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(54) Arroller for a printer and a method of cooling the roller surface

(57)  Avoller (5) for a printer (1) comprising an outer
tube (7) and positioned therein at least one inner tube
(9), the outer tube extending in an axial direction from a
first end to a second end and the inner tube extending
substantially parallel to the outer tube, defining an inter
tubular space (11) between the outer and the inner tube
and an intra tubular space (13) within the inner tube,
wherein the roller comprises a blocking element (27) di-
viding the inter tubular space and the intra tubular space

in a first part extending substantially from the first end to
the blocking element and a second part extending sub-
stantially from the blocking element to the second end
and a first and a second duct (31, 33) connecting the first
and second part of the inter tubular space with the second
respectively the first part of the intra tubular space via
the blocking element. The invention also pertains to a
printing system comprising such a roller and a method
of cooling the surface of such a roller (5).

Figure 3
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Description

[0001] The invention pertains to a roller for a printer
comprising an outer tube and positioned therein at least
one inner tube, the outer tube extending in an axial di-
rection from a first end to a second end and the inner
tube extending substantially parallel to the outer tube,
defining an inter tubular space between the outer and
the inner tube and an intra tubular space within the inner
tube.

The invention also pertains to a method of cooling the
surface of such a roller.

Such rollers are commonly applied in e.g. electrophoto-
graphic printers. Rollers of this type are e.g. used as im-
age bearing rollers or as cooling rollers. These are rollers
thatabsorb heatin their operation and thatrequire cooling
of their surface. The cooling is usually done by blowing
or sucking air through the interior of the roller with a fan.
Image bearing rollers are e.g. rollers that are covered
with a photoconductive layer or with an electrode pattern.
This enables the formation of an electrostatic image on
the surface of the image bearing roller. In a subsequent
step a layer of toner particles is developed onto the elec-
trostatic image on the image bearing roller. This toner
image is subsequently transferred to the receiving sub-
strate and fused with the receiving substrate.

During the operation the surface temperature of the im-
age bearing roller tends to increase. If the surface tem-
perature rises too high, the toner particles will fuse and
stick to the surface of the image bearing roller resulting
in print artefacts. Therefore, the surface of the image
bearing roller requires cooling by e.g. blowing air through
theroller. Rollers according to the preamble are also used
to as cooling rollers. When such a roller is rotably con-
tacted with a substrate it will drain heat from that substrate
thus cooling the substrate. The heat taken up by the cool-
ing roller is then discharged with the air flow that passes
through the roller. Optionally, it is also possible to dis-
charge the heat with a flow of a liquid cooling agent that
runs through the roller.

The disadvantage of the roller as described in the pre-
amble is that a temperature gradient is formed in an axial
direction along the surface. This is because the cold air
that is blown into the inter tubular space of the roller im-
mediately exchanges heat with the surface of the roller.
Thus when progressing through the roller the air flow
temperature increases. This reduces the temperature dif-
ference between the air flow and the surface of the roller.
This subsequently leads to a reduced cooling capacity
of the air flow near the end of the roller which results in
a temperature gradient over the roller. Because of this
temperature gradient the air flow must be sufficiently high
in order to reach a specified temperature at the end to
the roller. This leads to a relatively inefficient cooling sys-
tem.

[0002] The object of the present invention is to provide
aroller that has an improved cooling efficiency by reduc-
ing the temperature gradient over the roller.
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[0003] To this end a roller according to the preamble
has been devised characterised in that the roller com-
prises a blocking element (27) dividing the inter tubular
space and the intra tubular space in a first part extending
substantially from the first end to the blocking element
and a second part extending substantially from the block-
ing element to the second end and a first and a second
duct (31, 33) connecting the first and second part of the
inter tubular space with the second respectively the first
part of the intra tubular space via the blocking element.
[0004] The blocking element can be a disk like object
that fits into the outer tube and extends though the inner
tube, dividing both the intra tubular space and the inter
tubular space into a first and a second part. The blocking
element can entirely or partially block the flow through
the roller and can be e.g. an injection moulded plastic
object.

The outer tube can comprise lamellae that extend from
the inner surface into the inter tubular space and stretch
out along the longitudinal axis of the roller. These lamel-
lae increase the inner surface area of the outer tube,
which increases the effective contact area with the flow
and thus increases the heat exchange capacity. The
blocking element is configured such that it fits in the outer
tube and has radial cuts from the outside inwards that
allow the lamellae to pass through the blocking element.
The size of these radial cuts can be adapted to control
the fraction of the flow that is blocked and the fraction
that is allowed to continue its path through the inter tu-
bular space.

