recording drum 1 by another driving
oner to the recording drum. 40 mechanism. The recording sheet 9 is moved in one
Another object of the present invention is to provide direction in rolling contact with the recording drum 1
in apparatus incluoding a plurality of sets of means for while being pressed against a heating drum 10 and
:lectrostatically recording an image on a recording guided by guide rollers 11 and 11°. Since the resin layer
irum and means for developing the image, said sets 2 covering the recording drum 1 carrymg the powder
seing arranged side by side by the number correspond- 43 image 8 is formed from an electrical insulator having a
ng to the number of required primary colors so as low adhesion, the toner forming the powder image 8 is
hereby to obtain a multi-color print by a single opera- easily transferred onto the recording sheet 9 and the
ion. transferred image is fused by the heat of the heating
BRIEF DESCRIPTION OF THE DRAWING 0 2;22: 91“0 to be permanently fixed on the recording
FIG. 1 is a schematic view of a system for transfer The specifications required for the recording drum 1
yrinting of an image using heat. are shown in Table 1 and the properties of preferred
FIG. 2 is an enlarged sectional view of parts of the materials for forming the resin layer 2 coated on the
leveloping unit in the system shown in FIG. 1. recording drum 1 are shown in Table 2.
Table 1
Classifi- Items Specifications Remarks
cation
Breakdown voltage Not less than 1KV Recording voltage: 500-600 V.
Volume resistivity More than 10¥{lcm Static recording sheet: 7-9X10"Qcm
Electrical Surface resistivity More than 104} Static recording sheet: 6-10X104(}
properties Dielectric constant The higher, the better Commonly 2-3 in plastics
Pinhole No pinholes are allowed
Thickness 15-20 =10% Static recording sheet:about 6.
Properties Surface smoothness Mirror surface | |
of film Coatabihity Coatable on metallic drum Present drum matcrial:stainless steel.
Fused toner must not
Non-adhesiveness The greater the better hecome attached to the resin layer.
Physical Resistance 1o heat Toner’s melting point + 50-80° C Toner’s melting pownt:about | 00° C.
properties Resistance 10 wear Tungsten wire 0.2d, stylus pressure 2-3 g o Should endure 100,000 frictional contacts.
Chemical Resistance 1o toner Should not be corroded by thermoplastic resin in toner.
properties Resistance 1o corona ‘Shnuld endure 500.000-second (140-hour) continuous tests under eraser electrode (about 100,000
recordings).
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FIG. 3 1s a schematic view of an electrostatic transfer
printing system.

FIG. 4 is a partly vertical sectional front clevational
view of an electrostatic recording apparatus embodying
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TABLE 2
Taflum
(Alumite
surface
mpreg- Poly-
Tetra- Fluoro- nated Vinyl- Poly- ethylene
fluoro- cthylene with idene amtide tereph-
l[tems ethylene  propylene  Teflon) fluoride imide thalate Remarks
Breakdown voltage O O X O 0 O }Electrical
Insulation resistance Q) O X X O O properties
Pinhole X O X O O O
Uiniform film thickness O X O A O O Properties
Surtace smoothness O X O X O O of film
Coatability O O O O O X
Monadhesiveness O O O A A A Physical
Resistance to heat O O O A O A properties

In Table 2, the symbols employed are defined as
follows: O - sufficiently satisfactory for achieving the
object of this invention. A - somewhat satisfactory for
achieving the objects of the present invention. X - quite
unsatisfactory for achieving the objects of the present
Imvention. |

It will be known from the above tables that, in spite of
the fact that fluorocarbon resins are ideal materials in
respect of the requirements for the resistance to heat
and non-adhesiveness, tetrafluoroethylene and fluoro-
ethylene propylene are not safisfactory for properties
of the film, while taflum (cf. Table 2) 1s not satisfactory
in its electrical properties as well as the other physical
properties of the film. It is therefore desirable to solve
these faults of the fluorocarbon resin materials.

On the other hand, polyamide tmide is slightly infe-
rior to the fluorocarbon resins in the non-adhesiveness
regarding physical properties, but is substantially satis-
fies the specifications in regard to other requirements.

Thus, polyamide imide can be freely used 1n practical
applications provided that the attachment of the fused

toner can be effectively prevented.

There 13 a very great possibility that resin materials
satisfying the above requirements can be developed in
the near future and the problems incountered in re-
spect of the material will soon be solved.

Referring to FIG. 2 schematically showing the struc-
ture of the developing unit 7 for supplying the powdery
toner developer 5 to the resin layer 2 covering the
recording drum 1, the developing unit 7 comprises a
casing within which the magnet drum 6 and a mass of
the powdery developer 5 are contained. The magnet
drum 6 i1s adapted for normal and reverse rotation by
being driven by another drive source (not shown) and
is composed of a support 14 and a plurality of rubber
magnets 13 having the same axial length as the support
14 and embedded radially in the cuter peripheral por-
tion of the supporst 14. The powdery developer § con-
sists of a toner and a carrter for the toner. A sweeping
plate 15 is disposed in such a fashion that one end
thereof engages the surface of the magnet drum 6.

