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Summary
The copiers of Océ contain a few consumables. These consumables have to be replaced after a
certain amount of prints. One of them is the groove cleaner. The groove cleaner picks up
residual toner and paper dust. This cleaner is filling itself with toner. When the cleaner is
filled it has to be replaced.
The aim of this internship is to analyse a couple of implementations that are mentioned in a
brainstorm session. Between these implementations a choice has to be made, which
implementations are investigated more thoroughly. Constructions should be designed for
these implementations and finally the implementation with the highest expectancy of success
should be proposed to Océ.
After the internship a few conclusions could be made. The most important one is that some of
the implementations could give the groove cleaner an infinite lifetime. Some tests showed that
the best way to remove toner was when it is in solid state. The toner can easily be broken off
and transported in solid state.
The implementation with the highest expectancy according to the author is the screw inside.
This one is proposed to Océ.
Before integrating this implementation some test programs should be developed and executed
in a way to optimise the construction. The most important recommendation is to research the
behaviour of toner. Influences of paper dust, rotating speed, and temperature must be
investigated. With that information must be specified if the toner goes through the holes
before forming a thick layer of toner on the surface of the groove cleaner. Also the frequency
of executing the toner removal process must be researched.
The construction of the screw inside implementation should be optimised. The design that is
drawn is only a concept. When the implementation is integrated, the behaviour in the copier
should be optimised in order to cause as little disturbances to the customer as possible
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Introduction
In the world of copiers, the competition is hard. Copiers must be faster, better and cheaper.
Cheaper also means that the number of consumables should be decreased. Preferably, parts
should have a life span that is at least equal to that of the copier. This reduces costs for the
customer and for Océ.
One of the expensive consumables that has to be replaced often is the groove cleaner. This
part ensures that paper dust is absorbed and therefore is not printed on the sheets. In some
copiers, replacing the groove cleaner causes a service call, which is very expensive. Some
customers have to replace it once a month. With a life span of 5 years per copier, there is an
opportunity to save millions of euros.
The total aim is developing another implementation. The goal for this internship is to analyse
a list of possible implementations and to make a global design of the best options. The
implementation should remove the toner out of the groove cleaner and therefore the groove
cleaner would not have to be replaced anymore. At the end of this internship a proposal is
done which implementation has the best chance of success and should be investigated more
deeply.
This report starts with an explanation how the groove cleaner works and how it is constructed.
After that, several implementations that were mentioned in a brainstorm session will be
examined in chapter 2. Three of these implementations are investigated more thoroughly in
chapter 3 and are designed and drawn in CAD. The drawings are concepts. Details of
dimensions are left.
Finally, in chapter 4, the best implementation according to the author will be proposed and
arguments for that proposal are given.
This report ends with a conclusion and some recommendations for the proposed
implementation.
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1.

Groove cleaner

Before an image leaves the copier on paper, it has travelled a long way. In brief: an image is
put on a belt. The image is transported by the belt. The image and a blank sheet are put
between two rollers. The image is pressed on the sheet and leaves the copier. A new print is
made.
A lot of problems occur inside the copier. One of them is paper dust. When the DIP drum
creates an image it is pressed on the TTF-belt with the help of the transfer roller. This image
is transported by the TTF-belt. When the belt reaches the fuse roller, a blank sheet is entering
from the other side. The sheet and the image move between the fuse and pressure roller at the
same time and the image is pressed on the sheet. The toner must be sticky to attach to the
sheet. Therefore it is heated to a temperature of about 100 °C.
In figure 1.1 an overview of the TTF-belt is shown.

Figure 1.1: Overview of the TTF-belt
The paper where the image is pressed on contains dust. When the paper is pressed between
the fuse and pressure roller, the dust can stick to the TTF-belt. The belt carries it on. When the
paper dust stays on the belt, the image created by the DIP drum cannot stick to places where
paper dust sticks to the belt. This causes decreased transfer efficiency. Another problem is
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residual toner. This residual toner is caused by error prints. When this toner stays on the belt,
it can also be seen on the next print.
The current solution for these problems is a groove cleaner. This groove cleaner contains a
layer of sticky toner. The groove cleaner is pushed to the Transfer Transfuse Function-belt
(TTF-belt) which is mentioned above. The layer of sticky toner absorbs the paper dust and
residual toner. When this layer is saturated, a new layer of toner must cover the groove
cleaner. This is done by sending a black image to the groove cleaner.
As a result of the pressure between the two rollers that ensures the image to be pressed on the
sheet, the paper dust is attached to the TTF-belt. The paper dust sticks to the TTF-belt. This
will be removed by the groove cleaner.
Because the groove cleaner contains dams and grooves on the surface (see figure 1.2), it is
able to let the toner through to the chambers of the cleaner. The toner sticks to the dams.
When the toner is saturated with paper dust it is not sticky anymore. A new layer of toner
must be applied to the cleaner. The saturated toner is pushed to the inside of the groove
cleaner through the grooves.

Figure 1.2: Drawing of the groove cleaner
This new layer of toner is supplied by a black image, which is sent to the TTF-belt by the
DIP-drum. At the moment this black image is sent no paper is put in and the pressure and fuse
roller are pulled from each other so the image stays on the TTF-belt. The TTF-belt carries it to
the groove cleaner. This cleaner is also pressed against the TTF-belt and rotates with the belt.
The toner sticks to the
groove
cleaner
and
printing is continued. How
often a black image is sent
to the cleaner depends on
the quality of the paper.
This is called the dosing
strategy.
The groove cleaner and
the TTF-belt are pushed
together. This is called the
line pressure. The line
pressure is variable. In Figure 1.3: Without s-pinch (left) and with s-pinch (right)
some copiers, the TTFbelt and the groove cleaner are pressed together with an angle in relation to the nominal of the
driving roller. This is illustrated in figure 1.3. This results in a s-pinch and an increased pinchwidth. As a result, the pinch-width varies between 2 and 6 mm in the different copiers.
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The lifetime of the groove cleaner is limited. When the cleaner is fully filled it has to be
replaced. The reason why the groove cleaner is not made larger so it can pick up more toner is
the fact that the diameter of the groove cleaner depends on:
• The slip between the groove cleaner and the TTF-belt
• The requirement that all the toner should be picked up by the groove cleaner in two TTFbelt rotations and it is only picked up by the dams.
• The available space in the copier
The first two aspects together prescribe a formula, which determines the diameter of the
groove cleaner. The formula calculates different diameters and the largest diameter, which fits
in the copier, is chosen.
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2.

Implementation analysis

Starting point of this assignment is a brainstorm session, where some possible better
implementations of the groove cleaner were mentioned. Here they will be evaluated at some
relevant criteria. In paragraph 2.1 these criteria are listed and ranked in order of importance.
This is caused by the fact that some of these criteria are more important than others and some
aspects are easier to improve than others. These criteria will be explained first.