[0005] Inorderto allow the air flow to pass through the
roller a first and a second duct are present extending
through the blocking element and connecting the inter
tubular space with the intra tubular space. This allows air
that is blown into any of the first and the second part of
inter tubular space to pass through the duct and to exit
the roller via any of the first and the second part of the
intra tubular space. Alternatively, air that is blown into
the any of the first and the second part of the intra tubular
space can exit the roller through any of the first and the
second part of the inter tubular space.

For example air can be blown simultaneously into the
first and the second part of the inter tubular space from
both directions, using two fan units. The flow that is blown
into the first part of the inter tubular space can exit the
roller via the first part of the intra tubular space. The air
flow that is simultaneously blown into the second part of
the inter tubular space can exit the roller via the second
part of the intra tubular space.

[0006] Preferably the blocking element is positioned
at a central position along the axis of the roller. In this
way the air that is blown through the first part of the inter
tubular space and that cools the surface of the roller,
cools only half of the roller surface. The surface temper-
ature gradient over the first part of the roller is the same
as in the absence of the blocking element. However in
the absence of an blocking element the second part of
roller surface will experience approximately the same
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gradient in surface temperature as in the first part result-
ing in a cumulative gradient in surface temperature over
the entire roller surface of approximately two times the
temperature gradient over the first part. In the embodi-
ment incorporating the blocking element, every stream
of the air is allowed to cool only half of the roller surface.
Therefore, the gradient in surface temperature over the
entire roller surface is not cumulative, but rather the first
part and the second part of the surface independently
experience the same gradient in surface temperature.
The extreme temperature differences over the roller sur-
face are thus reduced by approximately a factor of two,
with respect to the situation without the blocking element.
[0007] Inafurtherembodimentthe firstand the second
duct each connect one of the first and the second part of
the inter tubular space with the opposing first or second
part of the intra tubular space. This allows air to be blown
through the roller from one direction. Air thatis e.g. blown
into the first part of the inter tubular space serves to cool
the first part of the roller surface and exits the roller via
the second part of the intra tubular space, where it does
not cool the surface of the roller. Air that is simultaneously
blown into the first part of the intra tubular space, where
it does not cool the surface of the roller, passes through
the second duct and exits the roller via the second part
of the inter tubular space where it cools the surface of
the roller.

[0008] The flowrate through theroller can be optimised
by choosing a high number of ducts and a large diameter
of the ducts. It is also preferred to keep the curvature of
the ducts as low as possible to obtain the lowest friction
of the air flow with the duct walls.

It has been observed that for a given air pressure gen-
erated by the fan, a higher air flow through the inter tu-
bular space can be realised with this roller system com-
pared to the roller without the blocking element. The
present roller system thus also has an improved cooling
capacity with respect to the situation without blocking el-
ement.

[0009] In another embodiment the first duct and the
second duct are arranged to form a double helix. This
means that the entrance of e.g. the first duct on the first
side of the inter tubular space lies radially above the en-
trance of the second duct on the same side of the intra
tubular space. The exit of the first duct on the second
side of the intra tubular space then lies radially under-
neath the exit of the second duct on the second side of
the inter tubular space. The two ducts thus form a twisted
pair, also called double helix, with a half pitch. In the
middle of the blocking element the two ducts are tangen-
tially juxtaposed. To obtain the maximal air flow through
the roller, a plurality of duct pairs can be used.

[0010] In yet another embodiment the blocking ele-
ment is not longer than 40 mm in the axial direction. Be-
cause at the site of the blocking element there is no air
flow for cooling the roller surface, the roller surface tem-
perature can become relatively high on that location.
Therefore it is favourable to keep the axial dimension of
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the blocking element as low as possible. But the narrower
the blocking element, the stronger the curvature of the
ducts, which results in anincreased friction of the air flow
with the duct walls which hampers the air flow through
the blocking element. The axial dimension of the blocking
element is therefore a trade-off between realising a suf-
ficiently high air flow through the roller and minimising
the jump in surface temperature of the roller surface due
to the presence of the blocking element.

[0011] In yet another embodiment the blocking ele-
ment is constituted of two parts joined by a gasket. The
blocking element can e.g. consist of two discs that entierly
or partially divide the inter and intra tubular space, and
which are joined by a gasket. The ducts that pass through
the blocking element are thus segmented into a first and
a second part. Every individual disk contains a quarter
of a pitch of the duct pairs. Having a blocking element
that consists of two separate discs has the advantage
that the separate disks are easier to manufacture by e.g.
injection moulding. The gasket can be made from e.g. a
metal, a rubber or a plastic sheet and contains holes to
connect the corresponding ducts from the first and the
second disk constituting the blocking element.