With a structure as described above, it is desirable
that the powdery developer 5 in the developing unit 7
1s restrained from contact with the recording drum 1
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until the recording of a latent image on the recording
drum 1 is completed. Thus, during the normal or coun-
terclockwise rotation, for example, of the magnet drum
6, the powdery developer § including the carrier at-
taches to the magnet drum 6 so that the toner attaches
to the recording drum 1 to carry out the developing
operation, while during the recording cf a latent image
on the recording drum 1, the magnet drum 6 1s rotated
in the reverse or clockwise direction and the sweeping
plate 15 engaging at one end thereof with the magnet
drum 6 interrupts the supply of the powdery developer
5 to the recording drum 1 so that the toner cannot be
supplied to the recording drum 1 until the recording of
the latent image is completed. 1t will thus be seen that
the supply of the toner to the surface of the recording
drum 1 can be selectively controlled depending on the
rotating direction of the magnet drum 6 and by the
action of the cooperating sweeping plate 135.

FIG. 3 shows schematically the basic principle of an
electrostatic transfer printing system in another em-
bodiment of the present invention.

Referring to FIG. 3 wherein like reference numerals
are used to denote like parts appearing in FIGS. 1 and
2, a recording drum 1 is provided on its surface with a
layer 2 of electrically insulating resin having no pin-
holes. One end of a recording stylus 3 is disposed 1n
close proximity to or with engages the recording drum
1 and an information signal is transmitted to the re-
cording stylus 3 via an electrical circuit system 4. A
powdery developer § is contained within a developing
unit 7 so that it can be selectively supplied to the re-
cording drum 1 through the medium of a magnet drum
6. A recording sheet 9 is brought into rolling contact
with the recording drum 1 by being guided by guide
rollers 11 and 11’ so that a powder image 8 formed on
the surface of the recording drum 1 by the developing

unit 7 can be transfer printed onto the recording sheet
9 to provide a permanently visible image. An electro-

-static charger 16 of polarity opposite to the polanity of

the toner and producing an electrostatic force greater
than the electrostatic force between the toner in the
powdery developer 5§ and the recording drum 1 1s dis-
posed adjacent to the back face of the recording sheet
9 at a position at which the recording sheet 9 engages
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the recording drum 1. A heater 17 is provided to apply

heat to the toner electrostatically transferred onto the
recording sheet 9. A residual charge eraser 18 is dis-
posed adjacent to the recording drum 1 to erase the
residual charge on the recording drum 1 so that the
residual charge may not adversely affect the next re-
cording by the recording stylus 3. The charge erascr 18
1s of the corona discharge type. The residual charge
eraser 18 is available in two types depending on the
type of discharge, that is, the A.C. discharge type which
produces an A.C. corona discharge for erasing the
residual charge and the D.C. discharge type which
produces a D.C. corona discharge having a polarity
opposite to the polanty of the charge on the recording
drum 1 for neutralizing the recording drum 1.

With a structure as above described, the electrical
circuit system 4 is operative in response to transmission
of an information signal thereto to apply a signal volt-
age corresponding to the intormation signal to the re-
cording stylus 3 and the information is recorded on the
resin layer 2 on the recording drum 1 as a latent image.
During the recording of the latent image, the magnet
drum 6 disposed within the developing unit 7 is rotated
clockwise by another drive source (not shown) and
thus the toner does not become attached to the record-
ing drum 1. Upon completion of the recording of the
latent image of the information signal onto the record-
ing drum 1, the magnet drum 6 is driven in the counter-
clockwise direction to supply the powdery developer S
to the surface of the recording drum 1 carrying the
latent image so that the toner attached to that surface
to form a powder image 8.

When the recording sheet 9 driven by another driving
source is fed to make rolling contact with the recording
drum 1 carrying the powder image 8, the powder image
8 is transfer printed onto the recording sheet 9, since
the electrostatic charger 16 applies to the recording
sheet 9 an electrostatic force which is greater than the
electrostatic force between the latent image and the
recording drum 1, The toner transferred to the record-
ing sheet 9 is then heated by the heater 17 to be fused
so that it 1s firmly attached to the recording sheet 9.
The residual charge eraser 18 removes the charge car-
ried by the toner remaining on the recording drum 1
without being transferred to the recording sheet 9 and
erases or ncutralizes the residual charge on the resin
layer 2 covering the surface of the recording drum 1,
thereby eliminating any adverse effect on the next re-
cording operation.

The need for cleaning is unnecessary by virtue of the
provision of the residual charge eraser 18 which will be
described with reference to FIGS. 7 and 8.

