4221 0689 N5730 TI TLE OF THE | NVENTI ON Vi brator-type | evel sensor FlIELD OF
THE 1 NVENTI ON AND RELATED ART STATEMENT 1. FIELD OF THE | NVENTI ON The
‘present invention relates to a level sensor for detecting a |evel of
powdery, granular material or deposite in a container, re
particularly to a | evel sensor for detecting the |evel Qchéhééj&ﬁ
vi‘brat MY 3 a nenber thereof at the detection of such material . 2.
DESCRI PTI ON OF THE RELATED ART- A typical conventional vibrator- type | evel
sensor has a structure 'and operation as described hereafter with reference
to, FI G TITERe OF FHE INVENIION evel sensor has a vibration nmenber 2
supported by a diaphragm 4. An outer side 2a of the vibration nenber 2 is

%{fted fron1th§1pwpé°6*ém@e|d#@@lsﬁG@SZb"of the vibration nmenber 2 is .

kep n the pipe 6. On the 1nner side 2b of the vibration nmenber 2,
receivi EQEpPeQ@'- T8Ee INVENTION ANDIREIATED ARF S THEEMENT 0- el ectric devi ce
8b are provided. The vibrating piezo-electric device 8b vibrates the
vibratign KdFEBr OF THE JNVENTIONon is detected and converted into electric
signal by the receiving piezo- electric device 8a. The- converted electric
signal is anplifi &beamdesepteddeentdomhaadidfrens ity i beveblsersoe device

8b. Therefore, the vibration menber 2 oscillates
for detecting a level of powdery, granular material or

- deposite in a conﬁainer, and more particularly to.a level
sensor for detecting the level by change of vibration of a
mcmher thereof at the detection of such material.

'2 DESCRIPTION OF THE RELATED ART

A typical cOnventioﬁal vibrator-type lebel
sensor has a strqcturé 'and operation as described
hereafter with reference to FIG.1. The vibraﬁion;type
level sensor has a vibration member 2 suppofted by a
diaphragm 4. An outer_éide 2a of the vibration member 2
is projected-ffom the pipe 6 and inner side 2b of the
vibration member 2 is kept in the pipe 6. On the inner
side 2b of the vibration member 2, receiving piezo-
electric device 8a and a vibfating piezp—electrip device
8b are provided. | )

The vibrating piezo~electric device 8b vibrates
the vibration member 2. This vibration is detected and
converted into electric signal by the receiving piezo-
electric device Ba. The converted electric,signal is
amplified and impressed to the vibrating piezo-electric

device Bb. Therefore, the vibration member 2 oscillates



-

1 at, a frequency determ ned in accordance with an ei genfrequency of the
vi bration nmenber 2. When powdery, granular material or deposite as materi al
to be detected touches the vibration nenber 2, the vibration stops or
decreases. The detecting circuit provided in a case 16 detects this
change, thus detects the touching by the material to be detected.
Therefore, the | evel sensor provided in a container can detect the |evel of
the material to be detected. In the prior art vibrator-type |evel sensor,

the use ohtt hefdleanahagrruét@eduaea tine aZlcbeagidtand tihaef ore shortens t he
| evel sensor's life. Further, when the powdery material is stuck on the

di aphr agme j¢enifbeqakyel BQW@ﬁEYVE’BTrQFUx%h ®WHRT @) erroneous detection. .
OBJECT AND SUMVARY OF THE INVENTION It is an object of. the present 4

invention to provi d@nanVpbuakekt ¥pankaue! neersafaihav ngdaged i€ arid’
accurate detection. A vibrator-type level sensor conprising: a holl ow

menber whpehee@Bst tbubesdatbitell RBULhAE @heoaXibalafididahadtt id ever, . one
end of which is fixed and the other end of which is blocked, said -

hol | ow negRer «igyvhRgof Qﬁegetsenuaeaewabk thwmhﬂ%%&edﬂlngfH¥¥cuNLbfatlOn
nmenber which constitutes a

provided in a c¢ase 16 detects this change, thus detects-
the touchlng by the mater1a1 to be deLerted ,Iherefore,
the level sensor provided in a eonta;per can detect"tﬁe
‘level of the material.to be &eteeted,

| In the ﬁeior art vibratorffyge level sensor, the
use of the diaphragm 4 reduces the streugth and“therefore
shertens the level seﬁsor’s life. Further, when the
powdery material is stuck on the-diaphragm 4, the stuck
powdery material.causes an erropeous detectioe.

OBJECT AND SUMMARY OF THE INVENTION

| It is an qbiect of the present invention to
providegh vibrator-type level.senser having long life and
accurate detection.  .

A vibraﬁer-tyﬁe.ieﬁel sensor_compfising:.

a hollow member which-cenStitutes a first part of
a.coaxial folded cantilever, one end qf which is fixed ' .
and the other end of which is blocked, said hollow
member having a predetermined Qall'thickness:.

an inner vibration member which constitutes.a
second part of said coaxial folded cantilever aﬁd is
disposed in said hollow member, and one end of Whlch
is fixed to the blocked end of said hollow member,

2



second part of said coaxial folded cantilever and is disposed in said

hol | ow nenber, and one end of which is fixed to the bl ocked end of said

hol | ow nenber; 2 vibratiing neans fixed to a .side face of said inner
vibration nenber for vibrating said inner vitbration menber in a
manner to make transverse vibration at a frequency determned in
accordance with an ei genfrequency of said coaxial folded cantil ever; and

detecting. ”EaO?b%QElﬁ tﬁ%&bggﬁlkgaakbpnaOfé%ﬂéj'fHEﬁ VhPr add pa menber .
Whi | e the nove eatu es o e invention are set forth particularly in the

appe“dEdlﬁhég , viBEakB¥ANt eRbeROt BoRS &a H¥LatigatdHid antheept ent, wi | |
be better erstood and appreciated, along with other objects and features

thereof , yipoatiBa fAbkeeirngidet ai | @dnaescrigd | takaketramswangainction with
t he *dt'awi-ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is the perspective

view of {herytbest ac- at ¥pequevely semrsamisledrimracrdrddiidce vitha
perspective view of a vibrator-type | evel sensor enbodying the present
i nventi oan €i&edfieqaeseyi ofi agidneebixdall veéaldsd szntblevewiew of the
vi brator-type | evel sensors _
: and .
detecting means for detecting vibration of said

inner vibration member.

o While the novel features of the invention are
set forth partiéularly in the appended claims, the
invention, both as to organization and content, will be
bettey ﬁnderstooé and appreciafed, along with other
objects and featuré; thereof; from the following detailed

et description taken in conjuﬁction with the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

| FIG.1 is the perspective view of the vibrator-
type 1e¢§1 sensor of prior art.

k«/ FIG.2 is.a perspective view of a vibrator-t{type
level sensor embodying the present invention.