2.1

Criteria

Functionality: the first and most important criterion that is inspected is the functionality of the
implementation. Does it function in a way that is prescribed for the copier? Or can it function
when not too many concessions are made? The implementations should not influence the
printing process.
Life span: after the functioning aspect, the life span of the implementation is an important
issue. An implementation that has a life span that is at least equal to that of the copier is
preferred. The longer the groove cleaner can function, the more costs will be saved. This is
directly part of the next aspect, the integral costs.
Integral costs: what are the costs of this implementation? Every time something has to be
replaced, costs are made. Service mechanics should remove the old groove cleaner and install
a new one. These mechanics and the time they need for this operation are very expensive.
Also the costs of the new cleaner are taken into account. In summary, the integral costs are the
costs that the new implementation causes along the life span of the copier.
Energy consumption: another criterion that is becoming more important nowadays is the
energy consumption. New and strict rules are made and the producers of copiers are trying
hard to comply with these rules. Additionally, every heater, driving mechanism or air cooling
uses energy that the producers of copiers want to use for other applications.
Cost price: cost price is an aspect that is mentioned before, but now the costs of the
implementation alone are meant. So service costs are not in it. Only the costs to produce the
new implementation are taken into account.
Compactness: the copiers are fully packed and therefore an implementation that needs a lot of
space is not desirable. Space for an implementation means less space for other functions.
Assembly: the assembly for the new implementation preferably looks like the original one, so
the number of adjustments to install the new implementation is low.
Single/double: related to the previous aspect is the way the toner is removed out of the groove
cleaner. If it is removed at both sides of the cleaner, this needs more space than when it is
removed on one side.
Transport: when the toner is removed from the cleaner, it has to be transported to a place
where the customer can take it out easily. When the toner is transported, it is preferred that it
does not stick to other parts.
9

Safety: the safety of the cleaner and its mechanism should be in order. The customer should
not hurt himself when he opens the copier. So hot and sharp construction parts should be
avoided or easy to cover.
Noise level: the copier has a low noise level so the new implementation must not produce a
lot of noise when the toner is removed. This is only important when the toner is removed
continuously. When the noise level is raised once a day this is less important.
Impact on productivity: when the choice is made to not continuously remove toner, it is
important how much time is needed for the toner removing operation. This is important
because when toner is removed, in most cases no prints can be produced.
Extra starting-up time: some of the implementations are invented in such a way they remove
the toner when the machine and the toner are cooled down. This can be done before the copier
is warming up. Using time in the warming up run is not preferred because a short warming up
time is one of the target points from Océ.

2.2

Thermal behaviour of toner

To make a good evaluation of the different implementations, the behaviour of toner at
different temperatures is an important item, especially at run temperature. Tests are executed
to get a better understanding of the behaviour of toner. It is explained in more detail in
appendix A.
The temperature of the toner was raised to 80, 100 (the run temperature) and 130 °C.
Results:
• 80 °C  toner is hard
• 100 °C  toner is liquid
• 130 °C  toner increased liquidity
• 200 °C  toner could not drain out of the groove cleaner and produces an unwanted
smell1
These tests led to a threesome observations:
1. The behaviour of toner changes rapidly when it is exposed to room temperature.
Especially small amounts of toner move to solid state very fast.
2. Hard toner can be broken of with low forces
3. Toner at 100 °C or above is sticky.
The conclusion of this test is that removing toner should be done in solid state, so it should be
below 80 °C.

2.3

Implementations

In this paragraph the different implementations are explained and evaluated at the criteria that
are mentioned before. Each sub-paragraph starts with an explanation how the implementation
should function. This is followed by an explanation of the most important advantages and
1

Heating toner to 200 °C is executed in a different test and executed by Leo Jansen
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disadvantages of the implementation. After that a judgement will be given. This judgement
(sometimes based on assumptions) is based on tests, information of inside people and
common sense. At the end of every sub-paragraph, the most important advantages or
disadvantages are given in a list. In paragraph 2.4, an overview of all the advantages and
disadvantages of every implementation is given in a table.

2.3.1

Screw

In this implementation a screw is used instead of the original groove cleaner. This screw looks
like a spindle and has the same pitch as the original groove cleaner (see figure 2.1). The way
the toner is picked up from the TTF-belt is similar to the original way. The difference with the
cleaner that is used nowadays is that in this implementation the toner cannot be pressed into
the cleaner. The line pressure that is applied and the rotation of the screw should ensure that
the toner moves through the grooves of the screw and is transported to one side. Here it
should be cut from the screw and transported to somewhere the customer can take it out of the
copier.
One of the main aspects, functionality, does not look very well. Expected is that the line
pressure would not ensure that the toner is transported to one side of the cleaner. A reason for
that is the sticky behaviour of the toner. The toner will be pushed in radial direction to the
outside of the cleaner. Another problem is the toner transportation. The toner is at 100° C and
very sticky so it is difficult to remove it from the screw when it is transported to one side.
Advantages:
• Integral costs
• Life span
• Cost price
• Compactness
Disadvantages:
• Functionality
• Transporting toner

2.3.2

Figure 2.1: Screw

Conical

In this implementation a conical shape is used at the inside of the groove cleaner. This is
illustrated in figure 2.2. The line pressure and the conical shape should ensure that the toner is
directed to both sides of the cleaner. Here it can be cut off in warm state or cooled down to a
temperature when the toner is hard and then pushed off. The fact that toner would not attach
to Teflon or silicon rubber could be used. The skew surfaces could be covered with one of
these materials so the toner is pushed to the sides easier.
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Figure 2.2: Conical shape
This implementation is expected to work. One of the reasons of this expectation is the fact
that the line pressure could be increased easily. A construction that can remove the toner at
both sides must be developed.
Advantages:
• Functionality
• Life span
• Integral costs
• Cost price
Disadvantages:
• Both sides transported

2.3.3

Heated sides

By increasing the temperature at the sides of the groove cleaner a pressure difference is
created between the sides and the middle of the cleaner. The toner also becomes more liquid.
When the pressure difference is large enough and the toner liquid, the toner should flow to the
sides of the cleaner. Because the toner gets hard at temperatures below the run temperature,
increasing the temperature at the sides of the cleaner should create the pressure difference.
One of the arguments against this implementation is the fact that a temperature difference
should be created. Toner at high temperatures causes an unwanted smell. It is also doubtful if
this implementation works. A high pressure difference must be created to push out the toner.
This implementation may be used in combination with others to improve the functionality of
that implementation.
Advantages:
• Life span
• Integral costs
Disadvantages:
• Functionality
• Energy consumption
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2.3.4

Screw inside

The surface of the cleaner has the same dimensions as the original cleaner. The toner is
pushed to the inside of the groove cleaner. At the inside a screw ensures that the toner is
transported to one side. In figure 2.3 a drawing shows the implementation.

Figure 2.3: Screw inside
The figure shows that inside the cleaner a cylinder is mounted. The wall of the cylinder
contains holes (which can be seen in the lower part of figure 2.3) were the toner should be
pushed through. When the toner has arrived at the inside of the cylinder, the screw could
remove the toner from the wall by a rotating movement and transport it to one side.
When this process is executed while the copier is running and the toner is warm, it will stick
to the screw. A solution for this problem was found in the idea of cleaning when the toner is
in cooled state. This could happen before the copier is warming up. At that time the toner is
cooled down. When the toner is pushed through the holes and creates a “small tower” shape
that becomes hard, the screw can break off the “small towers” easily. The screw transports the
pieces of toner to one side where they fall in a box that can easily be emptied by the customer.
This implementation is assumed to work. A construction for this screw and its mechanism
should be developed. Additionally it should be investigated how the toner behaves when it is
pushed through the holes in the wall at run temperature while the cleaner is rotating.
Advantages:
• Functionality
• Life span
• Integral costs
Disadvantages:
• Energy consumption
• Cost price

2.3.5

Cold scratching

In this implementation, the toner is not pushed into the groove cleaner. A layer of toner is
built on the surface of the cleaner and scratched off with a kind of wedge or a knife. The
wedge or knife is positioned in a way that it scratches off the surplus of toner on the surface.
This should take place when the temperature of the toner is decreased.
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When the toner is removed it will shoot away so an enclosure has to be placed so no hard
pieces of toner will enter the copier. Because the toner is not hard at run temperature, it should
be cooled down. Removing toner once a day (before starting up) is probably not enough. This
means that this implementation must also be executed when the copier is running.
When the toner is hard, the cleaner must not be pressed against the TTF-belt because this can
cause damage to the belt. So the cleaner has to be driven by another driving mechanism.
This implementation is very risky. Every piece of toner that can shoot away must be caught.
This is a difficult operation and the implementation takes a lot of space in the copier.
Advantages:
• Functionality
• Life span
• Integral costs
Disadvantages:
• Energy consumption
• Compactness

2.3.6

Transporting in foil

in this case, the toner is not pressed to the centre of the groove cleaner but will stick to the
surface. Sticky foil that is pushed against the cleaner will pick it up there. This foil is
unwinded at one side and winded up at the other side. This is illustrated in figure 2.4. The foil
should pick up more toner than the original cleaner. This idea of picking up toner this way is
executed in the Konica Bizhub 750 in
another form.
This implementation only lengthens
the life span of the cleaner. The fact
that it could be a problem arranging
the thickness of the layer with the foil
also contributes to the expectation that
this will not work.