The two disks constituting the blocking element can also
be of approximately the size of the inner tube, and thus
only divide the intra tubular space. The gasket can then
extend into the inter tubular space to divide the inter tu-
bular space. This embodiment has the advantage that
the contact area of the gasket with the outer tube is only
very narrow. Therefore the surface area of the roller that
is not cooled by the air flow is almost negligible and there
is hardly any jump in surface temperature of the roller.
[0012] The invention also pertains to a method of cool-
ing the surface of aroller for a printer as described above,
the method comprising transporting air from the first end
of the roller to the second end of the roller and leading
air that moves through the first part of the inter tubular
space into the second part of the intra tubular space via
the first duct and leading air that moves through the first
part of the intra tubular space into the second part of the
inter tubular space by way of the second ductin the block-
ing element. An air flow can e.g. be blown or sucked
though the roller with a fan.

[0013] Some of the embodiments will nhow be ex-
plained with reference to the figures given below.

Figure 1 is a schematic representation of a printer
comprising an image bearing roller according to the
present invention.

Figure 2 is a schematic representation of an embod-
iment of a roller according to the present invention.

Figure 3 is a schematic representation of another
embodiment of a roller according to the present in-

vention.

Figure 4 is a graph showing the heat transfer from
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the roller surface to the air flow as a function of the
axial position of the roller.

[0014] Figure 1 shows a schematic drawing of an elec-
trophotographic printer 1. The operation of an electro-
photographic printer is known from the prior art. The heart
of the printer 1 is the print engine 3. The print engine 3
comprises an image bearing roller 5. The image bearing
roller 5 comprises an outer tube 7 and an inner tube 9.
On the surface of the image bearing roller 5 is applied a
photoconductive layer.(not shown) which is an insulator
in the dark and a conductor when exposed to light. Ini-
tially, the photoconductive layer is given a total positive
charge by the charge corona wire 11, a wire with an elec-
trical current running through it. As the drum revolves,
the printer shines a tiny laser beam 13 across the surface
to discharge certain points, by reflecting the laser beam
on a movable polygonal mirror 15. In this way, the laser
"draws" the letters and images to be printed as a pattern
of electrical charges i.e. an electrostatic image. After the
pattern is set, the toner supply roller 17 coats the photo-
conductive layer with positively charged toner i.e. a fine,
black powder. Since it has a positive charge, the toner
clings to the negative discharged areas of the photocon-
ductive layer, but not to the positively charged "back-
ground". With the powder pattern affixed, the image bear-
ing roller 5 rolls over a sheet of paper that has been sep-
arated from the paper stack 19 and which is moving along
a belt 21 below. Before the paper rolls under the image
bearing roller, it is given a negative charge by a transfer
corona wire (not shown). This charge is stronger than
the negative charge of the electrostatic image, so the
paper can pull the toner powder away. Since it is moving
at the same speed as the image bearing roller 5, the
paper picks up the image pattern exactly. Finally, the
printer passes the paper through the fuser 23, i.e. a pair
of heated rollers. As the paper passes through these roll-
ers, the loose toner powder melts, fusing with the fibres
in the paper. The fuser rolls the paper to the output tray
(not shown). The surface temperature of the image bear-
ing roller 5 tends to increase during operation. The sur-
face temperature may however not exceed the melting
temperature of the toner powder because then toner
powder will fuse with the photoconductive layer on the
image bearing roller resulting in print artefacts. There-
fore, a fan-unit (not shown) blows air through the inner
tube 9 and the outer tube 7 in order to cool the surface
of the image bearing member.

[0015] Figure 2 shows a schematic representation of
the image bearing roller 5. The imaging member consists
of an outer tube 7, two inner tubes 9a and 9b and the
central axis (not shown). The tubes define an inter tubular
space 11 and an intra tubular space 13. The blocking
member 27 is a one-piece disk that fits tightly into the
outer tube. The blocking element has two disk-like pro-
trusions 27a and 27b that operatively engage the inner
tubes 9a and 9b. Flows of air 35 and 37 are transported
throughthe rollerfromthe leftto the right. The intertubular
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space 11 and the intra tubular space 13 are divided in a
first part upstream of the blocking element and a second
part downstream of the blocking element. The ducts 31
in the blocking element guide the flow of air 35 from the
upstream part of the inter tubular space 11 to the down-
stream part of the intra tubular space 13. The ducts 33
guide the air flow 37 from the upstream part of the intra
tubular space to the downstream part of the inter tubular
space. In this manner air flow 35 cools the first part of
the roller surface and the air flow 37 cools the second
part of the roller surface. The duct pair 31-33 forms a
double helix with a half pitch. The entrances of both ducts
are radially aligned with the entrance of duct 31 lying
further away from the central axis than the entrance of
duct 33. The exits of both ducts are also radially aligned
with the exit of duct 33 lying further away from the central
axis than the exit of duct 31.