FIG.3 is a semi—diagrammatical vertical
sectional view of the viﬁfator-type level sensors’ ‘
embodying the present invention installed to a container.

FI&.4 is a block diagram of the vibrator-type
level sensor embodying the'present inveution.

FIG.5 is a graph for showing a relation between

a vibration frequency of the inner vibration member 22 and



iy

enbodyi ng the present invention installed to a container. FIG4 is a block
di agram of the vibrator-type | evel sensor enbodying the present invention.
FIG5 is a graph for showing a relation between a vibration frequency of
the inner vibration nmenber 22 and 3 a value of a ratio [err] in the
vibrator-type | evel sensor of FIG 4, where Lp.is a length of the detecti:ng
pipe 20 and [err] is a length of the inner vibration nenber 22. FIG6 is a
graph for showing a relation between a vibration anplitude of the inner

vi brati on nenber 22 and the value of the ratio [err] in the vibrator-type
| evel . semsorlwd &f G arati Fp/bpaibl bbk dithgedwroft vaeotleste lessotiqment ~ of
the vibrator-type |level sensor enbodying the present invention. FIG8 is a
bl ock di aof o ®i4arwkenodlrehs af lengthi bfatbe- degedtdngd a0 whi Chaé
detects the touching of the material to be detected by detecting a changé
of frequered b Iﬁedlhﬁ@gtblbfathen1nERBeW122atém50wwmhfﬁIﬂ@ present
invention. FIG9 is a graph for showing a frequency shift of the inner
vi bration menber 22FIGn6the 9i 6rapbr feypehpriale gemedmtdorrbgtdiedn G 10 s

a bl ock diagram of another enbodi ment
a vibration amp11tude of the inner vibration member 22 and

 the value of the ratio Lp/Lb in the vibrator-type level
sensor of FIG.4.

‘ FIG.? is a block diagram of another eﬁbodiment G
of the vibrator-type level seﬂsor.embodying thé.present
invention.

FIG}B-ié a block diagfam of an.embodiment of the
vibrator—typé'leVEI sensof, which deéécts.fhe touching of
the material to be déteéted by deteéting'é chénge.of
freguency of the'inﬁer vibrétioﬁ member 22, embodyiﬁg the
presept invention. | |

FIG.9 is a graph for showiﬁg a frequency shift
of the_inner-vibratipn member 22, in the Qibrator~tYpé
level sensor of FIG.S8.

FIG.10 is a block diagram of'ahofher embodiment
of the vibrator—-type level sensor.eﬁbodying the’present
invention.

FIG.11 is a block diagram of still oiher_
embodiment of the vibréior-type levél.sensor'embodying the
present invention.

FIG.12 is a perspective view of the vibrafor-

type level sensor embodying the present invention, having



+ of the vibrator-type | evel sensor enbodying the present invention. FIG 11

is a block diagramof still other enbodinment of the vibrator-type |evel
sensor enbodying the present invention. FIG 12 is a perspective view of the
vi brafor- type |evel sensor'-enbodyi ng the present“i‘nvention, having 4 a.

paddl e. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The structure of a
preferred enbodi nent of a vibrator-type | evel sensor enbodying the present
invention is described in detail with reference to.FIG 2. As shown in
FIG 2, a cas 6 of netal substance, is configurated substantially in a
cyLindeF!§HH§%_$aang a cap 16a. The case 16 has a weight 95 and an

electric circuit_(not s L n. I f the case 16, a base pipe
58 .havi @ﬁ#?ﬁéﬁjﬁ?éﬁﬁé?%¥é€§égk$rﬁhﬁ?hég%§§ 16. One end of a -
det éet’ing pipe 20 with t hi nper thi.ckness than the b%se pipet58 is fixed to
the base pipe 58. HHothkruehyrerofng Beederirsd smpe3gend Ofoged by a

tapped tip 24 which is welded to the getectin pi pe 20. .An inngn vi bration
member A REALRTVIYRE 15VeheS sRREF SBREAYIPE NREIBFEEENTG BYEE BE™ and one
e Ol A R ELLAD TPege 22 | S SERCIETL QLI LA P Bh Ty ST ore: 2

in FIG.2, a case 16 of metal substance, is configurated
substantially in a cylinder—shape having a cap l6a. The

: case:%G has a weight 95 and an electric circuit (not.
shown) therein. Ih front of the case 16, a base pipe 568
having a screw 12 %g-projected from the case 16. One end
of a detecting pipe 20 with thinner thickness than the
base pipe 58 is fixe@ to the base pipe 58. Another end of
the detecting pipe 20 is closed by a tapped tip 24 which
is weided to the detecting pipe 20. An inner vibration
member 22 is provided in the inner space of the detecting
pipe 20, énd one end of a vibration member 22 is screwed
to the tapped tip 24. Therefore, a félded cantilever is
formed by the detecting'pipe 20 and the inner vibration
member 22. On the inner vibration member 22, a vibrating
piezo—electric device (not shown) and a receiving-piezo—
electric device 8a are provided.

The vibrating piezo—electric.device vibrates the
inner vibration member 22. This vibration is detected and
converted into electric_signal by the'receiving piezo-
electric device 8a. The converted electric signal is sent

\ to the electric circuit through a lead wire 26a. ' The



fornmed by the detecting pipe 20 and the inner vibration nenber 22. On the
i nner vibration nember 22, a vibrating piezo-electric device (not shown) '
.and a receiving piezo- el ectric device 8a are provi ded. The vibrating
‘pi ezo-electric device vibrates the inner vibration nenber 22. This
vibration is detected and converted into electric signal by the receiving
pi ezo- electric device 8a. The converted electric signal i's sent to the
electric circuit through a lead wire 26a. The el ectric circuit
anplifies this converted electric signal and inpresses it to the vibrating
pi ezo- el eedect rdgvicéectabt ashbifijeshtbighcanventiedi ebegbbic Shameflore, the
‘inner vibration nenber 22 oscillates at a frequency. determ.ned in o
accordancenﬂnuhpanseegentréquéheyvoﬁr§hen£oPuedOCQheLtewerdﬁsnned by 't hed
detecting pipe 20 and the inner -vibration nenber 22. . The weight 95, which
wei ghs enéngh Shewe) thaaugheadbeedthge pifle- 20Thadefheei nhbe vnbeation -
nmenber 22, : stabilizes the vibration of the inner vibration nenmber 22.
| nst ead oﬂlbhetﬁehghemﬁér a2thickl bapes fot 2htroasenpypdeb8rmayede used'as
wei ght. When powdery, granular material -or deposite as material .to be
det ect ed Eauéhesfﬂenchewdebesvlﬁggpnﬁe9Q®enche00|bhatfghdeﬁ t he i nner
vi bration nmenber. 22 stops or decreases. The electric circuit detects this
change, thastdbeectsioheedobrhtg déteqbimateisal 2@ oséd Hbeednedr
vibration member 22. The weight 95,"whiéﬁ-kéighs'énough
larger than the detecting pipe 20 and the inner vibration W
( member 22, stabilizes the vibrationﬁof the inner vibration
member 22. Instead'of'the weight 95, a thick-pipe Tor the
base pipe 58 may-be-uSed as Qeight;