Advantages:
• Cost price
Disadvantages:
• Functionality
• Life span
• Integral costs

Figure 2.4: Transporting in foil
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2.3.7

Building up toner

When the toner is saturated with paper dust, it cannot pick up paper dust anymore. In this
implementation a new layer of toner is attached to the saturated toner. A cleaner with a small
diameter is used in this implementation. With every layer, the cleaner increases in diameter.
For this implementation, it should be investigated how toner behaves in thicker layers.
This implementation is a way to lengthen the life span. The functioning aspect is a big
question because in the original groove cleaner the layer thickness is prescribed to a
maximum of 0.8 mm for a good performance.
Advantages:
• Energy consumption
• Cost price
Disadvantages:
• Functionality
• Life span

2.3.8

Sticking out with a comb

In this implementation, the toner is removed out of the groove cleaner with a comb. The comb
is positioned in a way so that the pins move through the grooves and pick up the toner. This
operation could occur when toner is in hot or cooled state. When the toner is cooled and
removed out of the grooves it will shoot away. In hot state the toner is sticky and it will stick
to the pins. This toner should be removed from the pins. This is very difficult when the
temperature stays at about 100 °C so the toner should be cooled down to a temperature where
the toner is hard. This makes it easier to remove it from the pins.
This process of removing toner can be done half in warm and half in cooled state. Picking up
in warm and removing from the pins in cooled state. An option could be to remove the toner
after the run when the toner is warm. The copier cools down when it is idle and so the toner
does.
The tests showed that it was not that hard to remove the toner. The question is if the force will
be reasonable for sticking out 78 grooves at the same time? This implementation takes a lot of
space, which does not mean it has to be cancelled.
Advantages:
• Functionality
• Life span
• Integral costs
Disadvantages:
• Energy consumption
• Compactness
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2.3.9

Hot scratching

This implementation has great similarity with cold scratching which is mentioned in 2.3.5.
Difference is that in this way the knife or wedge is heated to a temperature of about 200 °C.
The toner sticks to the knife or wedge and should be removed somehow.
When the results of the tests (see 2.2) are reviewed, it is shown that heating the toner above
130 °C does not change the behaviour of the toner significantly. Also the smell of toner at 200
°C is not desired.
Because the temperature within the hot part of the copier must be steady, this implementation
is very tough to create.
Advantages:
• Functionality
• Life span
• Integral costs
Disadvantages:
• Energy consumption
• Compactness

2.3.10

Flexible foundation

The cleaner will be replaced by an axis with a sponge attached to it. This sponge absorbs the
toner. When the sponge is saturated with toner, it is cooled down so it gets hard. The sponge
is squeezed out and the toner breaks off in hard pieces. The hard pieces can be collected in a
box and the sponge can be re-used.
With the sponge it is difficult to prescribe the thickness of the layer of toner on it. In the
original groove cleaner this is essential and that is why this implementation can be
disregarded. Another fact that was not investigated any further is the space the construction
might take.
The idea behind this implementation has a chance of being successful but not in this way.
Maybe some construction would work where a groove cleaner exists of more parts and they
can be pulled away from each other so the toner would break off from it.
Advantages:
• Integral costs
• Energy consumption
Disadvantages:
• Functionality
• Compactness

2.3.11

Pushing / pulling

For this implementation the original groove cleaner could be used. In everyone of the 6
chambers, shown in figure 2.5, a kind of spade should push the toner to one side of the
cleaner. The toner should be at a temperature where it is not too hard to push it forward. Or
16

the amount of toner should be adjusted so the forces are not that high they influence the
construction. Another option is to push the toner out of the cleaner through the middle
cylinder. Condition here is that the toner should be pushed through the wall of that cylinder.
The pushing can be done with hydraulic cylinders for
example. The implementations could be a combination
of pulling and pushing.
It is assumed that it will function. Additionally
attention should be paid to ways of combining pulling
and pushing for this implementation.

Advantages:
• Functionality
• Life span
• Integral costs

Figure 2.5: Side view of the
groove cleaner with 6 chambers

Disadvantages:
• Energy consumption

2.3.12

Drilling

This looks like the push-pull implementation. With a drill, the toner will be removed out of
the groove cleaner. One option is to drill in the middle cylinder of the cleaner. Another option
is to repeat the drilling 6 times so from al the gangways toner is removed. The drilling should
take place when the toner is cooled down. Otherwise the toner would stick to the drill.
When the drilling occurs in a full cleaner, the toner can not shoot away. Pieces of toner could
be sucked out at one side. The section of the groove cleaner might be changed so the
efficiency of the drilling is increased. For example, a bigger cylinder in the middle where a
drill with a large diameter can be screwed in.
When the drill is not used, it is outside the groove cleaner. The drill has more or less the same
length as the groove cleaner. This means that the drill needs a lot of space at a place where
this is not preferred. Furthermore, this implementation cannot work while the copier is
running because then the toner is too sticky. And when toner sticks to the drill, in a matter of
time it would not function anymore.
Advantages:
• Functionality
• Life span
• Integral costs
Disadvantages:
• Energy consumption
• Compactness
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2.3.13

Draining / suck out toner

The toner is heated to a temperature where it drains out of the groove cleaner. This
temperature is around 200 °C because the toner becomes liquid and therefore easier to move.
The needed force to suck out the toner should be investigated.
After looking at the test with toner at 200 °C, the conclusion is that this implementation is not
going to work. This is proved in a test where a full groove cleaner was placed horizontally in
an oven at 200 °C. The toner does not drain out of the cleaner. Only a few small (± 2 mm)
bumps where created. The smell of toner at 200 °C (see paragraph 2.2) also contributes to
disregarding this implementation.
Advantages:
• Integral costs
• Life span
Disadvantages:
• Functionality
• Energy consumption

2.3.14

Revolver

The idea behind this implementation is to lengthen the life span of the cleaner or to be able to
absorb more toner as the original groove cleaner. Making a construction that contains more
than 1 groove cleaner does this. When a cleaner is filled with toner, another cleaner can be
switched on. The name revolver is based on the shape of the charge holes in a revolver.
Because this implementation only lengthens the life span, this is not investigated any further.
Advantages:
• Functionality
Disadvantages:
• Life span
• Compactness
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2.4

Results

After these investigations a choice has to be made which 3 implementations should be
optimised. Table 2.1 shows a summary of the results.
Screw

Conical shape

Heated sides

Screw inside

Cold scratching

Transporting in foil

Building up toner

Sticking out with a comb

Hot scratching

Flexible foundation

Pushing / pulling

Drilling

Draining / suck out toner

Revolver

Functionality
Life span
Integral costs
Energy
consumption
Cost price
Compactness
Assembly
Single
(s)
/double (d)
Transport
Safety
Noise level
Impact
on
productivity
Extra warmingup time