Figure 3 shows schematic representation of another em-
bodiment of the image bearing roller 5. The imaging
member consists of an outer tube 7, two inner tubes 9a
and 9b and the central axis (not shown). The tubes define
an inter tubular space 11 and an intra tubular space 13.
The blocking member 27 is constituted of two disks 27¢
and 27d that are operatively engaged with the inner tubes
9a and 9b. The two discs are connected via the gasket
29. The gasket extends to the wall of the outer tube, di-
viding the inter tubular space in two parts. Flows of air
35 and 37 are transported through the roller from the left
to the right. The inter tubular space 11 and the intra tu-
bular space 13 are divided in a first part upstream of the
blocking element and a second part downstream of the
blocking element. The ducts 31 in the blocking element
guide the flow of air 35 from the upstream part of the inter
tubular space to the downstream part of the intra tubular
space. The ducts 33 guide the air flow 37 from the up-
stream part of the intra tubular space to the downstream
part of the inter tubular space. In this manner air flow 35
cools the first part of the roller surface and the air flow
37 cools the second part of the roller surface. The duct
pair 31-33 forms a distorted double helix.

[0016] Figure 4 shows a graph of the heat flow from
the surface of the imaging roller to the air flow that passes
though the roller as a function of the axial position of the
roller. Trace 40 corresponds to the situation wherein the
roller contains only an outer tube and an inner tube, with-
out an blocking element and without any ducts. The heat
flow from the imaging roller surface to the air flow steadily
decreases when progressing along the longitudinal axis
of the roller. This is due to the fact that the temperature
of the air flow increases when passing through the roller.
This results in a decrease of the temperature difference
between the surface of the imaging roller and the air flow
which results in a decreased heat flow. The heat flow in
a steady state condition is viz. proportional to the tem-
perature difference between the two bodies. The dimin-
ishing heat flow in the course of the roller results in a
temperature gradient along the axis of the roller.

[0017] Trace 42 corresponds to the situation wherein
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the roller comprises an outer tube and an inner tube with
an blocking element with concomitant ducts. The trace
42 consists of a first part 42a and a second part 42c which
are divided by a dip 42b. The dip 42b is caused by the
presence of the blocking element. Where the blocking
element contacts the inner surface of the outer tube, there
is no air flow to carry away the heat from the surface of
the roller. Trace 42a shows a decrease of the heat flow
when progressing along the axis of the roller. This is due
to the increasing temperature of the air flow in the inter
tubular space by the uptake of heat from the roller sur-
face. When the air flow reaches the blocking element the
air flow goes through the ducts and into the intra tubular
space on the other side of the blocking element and then
exits the roller. Simultaneously, the air flow that is blown
into the first part of the intra tubular space reaches the
blocking element. This air flow has maintained its initial
temperature because it has not exchanged heat with the
surface of the roller. This air flow passes through the
ducts into the second part of the inter tubular space. Now
the air flow comes into heat exchanging contact with the
surface of the roller. The heat flow from the surface of
theroller to the air flow immediately reaches its maximum
value, and then progressively decreases towards the end
of the roller. The result is that the absolute differences in
heat flow in trace 42 are significantly reduced with respect
to trace 40. Dip 42b must be kept as narrow as possible
in order to avoid overheating of the corresponding part
of the roller surface. This is realised by using the embod-
iment of Figure 3.

Claims

1. Avroller (5) for a printer (1) comprising an outer tube
(7) and positioned therein at least one inner tube (9),
the outer tube extending in an axial direction from a
firstendtoasecond end and the inner tube extending
substantially parallel to the outer tube, defining an
inter tubular space (11) between the outer and the
inner tube and an intra tubular space (13) within the
inner tube, characterised in that the roller compris-
es a blocking element (27) dividing the inter tubular
space and the intra tubular space in a first part ex-
tending substantially from the first end to the blocking
element and a second part extending substantially
from the blocking element to the second end and a
first and a second duct (31, 33) connecting the first
and second part of the inter tubular space with the
second respectively the first part of the intra tubular
space via the blocking element.

2. Aroller (5) for a printer (1) according to claim 2 char-
acterised in that the first duct and the second duct
are arranged to form a double helix.

3. Avroller (5) for a printer (1) according to any of the
preceding claims characterised in that the blocking
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element is not longer than 40 mm in the axial direc-
tion.

A roller (5) for a printer (1) according to any of the
preceding claims characterised in that the blocking
element (27) is constituted of two parts joined by a
gasket (29).

Printing system, comprising a roller (5) according to
any one of preceding claims.

A method of cooling the surface of a roller (5) for a
printing system according to claim 5, the method
comprising transporting air from the first end of the
roller to the second end of the roller and leading air
that moves through the first part of the inter tubular
space (11) into the second part of the intra tubular
space (13) via the first duct (31) and leading air that
moves through the first part of the intra tubular space
(13) into the second part of the inter tubular space
(33) by way of the second duct in the blocking ele-
ment (27).
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