When powdery, granular material dr déposite as
material to be detected touches to.thé:deteéting pipe 20,
the vibration of the inner vibration ﬁember,22 stobs or
decreases. The electric circuit detects thié Chénge, thué
detects the touching of the material £6 be.detéCted;
Therefbre, the level.Sensor provided in a container can
detect the level of the material to be detected.

The above-mentioned vibrator type'iével sensbr
can be installed tq_é container 90, inwhich a.gréhular
material 80 to be detected is put, in various way as shown
in FIG.3. A vibratbr—type level sensor;la is mounfed to 4
side .wall of the container 90 by a screw 12 ahd-a nuf 3.

A vibrator-type level sensor 1lb is mounfed to.fhe side

wall of the container 90 by mountlng a flange 60 to the

coptalner 90 by screws. When it 1s dlfflcult to mount the



: Therefore, the |l evel sensor provided in a container can detect the |evel of
the material to be detected. The above-nentioned vibrator type |evel sensor
can be installed to a contajner 90, in which a granular material 80 to be
detected is put, in various ‘way as shown in FIG 3.".- A vibrator-type |evel
sensor la is nounted to a side wall of the container 90 by a screw 12 and a
nut 3. A vibrator-type lkevel sensor |Ib is nounted to the side wall of the
contai ner 90 by nounting a flange 60 to the container 90 by screws. Wen
it isdifficult to mount the 6 | evel sensor. to the side wall of the
contai ner 90, a sensor 1c having a |onger base pipe 58 of netal materi al

My be Usgde®drsansepseb tHehavdegwalfll @f Wi W@ Lhdrmatie dised. The
sensor 1d has a second base pipe 59 which weighs |arger value than the

det ed+i NgepiBE PO. hat$nd heSbhiedf busieng ilphe 57 & e 41 patehiA transport
vol une can be made snall by bending the flexible pipe 64. FIG 4 shows a

bl ock di agyaprofistheoel 8CEEhE0€i NQUKGvAMVidemd dxi e Ggse 6M6.mayi N this
enbodi ment, the vibrating piezo-electric device 8b, the receiving piezo-

electricpgeyieg. BarhansbAPYF CHr BHkt a3@ecma@mPldd idpe33,9 and cdn out put

circuit 36 constitute an oscillation circuit. The vibrating piezo-electric

device BRefprei YEBgOH! PHI ubr @HbhN@hQURIe ciiruigi p36 2and Wsbraat es the inner
fesult of.usinguthe flexible pipe 64, a transport_volﬁme
can be made smallhby bending the flekible.pipe 64.

K“/_ ) FIG.4 shows a block diagram of the electric
circuit provided in QQe case 16. 1In. this embodiment, the
vibraﬁing piezo—elec;ric device 8b, the receiving-piezq—
electric device 8a, an input circuit 30, an amplifier 32,
and an output cir;uit 36 constitute an oscillatioﬂ
circuit. _ The vibfating piezo—-electric device 8b receives
output from the output circuit 36 and vibrates the inner
vibration member 22._ The receiving piezo-electric device
8a proviﬁed 6n the vibration member 22 converts tLhis
vibration iﬁto electric signal. The converted electric
signal is inpulted to the amplifier 32 through the input
circuit 30. .Output of the amplifier is impressed to the
vibrating piezo—-electric device 8b through the output
circuit 36. Therefore, the inner vibration member 22
vibrates at a frequency determined in accordance with an
eigenfrequency of the folded cantilever formed by the
detecting pipe 20 and the inner vibratibn member 22. In

other words, the oscillation circuit oscillates at the

t



vibration nenber 22. The recei'ving piezo-electric device 8a provided on
the vibration nenber 22 converts this vibration into electric signal. The
converted electric signal is inputted to the anplifier 32 through the input
circuit 30. CQutput of the anplifier is inpressed to the vibrating .

pi ezo-el ectric device 8b through the output circuit 36. Therefore, the

i nner vibration nenber 22 vibrates at a frequency deternined in accordance
wi th an ei genfrequency of the folded cantilever formed by the detecting
pi pe 20 and the inner vibration menber 22. I.n other words, the oscillation
circuit ostgivenrey determined ip agaendgrge dytibndde igadreAan i th the
ei genfrequency of the fol ded cantilever. Qutput.of the oscillation circuit,
i.e, Qutdhf %getﬁ%]%ﬁﬁlFPPéFISZer detected by a detection circuit 38.g;ﬁe.
envel oped output fromthe dgtgction ci.rcui,t 38 s inputted to a conparato

n

! . : p

40. In the conpar 22%EPUB, ohnthspPrcddd adf ot & igiEudte. fsignAU b t he .
detection gciycuit 38.Ls cogpared with an anplitude of a reference signal.
When 1 ouch iR braRRE: BEaRu RS L RalBLeat oo he SRECHI A YEDT HMuces i he
out put signal s | er . thap the_referenc npli.tude,. the c arator issues .
an out put i?ﬂ#%ﬂ?%%% %VFBngfﬁfmf5gesaﬁgfﬁtﬁ§"a°&6ﬁﬁd&t%EEFﬁA control

cireult 38 13 PLEVESed LOhphd¥5"90? 1n the comparator 40, an

or

ampiitﬁde_of the oulpul signal frﬁm'fhe.déféctiéh:éirCuit..
38 is compared with an'émplitﬁde §f:é*féférenééusighal.
Wheﬂ touchiné oflthe granular material to.the"HEtectiné'
pipe 20 reduces'the-output signal'smqller thén the
reference amplitude, the comparator issues aﬁ.éﬁtput wﬁich
drives a relay 42 for éwitching a'céntaét'46; |
A.controlicircuit 34 is7prdﬁided fpr'réducihg a
beat of the inner vibration member 22 by Cbntfélliﬁg:a
gain of the amplifier 32. For préventing.the erroneous
.operation, an initialiZatign circuit 44 prbhibits the
operation of the relay 42 duriné about 3 minutes from W
closing a main swiéch:bf the level sensor.
The.eigenf;equency'of'é'Caﬁtiiéyef ié'given by

the following equatidn:.

