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Abstract: A general means of data processing & a sampling method, in which continuous analog data are mea

sured non_continuously at certain time intervals as digital data, and the median value is ignored. T he sampling

time intervals are determined by the sampling theorem. Since both valve and no_valve piezoelectric pumps are

pumps driven in a vibration form, they send a periodic non_continuous signal to cavitation. The sampling theo

rem is not applicable to a non_continuous signal. For this reason, the authors developed a method to apply the

cavitation in a pump driven in the piezoelectric vibration form as a periodic non_ continuous signal. And a sanr

pling system using this method was manufactured.

Key words: piezoelectric pumps; data processing; sampling systems

CLC number: TH38

Document code: A

1 Introduction

Both valve (1) _(4) and no_valve (5)_( 10)
piezoelectric pumps are new types of pumps, which
are provided with a piezoelectric ceramic actuator as
apower source and have a vibration form different
from that of a traditional displacement reciprocat
ing or rotary type pump. In this study, note that
valve and no_valve piemelectric pumps may be
shortly called piezoelectric pumps. The valve piezo
electric pump finds its widespread applications in
medical care, physics and chemistry, and machine
tools(3). The no_valve piezoelectric pump receives
attention because it has a simple structure, which
can be miniaturized, and is applicable to low_cost
fluid and micro machinery.

Since pumps of this new type are greatly af
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fected by cavitation, we developed directly observ-
ing and recording equipment from a discharge
opening window which does not modify a small_size
pump structure ( 11). This equipment handles a
data signal as a continuous image on analog video-
tape A general data processing means is a sam-
pling method in which continuous analog data are
measured non_continuously at certain time intervals
as digital data and the median value is ignored. The
sampling time intervals are determined by the sam-
pling theorem (12)_(14) .

Since the piezoelectric pump is a pump driven
by vibration, it sends a periodic non_continuous
signal to cavitation if the process generates cavita-
tion is a target of the signal. T he sampling theorem
is not applicable to the non_continuous signal.

For this reason, the authors developed a

method to apply the cavitation in a pump driven in
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the piezoelectric vibration form as a periodical non_

continuous signal to the sampling theorem. Next,
we developed a sampling system using this method.
At the same time, using this method, we conduct
ed an experiment on the cavitation sampling of the

valve piezoelectric pump.

2 Piezoelectric pump

2.1 Structure

The piezoelectric pump is a new type of
pump, which is provided with a piezoelectric ce
ramic actuator as a pow er source and has a vibration
form different from that of a traditional displace
ment reciprocating or rotary type pump. Fig. 1
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Fig.1 Structure of the valve piezoelectric pump.
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Fig.2 T ypical no_valve piezoeleciric pump and no_valve

mechanism.

shows the structure of a valve piezoelectric pump
(3) (4). Fig. 2 shows a typical no_valve piezoelec-
tric pump (5)_(8) composed of a piezoelectric vi-
a no_valve mechanism ( a mechanism re-

If a tradr-

tional valve is defined as a device, located between

brator,
placing a valve), and a pump housing.
the pump room and the outside, which is closed at
a moment, there is no moment when a no_valve
mechanism ( a mechanism replacing a valve) is
closed. Note that the no_valve mechanism is pro-
vided with a function to increase or decrease a fluid
resistance significantly.
2.2 Principle of operation

Fig. 3 (1) shows the principle of operation of
a valve piezoelectric pump. In the suction process,
the movement of a vibrator from the limit position
on the left to that on the right increases the pump
room capacity and lowers the internal pressure. In
the suction process, when the internal pressure be-
comes lower than the external pressure on the suc-
tion side, the inlet valve is pushed down to let the
fluid in through the suction opening. In the ex-
haust process, the movement of the vibrator from
the limit position on the right to that on the left de-
creases the pump room capacity and raises the in-
ternal pressure. When the internal pressure be-
comes higher than the external pressure, the outlet
valve is pushed down to let the fluid out through

the suction opening.
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(I)  Operating principle of the valve piezoelectric pump.
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(I1) Operating principle of the no_valve piezoelectric pump

Fig. 3 Operating principle of the piezoelectric pump.

Fig.3 (1I) shows the principle of operation of
Stemme’ s no_valve piezoelectric pump. Since the
fluid resistance at opening B is higher than that at
opening A in the supply mode of this pump, more
fluid flows into opening A than into opening B.
Since the fluid resistance at opening A is higher
than that at opening B in the pump mode, more
fluid flows out of opening B than out of opening A.
The difference between inflow and outflow is a
pump flow.

2.3 Cause of cavitation

For the piezoelectric pump shown in Fig. 3,
the pump room capacity increases and the internal
pressure lowers in the supply mode. At this mo
ment, cavitation may be caused between the piezo
electric vibrator and the liquid. Since the centerline
of the piezoelectric vibrator shows the most re
markable internal pressure drop, it is the most like
ly to cause the cavitation. Generally speaking,
since the piezoelectric pump vibrator moves faster
than that of the piston pump, cavitation is more

likely to occur in the vibrator than in the piston

pump. In the pump mode, the pump room capacity
decreases and the internal pressure rises. At this
moment, there is no possibility that new cavitation
occurs in the pump room. The above analysis re-
veals that a signal for which the occurrence process
of the cavitation in the piezoelectric pump is studied
is periodic and non_continuous in the supply mode

only.

