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Abstract: A general means of data pr ocessing is a sampling method, in w hich continuous analog data ar e mea�
sured non_continuously at certain time interv als as digital data, and the median value is ignored. T he sampling

time interv als are determined by the sampling theorem. Since bot h valve and no_v alve piezoelectr ic pumps ar e

pumps driven in a vibration form, they send a periodic non_continuous signal to cav itat ion. T he sampling theo�
rem is no t applicable to a non_continuous signal. For this reason, the authors developed a method to apply the

cav itation in a pump driven in the piezoelectr ic vibration form as a periodic non_ continuous signal. A nd a sam�
pling system using this metho d was manufactur ed.
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1 � Introduction

� � Both valve ( 1)_( 4) and no_valve ( 5)_( 10)

piezoelect ric pumps are new types of pumps, w hich

are provided w ith a piezoelectric ceramic actuator as

a pow er source and have a v ibrat ion form dif ferent

from that of a t radit ional displacement reciprocat�
ing or rotary type pump. In this study, note that

v alve and no_valve piezoelect ric pumps may be

shortly called piezoelectric pum ps. The valve piezo�
elect ric pump f inds its w idespread applicat ions in

medical care, physics and chemist ry , and machine

tools( 3) . The no_valve piezoelectric pump receives

at tent ion because it has a simple st ructure, w hich

can be miniaturized, and is applicable to low_cost

fluid and micro machinery.

Since pumps of this new type are greatly af�

fected by cavitat ion, we developed direct ly observ�
ing and recording equipment from a discharge

opening w indow which does not modify a small_size

pump structure ( 11) . T his equipment handles a

data signal as a cont inuous image on analog video�
tape. A general data_processing m eans is a sam�
pling method in w hich continuous analog data are

measured non_cont inuously at certain time intervals

as digital data and the m edian value is ignored. The

sampling t ime intervals are determined by the sam�
pling theorem ( 12)_( 14) .

Since the piezoelect ric pump is a pump driven

by vibrat ion, it sends a periodic non_cont inuous

signal to cavitat ion if the process generates cavita�
t ion is a target of the sig nal. T he sampling theorem

is not applicable to the non_cont inuous signal.

For this reason, the authors developed a

method to apply the cavitat ion in a pum p driven in
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the piezoelect ric vibration form as a periodical non_

cont inuous sig nal to the sampling theorem. Nex t,

w e developed a sampling system using this method.

At the same t ime, using this method, w e conduct�
ed an experiment on the cavitat ion sampling of the

v alve piezoelect ric pump.

2 � Piezoelectr ic pump

2. 1 � Structure

T he piezoelect ric pump is a new type of

pump, w hich is provided w ith a piezoelect ric ce�
ramic actuator as a pow er source and has a vibrat ion

form different from that of a t radit ional displace�
ment reciprocat ing or rotary ty pe pump. F ig. 1

Fig . 1 � Structure of t he valve piezo electric pump.

Fig . 2 � T ypical no_valve piezoelectric pump and no_valve

mechanism.

shows the structure of a valve piezoelect ric pump

( 3) ( 4) . F ig. 2 shows a typical no_valve piezoelec�
t ric pump ( 5)_( 8) composed of a piezoelect ric vi�
brator, a no_valve mechanism ( a mechanism re�
placing a valve) , and a pump housing. If a tradi�
t ional valve is def ined as a device, located between

the pump room and the outside, w hich is closed at

a moment , there is no moment w hen a no_valve

mechanism ( a mechanism replacing a v alve) is

closed. Note that the no_valve mechanism is pro�
vided w ith a funct ion to increase or decrease a f luid

resistance sig nificant ly .

2. 2 � Principle of operation

Fig. 3 ( I) show s the principle of operat ion of

a valve piezoelect ric pump. In the suct ion process,

the movement of a vibrator f rom the lim it posit ion

on the lef t to that on the right increases the pump

room capacity and lowers the internal pressure. In

the suct ion process, w hen the internal pressure be�
comes lower than the external pressure on the suc�
t ion side, the inlet valve is pushed dow n to let the

fluid in through the suct ion opening. In the ex�
haust process, the movem ent of the vibrator from

the lim it posit ion 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 hig her than the ex ternal pressure, the out let

valve is pushed dow n to let the fluid out through

the suct ion opening.

