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5 Claims. (Cl 250-—65)

This invention relates to a method for dry copying
images from an original on a copy sheet, and a device for
performing this method in which a source of radiation is
employed for producing a locally defined heating.

These known methods and devices require the use of
specially composed materials with additives which, during
the copying process performed by exerting a pressure upon
said original, will effect a decoloration according to the
local heating zones. This method is disadvantageous in
that special material is required, the characteristics of
which being determined by the additives. Besides this
such materials are expensive and do not allow second
copies to. be made.

According to one embodiment the invention starts out
from employing in a known manner per se a powdered
dyestuff. Such powdered dyestuffs have priorly been used
in xerography. According to this method an electrostatic
charge dissipation corresponding to the original is pro-
duced within a special layer, the electrostatic forces of
which exerting a selective force of attraction upon said
powder. In this known method it is necessary to fix the
powder maintained by the electrostatic forces in a separate
annealing device.

This method is disadvantageous because a specially pre-
pared layer must be used for producing the electrostatic
latent image, and because a separate additional source of
heat must be provided for fixing the powder image. In
addition it should be noted that the powdered dyestuff
comprises special particles in this known method, for
example resinous particles which are being attracted selec-
tively by the electrostatic forces of the latent image, and
that particular difficulties arise, because these particles
must be distributed evenly over the electrostatic latent
picture, and patricles which are not effected by the attrac-
tive force must be removed without influencing the ar-
rangement of the other particles.

The main object of this invention is to provide a method
for dry copying images from an original, in which a
normal sheet of paper may be used for making the copy,
and in which in addition the production of the image is
accomplished without special measures for shaking-off
a developing powder from the paper sheet.

Another object of the invention is to provide a device
for performing the method which is simple in construc-
tion and easy f{o operate.

According to the invention the problem involved is
solved in that a heat dissipation, corresponding to the
image of the original, is produced in an areal heat storage
body, and that this heat dissipation and an intermediate
substance reacting to heat is brought into contacting pres-
sure engagement with a sheet, preferably of paper, whereby
this substance will react in accordance with the heat dis-
sipation and produce in the zones of reaction an image
on the sheet of paper.

By using the heat method for producing a selective heat
dissipation the invention provides an indirect heat dissipa-
tion causing no reaction when generated, but is used to
produce an image on a normal copying sheet, preferably
made of paper.

If the copy material and an original are superposed in
areal engagement, zones of increased temperature may be
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produced, for example by directing a heat radiation by
means of an infrared radiator through the copy material,
which radiation is absorbed in the black zomes of the
original and converted into heat. This is known.

Preferably the heat reactive substance is a meltable
powder which, according to an advantageous embodiment
of the invention, is characterized in that no foreign par-
ticles besides the pigment particles are required. In this
connection it should be noted however that the invention -
also includes the use of a powder including, or consisting
of a dyestuff, for example a meltable artificial resin on
the base of polystyrol, and if required with an addition of
nigrosine.

According to another embodiment of the invention a
first heat reactive substance is used which, upon heating,
will react with a second substance applied to the receiving
sheet. This second substance may be provided on the
receiving sheet, or, for example, may also be a volatilizing
substance which, before the powder is applied, is applied
to or sprayed on the receiving sheet, whereby the advan-
tage of using a normal sheet of paper is maintained.

An advantageous embodiment of the invention provides
that the heat storage body is cooled before inducing the
heat dissipation.

According to a preferred embodiment of the invention
an original is brought into surface contacting engagement
with the heat storage body and is exposed during the con-
tacting period to a source of radiation, whereupon the
heat storage body is moved towards a contact pressure
element, while simultaneously the original is removed
from the heat storage body, the heat reactive substance
is applied between the heat storage body and the receiving
sheet, and this sheet is passed through the contact pressure
element, whereby the reaction of the heat reactive sub-
stance according to the heat dissipation is accomplished.