+
+
+

+
+
+
+

+
+
-

+
+
+
-

+
+
+
-
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+
+
+
+

+
+/+
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+/+
-

+
+
+
-

+
+
-

+
+
-

+
+/-

+
+
+
s

+
+
+
d

+
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d

+
+
s

+
n/a

+/n/a

+
+
+
n/a

+
n/a

+
n/a

+
n/a

+
+/s

+
s

+
+
n/a

+/n/a

+
+
+

+
+
+

+
+

+
+
+/-

+
-

n/a
+
+
+

n/a
+
+
+

+
+/-

+
-

+/+
+

+
+/-

+
-

+
-

n/a
+
+

no

no

no

yes
/no

yes
/no

no

no

yes

yes
/no

no

yes
/no

yes
/no

yes
/no

no

Table 2.1: Summary of the evaluation
In table 2.1, the most important criteria are bold and the green cells indicate that this criterion
for this implementation is positive.
When looking at the functionality, there are 8 implementations that could work. One of them,
the revolver, only increases the life span of the cleaner and drilling is taking too much space
so these are disregarded. Also hot scratching is disregarded as a result of the amount of heat
that has to be used in an environment where the temperature must be steady.
After reviewing the 5 implementations left it is chosen to investigate the 3 implementations
with the highest expectancy more thoroughly. These implementations are the conical shape,
the screw inside and sticking out with a comb. The two implementations that are disregarded
are cold scratching and pushing/pulling. Cold scratching because it can cause damage to the
TTF-belt and pushing/pulling as a result of the needed space.
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3.

Investigated construction forms

The 3 implementations with the highest expectancy of success will be investigated in more
detail in this chapter. These are successively conical, screw inside/blades, and sticking out
with a comb.
First the functioning will be explained more thoroughly followed by some drawing-designs to
illustrate the different principles. The following sub-paragraph explains how the parts that are
needed for the implementation are produced. Finally, something will be told about how the
implementation could be improved and what future investigations should be done.
The implementations are schematically drawn in CAD.

3.1

Conical

In this implementation the toner will be pushed to the sides of the groove cleaner and broken
off in solid state. The new geometry, which should ensure the toner moves to the sides, is
illustrated in figure 3.1.

Figure 3.1: Cross section of groove cleaner with conical shape inside
When new toner is picked up by the groove cleaner, the old and saturated toner is pushed to
the inside of the groove cleaner. When enough toner is inside the cleaner it is assumed that the
toner will be pushed to both sides of the groove cleaner as a result of the skew surfaces inside
the new groove cleaner. An important issue is that the pressure must ensure that the toner is

20

not pushed back in radial direction to the surface of the cleaner. When this happens the toner
will stick to the TTF-belt and this causes damage to the copier. The assumption that the toner
is moving to the sides is based on the fact that the toner behaves more or less as a liquid at
run-temperature. When the toner does not move to the sides, a few adjustments could improve
the movement of the toner to the sides:
• The line pressure can be changed without doing many
concessions. So when the toner does not move to the
sides, the line pressure can be increased.
• The width of the s-pinch could be increased so there is
less chance for the toner to leave the groove cleaner in
a radial direction.
• Another way to decrease the chance of toner leaving
the cleaner in a radial direction is to increase the
number of partition walls (see figure 3.2). In that case,
the toner has less space to leave the cleaner in a radial
way.
Figure 3.2: More
• Finally, the skew surfaces of the conical shape can be
partition walls
covered with Teflon or silicon-rubber in order to
reduce friction. Toner does not stick to these
materials.
When the toner has left the groove cleaner at one of the sides, it should be removed. In order
to control the toner removal the toner should leave the groove cleaner in a prescribed shape.
The shape is important so it can easily be broken off. This will be treated later on in this
chapter.
As mentioned in chapter 2, toner at run-temperature is very sticky and therefore hard to
remove. Cooling down the toner to a temperature till it is in solid state solves this problem.
Supplying cold air can cool down
the
toner.
Because
the
temperature inside the copier
must be steady and not
influenced, the air should flow
into an enclosure that is as airtight
as possible. The flow can only
leave the enclosure through the
toner removal hose.
When enough toner is pushed
through the coverplate (illustrated
in figure 3.3), it must be cooled
down until it is in solid state.
Some kind of knife is shifted in
the direction of the coverplate
while the groove cleaner is
rotating. The toner that is pressed
out will bump against the knife
and breaks off. An enclosure
makes sure the pieces of toner
cannot shoot away. They fall
Figure 3.3: Overview toner removal
down in the toner removal hose
and is deposited in a box, which the customer can empty.
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Before investigating this implementation further, the behaviour of the toner in this situation
should be researched. The most important issue is the way the toner leaves the groove cleaner
through the coverplate. Therefore some tests are done. These are clarified in sub-paragraph
3.1.1.
The toner removal hose is not specified any clearer and not shown in the figures because it is
out of scope for this report. The reason is that every different type of copier has a different
position for the groove cleaner. This results in a different environment where the hose is
positioned. The same is the case for the hose of the cold air supply. The gap where the toner
leaves the enclosure is drawn and the gap for the air supply is not.

3.1.1 Toner behaviour
This test will examine if and how the toner is pushed through holes with a different diameter
at run-temperature.
At one side, a piece with a length 50 mm is cut from a groove cleaner. A coverplate is
mounted to the heated side of this piece. This coverplate contains 6 holes each with a different
diameter varying from 1 till 6 mm. In front of every chamber a hole is positioned.
In an oven, the piece is heated to run-temperature. When the piece of groove cleaner has
reached the run-temperature the toner will be pushed in the direction of the coverplate in
every chamber.
As can be seen in the left part of figure 3.4, the toner leaves the groove cleaner through the
hole with a diameter of 5 mm. The right part of the figure also shows that when the amount of
toner that is pushed to the outside is above a certain limit (which is different for every
diameter), the toner falls down and attaches to the coverplate.

Figure 3.4: Toner through 5 mm (left) and toner removal at 3,4,5 and 6 mm
diameter (right)
When this implementation will be investigated
more thoroughly, some accurate tests should
be done to find out what is the most appropriate diameter (or maybe even if the holes should
be round). Also the amount of toner that can be pushed through one hole before it has to be
removed must be specified. In connection with these aspects the position of the holes and the
number of holes in the coverplate should be examined.
This test gives a rough idea of how the toner behaves in the groove cleaner at runtemperature. The only difference is that the groove cleaner in the test is not rotating. Despite
this aspect, it is assumed that the toner leaves the groove cleaner in a cylindrical shape.
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3.1.2 Construction
The principle problems that have to be solved in this implementation are:
• Bringing on the pressure and ensure groove cleaner is able to rotate
• Removing toner
• Breaking off toner
• Movement and guiding break off mechanism
These principles must be executed with the designed construction that is drawn in 2D and 3D
in figure 3.5 and 3.6.

Figure 3.5: 2D cross-sectional overview of conical implementation

Figure 3.6: 3D cross-sectional overview of conical implementation
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The first principle that has to
be solved will be done with the
help of a coverplate, ball
bearing, bearing enclosure and
a plate.
The groove cleaner will press
against the TTF-belt. The plate
brings on the force that is
needed (this force is drawn in
figure 3.7). Because the
groove cleaner has to rotate,
the plate and the cleaner must
be connected to each other
with a bearing. This bearing
will be mounted to the
coverplate with a press fit to
the bearing holder of the
coverplate. This bearing holder
is illustrated in figure 3.7.
Figure 3.7: Groove cleaner and coverplate

