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Abstract

Technology Basics
In the TonerJet system toner particles move from a toner
feeding roller through an array of holes (apertures) in a
paper wide flexible printed circuit board to the print media.Toner Transport
An electrical field between the toner feeding roller and the ~ Toner particles, in the form of charged polymer
back electrode moves the charged particles. A number gPheres, with a diameter of aboutu) are applied as a
electrodes in the circuit board modulate the electrical fieldthin layer on the feeding metal roller by a supply roller.
which makes the charged toner particles to either pasle supply roller charges the surface of the
through the aperture or to stay on the feeding roller. A paiflonocomponent,  nonmagnetic,  polymer  particle
of deflection electrodes around each aperture makes §lectrostatically. Mirror and adhesion forces hold the
possible to deflect the toner particles from one aperture tgharged particles to the roller surface.
three different dot positions.

The movement of the charged toner particles has been ‘
simulated using two different simulation tools. In the first “
tool the electrical field is calculated with the software T 0
package ANSYS and the piate motion is calculated with -

I o =N

the software package ADAMS. In the second tool both the
electrical field and the particle motion are calculated in

MATLAB. 7 |
One aperture is simulated in either in 2D or 3D. The

simulated particles are affected by electrical field forces,

coulomb forces, mirror forces, collision forces, friction

forces and air draught forces. 0

Introduction _ .
Fig. 1 (a) toner container, (b) supply roller, (c) feeder roller, (d)

With small dimensions and high frequencies in thedoctor blade (e) FPC, (f) print media and (g) back electrode.
process it can be difficult to understand what is really
happening in the real printer. Through these simulations it
is possible to study the process and how it changes when
parameters are changed. This gives a very good A flexible printed circuit board (called FPC) is mounted
understanding of how the process is working. between the feeding roller and the print media. A voltage
The first work on a 2D TonerJet model was made in 199%between the feeding roller and the back electrode below
Some years lateANSYS, for electrical field calculations, the print media creates an electrical field.
and ADAMS, for paticle motion simulations, were being The FPC contains an array of apertures. An electrode
used. Less then one year ago a 3D model (also in ANSY®Bat can be controlled individually surrounds each aperture,
and ADAMS) was finished. As a comgment a simple 2D see Fig. 3. By applying different potentials on the
MATLAB simulation tool has been developed. This paperelectrodes, the electrical field between the feeding roller
will describe the difference between the models andnd the back electrode can be modulated.
explain the reasons for having models.
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The wo dimersional model ha now beendeveloped
to also handle particle movemenin three dimersions,

where abko the electrical field is calculated in three
& dimersions. Today a numbea of up to 200 particle are
<> ><> simulated at thesame time.
<> The ADAMSmodel consists of the toner feeder rdler,

the FPC, the print media and th bad electrode.None of

these move becatse their speed § rather low relative to
Fig. 2 Flexible printed circuit board with two rows of apertures  the toner particlestream.

and ring electrodes. The conductors connecting the electrodes to  The aperture is about @m in diameter and the
the IC drivers are not shown. distance betveen the feederroller and the print media is
By modulatingthe electrical field each aperture can betypically 4@um.

controlled to be either opened or &&d electrically. Each toner particle is modelled & a point-maspart in
ADAMS. The diameter of the particle is normally
Dot Deflection Control distributed with an average diameter of aboutOum,

By adding anothe layer of electrods on the lover average weight of about.Ong and average charg® mass
side of theFPC, with two electrods at eadh aperture (Fig ratio of about HC/g.
3), the toner stream through the aperturs can be deflected  The forces attracting the particle are meaured in nN.
along the array of aperture. The deflection electrodeare
positioned with an angle relative to the array of apertures
to compersate for the movement of the print media. By
connecting all deflection electrodeon one side of the
apertures the whole array deflect the toner inthe same
direction at the same time. Th$ makes it possble to print
e.g.three dos beside each othemith the same aperture. A
600 dots per inch resolution printer then needs an array
apertures with a resolution of only 200 apertures per inch.

0 Fig. 4 Exanple of smulation with the ANSYFDAMS tod. A
simulation of one print pulsevith 45 particles deflectedto the

0 left side.

Fig. 3 Lower side of an FPC showing the deflection electrodes. cheiﬁgg%/%n[;ﬂ&ga{/ltgéee? inthe

The conductors connecting the electrodes to the IC drivers are
not shown.

Electrical Field Force
General Description of the ANSYS/ADAMS The electricd field componens are calculatedwith the
Model Finite Element Analysis software ANSYS. A C-rotine
extracts the FEM data from tleANSYS ouput files and
In this modd the toner movement from the feeding roller gores the results in a matrix. The matrix with the field data
to the print media s smulated. is then linked together with the ADAMS bnary code to

The first modelwas developed sa.a two dimersional produce a custom ADAMSSdver that corains the
mode| where the particle where alloved to move in only glectrical field data.

one plane. The electrical fieldvas also calculated in only

For every timestep, the electrical field component is
one plane.

fetched from the matrix througha user-written subroutine.
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The electricd field force is calculated from the electrical
field and the charge of the particle:

F= Q*E 1)
Coulomb Force Betveen the Particles

The Coulomb force astbetveen two charged particles
in the model ands calculated by Coulomis'law:

F=Q*Q J4mt g *r* 2)

Copyright 1999, IS& T

Mirror Force

The mirror force comes from free charges in
conductive materials that are attracted to theurface when
a particle & close to thesurface.