As shown in FIG. 7a, a signal voltage is appled
through the recording stylus 3 to the recording drum 1,
which is made from a conductive material having a
small insulation resistance and is provided on its sur-
face with the layer 2 of a non-adhesive and highly heat-
resistive resin, and thus a laten image (shown by + In
FIG. 7a) corresponding to the signal is formed on the
recording drum 1, Then, as shown in FIG. 7b, the mag-
net drum 6 carrying thereon the powdery developer 5
which is a mixture of a carrier such as iron powder and

a toner makes friction contact with the surface of the
recording drum 1 carrying the latent image thecon. As
a result, the toner 20 of the polarity opposite to the
polarity of the latent image attached to the recording
drum 1 to form a visible image (powder image) 8 in the
manner described above.
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In FIG. 7¢ showing the step of transter printing under
heat, the recording sheet 9 heated by the heating drum
10 is brought into rolling contact with the recording
drum 1 carrying the powder image 8 thercon. Since the
recording drum 1 having the toner 20 attached thercto
is provided on its surface with the non-wetting, non-
adhesive, a highly heat-resistive and electrically insulat-
ing resin layer 2, the toner 20 forming the powder
image 8 is easily transferred onto the recording sheet 9
heated by the heating drum 10 and 1s fused to become
firmly attached to the recording shect 9. Then, when
the recording sheet 9 1s pulled away from contact with
the recording drum 1, the mformation is transfer
printed onto the recording shect 9 to provide a perma-
nent image 21 as shown 1n FIG. 7d.

The recording is carried out in this manner. When,
however, the temperature of the heating drum 10 15 too
high and the recording sheet 9 1s kept pressed against
the recording drum 1 for a lecngth of time far greater
than is required, a portion of the toner may adhere to
the recording drum 1 as shown by 20’ in FIG. 7e.
When, on the other hand, the temperature of the heat-
ing drum 10 is to low and the recording sheet 9 1s
pressed against the recording drum 1 for a length of
time far less than is required, the toner 20 would not be
substantially transferred to the recording shect 9 and
the greater portion of the toner 20 may remain on the
recording drum 1. In both of these cases, not only the
quality of the image (permanent image 21) to be re-
corded is extremely degraded, but aiso the toner por-
tion 20" which is firmly attached to or that remains on
the surface of the recording drum 1 affects adversely
the suceeding recording operation and the formation ot
a latent image so that satisfactory recording cannot be
carried out,

In the common xerography system, therefore, means
such as a soft brush of wool i1s employed to forcedly
remove the toner portion 20’ remaining on the record-
ing drum 1. However this requires a very complex
mechanism and yet the toner portion 20’ cannot be
easily removed. Further, due to the fact that the charge
of the latent image still remains on the recording drum
1 even though the toner portion 20’ remaining on the
recording drum 1 1s removed, the toner 20 may become
attached to the previously formed latent image portion
during the developing step in the next recording opera-
tion, thereby giving rise to a disturbance of the next
image.

The above defects arc overcome by the present in-
vention in which the residual charge eraser 18 for eras-
ing the charge stored on the latent image and the re-
maining toner portion 20’ on the recording drum 1 or
for charging them slightly in the opposite polanty is
disposed opposite to the recording drum 1 and 1s ar-
ranged to move in a direction shown by the arrow n
FIG. 8a while being applied with a suitable A.C. voltage
or a D.C. voltage of the polarity opposite to that of the
signal voltage. Thus, when the residual charge eraser
18 moves over the recording drum 1, the charge car-
ried by the latent image and the toner portion 20" still
remains on the recording drum 1 after the transter
printing is completely removed or the latent image and
the toner portion 20’ are shghtly charged to a polanty
opposite to the polarity of the signal voltage. In the next
recording operation, information transmitted through
the recording stylus 3 is formed as a latent image of
charge on the recording drum 1 carrying the remaining
toner portion 20’ which is free from any charge as
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shown in FIG. 8b. Then, when the magnet drum 6
carrying thereon the powdery developer § which is a
mixture of iron powder and the toner makes rubbing
contact with the surface of the recording drum 1 as
shown in FIG. 8¢, the toner portion 20’ is rubbed away

from the recording drum 1 by the magnet drum 6 and
the toner 20 in the powdery developer § is solely at-

tached to the surface of the recording drum 1 carrying
the latent image as the toner portion 20’ is free from
any charge.

Thus, the portion of the toner 20’ which still remains
after the developing step can be completely removed
and a satisfactory recorded image can be obtained
without any undesirable disturbance to the image by
the preceding record. In the step of the transfer print-
ing under heat as shown in FIG. 8d; the temperature of
the heating drum 10 and the length of time of the pres-
sure contact between the recording drum 1 and the
recording sheet 9 may be suitably selected so as not to
cause the firm attachment of the toner 20 to the re-
cording drum 1. Thereafter, the recording sheet 9 1s
stripped off the recording drum 1 as shown in FIG. 8e.
Any toner portion 20’ remaining on the recording
drum 1 does not adversely affect the nest record.