£ = (F2 )Ll

where:
CL: length of cantilever
E: ybungfs-modulus of cantilever

. P: density of cantilever



“beat of the inner vibration nmenmber 22 by controlling a gain of the
anmplifier 32. For preventing the erroneous operation, an initialization
circuit 44 prohibits the operation of the relay 42 during about 3 minutes
fromclosing a main switch-of the |level sensor. The:eigenfrequency of a

cantilever is given by the follow ng equation: L~ - PA where: L: length
of cantilever E: young's nodulus of cantilever P: density of cantilever 8
A. square neasure of cantilever |I: nonment of -inertia of cantilever a:

modul us of frequengy FiGi3rahawasi@ledldson HAlieaANLA resonance frequency and
a value of a ratio [err] when Lp is changed and Lb.is held constant, where

Lp is_ a length of the dehesti Bg Rheet3Q and (Ja%elsleﬂ,érength of the inner
vi bration menber 22. In FIGS5, a curve [err] shows the eigenfrequency of -

the Mvel sensor. Jhe ﬁggu@ugegq]fygqgggg d by experinentation data. A
curve f2 shows a first made oscillation of the detecting pipe 20, and a

curve [err] shows P-I@_?Qogﬂoayd?egﬁellL')Llaia'eq,'are%fn NG AhkGld9 pi pe 20.
frequency and a value of a ratio Lp/Lb when Lp is changed
and Lb is held constant, where Lp is a lenglh of the
detecting pipe 20 and Lb ié a length of the inner

vibration member 22. In FIG.5, a curve ) shows the

-

A eigenfrequency of. the level sensor. The curve fy is
plotted by experimentation data. A curve fo shows a first
made oscillation of the detecting pipe 20, and a curve fq
shows-a second mode oscillation of the detecting pipe 20.
Beth of the curves fz and f3 are plotted basing.oﬁ

- calculation. As shown in FIG.5, the eigenfrequency of the
level sensor is almost.constant_ifrespective of the value
of the ratio Lp/Lb. The curve 1 is approximate to a

_ calculétion curve of an eigenfrequéncy of the inner

U .

vibratibn member 22. Theréfore, it is clear that the
inner vibration member 22:compulsory vibrates the
detecling pipe 20. )

FIG.6 shows relation between the output voltage
from the oscillation circuit and the value of the ratio
Lp/Lhb. .In FIG.B, the output vcltage rapidly falls around
the ratio Lﬁ/Lb of 1. In'FIG.é, in a range shown by B, a

phase of the impressed signal to the vibrating piezo-

electric device 2b is same as that of the output signal



-Both of the curves f2 and f3 are plotted basing on cal culation. As shown in

FIG 5, the eigenfrequency of the | evel sensor is al nbst constant
irrespective of the value of the ratio Lp/Lb. The curve [err] is
approximate to a cal cul ation curve of an ei genfrequency of the inner

vi bration nenber 22. Therefore, it is clear that the inner vibration nenber
22 conpul sory vibrates the detecting pipe 20. FIG 6 shows relation between
the output voltage fromthe oscillation circuit and the value of the ratio
Lp/Lb. In FIG 6, the output voltage rapidly_falls around the ratio Lp/Lb of
1. In FIG 6, in a range shown by B;f a phase of the inpressed signal to the
vibrating piezo- electric device 2b is sane as that of the output si gnal .
from the reﬁ€¢M|ngtheplezecehecnglc pigagi-edectasc Thelevice, 2aheﬂ¥g
electric circuit of Figure,4 is suitable for using.in the range B n
this case theTharetores thbe ra?l@cﬁﬁlpheQ$ﬂqqkkﬁ of | dhigerend t he

| ength of the inner V|brat|on menber S . er_ . than apprOX|nateI£ 1.6.

In a range sHohkabls fer HsbﬁgsénthFh§a Esed hpdl case ¢

vi brating plezo el ectric _devic 2b s different, fromthat of the utput
signal from the"2}88ei¥Fn tgﬁlefﬁtéPegﬁnge FHRLeL F Ie rh ang 8

length of the inner vibration member is larger than
approximately 1.6.

In a range=.showﬁ- by C, a phase df.the
impressed. signal to the vibrating --piézoéelécfr;c
device 2b is different from that-of the éutput signal
from the receiving piezqfelectric  device 2a. - For
using in the range C, thergf@:e the phaseﬁadjuStment'
amplifier ié.ﬁuitable instead of the amplifier 32. 1In
this caée, the touching of the-g;anular material_can'
be.detecﬁed by detecting the phase difference Jsignai
from the phése adjustmeﬁt-amplifier.._In this case,
the value of the ratio of the cjlinder length and the

_ length of thé inner vibratiqn member.is larger than {f\u)
approximately 1.0 and smallér ‘than appfokimé£ely
1.6. |

Figure.7 shows a block diagram'.bf the

' electric circuit of other embodiment. of 'fhé present
invention. The vibrating pieéo-electric. device 8b
received output from an oséillator 50 through. an
output circuit 36, and vibrates the'inhér vibrétiohl

member 22. The detecting piezo-electric device 8c’
10



. usfng in the range C, therefore the phase adjustnent anplifier is

suitable instead of the anplifier 32. In this case, the touching of the
granul ar material can be detected by detecting the phase difference
signal from the phase adjustnent anplifier. |In_ this case, the val ue of

the ratio of the cylinder I'ength and the length “of the inner vibration
menber is larger than approximately 1.0 and snaller than
approximately 1.6. Figure.7 shows a block diagram of the electric
circuit of other enbodinent of the present invention. The vibrating

pi ezo-el ectric device 8b received output froman oscillator 50 through an
output circuit 36, and vibrates the inner vibration nember 22. The
det.ect-i ng pi ezprewdded coflievithe Seibfratiom Owieddsbion 2hecombentsothienber
22 defiverts this vibration into electric si gnal . The - -converted
el ectric signavibgatipntt édtoo elecampild fi eigBRak hr oughhe he copuertedcuit
30. Qutput of the anplifier 32 is detected by a detection circuit
38. The envefépedrdgt psignadm dFe dapuattiesh &a cuthe 3samplifperted2to a

conparator 40. In the conparator 40, an anplitude of the _output _signal
fromthe detecthsRughs thet inpyg circydipdled OHERNL HE eI JPRYEEiBE 4

