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Abstract

At the IS&T- NIP11 conference 95 in Hilton Head, A
South Carolina we made a short introduction of the concept L
of our new g-testmachine. The device is a small low cost
‘toner charge spectrometer’, which is easy to handle with
good reproducibility. Now this machine is available with a Measurement
microscope scanning unit and analysis software. The . amber -
inhomogeneous geometry of the electric field and the ?

airflow in the measurement cell leads to some advantages in
handling the measurement and to the results in the area of
toner charge and diameter, but makes a complex calculation
necessary. First results will show the reproducibility of the
unit and make a direct comparison to other charge
spectrometers (e.g/d-mete) possible.
The device is not only designed for the R&D

department, even the quality control can have a quick and Activation-
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Introduction

The g/d-distribution is today one of the important _ . .
parameters in the development and in the characterizatigrdur® 1. Cross section of the g-test with a two component
of dry toner. Therefore different charge spectrometers witfictivation cell
different measurement methods have been developed. Two
are commercially available. Most of these machines use @onstruction
laminar airflow and a homogenous electric field [1]. This The g-testis divided into two separate desktop units —
makes the calculation of the g/d — distribution relativelythe measurement unit with the measurement chamber and
easy, but the hardware is getting more complex and largethe scanning unit with the microscope.
In the g-testmachine we have gone the opposite way. The = The measurement unit uses a air-stream with a crossed
machine is a small and easy to handle construction, with @lectrical field, as it is known from tH&pping g/d-meterA
complex geometry, that makes the evaluation moreross section of the measurement unit is shown in Figure 1.
extensive. The-testmethod was first introduced at the NIP Instead of the laminar airflow a ‘free air stream’ is used and
11 in Hilton Head, South Carolina [2]. The following is ainstead of the homogeneous electric field the pair of
short description. electrodes are angled, so that the electric field strength
o increases in direction of the air stream.
Description The scanning unit consists of a cross table and the
microscope with the CCD-camera for the image analyzing
The g-testwas developed from thEpping g/d-meter system. The scanning and the evaluation is made
but with the idea of an easy-to-handle unit for use in thewutomatically by the software. The toner deposition is
R&D department as well as for the quality and the processcanned in x/y-direction.
control.
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necessary to pull the particles from surfaces into the
chamber. There are different kinds of standard activation
Electrode cells available for the different types of toner, e.g. two
component systems, mono-component magnetic and mono-
component nonmagnetic toners. These units are also used in
the g/d-meter The standard cells are prepared from original
cartridges, so that almost the same conditions as in the
target machine are found. A unit to suck off from the photo-
conductor is also available.

Calculation of the Toner Deposition

As was mentioned before the calculation of the toner
path through the measurement chamber is more complex,
because of the inhomogeneous geometry. The toner particle

. Distance (mm) 25 movement in the air stream is affected by the electrical field
Airinlet force, the frictional force and the gravitational force. This is
described with a system of two dependent differential
Figure 2. Electrical field lines in the measurement chamber  equations [3] for the axial {y and the radial acceleration
(x™) of the toner particle.

Measurement Method
The toner is sucked from the activation cell or other y”=E, (xy)-a/m - E(y(xy)/m-g @)

units (e.g. directly from the developer roll or the photo-

conductor) and is transported with the air stream through X'=E, (xy)-a/m - F (x{x,y))/m @

the electric field, where it is deflected onto the electrodegiith E, and E the electric field strength in the x and y

according to the charge to diameter ratio. Both polarities argirection, respectively, the air resistangettie gravitational

determined by one measurement. On the electrodes a sligeceleration g and the mass of the particle 1,8 and

of glass is placed which can easily be removed. The twp (x,y) is given through a matrix, which is calculated with

slices with the toner deposition are placed in the scanninge finite volume method on the GMD Institute (see chapter

unit and are evaluated. For a simple control of the charg&lumerical Simulation’). Figure 2 shows the electric field

distribution a visual comparison of the deposition is useful. ines in the measurement chamber, The velocity of the
particle y and X depends strongly on the air-velocity
v,,(x,y) and v, (x,y) (see figure 3), which is also given

0050 - 0100 m/s through a matrix, prepared by GMD with the same method.

0.100 - 0150 més Because of the symmetry only one half of the measurement

Electrode B 1a- om0 ms chamber is shown in Figure 2 and 3. The differential
0.250 - 0.300 m/s equations were solved with a numerical approximation
8%233388 mﬁﬁ method. The calculation of the gravitational force can be
D e -Dashms adjusted by the software depending on the mounting
(0500 - 0550 més position of the measurement chamber.

0.550 - 0600 m/s
0.600 - 0650 mis
0.650 - 0.700 mis

0.700 - 0.750 m/s 02 fCA0um. d= 10.0 pm

0,750 - 0.800 mis : 05 0pm,. d= 10.0pm
0,800 - 0.850 mis s 10CA 0w, d= 10.0um
0.850 - 0,900 m/= Electroce : -20MCA0um, d= 10.0 pm
0.900 - 0.950 m/s c BOCA0um, d= 10.0 pm
= 0,950 m/s 100 fCA0pm. d= 10.0 pm
20000, d= 10.0pum

EEEEOODOO0D0O0COOEEENEE

i Distance [mm) 25

Ajrinlet

Figure 3. Air beam in measurement chamber

Activation Cells
One advantage of thg-testis that the measurement 0 Distance mm) 25

chamber is a small unit and can easily be adapted to the

special demands of the application. The air stream in theigure 4. Calculated track of toner particles with different

chamber is sucking, so that no additional airflow ischarges
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Figure 4 shows the calculated track and the depositiodl). The mean g/d values of the measurements are shown in
point of toner particles with the same size and different g/dhe figure.
values. The higher charged particles will be found very
close together, while the low charged particles deposit in a
broader area. The deposition point depends on the g/d value Jameter - g~ 28 1Ci0um
of the particle, so that the charge to diameter ratio of a toner
is a function of its deposition point x on the glass slice - g/d
= f(x). This is shown in figure 5, where particles with the
same ¢/d value but with different sizes have the same
deposition point. By scanning the toner layer on the glass
slices the g/d distribution can be calculated.