Although the charge carried by the latent image and
the toner portion 20’ on the recording drum 1 1s re-
moved by the residual charge eraser 18 in FIG. 8a, the
charge may be removed prior to the transfer printing of
the image onto the recording sheet 9, that is, immedi-
ately after the step shown in FIG. 8c so as to facilitate
the transfer printing of the image onto the recording
sheet 9. Further, although the above description has
referred to the method of transfer printing under heat,
it will be apparent that the same applies to the method
of electrostatic transfer printing in which an electro-
static charge is applied to the recording sheet 9 for
electrostatically transferring the toner 20 on the re-
cording drum 1 onto the recording sheet 9.

A practical apparatus according to the present inven-
tion will be described with reference to FIGS. 4
through 6. The apparatus includes a base 101 having a
pair of stands 102 and 103 upstanding from opposite
end portions thereof. End plates 104 and 105 are firmly
secured to the respective stands 102 and 103. As best
shown in FIG. 6, a toner casing 106 contains therein a
mass of a powdery developer 111, and a magnet drum
109 and a sweeping plate 110 are disposed within the
toner casing 106. The magnet drum 109 is composed of
a drum member 107 of brass or like material and a
plurality of magnets 108 for rubbing, embedded in the
outer peripheral portion of the drum member 107 and
having an axial length equal to the length of the drum
member 107. The shaft 112 of the magnet drum 109
carries a sprocket 113 at one end thereof, and a chain
114 engages the sprocket 113 to drivingly connect the
shaft 112 with a motor 115, A recording drum 116 is
covered on its surface with a layer 156 of resin material
of the kind previously described. One end of the shaft
117 of the recording drum 116 is journaled in a bearing
118 and connected to a motor 120 through a coupling
119, while the other end of the shaft 117 is provided
with a clutch 122 and is received in a bracket 121. A
lead screw 123 for a scanner 125 carrying a recording
stylus 124 is rotatably supported at one end thercof by
the end plate 105 and at the other end by the end plate
104. A motor 126 drives the lead screw 123 through a
gear train such that a gear 127 mounted on one end of

the lead screw 123 meshes with a gear 128 and a gear
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129 coaxial with the gear 128 meshes with a gear 130
mounted on the shaft of the motor 126. The scanner
125 is mounted on a slide rod 131 and a guide 132 so
as to be slidable in the axial direction of the recording
drum 126. One end of the slide rod 131 is connected to
the end plate 104 through a spring 133 and a holder
134, while the other end of the slide rod 131 is con-
nected to the end plate 105 through a connecting rod
135 and a rotary solenoid 136. A rope 137 is anchored
at one end thereof to a hook 138 provided at the lower
portion of the scanner 125 and at the other end to a
spool 141 mounted on a spool shaft 140 through an
idler 139.

A residual charge eraser 142 includes an electrode
143 which is supported by an electrical insulator 144 1n
such 2 manner that one end thereof is opposite to the
recording drum 116. The electrical insulator 144 sup-
porting the electrode 143 is covered by a metal cover
145. The charge eraser 142 is firmly secured at oppo-
site ends to the end plates 104 and 105 through L-
shaped members 146. An electrostatic charger 147 1s
disposed adjacent to the reverse side of a recording
sheet 150 which makes rolling contact with the record-
ing drum 116 by being guided by guide rollers 148 and
149. The electrostatic charger 147 includes a central
discharge electrode 151 of piano wire of the like and a
casing 153 securely fixed to a side plate 134. The cas-
ing 153 is provided with an opening 152 opposite to the
recording drum 116.

The scanner 125 having the recording stylus 124
makes a sliding movement so that the recording stylus
124 contacts the recording drum 116 at the topmost
portion of the latter. The recording stlyus 124 can
swing through an angle 8 by means of a holder 153
mounted on the slide rod 131 so that it can be moved
a certain distance away from the surface of the record-
ing drum 116 when not in use.

[n operation, when an information signal is transmit-
ted to the recording stylus 124, the scanner 125 is
moved rightwardly from the left in FIG. 4 as the lead
screw 123 is rotated so as to make a scanning move-
ment over the insulating resin layer 156 covering the
surface of the recording drum 116. Upon completion of
the scanning of a record, the scanner 125 is pulled back
to its leftward position by the spool 141 mounted on
the spool shaft 140 and the rope 137 anchored to the
spool 141. At this position of the scanner 125, the
holder 155 swings through the angle 6 to urge the re-
cording stylus 124 away from the recording drum 116
by a certain distance. Then, the magnet drum 109 in
the toner casing 106 is rotated clockwise or in a direc-
tion of the arrow R in FIG. 6 so that the powdery devel-
oper 111 attaches to the outer peripheral surface of the
magnet drum 109 to constitute a magnet brush and the
powdery developer 111 is attached to the latent image
portion on the surface of the recording drum 116.