Figure 3.8: Bearing enclosure (left) with bearing (middle) and plate (right)
viewed from opposite side as figure 3.6
These bearings must be attached to a plate, so the applied force is guided to the cleaner. The
bearing will be clicked in an enclosure. This enclosure is shown in figure 3.8. In the left part
of figure 3.8 can be seen that 3 hooks are integrated in the bearing enclosure so the enclosure
can easily be clicked to the bearing (see the middle part of figure 3.8). This bearing enclosure
will be mounted to the plate (black), which applies the force. The bearing must guide the
force, so the plate must be positioned in line with the bearing [1]. The right part of figure 3.8
illustrates that the plate has 3 holes cut out. A stopper with the same size as the holes is
mounted to the bearing enclosure, which means that the plate can be slid over the enclosure.
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and pushed against the 3 stoppers. When the plate is rotated they can be mounted together
with screw bolts.
The second principle problem is removing toner. The toner will be pushed to the sides. As
mentioned above, a coverplate is designed and mounted to the groove cleaner. Because the
toner should leave the groove cleaner through the holes in the coverplate, it must cover the
whole cross-sectional area of the groove cleaner. This was illustrated in figure 3.7. To control
the toner removal, this coverplate is designed in a way it prescribes the shape of the toner
removal at the outside of the cleaner. When the removal is controlled, a shape that can easily
be broken off is created.
After explaining this construction, the way of breaking off toner can be specified.
When the hot toner is pushed through the holes of the coverplate it has to be cooled down.
After decreasing the temperature to a certain level where the toner is in solid state, it can be
broken off and transported. Decreasing the temperature will be done with cold air. A hose that
is connected to the bearing enclosure can introduce the cold air. A 4 bladed knife will be used
for breaking off the toner.
Finally, the breaking off mechanism is explained.
When the groove cleaner is rotating and absorbing toner from the TTF-belt, the 4 bladed knife
is standing still and does not touch the toner that is pushed out of the groove cleaner through
the coverplate. When enough toner has left the cleaner, it is cooled down with cold air. When
this 4 bladed knife is shifted towards the groove cleaner and the groove cleaner is rotating, the
toner will be broken off from the coverplate. The hard pieces of toner fall down and leave the
bearing enclosure through the gap at the bottom. A solenoid enables the 4 bladed knife to
move in horizontal direction. They are connected with a lock pin and 2 E-rings. This is
illustrated in figure 3.9.

Figure 3.9: 4 bladed knife and solenoid
The solenoid will be placed in a box. This box is bolted to the bearing enclosure. In this box,
the solenoid is held in place. This enables the solenoid to move in the axial direction.
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When the 4 bladed knife is breaking off the toner removal, some forces are acting on the shaft
of the knife. The
only
degree
of
freedom
the
4
bladed knife should
have is the axial
translation. To fix
the rotation around
the axial axis the
shaft has a square
shape (and the holes
in the support too).
To fix the other 2
rotations and the 2
translations the shaft
is supported by the
bearing
enclosure
and
the
extra
support [1].

Figure 3.10: Support of the 4 bladed knife

3.1.3 Parts production
Starting with the parts that can be purchased. The bearing and the solenoid can be bought. The
bearing is a ball bearing. Which ball bearing will be used depends on the dimensions of the
coverplate. When the radius of the bearing holder decreases, the inner-radius of the ball
bearing can be decreased which means the price decreases. The solenoid only enables the 4
bladed knife to move in the axial direction. The forces in axial direction are assumed to be
negligible so the solenoid does not have to absorb these forces. This means the solenoid can
be a small one that can only overcome the friction forces of the axial movement of the 4
bladed knife. The screws and E-rings needed for mounting parts together are in stock.
The plate is already present in the copiers. Only the shape of the opening where the bearing
enclosure is placed in should be changed.
The coverplate can be turned and the holes must be drilled [2].
The bearing enclosure with the support will be produced of plastic material and be shaped
with die-casting. The 4 bladed knife and the box go the same way. In this construction, the
solenoid is captured in a box.
The cover of the enclosure is from plastic material and can be punched. The holes in every
part, except the cover, must be drilled.
The groove cleaner in this implementation must be built from 3 different parts. The outside of
the cleaner must be extruded. Because the groove cleaner cannot be produced with partition
walls, the wall-thickness of the new cleaner must be increased in relation to the original
cleaner. The skew part must be turned and will be solid. It will be mounted inside the
extruded profile with the help of a press fit or will be welded. At both sides of the groove
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cleaner a ring must be press fitted into the cleaner in which the turned part can be positioned.
This positioning must be done to centre the skew part in relation to the outside of the cleaner.
This cleaner will be produced out of aluminum. Finally, the grooves will be milled into the
outside wall of the cleaner.
How and in what shape the parts can be manufactured best must be investigated when the
implementation is optimised.

3.1.4 Recommendations for further research
This construction is schematically drawn in CAD. But before going any further with this
implementation it should be verified if the toner moves to the sides of the groove cleaner. If
the toner does not move to the sides there are a few possibilities that can contribute to setting
the toner in motion. These were mentioned in paragraph 3.1.
After that, an investigation should be started which specifies the shape of the removed toner
that is pushed through the coverplate. This shape depends on a few aspects between which a
compromise should be made:
•
•

Is it preferred to remove the toner often in smaller amounts or remove larger amounts in
fewer times?
Another important aspect that should be taken into account is the fact that the toner must
not leave the groove cleaner in a radial way, To prevent this, a solution could be to
increase the size of the holes in the coverplate. By increasing, the shape of the toner is
influenced.

In summary, the amount, shape and position of the removed toner must be specified.
In theory, the construction functions. In practice some things may occur that are not foreseen.
The 4 bladed knife may bump against the cylindrical shape, the toner is not cooled down
enough or does not leave the enclosure with the hose. These are a few things that in practice
can be discovered. To find out what unexpected aspects occur, the implementation must be
produced and integrated in the copier. Tests with toner that contains different amounts of
paper dust and different printing-speed should be executed before this new implementation
can be integrated.
Finally should be looked after the cooling down process. What time is needed to cool down
the toner (first verify what temperature is preferred) with the help of cold air. Also the way of
positioning the cold air supply in relation to the enclosure must be specified.
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3.2

Screw inside

In this implementation, the toner will be removed from the groove cleaner with the help of a
screw that is positioned inside the cleaner. A cross-section of the implementation is illustrated
in figure 3.11.

Figure 3.11: Cross-section of groove cleaner with screw inside
The inner wall, with its increased radius (see figure 3.12) should contain holes where the toner
is pushed through. This toner must be able to flow through the holes and form a cylindrical
shape.
The diameter of these holes
should be defined in a future
project. The holes should be
positioned in a way so that the
toner that is pushed through the
holes cannot contact the screw
that is inside. Because it is at runtemperature, the toner is sticky
and will stick to the screw.
Problem is that the toner cannot
be removed from the screw
without
dismantling
the
construction. The rotating speed
of the groove cleaner should also
be taken into account because this
influences the behaviour of the
toner at the inside of the cleaner.
With this information and the
geometry of the screw, an initial
Figure 3.12: Groove cleaner with increased inner
fixed position can be created.
wall radius

28

This position is compared with the groove cleaner. The screw moves back to this position
after removing and transporting the toner. The screw will be stacked to the groove cleaner so
the rotating speed of the cleaner is the same as the screw. To lock them together, a stopper is
used.
The screw inside has an outer-radius that is almost the same as the inner-wall radius. To
prevent the screw and the groove cleaner from wearing, the radius of the screw is a bit smaller
than the inner radius (order 10-1 mm). Because the toner must be cooled down, the screw is
hollow. From one side, cold air is supplied. This cold air is blown into the screw. In the wall
of the screw, holes are applied where the air can leave the screw and cool down the toner.
When the toner is hard enough to break off (this temperature has to be specified in further
research), the screw must be rotated while the cleaner is fixed. As a result of this rotation the
toner will be removed from the inner wall of the cleaner and transported to one side. The
removed toner will leave the groove cleaner and will be collected in a box. A motor that is
positioned on the opposite side of the cold air supply will drive this rotation.