The device according to the invention for dry copying
image from an original on a copy sheet comprises within
a common housing heat storage means, cooling means
selectively acting upon said heat storage means, a source
of radiation controlled to act upon said heat storage means
subsequently to the action of said cooling means, first
contact pressure means arranged with respect to said
source of radiation in such a manner that a sheet-like
original fed to said first contact pressure means is pressed
against said heat storage means in that zone in which said
source of radiation is effective, second confact pressure
means arranged to press a sheet against said heat storage
means, and means for feeding a heat reactive substance
to said sheet pressed by said second contact pressure
means against said heat storage means.

It is to be noted that the copying device according to
one embodiment of the invention merely requires a sin-
gle contact pressure element if, for example, a plate-
like heat storage body, corresponding to the size of the
original, is used, above which a corresponding contact
pressure plate is arranged. In this the original may
be placed on the heat storage plate and urged against
it, during which period the source of radiation is switched
on. After releasing the contact pressure plate the orig-
inal is exchanged against a receiving sheet, preferably
a sheet of paper, after either the heat storage plate,
or that side of the sheet facing the heat storage plate
has been covered with heat reaciive substance or pig-
ment powder. Thereupon the conmtact pressure plate
is urged a second time against the arrangement, whereby
the heat reactive substance or pigment powder is react-
ing in the increasedly heated zomes of the heat storage
plate, so that, for example by melting the heat reactive
substance and adhering to the sheet, the copy of the
image of the original is produced.

Preferably the device according to the invention com-
prises a hollow cylindrical body forming said heat stor-



8,157,786

3

age means, means rotatably supporting said heat stor-
age means within said housing, said first and said sec-
ond contact pressure means being formed by a first and
a second roller, means rotatably supporting said first
and said second roller within said housing in contact-
ing, rotating engagement with said heat storage means,
means for driving at least one of said rollers transmit-
ting its rotation by said contacting engagement to said
heat storage means which in turn is transmitting the
rotation to the other roller, said radiation source being
arranged within said heat storage means located oppo-
site the engagement zone of said first roller, the arrange-
ment around said heat storage means being such that
in the direction of rotation first said cooling means be-
come effective, then said first roller and said source of
radiation, then said means for feeding said heat reactive
substance, and finally said second roller.

According to the invention the storage drum is made
of a material having a low heat conductivity and a high
high heat storage characteristic and a surface which is
rejecting the heat reactive substance.

An especially advantageous feature of the invention
must be seen in the fact that oaly one slot is required
for introducing and dispensing the original into and
out of the device. In this the inlet slots for the receiv-
ing sheet and the original are arranged one above the
other, and the guide path for the original is extending
around the first contact pressure roller joining the inlet
portion again.

According to the invention a supply container for the
heat reactive substance, preferably a. dyestuff, may be
arranged above the nip between the heat storage drum
and the second contact pressure roller for the receiv-
ing sheet opening between the guide channel for this
sheet and the heat storage drum. This opening may be
provided with closing means operable in dependence on
the passage of a sheet, preferably by the sheet itself.
The closing means may, for example, be formed by a
flap controlled by an abutment lever effecting the clos-
ing or opening of the outlet flap of the container. Pref-
erably the outlet flap is acted upon by spring means,
and is formed itself with an abutment extending into
the guide channel for the receiving sheet, the flap being
disposed below a partition wall between the container
and the guide channel, which wall is forming an abut-
ment for the outlet flap. Preferably the outlet flap is
provided with dispersion openings which are closed when
the flap abuts the partition wall.

According to the invention paper or cardboard as well

as artificial resin or glass may be used for making the °

heat storage drum. It is important that the heat stor-
age drum has a surface which has a low heat conductivity
but a high heat storage capacity.

Additional means may be provided, comprising a strip-
ping device constantly effecting a cleaning action of the
rotating heat storage drum. This stripping device may
be formed by a scraper or a brush.

Further features and advantages will become apparent
as the description of several embodimenis of the sub-
ject matter of this invention, illustrated in the accom-
panying drawings proceeds, it being understood, how-
ever, that the embodiments are described by way of
example ‘only, since alterations are possible for those
skilled in the art, without departing from the scope of
the invention.