32 is detected by a detection circuit 38. The
enveloped output from the detection circuit 38 is

" inputted .to a comparator 40. In the comparator 40, an

— amplitude of the output signal from the detection
circuit '38§£is_ compared with an amplitude of a
reference signal. When the

\

W



reference signal. Wen the touching of the granular material to the
detecting pipe 20 reduces the output signal snaller than the reference
- anplitude, the conparator issues an output.which drives a relay 42 for
~switching a contact 46. The electric circuit of FTG 7 is operable
irrespective of a phase difference between an inpressed and out put signal.
Therefore, the electric circuit can be used both in ranges Band C, i.e, in
a whole range of Ain FIG 6. FIG 8 shows a block diagramof the electric
circuit provided in_t case 16. In this.enboginent, the vibratii
b1 es0r of CETHFE TRV P Lot B PR ARSI BECROLHE Bledd. Wit Ae R Gt P 1 nput
circuit 30, ,an anFLifie and an out put qircuit 36 constitute an

u :

osci | | at i BRIEFPE _?'°P%pgﬁés§§ﬁ§ niRA&! o Zs HRE EhT ATIHIHTG 4, the iger.
vi bration nepber .22 yjbrates at, a frequency determ,ned .n agcordance w t?
Uhe of gonPTBRLENRS: of hEhEoTBR HBHOEaEFREToRTs Qe hy it dBUSAS 1y pi pe 20
and the inner vipration n er 22. Qutput qgf. the oscillation circuit, i.e,
out put ofr?ﬁﬂya%gl??re?wgggpéngnﬁungggF% garrequency conparator 54. In the
[Ceaency compar ot opy 34, B L SUERELLSL, LSRN gmalatiem e
frequencyiggggkgg 95e5§f:a phase difference between an_impreSSed |
and output signél. Therefore, the electric circuit can be
used-both in ranges B and C, ile, in a whole raﬁge'of A in
FIG.6. | | |
| " FIG.8 shows a ‘block diagram of the eiécffié”
circuit.provided in the case 16.”fIn this embédimént, the
Qibrating pieza¥é1ectric device 8b, the récéiﬁing piezo-
electric device 8a, an input circuit 30, an'amplifier'32,
and an output circuit 36 constitute an oscillation
circuit. In the same manner as the circuit of FIG.4, the
inner vibration member 22 vibrates at.é frequency
determined in accordance with the eigenfrequency.bf the
folded cantilever formed by the detecting pipe 20 and the
inner vibration member 22. Output of the osciilatibn 
circuit, i.e; output of the amplifier 32 is inputted to a
frequency comparator'54. In the freduency comp;rator 54,
a frequency ;f the output signal from the osci}lation
circuit is compared with a reference frequency ffom a
reference frequency oscillator 56. |

When the touching of the granular material to

the detecling pipe 20 changes Lthe frequency of the

u s



When the touching of the granulé?vnateriali to the det ecting pi pe 20
-changes the frequency of the oscillation circuit, a frequency conparat or
54 issues an output which drives a relay 42 for switching a contact 46.
. FIG 9 shows a frequencies fa and fb of the free and contacted state of the
detecting pipe 20. In this.enbodinent the reference: frequency is
established with a linit frequency f shown in FIG 9. Instead of the
frequency conparator 54, a filter having characteristic show by.a curve A
may be usedillattbnsciasejtihe frequency shnptradzwrbé4ddisentesd day det ecti ng
a change of an output of the filter. There are sone cases where the
osci | | atewtpst ophetghadriveshangebdyt 2 foansbat chngr isalconfarctt HEse cases,
a viibration detection circuit 52 detects the stop of the oscillation is
pronﬂed FI G 10 shb@s9ashbeskadfagqaanofiest ffer amabdd mehtt haf fides: present
invention. In this enbodinent, the detecting piezo-electric device 8c is
provi dedamd ¢det aohed stbtatbﬁnthenﬁeteaﬂingTbépdeQ@ctid@ pihdzo- el ectric
device 8c detects the vibration of the inner vibration nenber 22, and
out put th@bdéieenEdthegnefetentheffeeqaan&y:sonpamaﬂamhiﬁ Nmuhld shows a
bl ock diagram of still other enbodi nrent of the present invention. The
vi brati nbipitzfrequency f shown in FIG.S.
Instead of the frequency comparator 54, a filter
having characteristic show by a curve A may be used. 1In
Kv/ this case, the frequency shift can be detected by
" detecting a change of an output of the filter.
There are some cases Where the oscillation
stoppes at touching of the granular material. For these-
cases, a vibratién detection circuit 52 detects the stop
of the oscillation is provided.
FIG.10 shows a block diagram of other embodiment
of the present invention. In this embodiment, the
detecting piezo-electric device 8¢ is provided on the
\,j inner vibration member 22. The detecting piezo-electric
device 8c detects the vibration of the inner vibration
member 22, and output the detected signal to the frequency

s

comparator 54.

FIG.11l shows a block diagram of still other
embodiment of the present invention. The vibrating piezo-
electric device 8b receives output from a sweep oscillalor
70 through an output circuit 36, and vibrates the inner

vibration member 22. The_detecting piezo-electric device



el'ectric device 8b receives output froma sweep oscillator 70 through an
autput circuit 36, and vibrates the inner vibration nmenber 22. The
detecting piezo-electric device 8c provided on'the vibration nmenber 22
- converts this vibration into electric signal. The converted electric
signal inputted to the anplifier-32 through the input circuit 30. The
output fromthe anplifier 32 is inputted to the frequency conparator 54.
In the frequency conparator 54, a frequency of the output signal fromthe
amplifier g32 is conpared wth, a. 2N ' reqyen FL.G.12, shows a

é% o%%ﬁg%iéi #Herkfgéféf§§ ﬁgmpe?qEEQStheLg% §P§

vibrator-typgrle sensor sul r detecting a | ev Fiquid

material Qf ,i§lhalin %V'i%%#xl{ées f?{???.?”t TEBGSLLbSrQL?YL&Xc{rﬁﬁcause Lhe

€ apprent specrfic gravity suchig

liquid material "or nmateri avl ng

powder of  §Lyrqf Q%:I_Jut'tiécf & 14 U '8?%1’%9? !bbi'ﬂg%gp?oihkh?n},ﬂ'ﬂer vi bratton

nmenber 22, there are some cases re the | eve

s materral cannot be

det ect ed. o I sthisy eiarll RNy 2 PAGR! Enoa i §h:kRCESASES; AoagRSHL | veness

is fixed to the detecting pipe 20. e pa 8 I's provi parallel to

a

surface of ol haJataijlndip AendetgeLpIsatS §RS LRECR-dgaGREYed In detail for

vari ous enbodi nents,” the ‘vi

present i yeRLIAR RS RACGHI RIS el &F 5PNt AYCBuRbLET sk PRY1T EPBRSERY ce. as
result of adoption of the S '

amplifier 32 is compared with a reference frequency.