After complete development of the latent image on
the surface of the recording drum 116, the recording
sheet 150 is fed through the guide roller 148 to be
brought into pressure contact with the recording drum
116, and at the same time, the charger 147 applies a
charge to the recording sheet 150 so that the toner
becomes attached to the surface of the recording drum
116 and is electrostaticallly transferred onto the re-
cording sheet 150. Subsequently, the recording sheet
150 is stripped off the recording drum 116 by the ac-
tion of the guide roller 149, and a heater applies heat to

the recording sheet 150 to fix the image. Upon comple-
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ion of the transfer printing, the charge eraser 142
:rases the charge carried by the toner and latent image
on the surface of the recording drum 116. More pre-
sisely, upon completion of the step of transfer printing,
t high D.C. or A.C. voltage is applied to the charge

2raser 142 with the result that the electrode 143 applies
1 corona discharge to the recording drum 116 to ncu-

ralize or erase the charge on the recording drum 116,
hereby completing all the steps for recording.
FIG. 9 A 15 a schematic view of a color copying appa-

atus for obtaining a color print by the use of an appa-
atus as shown in FIGS. 4 through 6.

Referring to FIG. 9, a multiple color signal preduced
it the transmitting side 1s transmitted by way of a trans-
nission line 201 to a demodulator 202 where the color
1gnal 1s demodulated and separated into primary color
1gnals which are then fed to the respective amplifiers
203 for magenta (M), 203’ for cyan (C) and 203"’ for
ellow (Y). An electrostatic recording stylus 204 is
Wdapted to be applied with the voltage of the primary
*olor signal delivered from the amplifier 203. The re-
ording stylus 204 is made from a metal material pos-
essing high flexibility and high resistance to wear and
nay be tungsten wire, ptano wire or the like. The re-
>ording stylus 204 has a diameter corresponding to the
lensity of the scanning lines for recording and the
liameter 1s of the order of 80 to 90 u when, for
:xample, the scanning line density is about 10 lines per
nm.

A recording drum 2085 is composed of a drum mem-
yer of a rust-free metal such as brass, stainless steel or
Wluminum, and a surface layer of a heat-resistive, non-
\dhesive, electrically insulating resin of the kind previ-
usly described. The thickness of the resin coating on
the metal drum lies in the range of about 6 to 7 u
vhen it i1s used with an electrostatic recording sheet.
{owever, in order that the resin coating can endure
ens of thousands of recordings, the thickness is prefer-
1bly slightiy larger than the above value and experi-
ments proved that a thickness of 20 to 30 w is prefer-
wble. In lieu of coating the resin to obtain the resin
ayer, a sheet of such resin may be bonded to the sur-
ace of the metal drum.

The three recording drums 205, 205 and 205"’ have
he same size and are mounted for fine ad justment so
hat the center-to-center spacing therebetween can be
1djusted to the circumferential length | of the drum
205. The recording styli 204, 204’ and 204" are ad just-
1bly mounted so that they can be disposed in symmetri-
:al positions relative to the respective recording drums
205, 205’ and 205’’. The recording drums 205, 205°
ind 250’ rotate in the direction of the arrow in FIG. 9
n synchronism with a signal sent from a motor M,. The
ecording styli 204, 204’ and 204’' are movable at a
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he recording drums 208, 205’ and 205", and this 1s
lone by a motor M, and a feed mechanism. A magnet
irum 207 for development has the same length as the
-ecording drum 205 and is disposed within a develop-
ng tank 206. There are other two similar tanks 206
ind 206’ having therewithin respective magnet drums
207’ and 207''. The three developing tanks 206, 206
ind 206’’ contain therein a powdery developer 208 for
nagenta, a powdery developer 208' for cyan and a
yowdery developer 208" for yellow, respectively.
After the recording is done on the recording drums
205, 205’ and 205'’, a motor M, causes rotation of the
magnet drums 207, 207" and 207" so as to simulta-
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neously carsry out the developing of the three primary
colors. It 1s so devised that, when the developing unit is
not in operation, the magnet drum 207 1s rotated in the
reverse direction so that the cooperating doctor plate
scrape the powdery developer 208 off the surface of
the magnet drum 207 or the developing unit atself 1s
lowered to a predetermined lower position so that the

surface level of the powdery developer 208 contained
in the tank 206 1s spaced away from the recording drum
205,

A charge eraser 209 is composed of a metal casing
having an opening at one side thereof and an electri-
cally insulated wire of very small diameter, of the order
of, for exmaple, 0.06 mm. A high A.C. voltage of about
5 and 10 kV is applied to the wire to ionize the ambient
air to thereby neutralize the charge carried by the re-
cording drum 205 by means of the ionized ambient air.
When it is desired to erase the charge in a short length
of time, it is effective to apply a high D.C. voltage of
polarity opposite to the polarity of the recording volt-
age (400 to 700 V peak-to-peak) in lieu of the high
A.C. voltage. In the case of the recording signal voltage
of about + 500 V peak-to-peak, it was possible to erase
the charge to an extent that the charge did not obstruct
the next recording by applying a high D.C. voltage of
about —3 to —6 kV for about 3 seconds.