—=—X1 - g/d = -3.2 {C/10pm

8% X2 - qfd = -3.1 fC/10um
——X3-g/d =-3.11C/10pm
——X4 - g/d = -3.6 {C/10pm
—e—X5 - g/d = -3.4 fC/10pm

—*-X6 - g/d = -3.3 {C/10pm

percent pixels

X7 - gfd = -3.1 fC/10um
X8 - g/d = -2.9 fC/10um

—+—X9 - g/d = -3.0fC/10pm

——X10 - g/d = -3.1 fC/10um

D2fCA0pm, d= 20pm
02(CAm. d=  5.0um
0.2 fCA0pm. d=10.0 pm s
Electrode -0.2 fCA10pm. d= 15.0pm IS A . P 2 . T . .
A.0CAGm, d= 2.0pm q/d in fC/10pm

A0CAQm, - S0pm
1.01CADm. d= 10.0 pm
;g;gﬂgﬁﬂj: ‘3%{; Figure 7. 10 measurements with the g-test under the same
10; 50(CAOm. d=  50um condition

110 50(CAGQm, d= 10.0pm

12: -BOMCA0pm,.d= 15.0pm

e o

Numerical Simulation

General Approach
The electrical field and the flow field of the air in the
measurement chamber are numerically calculated \#§
[6], an environment for the parallel multigrid solution of
o Distance mm) 25 partial differential equations on general domains. Highly
efficient multigrid methods [4,7] are used lir5S Block-
Figure 5. Calculated toner track in the measurement chamberStructured grids consisting of logically rectangular blocks
with constant g/d and variation of the diameter. are combined with a finite-volume discretization.
Parallelization is done by grid partitioning, i.e. the blocks
are mapped to different processors of the parallel computer.

s e As communication within the underlying communication
A A qdmeter library (CLIC) is performed by MPI, portability is
4 - guaranteed.
AT A
g T Electrical Field
g aE For the electrical field in the central plane of the
g f R measurement chamber the Poisson equation
&5 Au=0 ®)
in two dimensions for the potential is solved. Due to
symmetry the two-dimensional calculation is a sufficiently

2 4 6 8 10

good approximation for the potential in the three-
dimensional domain.

2 0
g/d in fC/10pm

Figure 6. Comparison of the measured g/d-distribution of the q-FIOW Field

test and the g/d-meter The flow field is calculated using the steady

incompressible Navier-Stokes equations in  Reynolds

Measurements number divided form
VA

To prove the theoretical calculation, a comparison with W) Huw)p, = 1LRe-Au
the Epping g/d-metethas been made. The measurements
were carried out under the same conditions and the same v rw)+p, = 1/Re-Av
activation unit were used in both machines. It is seen from )
figure 6, that there is a good correlation between both w)w)rw?)+p, = 1/Re-Aw
machines. In the area of higher g/d-values (>5fC/10um) the . _
g-testshows higher values, because of the lower resolution clutviw) = 0 @

in that area. Further, a series of 10 measurements wevgth velocitiesu, v, w, pressurep, a constant reference
made to prove the reproducibility of the results (see figureselocity c and Reynolds numbéte The three-dimensional
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finite volume discretization described in [5] is used withindeveloped. Local refinements will lead to less grid points.
LSS Moreover, complex boundary conditions, such adn addition to a decrease in computing time, refinements
pressure extrapolation at internal corners, or symmetrwill result in more accurate computations.

conditions, have to be handled.
Due to the complex geometry of the measurement

chamber the three-dimensional computation of the flow
field is necessary. The results obtained by a two-
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domain. Because of symmetry the three dimensional
computation has to be performed only for one quarter of the
chamber. The computational domain and the coarse grid

Summary

The results show a good correlation with eping

can be found in Figure 8.
g/d-meterand good reproducibility. Thg-testmachine is a
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Figure 8. Domain and coarse grid for the three-dimensionaly,
computation

Hitherto, due to limitations of the grid generator, 5.
generation of three-dimensional grids for curved domains is
not possible in each case. As a result of this, the round
boundaries of the measurement chamber, the inlet and the
outlet are approximated by rectangles. In spite of this
simplification, the (quite complex) computational grid gives
a good approximation to the actual chamber. A hierarchy of
three grids is used within the multigrid cycles. The finest
computational grid consists of 806,224 grid points in eigh?-
blocks. The coarsest grid, shown in Figure 8, is formed by
15,334 grid points. As four variables are located in each
point of the computational grid, 3,717,320 unknowns have
to be solved. The three-dimensional computation leads to
distributed back stream flow and reduced velocity.
Calculation is performed on nine nodes of a parallel high

small, portable charge spectrometer for dry toner, which is
easy to handle. The relatively small dimensions of the
measurement chamber make it possible to mount it on the
application (e.g. photoconductor, developer drum) and the
toner sample can be taken directly from the target system.
The toner deposition is fixed on glass slices and can be used
for other investigations or can be stored as proof of quality
of the toner in the production process.
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