The mirror force depends o the distance from the
centre of the particle tosurfaces in the model and the
charge of the particle:

F=Q(d*4* &) 3)
The force is calculated in a @er-written subroutine

To avoid a large number of forces in the model a usefgnce for each timesep.

written subroutine calculates the Coulonb force betwveen
the current particle and all the other partickeonce at the
beginning of each time step. The Coulomb force
component is then stored in @omma Block in a Fortran
subroutine. The next time the ser-written subroutine is
called, it check if the force has already been calculated for
the current time step. If the value ha been calculated it is
fetched from the Common Block, otheise the Common
Block is recalculated.

Impact Force Betveen Particles and Fixed Parts

The collision forces betveen particles and fixed parts
are modelled a a spring-dampe elemen with the
IMPACT furction in ADAMS. When a patticle hits a part
or another particle, the collion force becoms active
when thesurfaces of the bodis starts to overlap

All collison detection and impact calculatianare
handled in a wer-written subroutine. A numbe of ‘if’
statemens checls if the particles are free in the air orif
they are colliding. If no contact occuy then the subroutine
directly returns a zero force.

If the particle is colliding, a number of ‘if
statemens check where the partick is, and calculate the
appropriate impact force.

At the beginning of each timestep, the collsion force
is calculatedbetween all particles and pars. The result is
stored in a Common Block inFortran. The next time the
user-written subroutine is called, the routine checkif the
force already ha been calculated for the current timgep.
If the force hasbeen calculated the wselts are fetched from
the Common Block, othevise the forces are recalculated
and the new result is stored in the Common Block.

Friction Force

The friction force i calculated & the friction
coefficient multipliedwith the impact force to atatic part
(developer deeve, FPC or print media) The friction
coefficiert change between static and dynamic friction
dependent on the particle’velocity relatie to the static
part. The transition between dynamic andtatic friction is
modelledwith a STEP function.
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Air Draught Force
The air draught force B calculated from Stoke's
theorem and depergbn the velocity of the particle:

F=6*m*n*rx v (4)

The force is calculated in a @er-written subroutine
once for each timestep.

Description of the Matlab Model

The Matlab model $§ 2D and smpler than the
ANSYSADAMS model. The M atlab model cosists of the
toner feeder roller, at the top dfig 5, and the print media,
bottan Fig 5. The electrical fields and the particle paths
are only calculated in one plane onlh\Between them the
electrods and the toner particlse are postioned. It is
possble to wse 10 electrodg 10 particles and 10 evergin
this model.

The electrode voltageare sent to a C-routine,where
the electrical fields for the evens are calculated. The
matrix with the field data § thensent o an other C-routine,
where the particle paths are calculated All the data b then
sent back toMatlab, where it is plotted & in Fig 6.

The largest differences betwveen the wo modes are the
forces acting on a particle. In t®ADAMS model we have
implemented all the forcedescribed in the section above.
This should be comparednith the Matlab modd where
only electrical field force and air draugh forces are
implemented. There are no contact foiceo the particles
can e.g. go through an electrode. This not physical but
simplifies and speed up the model.
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Fig 5. Exanple of $mulation with the Malab todl, shovingthree
particle paths deflectal to the left. Equipotential lines br the
current event in the background. The scales angnin Electrode
1 and 2 costitute the ring electiode, 3 and 4 are the deflection
electrodes.

Why Two Models?

We wantedto create asimulation tool thatwas easy to use,
s0 that everybody couldsa it & all times for quick, small
tests of rew ideas. Although the ANSYS/ADAM S model is

very powerful and useful for thorough investigations, we

felt that it was not suitable fa this purpcse. We needed
somethingsimpler and fater. The major advantags of our
Matlab model are s$t ease of e and is speed Its
drawback B that it s in some caes too smple, butthe
startup time for someore familiar with the Tonedet is less
than half an hourwhich maks the Matlab modé an
excellent complement to tiRNSYSADAMS model.

How the Model is Compared With Reality

By using a special printer with only one aperture, a
microscope and a higpeed camera isipossble to record
the sequence of the print pulse on videotape. Vileo
camera take40 000 frame persecond.

By directly meauring on printsamples (e.g position)
it is posgble to compare themulations and the real print
process.
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With the particle anabker Espart, it s possble to
measure the masand charge of a toner partigample.

Conclusions

It is complicated to perform an exact verification of the
model due to difficultis in meauring some parametarin
the procses The procss has a bit of a chaott behaviour,
which abo may make it difficult to verify the ablute
results from the simulatiors. Even though tlsi our wo
simulation took are very valuable toslfor studying the
trends in the proces when adjwting the different
parametes.

Most of the difficulties in the modelling are connected
to the charactestics of the surfaces in the model. Today
the surfaces are modelled @planesurfaces with a friction
coefficient,but in reality thesurfaces are rough compared
to thesize of the particle

With small dimersions and high frequencgein the
process it can be difficult ® undestard what is really
happening in the real printer. Through deimulatiors it
is possible to study the process and how it chamdemn
parametes are changed. Thi gives a vey good
understanding of how the process is working.

To haveone simple tool for the first tests and then a
more advanced tool and model for more thorough
investigatiors is an effectivesolution.
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