A hot plate 210 is provided with a heater 211 and
suitable clamping means 213 for clamping a recording
sheet 212 in flat relation on the lower surface of the hot
plate 210. The recording sheet 212 onto which powder
images are transfer printed has a size equal to the sur-
face area of the recording drum 20S§. An effect similar
to the above may be obtained by employing, in lieu of
the hot plate 210, a hot roller of the kind previously
described to press the recording sheet 212 against each
of the recording drums 205, 205" 205" while heating
the sheet 212 so that the sheet 212 makes rolling
contact with the powder image on each of the record-
ing drums 205, 205’ and 205"'. The recording sheet
212 clamped onto the hot plate 210 is heated by the
heater 211 to a temperature which is slightly higher
than the melting point (commonly about 100° to 120°
C.) of the toners electrostatically attracted onto the
surface of the recording drums 205, 205" and 205"
The recording sheet 212 carried by the hot plate 210 1s
moved in a direction of the arrow in FIG. 9 by a parallel
feed mechanism (not shown) while successively mak-
ing rolling contact with the surface of the recording
drums 205, 205’ and 205",

In operation, a multiple color signal transmitted to
the demodulator 202 by way of the transmission line
201 is separated into primary color signals by the de-
modulator 202 and the primary color signals are sup-
plied to the respective amplifiers 203, 203’ and 203"".
The color signals are recorded on the surface of the
recording drums 205, 205’ and 205’ by combination
of the synchronous rotation of the recording drums
205, 205’ and 205’ and the axial movement of the
recording styli 204, 204’ and 204"’

Upon completion of the recording, the developing
units 206 - 208, 206’ - 208' and 206'" - 208" are
actuated to develop the electrostatic latent images on
the recording drums 208, 205’ and 205°" with the re-
spective colors. The patterns developed on the record-
ing drums 205, 205’ and 205’’ are so set that the junc-
tion thereof comes to the topmost portion of each of
the recording drums 205, 205’ and 205’’. As the hot
plate 210 carrying the recording sheet 212 is advanced
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in the direction of the arrow while making rolhng
contact with the recording drum 203, the toner of ma-
genta on the recording drum 205 1s fused by the heat

and the fused toner is transferred onto the surtace of

the recording sheet 212 because the recording sheet

212 is more adhesive than the surface of the recording
drum 205,

After the toner of magenta on the recording drum
205 is transferred onto the recording sheet 212, the
toner of cyan on the next recording drum 205’ is trans-
ferred under heat onto the recording sheet 212, and
similarly the yellow toner on the succeeding recording
drum 208"’ is transferred under heat onto the recording
sheet 212, The color image of magenta transfer printed
under heat onto the recording sheet 212 would not be
transferred onto the recording drums 208" and 208"
for cyan and yellow because the latter toners are less
adhesive than the former toner, and there is completely
no fear that intermixing of the toners will take place on
the recording drums.

After the step of transfer printing, electrostatic resid-
ual charge images remain on the recording drums 203,
205’ and 205°" although the toner images on these
recording drums have been 100 percent transter
printed onto the recording sheet 212. Theretore, the
charge erasers 209, 209’ and 209’ utilizing the corona
discharge are energized to erase the residual charge
images so that the next recording cycle can be immedi-
ately started.

The above manner of transfer printing 1s advanta-
geous in that the color image transfer printed onto the
recording sheet 212 has a satisfactory quality owing to
the fact that the transfer printing of the toner images
and the fixing under heat can be simultaneously ef-
fected and the color image is subject to the ferrotype
effect because of the flatness and smoothness of the
surface of the recording drums 205, 205’ and 205"".

The toners employed have commonly a melting point
of the order of 100° = 10°C. Thus, in order to rapidly
carry out the transfer printing by heating, 1t is necessary
that the temperature of the recording sheet 212 1s

higher by about 50° to 100° C. than the melting point of

the toners because the heat of the recording sheet 212
is absorbed by each of the recording drums 205, 205’
and 205 and a reduction in the temperature of the
recording sheet 212 results.

The resin layer of each of the recording drums 2085,
205’ and 205" is required to be sufficiently resistive to
heat so that it can withstand such a temperature. How-
ever, the metal drum constituting the body of each
recording drum 208, 205’ |, 205'' may have a large heat
capacity and the resin layer may have a small thickness

so as to suppress the temperature rise at the surface of

the resin layer to a low value thereby to prevent the
fused toners from adhering to the surface of the record-
ing drums.