3 Sampling theorem and application

conditions

In order to reproduce an original continuous
signal faithfully from a sample value signal, a cer
tain restriction on the sampling period Ts or the
sampling interval At is required in sampling. The

1214 .
U as discovered by Someya

sampling theorem
in 1960. Assuming that the continuous time signal
x(t) does not contain a frequency exceeding fm
[Hz].

At this moment, if the sampling interval A¢

is selected the following equation is satisfied, that

1 1
N= Ts= 7 <2fm, (1)

is, if the sampling frequency f is selected the fol-
lowing equation is satisfied,
T (2
x(t)at an arbitrary time is determined as a dis-
crete_time signal. Conditions under which the sam-
pling theorem is applicable must be provided with

periodicity and continuity for an original signal to

be discrete.
4 Signal system of piezoelectric
pump

The piezoelectric pump is a reciprocating
pump driven in vibration form. T he go and return
processes of a piezoelectric vibrator correspond to
the suction and exhaust processes of fluid move-
ment, respectively. A combination of a suction
process and an exhaust process composes an entire
process in pump operation. Cavitation occurs In a

suction process, but new cavitation does not occur
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in an exhaust process. From the viewpoint of
whether cavitation occurs or not, a piezoelectric
pump has three signal systems: asignal system in a
suction process where cavitation occurs, a signal
system in an exhaust process where it does not oc
cur, and a signal system in the entire process where
it occurs at intervals. Some methods to study the
statistical characteristics of conventional cavitation
consider the system of the entire process ( 11).
According to the sampling theorem, even if
cavitation does not occur at half period in an ex-
haust process, an image related to it must be ex
tracted. If such a data system is used, since an im-
age signal has no cavitation at half period in an ex
haust process, wrong mformation will be given to
the cavitation image signal. In addition, it is not
advantageous to make an analysis from the view-
point of time and economy because there is a large
number of data samples. If only a cavitation image
signal in the suction process is used, this image sig-
nal will be an image signal periodic and non_contirr
uous. Therefore, the sampling theorem is not ap

plicable to a non_continuous signal.

5 How to apply sampling theorem to

cavitation in piezoelectric pump

5.1 How to apply sampling theorem

In order to apply the sampling theorem, elimr
nate the exhaust process by moving forward the
suction process sequentially in terms of time so that
there is no interval between the final value of the
suction process and the initial value of the next suc
tion process on the time axis, and synthesize asys
tem in which the suction process is artificially corr
tinued. This new system has half period of the err
tire process.

In sampling, if the initial value is in the suc
tion process, move the 2m+ 1" half period before
the mth half period so that it willbe the m+ 1" pe
riod of the new system. If the initial value is in the
exhaust process, move the 2m+ 2" half period be
fore the m+ 1 half period, so that it will be the m

+ 1 period of the new system. The sampling the-
orem can be applied to this new system because it
has periodicity and continuity.
5.2 Cavitation outflow time difference

Cavitation in a piezoelectric pump occurs in
the suction process on the surface of the vibrator.
In the present study, the directly observing and
recording equipment uses this pump outflow indeli-
bility to observe and detect cavitation through the
window of outlet. The valve piezoelectric pump is
closed by an outlet valve in the suction process. For
the no_valve piezoelectric pump, the fluid passing
through the no_valve mechanism is directed tow ard
the pump. For this reason, cavitation caused at a
half period in the suction process does not flow out
to the discharge opening. Cavitation that flows out
up to the window of outlet is at a half period in the
exhaust process. The time difference 6 betw een the
time cavitation occurs on the surface of the vibrator
and the time it flows out to the discharge opening
window, the piezoelectric pump vibration period
(entire_process period) T, and the time 61 required
from the time the suction process is completed to
the time the cavitation flows out to the discharge
opening window are given according to equation
(3).

§= 1/(2T)+ 61, 0 <& < 1/(2T), (3)

Note that the time the cavitation, observed
and detected at the window of outlet, occurrs is not
known because it is difficult at the present moment
to calculate and measure the outflow time 81 from
both theory and experiment.
5.3 Development of sampling system

Fig. 4 shows the system to which the sampling
theorem of the cavitation in the piezoelectric pump
is applied. At the discharge opening window in the
present study, a transparent elastic pipe is used,
and the pump suction and exhaust processes corre-
spond to the cyclic displacement processes of con-
traction and expansion, respectively. The contrac-
tion cycle corresponds to a suction process and there
is no possibility that cavitation occurs in the ex-

haust process immediately before this cycle. The
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expansion cycle corresponds to an exhaust process lastic window of outlet with a laser sensor and
and cavitation that occurs in the suction process im- records only the images of the cavitation corre-
mediately before this cycle flows out. This system sponding to this period, with a microscope, a com-
monitors the expansion period at the transparent e puter, a printer, and other devices.

CUD laser displacement sensor Piezoelectric pump Setup of observing
Window of

Reflector o outlet Lighting head
\\JLCW|Ia:ll‘.|11l‘Ir / . /
(r —

_"I[U

™ Vibrator

AL Computer
Monitor Printer
Deflection of vibrator . Cavitation in piezoelectric pump

' '
. '
'
" 0
. ek L - L
"
'

Fig. 4 Sampling system of cavitation in t he piezoeletric pump.
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tured a sampling system using the method of apply-

6 Conclusion ing the sampling theorem to periodic non_continu-

ous signals of cavitation in a piezoelectric pump.

(1). We have developed the method of apply- (3). Sampling experiments have been conducted

ing cavitation in a pump, driven in the piezoelectric with and without the sampling system and its ef-

vibration form as a periodic non_continuous signal, fectiveness verified.

to the sampling theorem. (2). We have manufac
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