In the drawings:

FIG. 1 is a partial sectional side view illustrating how
the heat dissipation is induced;

FIG. 2 is a partial sectional side view of the heat stor-
age means with a receiving sheet illustrating the method
of copying an image;

FIG. 3 is a sectional side view of a preferred embodi-
ment of the device according to the invention;

FIG. 4 is a sectional view taken along the line IV—IV
"of FIG. 3;
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FIG. 5 is a sectional top view of the left hand cham-

ber of the device taken along line V—V of FIG. 4;

FIG. 6 is a diagrammatic view of the drive arrange-
ment for the various elements of the device shown in
FIGS. 3, 4, and 5;

FIG. 7 is a detail top view of the container closing
flap according to FIG. 3;

FIG. 8 is an enlarged partial sectional side view of
the closing flap according to FIG. 7 including the piv-
otal arrangement and the abutment means for actuating
the flap.

Now referring to the drawings it will be seen in FIGS.
1 and 2 that the heat storage element is generally de-
nominated with the reference numeral 1. FIG. 1 shows
an original 2 placed on the heat storage element 1 in
such a way that the image, parts of which being de-
nominated with the reference numeral 3, is facing the
heat storage element 1. On that side of the heat stor-
age element disposed remote of the original 2 a source
of radiation 4, for example a heat radiator, or an infra-
red radiator, is provided, arranged within a reflector 5
serving to direct the rays to the heat storage element
1. The rays pass the heat storage element 1. The col-
ored areas 3 of the original 2 will absorb the rays and
convert them into heat, whereby corresponding strongly
heated zones 6 are induced below the colored areas 3
of the original 2. Since the heat storage element has
practically no, or merely a very low heat conductivity,
the heat concentration at the zones 6 is maintained at
least during a limited period of time sufficient to carry
through the method.

After the original has been removed a receiving sheet 7
is placed on the heat storage element 1 with a heat reac-
tive substance, followingly called pigment powder 8,
disposed between the receiving sheet 7 and the heat stor-
age element 1. The receiving sheet 7 is urged against the
heat storage element, as illustrated by the arrows 9 in
FIG. 12. By means of this the pigment powder 8 is
strongly heated over the heated zones 6 to such an extent
that the pigment powder 8 will melt or dissolve in the
zones and adhere to the facing side of the receiving sheet,
whereby an image coresponding to the heated zones 6 is
produced.

After the receiving sheet 7 is removed from the heat
storage element 1 the molten pigment powder § adheres
to the receiving sheet 7 in the areas 10, while outside of
these areas the pigment powder 8 may be shaken off, or
may be removed in any other suitable manner.

The illustration in FIGS. 1 and 2 are extremely en-
larged, since the receiving sheet 7 is practically a common
sheet of paper.

FIG. 3 shows an advantageous device for making copies
in the aforedescribed maner.

Within a housing 45 the heat storage element 1, which
is formed by a cylindrical drum, is arranged. This drum
is journalled within the housing 45, in a manner to be
described yet, to rotate in the direction indicated by the
arrow 11, The drum may, for example, be rotatably
journalled between a first contact pressure roller 12 for
the original 2, a second contact pressure roller 13 for the
receiving sheet 7, and guide rollers 14 which latter are
arranged in the extended angle bisector of the angle in-
cluded between lines passing through the center of the
drum 15 and the axis of the first and the second contact
pressure roller 32 and 13. The guide rollers 14 are dis-
posed one at each end of the drum 15 outside of the
working surface for making copies, i.e. in the illustration
according to FIG. 3 behind lateral partition walls each
baving an opening through which the drum extends. The
guide rollers 14 may be journalled in the housing unyield-
ingly, since the contact pressure rollers 12 and 13 are
preferably resiliently urged towards the center of the heat
storage drum 15. For this purpose the shafts 16, 17 of
the contact pressure rollers 12, 13 may, for example, be
journalled in bearing blocks 18, 19 having parallel side
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surfaces guided in slots 29, 21 of the housing walls. These
bearing blocks 18, 19 are acted upon by pre-tensioned
springs 22, 23 urging them into contacting engagement
against the heat storage drum 15.