( I ) � Oper at ing principle of the v alve piezoelectric pump.
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( II) Operating principle of the no_v alve piezoelectric pump

F ig. 3� Oper at ing principle of the piezoelectric pump.

Fig . 3 ( II) shows the principle of operat ion of

Stemme� s no_v alve piezoelectric pum p. Since the

fluid resistance at opening B is hig her than that at

opening A in the supply mode of this pump, more

fluid f low s into opening A than into opening B.

Since the f luid resistance at opening A is higher

than that at opening B in the pump mode, more

fluid flow s out of opening B than out of opening A.

T he difference between inflow and out flow is a

pump flow.

2. 3 � Cause of cavitation

For the piezoelect ric pump show n in Fig. 3,

the pump room capacity increases and the internal

pressure lowers in the supply mode. At this mo�
ment , cavitat ion may be caused betw een the piezo�
elect ric vibrator and the liquid. Since the centerline

of the piezoelect ric vibrator show s the most re�
markable internal pressure drop, it is the most like�
ly to cause the cavitat ion. Generally speaking,

since the piezoelect ric pump vibrator moves faster

than that of the piston pump, cavitation is more

likely to occur in the v ibrator 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 cav itat ion

occurs in the pump room. The above analysis re�
veals that a sig nal for w hich the occurrence process

of the cavitat ion in the piezoelectric pump is studied

is periodic and non_cont inuous in the supply mode

only.

3 � Sampling theorem and application

conditions

� � In order to reproduce an original cont inuous

signal faithfully from a sample value signal, a cer�
tain rest rict ion on the sampling period Ts or the

sampling interv al  t is required in sampling. The

sampling theorem
[ 12�14]

was discovered by Someya

in 1960. Assuming that the cont inuous t ime signal

x ( t ) does not contain a frequency exceeding fm

[H z] .

� � At this moment , if the sampling interv al  t

is selected the follow ing equation is sat isf ied, that

�t = T s =
1
f s
! 1

2f m
, (1)

is, if the sampling frequency f s is selected the fol�
low ing equat ion is satisfied,

f s =
1
�t

=
1
T s

∀ 2f m , (2)

x ( t ) at an arbit rary t ime is determined as a dis�
crete_t ime signal. Condit ions under which the sam�
pling theorem is applicable must be provided w ith

periodicity and cont inuity for an orig inal signal to

be discrete.

4 � Signal system of piezoelectric

pump

� � The piezoelectric pump is a reciprocat ing

pump driven in vibrat ion form . T he go and return

processes of a piezoelect ric vibrator correspond to

the suction and ex haust processes of fluid move�
ment, respect ively. A com binat ion of a suct ion

process and an exhaust process composes an ent ire

process in pump operation. Cavitation occurs in a

suct ion process, but new cavitation does not occur
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in an ex haust process. From the view point of

w hether cav itat ion occurs or not , a piezoelect ric

pump has three signal systems: a signal system in a

suct ion process w here cavitat ion occurs, a signal

system in an exhaust process w here it does not oc�
cur, and a signal system in the ent ire process w here

it occurs at intervals. Some methods to study the

statistical characterist ics of convent ional cavitat ion

consider the system of the entire process ( 11) .

According to the sam pling theorem, even if

cavitat ion does not occur at half period in an ex�
haust process, an image related to it must be ex�
t racted. If such a data system is used, since an im�
age sig nal has no cavitat ion at half period in an ex�
haust process, w rong informat ion w ill be g iven to

the cav itat ion image signal. In addition, it is not

advantageous to make an analysis f rom the view�
point of t ime and econom y because there is a large

number of data samples. If only a cavitation image

signal in the suct ion process is used, this image sig�
nal will be an imag e signal periodic and non_contin�
uous. Therefore, the sampling theorem is not ap�
plicable to a non_cont inuous 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, elimi�
nate the ex haust process by mov ing forw ard the

suct ion process sequent ially in terms of t ime so that

there is no interval betw een the f inal value of the

suct ion process and the init ial value of the nex t suc�
t ion process on the t ime axis, and synthesize a sys�
tem in w hich the suction process is art if icially con�
t inued. This new system has half period of the en�
t ire process.