FIG.12 shows a vibrator;the Ieﬁel'sénSbr
sﬁitahle for detecting a levellof'iiqﬁid material or
material having little apparent spécific.gravity. Eecauéé
tyg liquid matefial or material having little apprent
specific gravity such as powder of'styfofoém; lﬁttle
influences the vibration of the inner #ibfatidn ﬁgmber 22,
tﬁere are some céses where the level of its météria]
cannot be detected. In this embodiment, a paddle 95 which
increases a sensitiveness is fixed to-thé'detectiﬁg piﬁé
28. The paddle-98-is provided parallel.t6 é éurface of
the material to be detected. | o

As has been described in detail for varicus
embodiments, the viﬁraior—type'level sénSor'in accordance
with the present.invention has accurate detectinn éveh
after long time service, as a.reSult of_adbption of the
structure that the-inner vibration member 22 is put into
the detecting pipe 20, and the structure may dispense.with
the use of diaphragm. By_elimiuating'fhe'diaphragm, which

is mechanically weak and is cause of unstable oscillation

4

or-type | evel sensor in accordance with the

a



structure that the inner vibration’ nenber 22 is put into the detecting pipe
20, and the structure nmay dlspense Wi ththe use of di aphr agm By
elimnating the diaphragm which is nechanically weak and is cause of
unstabl e oscillation by adhering the granular material or the.liKke,
the operational life time of the vibrator-type | evel sensor can be

prol onged and nore accurate detection can be obtai ned. Although the

i nvention has been descri-bed.in its preferred formw th a certain degree of
parti culbar iatdhe riimg ¢ hengerasitides madtertiled. prresr 1idiscldsare of the
preferred formcan be changed in the details of construction and the

conbi nabperadidnalr Aidengimeot fpdhies wibirtaddr doper tlieng: ¥ rseamdde scope of

t he i-nvention as hereinafter clai nmed. CLAI MS 1. . A vibrator-type
Ievé&-seasobecwmpﬂpsgng ‘aa dhedolrewarentrert eviiedfe ddngt idart dse a first part of
a coaxi al folded cantilever, one end of which is fixed and the other end of
which lobtalihedked, said hollom/nenber havi ng a predeterm ned wal l

t hi ckness: an inner vibration nenber which constitutes a second part of
sai d coaxi al foIdadtbanghleherlnaﬂdtlma has been described in its

preferred form with a certain degree of particulafity, it

is undérstood that the éresent disclosure of the preferred

form can be changed in the.detéils of construction and
:k«’ the combination ;nd arrangement of parts withqut departing

from the scope of the invgntion as heréinafte: claimed.
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di sposed

bl ocked end of said hol |l ow nenmber:

of said
nmenber i

A vi br at
nmenber i

havi ng a vi brati fig

cort1 EORRb e hiBotRRn BN E R heL o ateithgs LA

menber ,

pi ezo- el
t he vi br
anplifyi

in said hollow nenber, and one _end. of which is fixed to the

vibrating neans fixed to a side

face

i nner vibration nmenber for i Hmm mm lnﬂi"mm ner vibration
n a manner .to make transverse vibra cy determ ned

in accordance with an eigenfrequency of said coaxi‘al "ol’ded cantilever; and
detecting nE3RAIME detecting vibration of said inner vibration menber. 2.
or-type |level sensor in accordance with claim 1, wherein the hollow
s aleyl i nd®r viBrator-typg \Jieyied: Fensgie dompyisigargor i n-accor dance
with claim2, “herﬁbiéthe vi brating neans cqnprises :an oscillation circuit

A1 G O nLNEehORCLnY! BEAAMIRATTRET 11300 21 ! Hol 1w
ng an out put. of the
member having a predetermined wall thickness:}
an inner vibration member which constitutes a

second paft of'Said coaxial folded cantilever and is

disposed in 7said hollow member; and one end of which

is fixed:to thé-blocked end of éaid hollow.member}-
vibfétiné means fixed to a side face of said
inner vibration member for vibrating said inner
vibration member in a manner to make transverse
vibration at_a frequency determined in accordahcé'with
an eigenfrequency of éaid coaxial folded canﬁilever;
and |
detecting means for detecting vibration of said
inner vibration member.
2. - A vibrator—type'lével sensor in accordance with
claié 1, wherein
the_hollow member is a cylinder.
3. 4 vibrator-type level sensor in accordance with
claim 2, wherein
the vibrating.means comprises an oscillation
circuit having
a vibrating piezo-electlric device provided an
the inner vibration member, for vibrating the inner

vibralion member,

o
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rece|V|ng plezo el'ectric device and i npressi ng t he -afrpH-H-ed—output—to the
vi brating piezo-electric device, and the detecting ses

conpar at or whi ch outputs a detecting signal when an m mmmﬂ'”m
oscillation circuit" becones smaller than a reference

vi brator-type | evel sensor in accordance with claim 2, wherein a valye of a
ratio of the cylinder's length and a length of the inner vibration nenber
is larger than approxinate 1.6. 5. A vibrator-type | evel sensor in
accordance W th clairedeiwef & Neddie Vébt AL &NGeiE88SpEOFRARGESNAN
oscillation circuit having a vibrating piezo-electric device provided on
the innefhei Didé i OVi BEEDESn d&Mibek ProbingetBevingethei RiBra@n oeFer, and a
receiving piezo-electric device provided on the inner vibration nenber, for
r ecervi Nohd henyébrafi e Ddn themb swerawdg brati on menber, a phase conpar at or
for outputting a phase di fference signal between a reference phase and
an out put phase ofag hgmyiPredi ngopi £8P1 eFpchEi andeuitpar arphase adj ust ment
anplifier for anplifying an

receiving piezo—electric.devicé and impressing the
amplified output to the vibrating piezo—electric device,
and

the dgﬁecting means comprises

A a comparator. which outputs é detecting signal
when an Qutput of %&g oscillation circuilt becomes smaller
) than a referencé si;nal.
4. A vibrator—type'level sensor in accordance with
_claim 2, wherein .
a value of a ratio of the cylindér’s length and
a length of the inner Qibration member is larger than
approximate 1.86.
5. Y vibrator-type level sensor in accordance with
-’\/.