The contact pressure rollers 12 and 13 may, for ex-
ample, be made of plastic maierial, rubber, or the like
material, which is somewhat elastic. The rollers are rotat-
ing synchronously, i.e. with equal circumferential speed,
in a direction indicated by the arrows 24 and 25, and may
be driven, except an embodiment is preferred, in which
they are taken along in dependence on the rotation of a
driven heat storage drum 15.

Inside of the heat storage drum 15 the source of radia-
tion 4 is disposed within the reflector 5 opposite the first
contact pressure rolier 12.

At the top of the housing 45 two inlet slots 26 and 27
are provided one above the other, the upper one serving
“for the introduction of the receiving sheet 7 and the lower
one for the original. The subsequent guide channed sec-
tion 28 for the original bifurcates at the guide element 29.
The channel extending in the direction of the arrow 30 is
defined by the guide element 31 and the first contact pres-
sure roller 12, and leads to the heat storage drum 15, and
thence between the roller 12 and a guide element 32 con-
cenirically encompassing the roller 12 back to the channel
section 28. The guide element 32 simultaneously forms

‘the partition wall between the inlet slots 26, 27, a pro-
jection being formed behind the lower inlet slot 27 for
“the original preventing an original, when introduced, to
- be moved above the guide element 29. .

From the inlet slot 26 a guide channel for the receiving
sheet 7, defined by the outer housing wall 34 and the
guide element 32, extends and terminates approximately
above the nip between the second contact pressure roller

13 and the heat storage drum 15. This channel is defined §

at the side facing the drum 15 by a guide surface 36 which
together with a section of the planar guide element 32 and
a wall section 37 extending substantially concentrically
around the drum 15 defines a chamber 38 serving as a
supply container for the pigment powder. This container
has an opening slot adjacent the outlet of the guide chan-
nel 35, which opening slot is closed by a flap 39 which has
projections extending across the outlet of the guide chan-
nel 35 and which is adapted to be opened.
" Below the contacting zone between the drum 15 and the
second contact pressure roller 13 a guide element 48 is
_arranged which extends from the second contact pressure

roller, from which its end is spaced a little, around the -

lower part of the heat storage drum 15 to the lower edge
of an outlet slot 41 provided in the housing wall. The
guide element 41 is perforated over the section 42, or is
formed grate-like, or provided with siots, whereby pig-
ment powder dropping down from the nip between the
_heat storage drum 15 and the second contact pressure
rolier 13 may be gathered in a container 43 which is Test-
ing on the boitom plate 44 of the housing 45 and may, for
example, be removed through a siot in one of the side
walls, .

Ancther container 46 is removably arranged on the
bottom plate 44. This container is disposed below a strip-
per 47, which may be formed by a resilient strip or brush
resiliently engaging the outer circumference of the heat
storage drum 15. Any pigment powder adhering to the
Leat storage drum 13 will be removed by this stripper 47,
Tie guide element 40 is also perforated or slofted in the
zone 48 with a wire-like grating so that the removed pig-
ment powder may drop into the container 46.

"The stripper 47 may, for example, be arranged adjacent
the upper edge of the outlet slot 41 forming a partition
wall 48. Spaced from this partition wall 42 there is a
second partition wall 58 provided which, together with the
section 51 of the outer housing wall forms a cooling
chamber $2, within which a low temperature is main-
tained, for example by directing a stream of cool air into
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6
‘it, thereby cooling the surface of the heat storage drum 1
to an even, low temperature.

FIG. 4 shows that the operating chamber in the middle
of the device shown in FIG. 3 in a sectional view which
is defined by lateral partition walls 53 and 54 forming
outer lateral chambers 55 and 56 serving to accommo-
date bearings and drive elements. The heat storage drum
15 extends for example through apertures in the parti-
tion walls 53 and 54 and is supported at its lower sec-
tion by the guide rollers 14 and 14q, the shafts of which
being journalled on cne side in the partition wall 53 and
the side wall 59, and on the other side in the partition
wall 54 and the side wall 60.