3.2.1 Toner behaviour
The
functioning
aspect
of
this
implementation depends on the fact if the
toner is moving through the holes in the
inner-wall. Therefore a test is executed to
prove that the toner is pushed through the
inner wall.
Because there was no time for producing a
groove cleaner with only holes in the innerwall, holes were drilled through the surface
and the inner-wall of a full cleaner. The
holes had a diameter of 3 or 4 mm and were
equally distributed to prevent pressureFigure 3.13: Groove cleaner with holes in copier
differences over the length of the cleaner.
This one replaced the groove cleaner of a prototype (figure 3.13). The heater was removed
and the cleaner was heated by the TTF-belt. After every 20 prints, a black image was sent to
the cleaner.
After about 150 black images enough toner was
absorbed by the cleaner. The cleaner was cooled
down and removed out of the copier. The result can
be seen in figure 3.14.

Figure 3.14: Crosscut of groove cleaner

The toner is pushed through the holes and shaped
cylindrical. The difference in shape of toner that is
pushed through holes with 3 or 4 mm diameter was
not seen. The toner at the sides of the cleaner is not
pushed through. As a motive for this is assumed that
the toner at the sides moves in axial direction. This
assumption is made because at the sides of the
cleaner no toner was present. This means no
backpressure is created and the toner can freely
move.
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3.2.2 Construction
The principle problems that have to be solved in this implementation are:
• Bringing on the pressure and ensure groove cleaner is able to rotate
• Removing toner
• Positioning hose for cool air supply and breaking off toner
• Positioning screw
• Positioning motor
A cross-section of the construction that will be used in this implementation is schematically
drawn in figure 3.15 and 3.16.

Figure 3.15: 2D cross-section of the left side of the screw inside implementation
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Figure 3.16: 3D cross-section of the left side of the screw inside implementation
The first principle is solved in the same way as mentioned in the conical implementation. A
ball bearing pressed on a coverplate. The bearing clicked to the bearing enclosure, which is
mounted to the plate. The same bearing enclosure is used. The only difference is that the extra
support is removed.
The principle of removing toner is
different.
As can be seen in figure 3.15, the inner
radius is larger in comparison with the
original groove cleaner. This is done to
leave more space for the screw inside
the cleaner. The inner-wall contains the
holes where the toner should be pushed
through. In the figure, every chamber
contains one row of holes. The exact
number of holes per chamber should be
specified in future investigations. This
will be explained later.
In figure 3.15 and 3.16, the left part of
the groove cleaner is projected. The
toner is transported to this side and this
will be explained first.
When the toner is pushed through the
holes, the breaking off principle has to
be solved. The toner has to be cooled
Figure 3.17: Left side with cold air supply
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down to become solid. Cold air flows through the holes in the shaft and decreases the
temperature of the toner that is pressed through the holes of the inner-wall. Cold air is
supplied through a hose (figure 3.17). This hose has an outlet connector, which has the same
inner radius as the shaft of the screw. The connector and the shaft of the screw are aligned and
positioned with a small gap (order 10-1 mm) between them. The reason for that is the fact that
the shaft rotates and the hose does
not. By positioning them with a
gap in between, no extra bearing is
needed and the cold air flows into
the hollow shaft of the screw. The
outlet connector of the hose is
bolted to the bearing enclosure.
This enclosure has a gap in the
bottom where the hard pieces of
toner can leave the enclosure. The
hose that catches the pieces and
should be mounted to the gap is not
drawn. The reason for that is
mentioned in paragraph 3.1.
The screw rotates inside the groove
cleaner. To hold this screw in its
position in a radial way, the shaft
of the screw is positioned in a plain
bearing [1]. This plain bearing is
attached to the inner-wall with the
help of a star-shaped holder. This is
illustrated in figure 3.18. Also can
Figure 3.18: Star-shaped bearing
be seen that three pieces are cut out
holder with plain bearing
of the coverplate. This is done so
the removed hard pieces of toner can fall down. Because the motor can not guide the axial
forces, one ball bearing and one plain bearing should be used. The suspension of the 2
bearings is the same at both sides.
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Figure 3.19: 2D cross-section of the right side of the screw inside implementation

Figure 3.20: 3D cross-section of the right side of the screw inside implementation
In figure 3.19 and 3.20, the right side of this implementation is illustrated. The right side is the
one where the screw is driven.
The last principle problem is the positioning of the motor that drives the screw. Before
explaining this problem, a small introductory talk is given about the parts that are mounted at
the same side as the motor.
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At the right side of the groove cleaner, the way the cleaner is connected to the plate is almost
the same. The only two differences are the facts that the bearing is mounted to the coverplate
and that the bearing has a smaller inner-diameter. This can be done because no toner is
transported to this side and the only element that must be mounted at the outside of the groove
cleaner is the shaft of the screw. This results in a smaller bearing and a smaller bearing
enclosure. By taking a smaller bearing costs can be reduced. This bearing enclosure is also
executed in a smaller size because of this smaller bearing. The bearing enclosure has a gap in
the cover. This gap has a diameter that is larger than the diameter of the shaft. This is
executed this way to prevent wearing.
As mentioned above, the screw is held in his radial position with a plain bearing, which is
mounted to a star-shaped holder.
At this side of the groove cleaner, a motor will drive the screw (see figure 3.20). This motor is
attached to a bent plate with screws. The plate is also bolted to the bearing enclosure. This
motor is connected to the shaft of the screw with an elastic coupling. The reason for using the
elastic coupling is the fact that the motor and shaft cannot be aligned precisely. The elastic
coupling aligns the shaft and the motor and ensures that the rotation of the motor is taken over
by the shaft. Because the shaft is hollow, a shaft journal is press fitted to the axis so it can be
mounted to the elastic coupling.
Because the screw is rotating most of the time, the screw will drive the motor shaft. This is
not preferred for the motor. To solve this problem a unidirectional bearing is mounted on the
shaft journal. When the cleaner is rotating together with the screw, the shaft of the motor is
standing still. When the cleaner is standing still, the motor is going to rotate in the same
direction as the groove cleaner, the unidirectional bearing will be blocked and the screw will
follow the rotation.

3.2.3 Part production
The elastic coupling and the motor can be bought. Before choosing a motor, the rotational
speed must be specified. With this information a transmission can be realised and integrated
into the motor to realise the preferred rotation speed.
Both bearing enclosures and star-shaped holders can be die-casted. The used material will be
plastic.
The hose that supplies the cold air can also be bought. The outlet-connector can be turned or
maybe bought if the right dimensions of the connector are available.
The suspension of the motor can be bent and the holes for the screws must be drilled. The
shaft journal must be turned because of the press fit [2].
The groove cleaner will be extruded. The holes in the inner-wall must be drilled from the
outside through the grooves. This means the holes have a maximum diameter equal to the
width of the grooves. In the tests, holes are drilled with a diameter of at least 3 mm to make
sure toner would move to the inside of the cleaner. The width of the grooves is 2.4, which
means the diameter decreases.
The screw inside the cleaner can be die-casted. Afterwards the hole in the shaft and the holes
in the wall can be drilled.