claim 2, wherein the vibrating means comprises

an oscillation circuit having

a vibrating piezo-electric device proﬁided on
the inner vibration member, for vibrating the inner
vibration member, and

a receivigg piezo-electric device provided on
the inner vibration member, for receiving the vibration of
the inner vibration member,

a phase comparator for outputting a phase

i



output of the receiving piezo-electric device, adjusting its outpuf phase
to the reference phase in accordance wlm“llmlllnﬂmleMLerence signal, and
i npressing the anplified output to the _ l.ectric device, and
detecting neans for: detecting a decrease of® vibr#tidon *of :the inner . _
vi bration nenber, which detecting neans conprises a detecting circuit which
produces a detecting signal :when there is a phase difference between the
reference phase and the output phase of the vibrating piezo-electric
‘device. 6.differengevisbgandr bieftpeenewere fzanante iphawe ndrnee spuel ai m 5,
wherein a value of a ratio of the cylinder Iength and a | ength of the inner
vi bration mbaberofsther yébretangappeao-edtes th ik atub iy | er -t han o
approximate 1.6. 7. A vibrator-type |evel -sensor. in accordance wgth:
claim 2, wherein theavpberaei ﬁgjm&m@n(iomnmlﬁdﬁ.eza.ﬂb.:b!‘&iﬁpl’li_gf;pilr@.qa_@l ectric
device, provided on the inner vibration nenber, for vibrating the inner
vi bration ﬁﬁhbet,Oﬁnﬁhanrgseﬁhﬁagopibgpfbdﬁmesamn@anmgéJaﬁdjnhﬁmﬂgmt.to
the vibrating piezo-electric device, and t he detecting nmeans conprises a
detecting pkezoutbwttrhesdetbctheprefiettedcen phase in accordance with
the phaseldiffereQCe signal, and impressing the amplified:
output to the vibﬁating piezo-electric device, and
detecting means for detecting a decrease of
vibration of the inner vibration member, which detecting
means comprises a'detecting circuit which produces a
detecting sighal'when there is a phase difference between
the reference phase and the output phase of the vibrating
pieio-electric device.
6. A vibrator-type level sensor in accordance with
claim 5, wherein
a value of a ratio of the cylinder length and a .
length_bf the inner vibration member is larger than
approximate 1.0 and smaller than approximate 1.6.
7. A vibrator-type level sensor in accordance with
claim 2, wherein.
the vibrating.means comprises . ' -
a vibrating piezo-electric device, provided on
| the inner vibration member, for vibrating the inner
vibration member, and

an oscillator for impressing oscillation oulput

to the vibrating piezo-electric device, and

I3



. the inner vibration nmenber, for detecting the vibration of the inner

vi bration nmenber, and a conparator which output a detecting signal when an
output: of the detecting piezo-electric deyi . er than a
reference signal. 8. A vibrat ortyp!l“ﬂmgmalm“m‘ accordance with
claim.7, wherein a value of a ratio of the «cyl¢ nder®l ehgth and a | ength of
the inner vibration nenber is |larger than approximate 1.0. 9. A
vibrator-type | eve sensor, jn_accordance Wi.th claim1, further conprises a
wei.ght, fixed to tHE ehtoFtite BT oW HBRbEPESt he nass thereof being
sufficiently larger than that of the vibrating neans to stabilize the

vi bration by avmtﬁwéfiﬁﬁﬁ%ﬁgzﬂﬂ%f THHattbheofieY heeenBT8F 1EAE ABI | ow nmenber
10. -+ A vibratos-type IevelbsgnSﬁr-in cc?rdan mﬁtE~cLain12, further
compirs S IR e 19584 ¥ THEPES | RBr BEFAF FBE £ BendeLFPAT °Po0be

det ect ed. i%r 11.. A vibrq%or-tgﬁi | evel sensor in accordance with
clai m 1, Rther™sE SHIP U Pttt 1y ans detects a change of

vi bration frequengy of said inner.vibration negber. . )
comparator which output a detecting signal

when an output of the detecting piezo-electric device
becomes smaller than a reference signal.
8. A vibrator-type level sensor in accordance with
U claim .7, wherein
a value-of a ratio of the cylinder length and a
+*
length of the inner vibration member is larger than
approximate 1.0.
9. A vibrator—-type level sensor in accordance with -
claim 1, further comprise§
a weight, fixed to the end of the hollow member,
the mass thereof being sufficiently larger than that of
the vih}ating_means to stabilize the vibration by avoiding
\y/ undesivrable vibration of the end of the hollow member.
10. A vibrator-type level sensor in accordance with
claim 2, further comprises

a paddle fixed to the cylinder parallel to ‘

material to be detected.



12. A vibrator-type 1evel sensor in accordance with claim 11, wherein
the holl ow nenber is a cylinder. 13. A vibrator-type | evel sensor in
accordance with claim12, wherein the vibrating nmeans conprises an
oscillation circuit haV|ng a vibrating piezo-electric device provided on

the inner vibration menber, for—vibrating—the—tnner vibration nenber, a
recei ving piezo-electric deV| e i nner V|brat|onnenber for
receiving the vibration of 't hgnlmmmﬂilg m” ‘nenber-,- and-an anplifier for
anplifying an output of the reeeiving m eso-electric deV|ce and i mpressing
the anplified output to t he vi brating plezo el ectric device, - -detecting
means for detecting a change of vibration freguency of the inner vi bration
menber, the detecting means .conpriseing a frequency conparator which i
produces a detecting signal when the difference between a frequency of the
oscillation circuit and a reference frequency is larger than a
predeterm ned val ue. 14. A.vibrator-type | evel sensor in accordance
with claim13, wherein the detectln% means further conprises, a detectlon
circuit fariyibrathonibbatbretypet slevel sensor in accordance

with claim 1, wherein:

said detecting means = detects a change of

vibration frequency of said inner vibration member.

.12. A vibrator—-type levei sensor in accordancé with
claim 11, wherein
fhe hollow member is a cyliﬁder.
13. A vibrator-type 1eve1_sen$of_in accordance with
claim 12, wherein the Qibrating meéns'comprises
"~ an oscillation circuit having
a. . vibrating piezo-electric device provided.én
the iuner vibration member, for vibrating the.iuﬁer
vibration member, |
a receiving piezo-elecdtric device proQ{ded an ' .
the inner vibrationmember, for receiving the'vibrétiou éf“
the inner vibration member, and
an amplifier for amplifying an output of the
receiving piezo-electric device and impressing.the

amplified output to the vibrating piezo-electric device,

Q20



- a detecting signal at no out put ishi-"ghal fromthe oscillation circuit. 15.