The recording sheet 212 has commonly a thickness
of the order of 60 to 100 w and 1t i1s desirable that
the temperature of the hot plate 210 and the time rate
of advancing movement of the hot plate 210 in rolling
contact with the recording drum be adjusted depending
on the thickness of the recording sheet 212. An expen-
ment was carried out using a recording drum of 24 —
24 stainless steel, a resin layer of tetrafluoroethylene 20
u thick, and a recording sheet 60 u thick. The exper-
iment proved that the best results can be obtained

when the recording drum 208 is rotated at a rate of

about 10 to 15 seconds in the case where the tempera-
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ture of the hot plate was 180° C. and at a rate about 5
to 10 seconds in the case when the temperature of the
hot plate was 230°C.

The length of time of the above extent required for
the transfer printing under heat does not offer any

substantial problem under the conditions for obtaining
a color print and thus a great reduction in time can be

realized compared with the prior art color printing
method which includes repeating the cycle of succes-
sively recording, developing and fixing different colors.

While the above description has referred to the case
of obtaining a color print of three primary colors, 1t 18
preferable to increase the number of colors in order to
obtain a print with a better reproduction of colors.
Where it is desired to obtain a multi-color print includ-
ing still more colors, a plurality of units each consisting
of the recording drum 208§, recording stylus 204, ampli-
fier 203, developing unit 206 - 208 and residual charge
eraser 209 may merely be additionally provided.

Further, although the above description has referred
to the case in which the recording drums 205, 205’ and
205'' are spaced from each other at a distance equal to
the circumferential length thereof for the convenience
of explanation, these recording drums can be actually
disposed very close to each other by arranging them in
such a way that the leading end of the recording sheet
212 always registers with the marginal edge of a pattern
when making rolling contact with the recording drum.
If, for example, a recording sheet with a size of Japa-
nese Industrial Standards, B 5 (182.0 X 257.0 mm) 1s
employed and the scanning direction is along the
shorter side of the sheet, the spacing between the three
recording drums 205, 205’ and 205"’ can be reduced to
about 180 mm.

The present invention described above is analogous
to the xerography technique in which a latent image 1n
the form of an electrical charge is formed on a drum of
photoconductive selenium by optical means, and after
developing the image with a toner, the toner image is
transfer printed onto a recording sheet. However, the
drum of photoconductive selenium in xerography is
very easily damaged, hence expensive, and requires
complex handling, and a drum cleaning means is indis-
pensably required because the toner image still remains
on the drum after it has been transfer printed onto a
recording sheet. In contrast to xerogrphy, any such
cleaning means is not required in the present invention
and the recording drum can be easily handled since the
resin layer on the surface of the recording drum can be
simply provided and is inexpensive. Furthermore, inex-
pensive plain paper can be used as a recording sheet for
obtaining a print of a pattern and a color print can also
be obtained with such plain paper.

We claim: .

1. An apparatus for recording an image by transfer
printing comprising a recording drum composed of a
drum member of conductive metal and a layer of resin
covering the surface of said drum member, said layer
having a breakdown voltage of not less than I KV, a
volume resistivity of more than 10"} cm, a surface
resistivity of more than 10"} and no pinholes and
preventing fused toner from attaching thereto, means
for applying information [ in the form of a signal volt-
age J of the image to the surface of said recording
drum [through a recording electrode thereby J to
form a latent image of an electrical charge on the sur-
face of said recording drum, developing means for
selectively supplying a powdery developer [ through
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the medium of a magnet drum J to the latent image
[ formed} to form a powder image on the surface of
satd recording drum, heating means for applying heat
to a recording sheet, and means for transfter printing
the powder image [[that is selectively attached to the

latent image portion X on the surface of said recording
drum onto the heated recording sheet, and at the same

time, fusing the powder to firmly fix the same to the
recording sheet under heat.

2. An apparatus for recording an image by transfer
printing as defined in claim I, in which said layer of
resin 1s made of polyamide imide.

3. An apparatus for recording an image by transter
printing as defined in claim 1, in which said developing
means Lis further characterized by a support,} in-
cludes a magnet drum which Ecomprised} comprises
a support and rubber magnets having the sarne axial
length as the support and being embedded radially 1n
the outer peripheral portion of the support, a sweeping
plate being engaged at a portion thereof with the outer
surface of Lsaid} the magnet drum for controlling the
amount of the powdery developer [ supplyd supplied
to [ thel said recording drum, and a drive source for
selectively rotating the magnet drum in Leither J both
the normal Lor) and reverse directions [ direction}.