3.2.4 Recommendations for further research
To make this implementation work in a way that is prescribed in this paragraph, some aspects
should be investigated more thoroughly. The toner that is inside the cleaner has to be heated
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by the TTF-belt. This means an increased starting-up time. A solution for this problem might
be to increase the inner-radius of the groove cleaner so less toner could stay in the cleaner.
After that investigation, the behaviour of the toner that is pushed through the holes in the
inner-wall should be defined. The test in paragraph 3.2.1 showed that it is possible to push the
toner through the holes but further investigations should specify in more detail what amount
and shape is best for this implementation. The maximum diameter of the holes in the way the
cleaner is produced as mentioned above is 2.4 mm. Tests should prove that toner also moves
through these holes.
It was assumed that the cold air could cool down the toner but is the necessary time
acceptable? This must be investigated.
The coupling device between the groove cleaner and the screw must be developed.
The motor that is needed for the implementation must fulfil a couple of demands. A
transmission should be integrated to reach the prescribed rotational speed and the axial forces
must be caught. The force for breaking off the toner with the screw must also be delivered by
the motor. A well considered choice should be made taking these demands into account.
When is decided to integrate this implementation into the copier, attention should be paid to
the manufacturing of the different parts.
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3.3

Blades

In relation to the previous construction, the
screw is replaced by a shaft with blades
attached to it.
The groove cleaner has the same dimensions
as the one used in the screw implementation.
The holes applied in the inner-wall are also
present. Only the position of the holes is
changed. A shaft with blades replaces the
screw. Figure 3.21 illustrates what is meant
with that.
These blades are clamped to the groove
cleaner and rotate with the same rotational
Figure 3.21: Front-view blades
speed as the cleaner. When sufficient toner is
pushed through the inner-wall, the toner
should be cooled down. At one side of the groove cleaner, a hose is mounted. This hose has
the same inner-diameter as the groove cleaner. Cold air will be supplied by this hose and is
blown into the cleaner. When the toner is cooled down, the blades will be uncoupled from the
groove cleaner. The groove cleaner makes a rotation and the blades are held in position with
an electromagnetic brake, the toner is broken off from the wall inside the cleaner. The hard
pieces of toner fall into the groove cleaner and will be transported with the help of the airflow.
The airflow blows the pieces of toner to the other side where they fall down in a box.

3.3.1 Construction
The principle problems that have to be solved in this implementation:
• Bringing on the pressure and ensure groove cleaner is able to rotate
• Removing and breaking off toner
• Positioning shaft with blades
• Positioning electromagnetic brake and hose for cool air supply
In figure 3.22 and 3.23 the right side of the construction is illustrated.
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Figure 3.22: 2D cross-section of the right side of the blades implementation

Figure 3.23: 3D cross-section of the right side of the blades implementation
Bringing on the pressure and rotating: the bearings that catch the force that takes care of the
line-pressure are positioned on the extruded inner-wall. These bearings are press fitted on the
extended inner-wall at both sides. These bearings are captured in a bearing enclosure. The
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same enclosure as in the screw implementation at the left side can be used. This enclosure
contains a gap in the bottom and is positioned at the side where the toner is moved to. That is
the side where the electromagnetic brake is mounted. At the other side, where the cold air is
supplied, the toner does not leave the groove cleaner so no gap is needed. These enclosures
are mounted to the plate in the same way as mentioned in sub-paragraph 3.1.2.
The removing and breaking off principle will be explained.
On the other side of the groove cleaner, the bearing enclosure contains a gap for toner to leave
the cleaner. Figure 3.24 illustrates that the shaft is extruded and mounted to the
electromagnetic brake. The star-shaped holder for the ball bearing at this side is placed inside
the groove cleaner. This means that the hard pieces of toner that have to be transported by the
flow must be pushed over the outer ring of the star-shaped holder. When the flow can not
move the toner over the ring, the gap should be replaced to the right side of the star-shaped
holder. This principle is used in the screw implementation where the inner-wall is extruded
and gaps are cut out of the wall so the toner is able to leave the construction.
To solve the positioning of the shaft with the blades, the groove cleaner has an increased
inner-radius (see figure 3.24). In this hollow space, the shaft with blades mounted to it, is
positioned. To prevent the blades from wearing, the shaft is positioned with bearings that are
mounted to the inside of the groove cleaner. At the side where the air is supplied (right side),
a plain bearing will satisfy to position the shaft in radial way. On the left side where the
electromagnetic brake is positioned, a ball bearing is needed to catch the axial forces. An
electromagnetic brake can not catch these forces. The bearing is mounted to the shaft with a
press fit and clicked into the star-shaped holder.

Figure 3.24: 2D cross-section of the left side of the blades implementation
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Figure 3.25: 3D cross-section of the left side of the blades implementation
Finally, the positioning of the electromagnetic brake and the hose for the cool air supply is
solved.
The side where the air is supplied, an outlet connector is attached to the bearing enclosure.
The outlet connector is glued to the hose at one side and at the other side to the enclosure. All
these parts are illustrated in figure 3.23. In this implementation the air supply is drawn
because it is essential for the construction. The hose and the shaft are positioned the same way
as done in the screw inside implementation.
The electromagnetic brake that must prevent that the shaft is going to rotate when the toner
must be broken off from the inner-wall is mounted to the shaft. With a leaf spring, the
electromagnetic brake is prevented from rotation.

3.3.2 Part production
The bearing enclosure, star-shaped holder, coverplate and groove cleaner are produced the
same way as in the screw implementation. The bearings and the elastic coupling will be
bought.
The blades will be extruded. The shaft will be replaced by two shaft journals. These will be
mounted to the blades with a press fit.

3.3.3 Recommendations for further research
The two important aspects mentioned in the screw implementation also count for this one.
The radius of the inner-wall and the toner behaviour inside the cleaner must be specified. The
position of the holes in the inner-wall must be investigated. Preferred is that the blades break
off one piece of toner at a time so the forces the electromagnetic brake must overcome are as
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low as possible. This means the size of the brake can be decreased which reduces the costs
and the needed space.
When the copier is in run, the shaft must be coupled at the groove cleaner and rotate at the
same speed. This coupling device must be developed.
The flow is applied at one side of the groove cleaner. Is the necessary time for cooling down
the toner in the whole cleaner not influencing the printing process?
The pieces of toner must be moved by the flow of air. Is the force that is obtained by the flow
sufficient for this process?

3.4

Sticking out with a comb

The 3rd implementation is the one where the toner is removed out of the grooves with the help
of a comb. As the comb is placed into the grooves, the toner is picked up with the pins of the
comb.
To make this implementation work, a lot of aspects different from the 2 implementations
mentioned before have to be treated.
The first important difference with the 2 other implementations is the fact that this one
removes the toner out of the groove cleaner in a radial way. This means that a lot of space in
radial direction is needed for the construction.
In this implementation, a comb that contains as many pins as grooves is applied to the cleaner.
These pins are positioned into the grooves. When the pins are in the grooves, they translate in
axial direction as a result of the rotating movement of the cleaner. The construction where the
comb is attached to should also be able to translate in the axial direction. This translation has
the same value as the pitch of the grooves. In order not to increase this translation, the pins
must be inserted into the grooves at the same place every time. The groove cleaner should
have an original position where it should go back to every time the sticking out process is
executed. Another reason for this original position is the fact that the pins otherwise do not go
into the grooves and they bump on the dams.
When the pins are positioned into the grooves and the cleaner rotates, the toner is attached to
the pins and the pins have to be pulled out of the grooves. When this action has taken place,
the toner should be removed from the pins. It is still hot and sticky so it is difficult to remove.
By cooling the toner to a temperature where it has decreased fluidity and becomes hard, it is
easier to remove it from the pins. With a little force the toner shoots from the pins. This
means that this process should take place in a closed box where the hard pieces of toner can
be caught and not enter the copier at places where they can cause damage to the copier. A way
to remove the cooled drops of toner from the pins is by pulling them through some kind of
ring. When the force is large enough the toner will shoot from the pins and can be caught. The
hard pieces of toner can be transported to a place where the customer can remove them out of
the copier.
To reduce the forces that act on the pins, the rotating velocity of the groove cleaner should be
decreased. This means that no toner can be removed out of the cleaner while the copier is
printing because the groove cleaner is driven by the TTF-belt. The cleaner must decrease
velocity, so the TTF-belt must also. The way the pins are inserted into the grooves also
contributes to a good absorption of the forces. When the pins are inserted in a radial way, the
forces that are generated by the rotation of the groove cleaner act perpendicular on the pins
and ensure a bending moment. When the pins are inserted in tangential way, the forces are
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absorbed in the direction of the pins and the pins are stressed on pressure. This is illustrated in
figure 3.26. In the left the radial way and right the tangential way.