A vibrator-type | evel sensor in accordMWaerel n the
vi brating neans conprises an oscillati o I,m vi-brating-
pi ezo-el ectric device, provided on the i ,mu""mﬂ"’im nber, for-
vibrating the inner vibration nenber, a recéi vt ngr pisezG="el ectric devi ce,
provi ded on the inner vibration r'renber, for receiving the vibration of the

i nner vibration nenber, and an arrplifi er for anplifyi ng an out put of the
recei ving piezo-el trlc devi ce an the ified output to the
vi brating piezo-el é’iettﬁcc Lipsy imeansy °§ct eﬁ ‘ﬁe‘g}% Fdr %%& ng a change of
V|brat|onfre uency, of the inner V|brat|on t he ecting means-
conpri-si Mt bé"a&ét"ébtﬁrr?gqtb*f'bcz"o--elt&et r‘l"(f’ecfe\f”g"earatp’r%ﬂn'ﬁee"bb%ﬁ t%} €i nner

vi bref'i on geaner for detecting t.he vib atlon of the inner wé)_ fion
menber, PSR CHRPARO™ &t "t}’tedlﬁys °a°"bPe‘?e%‘t'f'ﬁg fé’hal when a

dlfference b t ween uency of autput of th tectl n ] £20- electric
devi ce. ad A4 eTo et 111 ITert halt TR EF h BLEE0Al to. 16,
A vibrat Ofrr_et u%etngye\i)e er]Soosrc11ri atclco%r q:E}HPCe\“V\é tahnd a reference

frequency is larger than a predetermined value.

14. A vibrator-type level sensor in accordance with

claim 13, wherejn

the detecting means further comprises
a detection circuit for vibration whiéh outputs
a detecting signal at no output signal from the
oscillation circuif.
15. A vibrator;tyﬁe level sensof in accordance with
claim 12, wherein the vibrating means comﬁrises
an oscillation circuit having
a vibrating piezo-electric dgvice, provided on
| the inn;r vibration member, for vibrating the inner
N

vibration member?

a receiving piezo—elegtric device, provided on
the inner vibration member, for receiving the vibration of
the inner vibration member, and

an amplifier for amplifying an output of the
receiving piezo-electric device and impressing the
awplified output to the vibratihg piezo—eiectric device,

detecting means for detecting a change of

vibration frequency of the inner vibration member, the

S



claim 15, wherein the detecting neans further conprises a detection circuit
for vibration which outputs a detecting signal at no output signal fromthe
oscillation circuit. 17. A Vi brator-am u"' !u"ﬂli'ﬁmlal n accordance
‘with claim12, wherein the vibrating nmeans' el L iMat i ng . _

pi ezo-el ectric device provided on the inner vibration nmember;  for vibrating
the inner vibration member, and a sweep oscillator for inpressing swept
oscillation output to the vibrating piezo-electric device, and detecting
means for - detecttiing acehangempir isiilmgat i on frequency of the i nner vi bration
menber, the detecting nmeans conprising a detecting pi ezo-el ectric device
provi ded on 22 the demectingr plileao-rdedrid adevdatesCtimy idel vébrati on
of the inner vibration nenber, and a frequency conparator which outputsjay
detecting $hgnahnehemibrditiiber eead et Woen de tHercdquan dbheofv iditptiowiof he =
detecting piezo-electric device and a reference frequency is |arger than
predet erm hbd ¥nhee. viBration mAmbelramod-type | evel sensor in accordance
with '

a freQuency comparator which outputs a'detecting
signal when a difference between a frequency of output'qf
the detecting piezo—electric device and a neferehce:'

frequency is larger than predétermined value.

"16. A vibrator—-type level sensor in accordance.with. .\SJ
claim 15, wherein

tge detecting means further comprises

a detection circuit for vibration which qutputs
a detecting signal at ﬁo output signal from the
oscillatién circuit.
17. A vibrétor—typé-level sensor in accordance with
claim 12, wherein the vibrating means compri§e$

i a.vibratiqg piezo-electric device provided on
</

the "inner vibration member, for. vibrating the inner
vibration member, and

a sweep oscillator for impressing swept
oscillation output to the vibrating piezo-electric device,- ‘
and

detecting means for detecting a change of
vibration frequency of the inner vibration member, the
detecting means cqmprising

a detecting piezo-electric device provided on

A2



: cIa|n117 wherein the detecting neans furt a her—coenprises a detection circuit

for V|brat|on whi ch out put a detectlng S|gn no output signal fromthe
oscillation circuit. 19. A vibrator-t M m i n accordance
with claim 12, wherein the detecting neans c nlﬂr mhlch vari es
its output by a frequency change of the inner V|brat|on mehber . A
vi brator-type | evel sensor.in accordance with claim 11 further conprises a
wei ght, fixed to the end of. the hol | ow nenber, t'hé.pmss thereof being

SU i Ci elthley 1 hdgeRh1bBaR iloAdinebere AbDIAlddut AN O SAbi | d¥ e £ he
vi bration by avoi di ng undesirable V|brat|on of the end of the holl.ow

nenber 2he inner Ai¥irBtabar mleBRr,e\Wld sensor in accordance with claim
further conprises a paddle fixed to the cylinder parallel to

&’ a frequency comparator which outputs a detecting
signal when a differénce between a frequency of outpul of
the detecting piezo-electric device and a reference
frequency is larger than predgtermined value.

18. A vibrator-type level sensor in accordance with
claim 17, where%n
\’} the detecting means further conmprises.
a deteét%;n circuit for vibration which output a
) detecting signal at no output signalsfrom the oscillation

circuit.
19. A v{brator;type 1eve1 sensor in accordaﬁce with
claim'12, wherein

the detecting means counprises

d Tilter which varies its output by a frequency
change ;f the inner vibration menber.

K,J

20. A vibrator-type level sensor in accordance with
claim 11 further comprises

a weight, fixed to the end of the hollow member,
the mass thereof being sufficiently larger than that of
the vibrating means to stabilize the vibration by avoiding
undesirable vibration of the end of the hollow member.
21. A vibrator-type level sensor in accordance with
claim 12, further comprises

a paddle fixed to the cylinder parallel to

QY