4. An apparatus for recording an image by transfer
printing comprising a recording drum composed of a
drum member of conductive metal and a layer of resin
covering the surface of said drum member, said layer
having a breakdown voltage of not less than 1| KV, a
volume resistivity of more than 10" 1 cm, a surface
resistivity of more than 10 £1061 Q and no pin-
holes and preventing fused toner from attaching
thereto, means for applying information [ in the form
of a signal voltage J of said image to the surface of said
recording drum [through a recording celectrode
thereby J to form a latent image of an electrical charge
on the surface of said recording drum, developing
means for selectively supplying a powdery developer
Lthrough the medium of a magnet drum ] to the la-
tent image [ formed 3 to form a powder image on the
surface of said recording drum, electrostatic charging
means disposed adjacent to the back face of a record-
ing sheet in contact with the [ powdery developer
selectively attached to the latent image} powder image
to be transfer printed, and residual charge erasing
means disposed opposite to said recording drum for
removing the [ electrostatic force 1 electric charge
remaining on the surface of said recording drum after
the powder image on the surface of said recording drum
has been transfer printed onto the recording sheet so as
to make it possible for the following information of an
image to be applied to the surface of said recording
drum without cleaning the [ powder image 3 powdery
developer remaining on the surface of [the]} said
recording drum [ after the recording sheet transfer
printed J .

5. An apparatus for recording an image by transfer
printing as defined in claim 4, in which said layer of
resin is made of polyamide imide.

6. An apparatus for recording an image by transfer
printing as defined in claim 4, in which said developing
means includes [ a support,] a magnetic drum which
comprises a support and rubber magnets having the
same axial length as the support and being embedded
radially in the outer peripheral portion of the support,
a sweeping plate being engaged at a portion thereot
with the outer surface of [ said} the magnet drum for
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controlling the amount of the powdery developer
[supplyd supplied to [thed said recording drum,
and a drive source for selectively rotating the magnet
drum in Eeitherd both the normal Lor]) and reverse
[ direction ]} directions.

7. An apparatus for recording an image by transfer
printing comprising a plurality of sets each [ consisting
of J including a recording drum having a layer of resin
covered Lin} on the surface thercof, said layer having
a breakdown voltage of not less than 1KV, a volume
resistivity of more than 10 [106] {} cm, a sur-
face resistivity of more than 10"} and no pinholes and
preventing fused toner from attaching thereto, means
for recording information of the image on the surface of
said recording drum [ through the medium of clectro-
static recording means thercby to form ¥ in the form of
a latent image of an electrical charge on the surface ot
said recording drum, and means for developing the
latent image, said sets being arranged side by side equal
and corresponding to the number of required primary
colors of the image. [ and demodulator) means
for separating a multiple color signal of the image into
the respective primary color signals so that the primary
color signals are simultaneously recorded on the respec-
tive L surface ¥ surfaces of said recording drums
by said respective recording means and then developed
by said respective developing means and [ a recording
sheet is successively brought J means for successively
bringing a recording sheet into contact with the respec-
tive L surface J surfaces of said recording drums
for the transfer printing of the [ color} developed
images onto the recording sheet.

8. An apparatus for recording an image by transfer
printing as defined in claim 7, in which saxd layer of
resin which covers each surface of said plurality of
recording drums arranged side by side equal and corre-
sponding to the number of required primary colors 18
made of polyamide imide.

9. An apparatus for recording an image by transter
printing comprising means for forming a latent image
on a layer of resin and at a location opposite to the
surface of a recording drum driven by an electric mo-
tor, said layer covering the surface of the recording
drum and bhaving a breakdown voltage not less than |
KV, a volume resistivity of more than 10"} cm, a
surface resistivity of more than 10"() and no pinholcs
and preventing fused toner from attaching thereto,
developing means for selectively supplying a powdery
developer to the latent image formed on the surface of
the recording drum, means for transfer printing the
developed image formed by the powdery developer
selectively attached to the latent image onto a record-
ing sheet contacting [ said J} the recording drum, and
residual charge erasing means disposed opposite 1o
Lsaid) the recording drum for removing the electric
charge remaining on [ said ] the recording drum with-
out cleaning the surface of Esaid X rhe recording drum
after the developed image has been transter printed
onto the recording sheet, in which said means for form-
ing a latent image comprises a holder which is mounted
on a slide rod so as to be movable in the axial direction
of the recording drum and a recording [ stulus] seyius
which is mounted on the holder and one end of which
contacts the surface of the recording drum only in the
case of a signal voltage being applied, said developing
means comprises a magnet drum which is housed mn 2
casing and is mounted so as to be selectively rotatable in
[ cither] both the normal LorY and reverse direc-
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tions [ direction] . a powdery developer which is sup-
plied to the recording drum by the magnet drum only in
the case of the latent image being developed and a
sweeping plate which is engaged at a portion thereof
with the outer surface of the magnet drum for control-
ling the amount of the powdery developer [ supply}
supplied to the recording drum in response to the rotat-
ing direction of the magnet drum, said means for trans-
fer printing comprises L a recording sheet which is |
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brought into contact with the recording drum by J a
guide rotler which brings the recording sheet into contact
with the recording drum and a charging means disposed
on the back side of the recording sheet, and said resid-
val charge erasing means compnises an electrode which
is covered by a cover and one end of which 1s opposed
to the recording drum and the other end of which is

supported by the cover through an insulator.
% e % * ¥
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