As shown in the upper part of FIG. 4 the first contact
pressure roller 12 is also extended into the lateral cham-
bers 53 and 56 its shaft 16 being journalled in the slots
20, or 20a respectively, of the side walls 59, 60 of the
housing 45, the springs 22 and 22a being provided be-
tween the top wall of the housing 45 and bearing blocks
The second contact pressure rofler 13 is
journalled correspondingly. :

The drive is shown by way of example in FIG. 5, in
which the heat storage drum 15 is not illustrated, but
merely the guide roller 14 and the drive motor 62. It
will be noted that the partition wall has apertures 63
formed therein (see FIG. 3 also) which are covered by
baffle surfaces 64 serving to direct a stream of cold air
passing through the aperture to the heat storage drum
15. The apertures 63 are interconnected by a manifold
65 arranged within the lateral chamber. A ventilator 66
is discharging into the manifold 65. The intake 67 of
the ventilator 66 may, for example, be extended out-
wardly through the side wall 59 of the housing 45. The
ventilator 66 is driven by the motor 62, for example via
a transmission 68. The drive motor 62 drives the shaft
57 of the guide roller 14 via a corresponding transmis-
gion with a different drive ratio. This shaft 57, for
example, may be formed integrally with the shaft of
the ‘guide roller 14a, provided it extends above the
partition wall 49,” whereby in this manner the drive of
the heat storage drum 15 may be accomplished.

1t is understood that electrical connection means such
as transformers, rectifiers, and the like for the radiator 4
may be arranged within the lateral chamber 56, or
also in the lateral chamber 55, The radiator 4 is also
mounted on the partition walls 53 and 54, which are also
serving to support the reflector 5.

The arrangement of the drive is shown in FIG. 6.
The drive motor 62 has a shaft 69 which may, for ex-
ample, carry several pulleys for achieving different drive
ratios. The transmission 68 drives the ventilator 66,
another transmission 70 drives the pulley 71 on a
shaft. The pulleys 72 and 73 are mounted on the
shafts 17 and 16, and are driven by endless helical springs
or so called garter springs. These drives are elastic,
thereby preventing influence of the pressure action of
the contact pressure rollers 12, 13.

One example of an embodiment of the container clos-
ing flap 39 is shown in the FIGS. 7 and 8. The flap
39 may, for example, be supported by pivot pins 76
and 77 rotatably journalled in the partition walls 53 and
54, Springs 78 and 79 are acting on the pivot pins
%76 and 77, thereby urging the flap 39 against the guide
surface 36. The lower edge of the guide surface 36 is
shown, for example, in haiched lines in FIG. 7.

The portion of the flap 39 extending below the guide
surface 36 is provided with narrowly spaced slots 80 open
towards the side of the guide channel. If the flap is
pressed against the guide surface 36 the inner ends of
the slots are closed with respect to the chamber 38. If
the flap is rotated clockwise, as viewed in FIG. 3, pig-
ment powder can trickle out of the chamber 38 through
the slots 80 and fall into the nip formed between the heat
storage drum 15 and the second contact pressure roller
13. 1In this the shape of the slots allows to control the
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amount of pigment powder dispensed out of the con-
tainer 38.

With reference to FIG. 3 the device functions in the
following manner:

The original is introduced through the slot 27 with
the image facing downwardly, and simultaneously a
receiving sheet of paper is introduced through the slot
26. The length of the path from the slot 26 through the
guide channel 35 to the contacting spot between the heat
storage drum 15 and the second contact pressure roller
13 is equal to the length of the path, corresponding to
the arrow 30, from the slot 27, past the first contact
pressure roller 12 to the contacting spot between the
heat storage drum 15 and the second contact pressure
roller 13. The source of radiation 4 may, for example,
be switched on in dependence on the introduction of the
sheets, When the original is passed between the heat
storage drum 15 and the first contact pressure roller 12
a local heat dissipation is introduced on the heat storage
drum 15, as has been described in-connection with FIG.
1. In this the original and the heat storage drum 15
continue rotating, and the original is returned to the
slot 27, while the heat storage drum 15 with its heat
dissipation is moving towards the second contact pressure
roller 13. The paper sheet introduced through the slot
26 abuts with its leading edge projections formed on the
flap 39 and extending across the mouth of the guide
channel 35, whereby the flap 39 is opened and pigment
powder allowed to trickle out of the container 38 through
the slots- 80 of the flap 39 and fall into the nip formed
between the heat storage drum 15 and the second con-
tact pressure roller 13. ‘The leading edge of the receiv-
ing sheet of paper simultaneously reaches the contacting
line between that zone of heat dissipation on the heat
storage drum 15 which corresponds to the leading edge
of the original. The pigment powder covering the heated
zones of the heat storage drum 15 is molten and absorbed
by the surface of the paper sheet which, according to
a preferred embodiment is absorbing, whereby the copied
image will be produced on this surface. The thus treated
shect of paper passes along the guide eclement 40 and
out of the outlet slot 41, Pigment powder which, due to
the missing of heated zones, has not been molten after
the sheet of paper has passed the second contact pressure
roller 13 drops into the container 43. If pigment powder
should adhere to the surface of the heat storage drum 15
it is removed by the stripper 47 and drops into the con-
tainer 46. The heated zones are cooled when passing
the chamber 52, whereby an evenly cooled surface re-
duced to a low temperature is obtained on the heat
storage drum 15, before this section of the surface reaches
the zone of radiation 4 again.

A certain absorbing capacity of the receiving sheet
of paper is very advantageous in order to keep the smooth,
and preferably hard, surface of the drum as clean as
possible.

What is claimed:

1. In an apparatus for producing dry copies from an
original on a copying sheet comprising, in combination,
mounting means, a thermal image-retaining transfer and
heat storage cylinder rotatably supported on said mount-
ing means, said cylinder having an upper postion, heat
radiating means mounted within said cylinder, said radi-
ating means irradiating said cylinder upper portion, first
roller pressing means rotatably supported on said mount-
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ing means at a location outside of said cylinder and in
such a manner that said pressing means resiliently engages
said upper portion of said cylinder which is irradiated by
said heating radiating means, second roller pressing means
rotatably supported on said mounting means at a loca-
tion outside of said cylinder spaced in the direction of
rotation relative to said first pressing means and resiliently
engaging said cylinder, a first feed channel having an
inlet and an outlet, said outlet being adjacent said cylin-
der in the peripheral zone thereof between said first and
said second pressing means and extending toward said
second pressing means, storage means defined within said
mounting means intermediate said cylinder and said first
channel outlet and having an outlet opening disposed ad-
jacent the outlet of said first channel and intermediate
said first channel outlet and said cylinder, closure means
selectively opening and closing said storage means out-
let opening, spring means biasing said closure means to-
ward its closed position, actuating means defined on said
closure means extending into the outlet of said first chan-
nel and operable by a copying sheet being advanced
through said first channel so as to open said closure means
during the passage of said sheet, a second feed channel
having an inlet for feeding an original intermediate said
first pressing means and said cylinder, and drive means
driving said cylinder.

2. In a device as in claim 1 wherein said first and said
second pressing means engage said cylinder at locations
spaced approximately 90° on the periphery of said cylin-
der.

3. In a device as in claim 1 wherein cooling means are
mounted on said mounting means associated with said
cylinder at a location of its circumference prior to said
first pressing means relative to the direction of cylinder
rotation.

4. In a device as in claim 1 wherein the inlet of said
second channel is adjacent the inlet of said first channel,
said second channel encompassing said first pressing means
in a loop-like manner whereby an original introduced
into said second channel is transported around said first
pressing means and is dispensed through the inlet of said
second channel, the length of the path from the inlet of
said second channel to the zone of engagement between
said first pressing means and said cylinder and from this
zone of engagement along the cylinder circumference to
said second pressing means being substantially equal to
the length of the copying sheet path from the inlet of
said first channel to the zone of engagement between said
cylinder and said second pressing means.

5. In a device as in claim 1 wherein an outlet opening
is defined in said mounting means, a guide element leading
to said mounting means outlet opening and extending from
said ouilet opening arcund the lower portion of the cir-
cumference of said cylinder in spaced relation thereto to
below the zone of engagement between said cylinder and
said second pressing means, and perforations defined in
said guide element.
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