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Abstract N
~ Upper Electrode

We will present here more details of the electrical
characteristics of g/m toner sensor on the basis of the
technique developed in references [1] and [2].

At first, toner particles are placed on the lower side of d J
the parallel electrodes with piezoelectric element. Next, the A o
piezoelectric element is driven by the rectangular pulse. 5
Consequently, the dumped oscillation in the form of the X
sinusoidal waveform can be caused on the lower electrode. \
We can obtain some information for electrical states of the =~ r-m .

toner particles whether they can be lifted up from the center ‘ ‘ t
Xl

Toner Particle (Negatively Charged)

)'( X, Lower Electrode

7
Piezdélectric Element
(One Shot Motion)

of the gap between two electrodes toward the upper one or
not, from the first half period of the dumped oscillation
waveform.

By analyzing this waveform, we can obtain the value OfF' re 1. Movement of toner particles between parallel electrodes
charge-to-mass ratio (gq/m) of toner particles. 'gure . Mov part ween p '

Introduction Then, the voltage/, induced on the upper electrode
may be expressed as follows:
We have already presented the method for measuring
chargeXq and mas&m value of toner particles[3,4] and the V. = q 1 1)
observation of the movement of toner particles between ur Areyd (1_ x/d)
parallel electrodes[2]. By the experiment shown in referencg,nere
[2], we found that the movement of toner particles near the ¢ charge of a toner particle
center of the gap between two electrodes depends on only . gistance between two electrodes (GO

the relationship between the Coulomb force and the gravity . gistance between the center of the toner particle

One.l h the electrical ch eristi  the of and the inner surface of the lower electrode
n this paper, the electrical characteristics of the a/m ¢ - hermittivity of the gap space

toner sensor on the basis of the approach shown in

references [1] and [2] will be presented in more detail. Toner particles are adhered on the inner surface of
lower electrode by adhesive forces. At the initial pajrik
Theory = 0), the voltageV, induced on the upper electrode may be

) ) described as follows:
Figure 1 illustrates a model for the movement of toner

particles between parallel electrodes. Lots of negatively Vv, = 29 (2)
charged toner particles are placed on the inner surface of the Areod

lower electrode constructed by the piezoelectric element[5].
After that, the piezoelectric one is driven by the rectangula&
pulse shown in Figure 3.

Let us consider the case that the piezoelectric element is
riven by the rectangular pulse. At the leading edge A of the
pulse waveform shown in Figure 3, the piezoelectric one is
swung by the dumped oscillation toward the next steady
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point x, of the negative direction shown in Figurel. At the Experimental System

trailing edge B in Figure 3, the piezoelectric one has the

accelerated by the dumped oscillation toward the opposite Figure 2 shows the schematic configuration of the
terminal pointx, of the positive direction shown in Figure 1. oscillatory toner sensing system. The gap space between
Consequently, thousands of toner particles may be throwmwo electrodes is 5@Q0n. By pushing the switch-button for

up to the center of two electrodes. The dumped oscillation operating the driving circuit of the piezoelectric element, a
on the basis of the initial point, may be described as rectangular pulse is given to the piezoelectric element in the
follows: lower electrode.

Then, toner particles may be vertically thrown up to the

X=(%=%) e sinot (3) center of the gap between two electrodes. After that, It

where depends on the voltage applied across two electrodes

@ : proper angular frequency of the piezoelectricwhether the toner particles move toward the upper one or
element not. Consequently, the induced volta@®-R is generated

«: dumping coefficient across the sensing resister R and is amplified by the

differential amplifier. The value of output sign¥((t) is
By substituting Equation (3) into Equation (1), recorded into the analyzing equipment.
(1-x4d)"is approximated as follows:

300
(A-xd)y'=[1-(x,—%,)/d-€e"sint]
=[1- Ge“'sint]"((x,—x,)/d=0 4) 200
=1+Ge”sinot 100
From Equations (1) and (4), the signal voltagef the % 0
dumped oscillation induced on the upper electrode_ =2 isms _ Time
generated by charged toner particles on the lower one is% .100 '
expressed in following form: > A B
-200
Z actai
V, = q _(1 +G-€ sma)t) (5) 300
4rreyd

Therefore, the output signal voltaye obtained by the  Figure 3. Rectangular pulse for driving the piezoelectric element.
differential amplifier may be expressed in the following

equation: 300
>q +Ge%'si 29
V, =V, -~V = _(1 G-e“'sinot \ _ 200
4reyd 4rs,d
ot 100
__ 29 Ge*sinmt (6) Y
472'50d = 0
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Dummy Amplifier Figure 4. Output signal voltage waveform without toner particles.
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In the case that the value of the voltage applied across
two electrodes is changed from OV to 1V, the peak value of
The voltage waveform for driving the piezoelectric output signal voltage of the sensing amplifier is rapidly
element is a rectangular pulse having 16ms times duratiachanged from 158/ to 187uV. In this experiment, we have
stepped from zero to 140V amplitude as shown in Figure 3ised the toner particles that the mean value of g/m is
Figure 4 shows the output signal voltage waveform withouapproximately 20C/g. From our method in references [3]
toner particles on the lower electrode. In this situation, wand [4], the value of g/m is obtained by the following
can observe that the output signal voltage obtained from thequation:
differential amplifier is approximately zero. In the situation d
th icles | 4.3 (7)
at toner particles is placed on the lower one, the output Vv
signal voltage wavefornV (t) of two dumped sinusoidal where m Ve
oscillations in Figure 5 can be observed. g: charge of a toner particte: mass of a toner particle
Figure 6 magnifies the output voltage waveform in the  g: acceleration of the gravity force (9.8f)/s
square of dashed line shown in Figure 5. In the circle of d: distance between two electrodes (&00)
dashed line shown in Figure 6, first half period of the V.:voltage applied across the electrodes
dumped oscillation contains some of information for
electrical states of the toner particles whether they are lifted
up from the center of the gap between two electrodes
toward the upper one or not.

Results

=
Information of lifted-toner is g
contained in these parts o
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p Ml Figure 8. Distribution of the value of the charge-to-mass ratio
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(a). Voltage Applied Across (b). Voltage Applied Across Therefore, in the case that voltadeapplied across the
the Electrodes is OV. the Electrodes is 1V. electrodes may have the value of more than 0.245V, most of
Figure 6. Magnification of output voltage waveforms obtainedtoner particles thrown to the vicinity of the center of parallel

from sensing amplifier.

210

200

190

180

170

160

150

Peak Value of Output Signal VoltageM]

Voltage Applied Across the Electrodes [V]

Figure 7. Voltage applied across the electrodes versus peak value

of output voltage.

Figure 7 shows the relationship between the voltagé'
applied across parallel electrodes and the peak value of

output signal voltage from the sensing amplifier.

electrodes must be lifted up to the upper one. Consequently,
we can observe that no toner particles are lifted in the case
shown in Figure 6-(a) and some of toner particles are lifted
in the case shown in Figure 6-(b). Using these electrical
characteristics represented dashed line in Figure 7, we can
obtain the value of charge-to-mass ratio (g/m) of toner
particles as shown in Figure 8.

Conclusion

In this experiment, we can get some information for
electrical states of the toner particles whether the toner
particles can be lifted up from the center of the gap between
two electrodes toward the upper one or not, from the first
half period of the dumped oscillation waveform. By

6543210123456 78 9101112131415 168nalyzing this waveform, we can obtain the value of charge-

to-mass ratio (gq/m) of toner particles.
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