In sampling, if the initial value is in the suc�
t ion process, move the 2m+ 1

st
half period before

the mth half period so that it will be the m+ 1st pe�
riod of the new system. If the initial value is in the

exhaust process, move the 2m+ 2
nd

half period be�
fore the m+ 1st half period, so that it w ill be the m

+ 1st period of the new system. The sampling the�
orem can be applied to this new system because it

has periodicity and cont inuity.

5. 2 � Cavitation outflow time difference

Cavitat ion in a piezoelectric pum p occurs in

the suct ion process on the surface of the vibrator.

In the present study, the directly observing and

recording equipment uses this pump out flow indeli�
bility to observe and detect cav itat ion through the

window of out let. T he valve piezoelect ric pum p is

closed by an outlet valve in the suct ion process. For

the no_valve piezoelectric pum p, the fluid passing

through the no_valve mechanism is directed tow ard

the pump. For this reason, cavitat ion caused at a

half period in the suct ion process does not flow out

to the discharge opening. Cavitat ion that f low s out

up to the w indow of out let is at a half period in the

exhaust process. The t ime difference �betw een the

time cav itat ion occurs on the surface of the vibrator

and the time it flows out to the discharge opening

window , the piezoelectric pump vibrat ion period

( entire_process period) T , and the t ime �1 required

from the time the suction process is completed to

the t ime the cavitation flows out to the discharge

opening w indow are g iven according to equat ion

( 3) .

�= 1/ ( 2T ) + �1, 0 ! �t < 1/ (2T ) , (3)

� � Note that the t ime the cavitat ion, observed

and detected at the w indow of out let, occurrs is not

know n because it is dif ficult at the present moment

to calculate and m easure the out flow time �1 from

both theory and experiment.

5. 3 � Development of sampling system

Fig. 4 shows the system to w hich the sampling

theorem of the cavitat ion in the piezoelect ric pump

is applied. At the discharge opening w indow in the

present study, a t ransparent elast ic pipe is used,

and the pump suct ion and exhaust processes corre�
spond to the cyclic displacement processes of con�
t raction and ex pansion, respectively. The contrac�
t ion cy cle corresponds to a suct ion process and there

is no possibility that cavitat ion occurs in the ex�
haust process im mediately before this cycle. The
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expansion cycle corresponds to an exhaust process

and cavitat ion that occurs in the suct ion process im�
mediately before this cycle flows out . This system

monitors the ex pansion period at the transparent e�

last ic w indow of out let w ith a laser sensor and

records only the images of the cavitation corre�
sponding to this period, w ith a microscope, a com�
puter, a printer, and other devices.

F ig. 4� Sampling system o f cavitation in t he piezo eletric pump.

480� � � � � � � � � � � � � � � � � � � � � 光学 � 精密工程 � � � � � � � � � � � � � � � � � � 第 10卷



6 � Conclusion

� � ( 1) . We have developed the method of apply�
ing cavitat ion in a pump, driven in the piezoelect ric

v ibrat ion form as a periodic non_continuous signal,

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

tured a sampling system using the method of apply�
ing the sampling theorem to periodic non_continu�
ous signals of cavitation in a piezoelect ric pump.

( 3) . Sampling ex periments have been conducted

with and w ithout the sampling system and its ef�
fect iveness verif ied.
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摘要:抽样时间间隔由抽样定理来决定。压电泵气穴现象所摄取的连续画像也应遵从该定理来抽取得

到不连续的静止画像。可是,作为由振动形式驱动的压电泵, 气穴现象只发生在吸入工程, 了解其气穴

现象统计特性时,如果按着抽样定理, 在吐出工程的半周期, 即使是不发生气穴现象也必须依次抽样。

若利用这样的数据系统, 数据的样本将过大,对其解析的时间性与经济性均不利。而且, 在吐出工程的
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半周期, 是与气穴无关系的信号。因此对于气穴现象数据系统, 可以说是输入了错误情报信号。为此,

开发了适用于压电泵气穴现象周期性非连续信号的抽样定理的方法; 同时, 利用这个方法, 以有阀压电

泵为例,调查了该泵的气穴现象特性之一的中心多发性,发现里利用新方法测得的中心多发几率高于原

方法。
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