Figure 3.26: Comb positioned in radial way (left) or in tangential way (right)
When toner is removed out of the grooves, the groove cleaner should make a few rotations
until the upper layer of toner on the groove cleaner is repaired. This has to be done because
when toner is removed out of the grooves, little bumps and wires are assumed to occur on the
surface of the groove cleaner and they can cause damage to the prints and the TTF-belt.
Before developing a construction to remove the toner from the groove cleaner, a test is done.
This test should specify the behaviour of the toner within this construction.

3.4.1 Toner behaviour
The most important issue for
this implementation is the
creation of wires. When the
comb with its pins is pulled
back from the cleaner wires
could be created. These wires
could fall down on the TTFbelt, which is not preferred.
This can cause error-prints.
To verify if this happens, the
test that is explained below is
executed.
A full groove cleaner is
heated to run-temperature. A
pin with a diameter of 0.9
mm is pushed into the
grooves. These grooves are
filled with toner. The cleaner
Figure 3.27: Ways of positioning the pins
is rotating and the toner
sticks to the pin. This is done in three different ways. These ways are illustrated in figure 3.27.
Additionally, the speed of pulling back the comb is an aspect to which attention will be paid.
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Figure 3.28: Wires occur by pulling out (left) and wires at pins (right)
The results of this test prove that this implementation is not useful. When the comb is pulled
back with a low speed (left part figure 3.28), wires are created in every way of pulling back. It
does not matter if the comb is pulled back in x or y-direction. The only difference is that some
wires are longer than others (see right part figure 3.28). When the comb is pulled back with a
higher speed a small difference can be seen. The wires are somewhat smaller but small bumps
occur on the surface of the groove cleaner.
After the test, it seems to be that unregarded the direction of removing the pin wires occur. At
this moment no solution is present for this problem. Therefore this implementation is
cancelled. Further research could prove that this implementation might work.
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4.

Recommended implementation

After analysing these three implementations in depth a proposal is made what implementation
has the highest expectancy of success.
The six most important criteria are reviewed again and listed below in table 4.1

Functionality
Life span
Integral costs
Energy consumption
Cost price
Compactness

Conical
+/+
+
+
+

Screw inside
+
+
+
+
+

Blades
+/+
+
+
+

Table 4.1: Comparison of the three implementations
As can be seen in the table, the implementations do not differ that much from each other. The
only difference is the functioning aspect. Therefore, the implementation with the highest
expectancy is the screw inside.
The greatest advantage is the amount of toner that can be removed in one removal process
compared to the conical implementation. The conical implementation can remove way less
toner. This means that the toner removal process has to be executed less often. Depending on
the printing volume this can lead to great advantages. When the daily printing volume stays
below a certain limit, this means that the toner removal can be executed once daily. This can
be done before starting-up the copier. Before starting up the copier, the toner is cooled down
and the removing process can be executed without influencing the printing process. The
temperature is decreased without supplying cold air and the warming-up time does not
increase significantly because the toner removal process takes only a few seconds when the
toner is already cooled. This means that the cold air supply can be removed which decreases
the used space for this implementation. This does not count for the blades implementation
because the air supply is also used for the transportation of the pieces of toner.
The screw inside implementation is transporting the toner mechanically contrary to the blades
implementation. This gives more certainty compared to transporting with an airflow.
The way of producing the parts does not differ significantly between the blades and screw
inside implementations. The only difference is the acquisition of the motor and the
electromagnetic brake. The motor is more expensive than the brake. Exact prices can not be
given because the precise motor and brake are not defined.
All in all, the screw has the most advantages in the way it is used for. The high amount of
toner removal, good transportation of the toner and great certainty in relation to the
functionality are the most important ones. In this phase of the project, the price is not the
reason to cancel an implementation.
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5.

Conclusion

There are a few conclusions that could be made after this internship.
•

The first conclusion is that it seems that there are a couple of implementations that can
ensure that the groove cleaner gets an infinite lifetime.

•

To remove toner out of the groove cleaner it has to be cooled down to a temperature
where it is in solid state. Toner in solid can easily be broken off and transported to a place
where the customer can remove it.

•

At the moment of writing this report, the screw inside implementation seems to be the one
with the highest expectancy according to the author.

•

The constructional designs do not seem to have unsolvable problems.

•

Serious test programs should be developed and executed to improve the implementation
and optimise the functionality.

In the next chapter some recommendations will be explored with the aim to improve the
implementation with the screw inside.
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6.

Recommendations

Before the developed and proposed implementation can be tested, produced and integrated,
some aspects should be investigated more deeply.
•

The behaviour of the toner is the most important one. What are the influences of paper
dust, rotation speed, temperature and line pressure for the behaviour? Are these influences
the same when the amount of toner inside the groove cleaner differs? All these questions
with relation to toner have to be answered before introducing the new implementation.

•

Research must be done to investigate if the toner goes through the holes before forming a
thick layer on the cleaning surface.

•

When the behaviour of toner is known and the construction is optimised, it should be
investigated after how many black images the toner removal process has to be executed.

•

The behaviour in the copier must be optimised in order to cause as little disturbances to
the customer as possible.

•

When the behaviour of the toner can be predicted, the construction must be optimised. Is it
functioning in a way that is developed? Are some parts in the construction unnecessary or
can they be replaced by other cheaper parts with the same function?
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Appendix A
Thermal behaviour of toner
An extended explanation of the executed test of paragraph 2.2 is given below.
The aim of the tests was to create a feeling for the behaviour of toner at different
temperatures. A full groove cleaner is cut into 4 pieces. These pieces are placed in an oven
and heated up to 80 °C, 100 °C, and 130 °C. When they reached these temperatures some
tests are executed.
•
•
•
•

A nail (± 100 mm) is pressed into the toner in axial direction
A screw (± 100 mm, diameter 10 mm) is turned into the toner in axial direction
A small nail is placed into a groove and the cleaner was rotated
A wedge is positioned at the surface of the cleaner and scratches the toner from the
surface

The results are explained below:
80 °C
• Toner is solid. It is a little bit elastic but a screw, nail or wedge cannot be pushed into the
toner.
100 °C
Outside the oven:
• Pushing a nail into a groove and rotating the cleaner results in a sphere of toner at the nail.
When the pin is pulled out of the groove, the sphere of toner is becoming solid very fast.
With a little push against the sphere it will break off.
• Pushing a nail into the toner in axial direction is causing a bump of toner at the opposite
side. Pulling out the nail slowly results in a blob of toner at the nail. Removed out of the
cleaner, the blob is becomes solid and is can easily be broken off.
• Turning in the screw uses a significant force. Pulling it out is even worse.
• Most remarkably is that the toner is moving to solid state very fast when it leaves the
oven.
• Moving with the wedge over the surface of the cleaner scratches the toner from the
surface.
Inside the oven:
• The nail pressed into the toner in axial direction is not resulting in a bump at the opposite
side. Pushing in the nail goes easily in contrary with pulling out. The nail pulled out does
not contain a blob of toner.
130 °C
Outside the oven
• A small nail into a groove and a rotating cleaner does not need large forces. The force
increases when the cleaner is rotating longer. When the nail is removed out of the groove,
the toner is moving to solid state quickly. A little knock breaks off the blob of toner.
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•
•
•

Nail pushing in and pulling out goes easy when it is executed fast. When the nail is left a
few seconds into the toner and pulled out he contains a blob of toner.
Turning the screw in and out is easy. When it is turned out no toner is attached to the
screw.
Removing the toner from the surface of the cleaner with a wedge is going well. The toner
becomes in a few seconds and can be broken off with a little force

Inside the oven:
• No significant difference is mentioned. The only difference is that the toner is not
attaching to the wedge but is stacking on the surface of the cleaner.
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