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Abstract
Observation System
Two types of experimental systems have been A
developed for observing the movement of charged toner r A
particles shifted by the traveling wave on the sheet of CCD Camera

periodical conductors driven by two kinds of generators: Light Source . H
three-phase sinusoidal waves and four-phase rectangular 5
ones. /’ s

We have obtained the following major results: VY. qa) ¥ [T
(1) The transported distance of charged toner particles pC

can be controlled by the step-by-step operation of —a0
four phase rectangular waves. P o0e
(2) The relationship between the speed of VT

transportation of charged toner particles and the
driving frequency can be described as the
difference between two experimental systems
mentioned above.

€)) Movement of charged toner particles driven by the

D

/%

Sheet of Periodical-Array-

Fr=-======="

traveling wave can be observed in detail by the Conductors
video camera.
. [m]
Introduction Driving Circuit o R
Toner particles can be transported by means ¢ (G_enera_t'on of Three-Phase
traveling wave of electric field, generally called the electri ~ Sinusoidal Waves or Four-Phase———
curtain [1][2]. Two types of the electric curtain can be Rectangular Waves) ;
T High Voltage

generated on the sheet of periodical-array-conductors K

. ; . Power Suppl
using the three-phase sinusoidal wave generator or the four- PPy

phase rectangular wave one. We have found that it is not Figure 1. Experimental system for transportation.
easy to transport toner particles by step-by-step operation in
the case of three-phase method. Therefore, we will deal here . . . .
with the movement of toner particles controlled by the This system consists of the three-phase sinusoidal wave
traveling wave of four-phase rectangular waves in detajgenerator or the four-phase rectangular one, the sheet of

The purpose of this research is to develop the transportati(griodical-array-conductors for toner-transportation, and the

system for the measurement of charge to mass ratio of ton D camera system for observing the toner movement.
particles [3][4]. ilgure 2 and Figure 3 show the structure of the sheets of

periodical-array-conductors for the three-phase system and
the four-phase one for transportation of toner particles,
respectively. The toner conveyers constructed by both of the

Figure 1 shows the schematic diagram of the‘sheetof periodical-array-conductors are driven by the three-

experimental system for transporting charged tone|phase sinusoidal wave generator or the four-phase
particles. rectangular wave one.

Experimental Transportation System
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Transported direction of toner particles_>
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) ] o Figure 4. Typical examples of toner particles transported by three-
Figure 2. Outline of the sheet of periodical-array-conductors forphase sinusoidal waves.

transportation of toner particles is driven by the three-phase
sinusoidal wave generator.

Transported direction of toner particlee——pp»

Four-phase rectangular [
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Figure 3. Outline of the sheet of periodical-array-conductors for
transportation of toner particles is driven by the four-phase
rectangular wave generator.

Figure 5. Typical examples of toner particles transported by four-
phase rectangular waves.

The conductors on the electrode-array-sheet are
periodically printed and are connected each other with
feeders of the output of generators as depicted in Figur
and Figure3.

Charged toner particles are put on the sheet of
riodical-array-conductors on the left side in these figures.
t can be seen that toner particles move just like liquid-
stream from left to right direction. From these movements,
Experimental Result we can measure the speed of transportation of toner

particles as a function of the frequency of driving
waveforms. This result is graphically shown in Figure 6.
Figures 4 and 5 show the typical examples of the AS ShO_W” in this figure, It is c_Iear that t_he speed of
movement of toner particles driven by the sinusoida ransportation fp( toner particles is propo_rtlonal to the
generator and the rectangular one, respectively. Spheri pauency of dr|V|.ng ngeforms. Howeyer, in the case of
toner particles with silica coating are used for thisthe three-phase sinusoidal method, relationship between the

experiment. The voltage and the frequency generated threfi&quency . Of. driving waveforms and . the speed of
ansportation is not good as compared with the case of the

phase sinusoidal waves are 120V and 600Hz, respectively: h |
These values generated by four-phase rectangular one pur-phase rectangular one.
also 240V and 600Hz respectively.

Transportation of Toner Particles
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solid one. Therefore, the movement of toner particles can be
y: controlled by the four-phase shift pulses exactly. We can
easily control toner particles by the frequency of less than

[ee)

10Hz.
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Figure 6. Relationship between speed of transportation for toner
particles and driving frequency.

(2)

(4)
Figure 7. Examples of images of the movement of toner particles
executed step-by-step operation by fphase rectangular waves.

1
Control for the Movement of Toner Particles W

Figure 7 shows a typical example for step-by-step
movement of toner particles controlled by four-phasg?)
rectangular generator. The voltage and the frequency
generated are 200V and 3Hz, respectively.

We can observe that toner particles are shifted by step-
by-step operation from left side to right one. The movement
of toner particles is shown in Figure 8 with the magnified
scale. Figure 8-(2) shows the image that the toner particles
are shifted by two of step-by-step operation of rectangular

waves from the situation of toner particles shown in Figure, |,

8-(1). Periodical flashed lines depicted in Figure 8 are
printed electrodes having the width of i3@. They are 2,
shifted to the right direction about two spans of electrodes
expressed by the distance between the dashed line and the
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(2)

Figure 8. Magnified images obtained from Figure 7.

Conclusion

In this research, the following results are obtained:

The transportation of toner particles can be
accurately controlled by step-by-step operation of
four-phase rectangular wave generator.

The speed of transportation of toner particles is
proportional to the frequency of driving
waveforms. In case of the four-rectangular method,
this relationship is good as compared with the case
of three-phase sinusoidal one.
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